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Executive Summary 

Introduction 
The State of New Hampshire has established an aggressive set of goals for reducing fossil 
fuel consumption and greenhouse gas emissions (GHG).  The State’s Renewable Portfolio 
Standard (RPS) requires that by 2025, 23.8% of electricity generated in New Hampshire will 
come from renewable energy sources.  The State’s Climate Action Plan (March 2009) 
requires reductions in GHG, including from State facilities, and recommends that the State 
lead by example in its operations and energy usage.  Also specific to State-owned facilities, 
Chapter 21-I:14c of the New Hampshire Statutes requires that fossil fuel energy 
consumption in State-owned buildings be reduced 25% from 2005 levels by the year 2025.  
The combination of these measures seeks to promote energy independence, reduce price 
fluctuations, and lower the State’s carbon footprint by improving efficiency and increasing 
the amount of energy produced by renewable fuel sources. 

The availability of wind, solar, biomass, and hydroelectric resources on State-owned 
property presents an opportunity to develop new sources of clean energy and to meet the 
State’s goals with regard to clean energy and GHG emissions.  Additionally, significant 
opportunity exists to make improvements to existing State facilities to reduce energy 
consumption and improve operations.  The State owns over 10 million square feet (s.f.) of 
building space, approximately 400,000 acres of open space, more than 200 dams, and 
numerous other facilities that provide opportunities for energy efficiency or renewable 
energy projects.   

In recognition of this, the New Hampshire Office of Energy and Planning (OEP) issued a 
Request for Qualifications (RFQ) (June 10, 2011) and Request for Proposals (RFP) (July 1, 
2011) for a Feasibility Study and accompanying report to evaluate the potential for 
renewable energy and energy efficiency projects at State-owned land and facilities.  The 
goal of the Feasibility Study was to identify and evaluate projects at three to ten State-
owned sites that collectively allow the State to reduce fossil fuel use by 100,000 MMBtu – or 
approximately 10% of its current use, through a combination of energy efficiency and 
renewable energy development.  The Feasibility Study was funded by the U.S. Department 
of Energy under the NH American Recovery and Reinvestment Act State Energy Program.   

NH OEP selected Tighe & Bond to conduct the Feasibility Study.  Tighe & Bond is a full 
service engineering and environmental consulting firm founded in 1911 with over 100 years 
in business.  Tighe & Bond provides comprehensive engineering and consulting services for 
a sustainable future, conserving energy and water, minimizing greenhouse gas emissions 
and waste, and enhancing environmental quality.  Tighe & Bond has conducted energy 
efficiency and renewable energy feasibility studies for private clients, municipalities, 
academic institutions on a campus-wide basis, and for regional utility corporations.  Tighe & 
Bond’s Portsmouth, NH office served as the primary point of contact for NH OEP on this 
project.  To provide an additional level of technical support on the project, Tighe & Bond 
partnered with two additional firms; Borrego Solar Systems and Acadia Engineers & 
Constructors.   

Borrego Solar Systems is one of the nation’s leading designers and installers of commercial 
and government grid‐connected solar electric power systems.  Borrego assisted with the 
evaluation of potential opportunities for solar photovoltaic installations.   Acadia Engineers & 
Constructors (AEC) is a Durham, NH based engineering and construction firm, with 
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expertise in building energy audits and the design and installation of energy efficiency 
improvements and high-efficiency energy systems.  AEC assisted with the identification of 
opportunities for energy efficiency projects and with the comprehensive Feasibility Study 
evaluations for these projects. 

Involvement of State Agencies 
The project was managed by the NH Office of Energy and Planning (NH OEP), with 
involvement from a number of other state agencies and officials, including the Department 
of Administrative Services (DAS), the DAS Bureau of Public Works (BPW), the Department 
of Environmental Services (DES), and the Department of Resources and Economic 
Development (DRED).  The sections of the report addressing the comprehensive evaluations 
provide a list of the contacts that provided information and assistance for each of the 
projects 

Overview of Methodology 
The project was conducted in three phases, referred to in the report as the Tier 1 Analysis, 
Tier 2 Analysis, and Tier 3 Analysis.   

Tier 1 Analysis 
The Tier 1 Analysis involved a high level analysis of a wide range of renewable energy and 
energy efficiency opportunities State-wide.  As noted above, the State owns over 10 million 
square feet (s.f.) of building space, approximately 400,000 acres of open space, more than 
200 dams, and numerous other facilities that provide opportunities for energy efficiency or 
renewable energy projects, and therefore the task of identifying projects was challenging.  
The purpose of the Tier 1 analysis was to organize the large amounts of existing information 
into a coherent dataset that would facilitate the initial identification of high potential 
projects.  

Renewable energy technologies that were considered for development at the State-owned 
buildings and land include the following: Rooftop Solar PV, Ground Mounted Solar PV, Wind, 
Tidal, Hydroelectric, Biomass Thermal (Mid-Scale), Solar Thermal, Large Scale Biomass, and 
Geothermal.  Energy Efficiency Measures were considered for State-owned buildings and 
other facilities.  Using data from the NH Energy Information System on energy use at State-
owned facilities and GIS information from NH OEP and the NH GRANIT system, the Tighe & 
Bond team identified potential opportunities (i.e. sites with high energy demand/load) by 
generating a spreadsheet listing all facilities by location, state agency, technology, that 
contained comparable energy consumption and usage metrics for all buildings and facilities.  

As financial incentives for renewable energy and energy efficiency projects are fairly limited 
in New Hampshire, it was important to identify facilities that have a high on-site energy 
demand to be further evaluated as part of the Tier 2 analysis.  Tighe & Bond performed 
basic calculations on the data described above to provide metrics to allow for an efficient 
analysis of energy usage for a large number of projects.  This included calculating the 
Energy Use Intensity (EUI), Cost Use Intensity (CUI), Average Demand, and the Demand 
Ratio.   

Tighe & Bond also developed a strategy to combine GRANIT GIS data with Google Earth to 
enable quick review of State owned land that can be viewed on computers where Arc GIS is 
not available.  The Conservation and Public Lands and Recreation Facilities GIS layers were 
reviewed to identify State-owned lands that should be evaluated for renewable energy 
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resources and are not associated with any facility/on-site energy use that would have been 
captured using the methodology described above.   

The facilities with the highest potential for successful energy projects and the State owned 
lands resulting from a review of properties and wind speeds were used as the basis for the 
Tier 2 Analysis.     

Tier 2 Analysis 
A ranking spreadsheet was created for the Tier 2 Analysis that was used to score or rank 
individual projects based on a number of factors listed below:   

Site Specific Related Ranking Criteria 

• Size of Parcel 

• Size of Existing Structures 

• On-site Environmental Constraints  

• Topography of Parcel  

• Zoning Constraints 

• Population Density of Project Area (to help forecast public relation issues) 

• Proximity to Abutters 

• Proximity to Scenic areas or Conservation/Recreation areas 

• Proximity to Electrical Distribution/Transmission Infrastructure 

• Proximity to Transportation Infrastructure 

• Available Energy Resources   

• Significant Infrastructure Improvements Necessary to Accommodate Project? 

• Permitting Complexity 

Cost-Benefit Related Ranking Criteria 

• Estimated Annual Energy Production/Output of Proposed Measure 

• Operation and Maintenance (O&M) Costs and Complexity 

• Estimated energy savings and reduction in GHG emissions  

• Existing Energy Costs 

• Estimated Cost per kWh of Energy Produced 

• Funding/incentives Available for Proposed Measure 

Other Considerations 

• Public Relations Value 

• Ability of State Agency to Undertake and Manage the Project 

• Relationship to Other Measures and Opportunities for Synergy 

A spreadsheet was created to rank projects, recognizing that some factors are important for 
success for all types of renewable energy projects (such as site access) and some factors 
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may not be critical to all types of projects.  For example, site topography and shading are 
critical to ground mounted PV but not large scale biomass or energy efficiency measures.  
The spreadsheet also weighed energy specific data (such as EUI and energy consumption) 
to assist in identifying projects that could significantly reduce the State’s fossil fuel use.  The 
Tier 2 Analysis allowed for both a quantitative and qualitative comparison of potential 
project opportunities, while recognizing the difficulties involved in comparing the different 
technologies under consideration.  

The results of the Tier 2 Analysis are summarized in Table E-1 below.  An overview of the 
number of projects that were evaluated, the number that did not proceed due to a fatal 
flaw, and a summary of their percentage ranking is included in the table.  Note the 
Summary Table does not include the site specific observations and criteria that were 
considered when determining the sub-scores.   

Table E-1 

Summary of Tier 2 Analysis 

Energy 
Technology 

Projects 
Evaluated in 

Tier 2 

Projects 
Determined 
to Have a 
Fatal Flaw 

Projects 
Remaining 

Range of 
Percentile 

Scores 

PV Solar (roof top) 118 23 95 57% to 90% 

Ground Mounted 
PV 

75 40 35 48% to 95% 

Tidal 3 1 2 57% to 62% 

Hydroelectric 306 302 4 33% to 52% 

Biomass Thermal 
(Mid-Scale) 

82 67 15 57% to 81% 

Solar Thermal 82 57 25 52% to 90% 

Large Scale 
Biomass 

6 1 5 62% to 90% 

Geothermal 0 n/a n/a n/a 

Energy Efficiency 
Measures 

50 1 49 50% to 86% 

 

As described in Section 3.3.5, dams with limited head or flow were eliminated from the 
evaluation as their capacity was assumed to be too small to offset the cost of proceeding 
through the regulatory process.  As indicated above, this led to the elimination of many 
small hydroelectric projects.    
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The results of the Tier 2 Analysis were reviewed with NH OEP and other state agencies to 
identify a shorter list of projects to move forward to a comprehensive Feasibility Study, Tier 
3.   

Tier 3 Analysis 
NH OEP and other state agencies selected a representative cross-section of projects based 
on a mix of technology types, project capacity, and agency involvement to proceed to the 
Tier 3 Analysis. For each of the projects that were selected, the evaluation included a 
detailed assessment of existing conditions, proposed improvements, design and permitting 
considerations, potential energy savings/energy generation potential, and recommendations 
for next steps.  The studies also include estimates of energy savings and energy production 
and detailed economic analyses.    

The following projects were selected for the in-depth analysis: 

• Department of Administrative Services, Health and Human Services Building: 
Analysis of Energy Efficiency Measures (EEM) 

• Department of Resources and Economic Development, Cannon Mountain Ski Area: 
Analysis of Energy Efficiency Measures 

• DAS Hazen Drive Complex: Rooftop Solar Photovoltaic (PV) Analysis at Six Facilities 

• Winnepisaukee River Basin Program (WRBP) Franklin Wastewater Treatment Facility: 
Biogas Cogeneration Evaluation 

• DRED Odiorne State Park and Other Facilities: Wind Energy Evaluation.  Note that 
Temple Mountain State Park was originally selected as the site for a high level 
analysis of wind energy, however after further discussion with NH OEP and DRED, 
Tighe & Bond was directed to conduct a low level analysis of wind at Odiorne State 
Park and to briefly address the other sites that were evaluated for wind in the Tier 1 
and 2 analyses.  
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The following sections of the Executive Summary provide an overview of each of the Tier 3 
Evaluations.  

Energy Efficiency Evaluation at DAS Health & Human Services 
Building 
Following a rigorous review and screening of all State-owned facilities, the Department of 
Health and Human Services (H&HS) facility located in Concord, NH was selected for an in-
depth energy efficiency evaluation as part of the Tier 3 Analysis.  The Facility is owned by 
the New Hampshire Department of Administrative Services (DAS) and provides space for 
three tenants with distinct functional needs.  These departments include: Department of 
Health and Human Services (DHHS) and the Public Health Laboratories; the Department of 
Environmental Services (DES); and, the Department of Information Technology (DoIT).  
Several characteristics were considered in selection of the H&HS facility most notably: 1) 
facility size and occupancy; 2) energy consumption; and 3) the potential for energy 
efficiency measures.  A comprehensive and holistic engineering evaluation of the H&HS 
facility commenced in March 2012 and was completed in May 2012. 

The objective of the building evaluation completed at the H&HS facility was to identify 
measures that reduce the net energy consumption thereby reducing operating costs, the 
consumption of non-renewable fossil fuel energies, and carbon dioxide equivalent (CO2e) 
emissions.  In addition to energy conservation, the evaluations and recommendations 
presented consider occupant comfort and holistic building performance consistent with its 
intended use and function.  The information obtained as part of the evaluation was used to 
develop recommended Energy Efficiency Measures (EEMs).  These EEMs provide the basis 
for future building improvements and modifying the manner in which the building systems 
are operated. 

Phase 1 of the evaluation process involved site assessment planning including evaluating 
utility bills, benchmarking, reviewing available building and mechanical plans and 
coordinating site reviews with facility managers. Phase 2 involved a comprehensive and 
holistic facility evaluation to gather relevant information and data.  Analyzing the collected 
data and developing recommendations for energy efficiency measures was completed in 
Phase 3. 

The following significant findings are presented for the H&HS facility: 

• The Facility is well maintained with an active preventative maintenance program. 
Maintenance personnel exhibit a thorough understanding of HVACR systems, 
controls, and occupant needs.  Personnel have implemented several measures to 
reduce the net energy consumption of existing HVAC systems. 

• HVAC systems may be generally defined by three building sections: 1) the southern 
building section; 2) the central building section; and, 3) the northernmost section of 
the building (27 Hazen).  A central steam heating plant provides heating to Sections 
1 and 2.  Cooling and ventilation systems in Section 1 and Section 2 are independent 
of each other.  HVAC systems in Section 3 are entirely independent.  Optimization of 
HVAC systems (maintaining adequate ventilation and distribution of heating and 
cooling) throughout a single facility with varying requirements and independent 
systems is difficult.  This results in increased energy consumption and reduced 
occupant comfort. 

• In Building Section 1, large rooftop fan units (Strobic®) provide exhaust and supply 
ventilation in both the laboratory and office spaces (the laboratories spaces account 
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for an estimated 30% of the gross floor area in Section 1). Laboratory spaces are 
required to maintain a negative or positive pressure differential with continuous 
ventilation to comply with the Centers for Disease Control and Prevention (CDC) 
standards.  The energy required to ventilate and condition the laboratories and 
adjoining spaces is significantly higher than a for typical commercial office building. 

• Based on the limited control of airside heating and cooling distribution, temperatures 
vary dramatically throughout the building.  Heating setpoints must be maintained at 
higher than recommended levels to maintain adequate heating of all spaces. 

• Carbon dioxide (CO2) concentrations are consistently lower than a typical 
commercial office building.  This is largely attributable to maintaining the required 
mechanical exchange air ventilation rates in the laboratory spaces. 

• Energy use intensities (EUI) are higher than for a typical office building. The site EUI 
for the Facility is 263 kBtu/ft2/yr.  This is partly attributable to intensive mechanical 
ventilation of the laboratory spaces. The average site EUI as entered into ENERGY 
STAR® Portfolio Manager for a typical office building is 44 kBtu/ft2/yr (as of 
December 31, 2011).  Based on the amount of energy intensive equipment in 
laboratory spaces, this type of space is predicted to consume more energy than an 
office building. There is no current industry standard to benchmark the energy use 
for a laboratory facility. 

• Considering the unique functions within the Facility and the unusually high energy 
used for ventilation systems and building conditioning, an Engineering Study of the 
exchange air ventilation systems is recommended.  The objective of this Study would 
be to ensure minimum compliance with CDC and ASHRAE Standards, assess 
equipment condition, and to provide recommendations that improve total system 
performance and reduce energy consumption. 

The following notable observations were made during the desktop data review and/or the 
building evaluation.  Notable observations may be related to data that is outside the normal 
or expected range, irregularities in building use or function, problematic systems, or energy 
intensive systems.  

• The facilities engineering and operations staff were helpful and supportive 
throughout the evaluation process.  They provided a tour of all HVAC and mechanical 
systems, provided archival drawings, identified issues and concerns, and provided 
suggestions for improving the performance of building systems. 

• Generally, Facility occupants exhibit energy conservation awareness and behavior.  
Examples include reduced lighting settings and turning off lights when rooms are 
unoccupied. Occupancy sensors have been added to kitchen lighting fixtures and 
time clocks have been installed on water coolers to reduce their runtimes. Low-flow 
and zero-flow lavatory fixtures have been installed to reduce water consumption. 

• The main electrical meter is shared by multiple users and facilities making it difficult 
to accurately account for consumption at the 27 and 29 Hazen Drive Facility. 
Installing submeters and consumption tracking software will provide accurate 
consumption and identify the more energy intensive buildings and systems. 

• There are three steam boilers with output capacities of over 8 MBTU each. A boiler 
failed in 2011 requiring replacement. The two older boilers were manufactured in 
1971 and 1978. Due to the design of the installed system and access constraints in 
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the boiler room, replacing the older units with comparable sized boilers may require 
removing and re-connecting the newly installed unit. 

• HVACR controls consist of a modern digital controls (DDC) system and dated 
pneumatic controls. The DDC system allows all equipment to be controlled from 
internet enabled computer using the required software. The pneumatic controls 
consist of a compressed air system. Older pneumatic controls are generally 
problematic and maintenance intensive. 

• There are several persistent leaks in the building from the roof and/or wall systems.  
Facility personnel are planning a building envelope engineering study to identify the 
source of leaks and to provide recommended corrective measures (June 2012). 

• Exchange air ventilation systems operate on intensive schedules.  Laboratory spaces 
must be maintained at a negative pressure and the volume and speed of air moving 
through the Facility results in frequent air exchange, nuisance drafts, and uneven 
distribution of conditioned air. 

Based on the observations and measurements obtained during the evaluation of the building, several 
energy conservation measures (EEMs) are proposed for consideration.  These recommendations are 
grouped into three tiers based on the cost and effort required to implement the EEM.  Tier I EEMs are 
measures that can be quickly implemented with little effort for no or little cost.  Tier II items generally 
require contracted tradesmen to complete but can generally be implemented at low cost and within 
operating building maintenance budgets.  EEMs that require large capital expenditure and budgetary 
planning (one year or greater) are categorized as Tier III measures. The Capital Cost, Annual Cost, 
Payback Period, and Savings to Investment Ratio are provided for each proposed EEM. 
Please see Table 5-1 in Section 5 for a summary table of the recommended EEM measures.   

Cannon Mountain Energy Efficiency Evaluations 
After evaluating a variety of factors including energy consumption, geographical location, 
and public accessibility, the Cannon Mountain facility was selected for a comprehensive 
evaluation.  Cannon Mountain is a ski and tourist resort located within the Franconia Notch 
State Park in Grafton County, New Hampshire.  It is within the White Mountain tourist 
region and attracts local and international visitors year-round.  The mountain and facilities 
are owned and operated by the State of New Hampshire.   

The objective of the facility evaluation completed at the Cannon Mountain Ski Area was to 
identify measures that reduce the net energy consumption thereby reducing operating costs 
and the consumption of non-renewable fossil fuel energies.  In addition to energy 
conservation, the evaluations and recommendations presented consider occupant comfort 
and holistic building performance consistent with its intended use and function.  The 
information obtained as part of this evaluation was used to develop recommended Energy 
Efficiency Measures (EEMs).  These EEMs provide the basis for future building improvements 
and modifying the manner in which the building systems are operated. 

Phase 1 of the evaluation process involved site assessment planning including evaluating 
utility bills, benchmarking, reviewing available building and mechanical plans and 
coordinating site reviews with facility managers.   Phase 2 involved a comprehensive and 
holistic facility evaluation to gather relevant information and data.   Analyzing the collected 
data and developing recommendations for energy efficiency measures was completed in 
Phase 3. 
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The following significant findings are presented for the Cannon Mountain Ski Area and 
Franconia State Park: 

• Thirteen (13) discrete buildings exist within the facility campus:  
 

1. Tram Valley Station 
2. Park Headquarters 
3. Ernie’s Haus 
4. Notchview Base Lodge 
5. Brookside Learning Center 
6. Peabody Base Lodge 
7. Mountain Station 
8. Maintenance Garage 
9. Snow Making Garages 
10. Well House 
11. Viper Power Station 
12. Lift Huts (multiple)  
13. Summit Communication Building 
 

• A large electrical distribution system supplies power to the thirteen (13) buildings 
with limited submeters. 
 

• Snowmaking and ski lift equipment are energy intensive and consume a considerable 
amount of energy.   
 

• Food service operations in the lodges are contracted to a private corporation. 
 

• Heating is provided to many of the buildings by energy intensive electrical heaters. 
 

• Many of the mechanical systems have exceeded their expected service life and could 
be replaced with more energy efficient equipment. 

The following notable observations were made during the desktop data review and/or the 
building evaluation.  Notable observations may be related to data that is outside the normal 
or expected range, irregularities in building use or function, or problematic systems.   

• The Park and ski facilities are metered though a single electrical meter. There are a 
limited number of submeters within the Park where readings are rarely recorded.  
Underground lines extend from the electrical meter from Parking Lot A to the 
Lafayette Campground, an approximate distance of three and a half (3.5) miles   
Energy losses within the campus distribution system are expected to be significant.  
Assessing the efficiency of the distribution system and identifying issues requires 
metering either by event-based metering or with permanent submeters for each 
terminal supply is recommended. 

• The original facility was constructed in 1938 and there have been several additions to 
the Park. Electrical and mechanical equipment has been incrementally added as the 
operations have expanded. Limited funds have been available for energy 
improvements in the Park.   

• Building envelopes have not been substantially improved from original construction / 
renovations.  None of the buildings comply with current energy conservation code 
standards for envelope insulation.  Inadequate insulation requires overheating of 
some spaces to minimize the potential of freezing pipes. 
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• Lighting fixtures throughout the Park are dated and inefficient relative to modern 
standards.  Measured lighting densities generally exceed recommended standards.  
Improved control of lighting would reduce energy consumption.   

• The majority of heating systems are controlled by non-programmable manual 
thermostats with no access control.  Employees and patrons tamper with the 
thermostat settings. Thermostat heating set points typically exceed the 
recommended temperature for the space.  Zone control of heating systems is 
inadequate resulting in inefficient distribution of heat.  Windows and doors were 
observed to be open in some buildings where indoor temperatures where excessively 
high.   

• Equipment for the food service contractor in the lodges is energy intensive.  Energy 
conservation practices by the contracted employees are not apparent.  Because the 
State pays for all utilities directly, there is no incentive to the food service contractor 
to reduce energy consumption.  

• The facilities management personnel exhibit the technical knowledge and 
commitment toward reducing energy consumption facility-wide.  They recognize the 
need to replace much of the dated equipment with modern energy efficient 
equipment however they are constrained within a modest budget.  

• Staffing of the facilities maintenance organization is lower than expected considering 
the scale and function of the Cannon Mountain facilities. 

Based on the observations and measurements obtained during the evaluation of the 
building, several energy conservation measures (EEMs) are proposed for consideration.  
These recommendations are grouped into three tiers based on the cost and effort required 
to implement the EEM.  Tier I EEMs are measures that can be quickly implemented with 
little effort for no or little cost.  Tier II items generally require contracted tradesmen to 
complete but can generally be implemented at low cost and within operating building 
maintenance budgets.  EEMs that require large capital expenditure and budgetary planning 
(one year or greater) are categorized as Tier III measures. The Capital Cost, Annual Cost, 
Payback Period, and Savings to Investment Ratio are provided for each proposed EEM. 
Please see Table 6-1 in Section 6 for a summary table of the recommended EEM measures.  

Hazen Drive Solar PV Evaluation 
Borrego Solar Systems partnered with Tighe & Bond to perform a two part analysis for the 
NH OEP to identify solar development opportunities on State-owned facilities. The first part 
of the study (identified as Tier 2 in this report) was conducted in the fall of 2011 and 
involved creating a scoring metric for over one hundred State facilities, of which six sites at 
the Hazen Drive complex in Concord were selected for further analysis (summarized below 
in Table E-2).  
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Table E-2 
Hazen Drive Comprehensive Feasibility Study Sites 

Project Site Location Agency 

Division of Motor Vehicles 23 Hazen Drive, Concord, NH Administrative Services 

DOT-Materials & Research   5 Hazen Drive, Concord, NH Administrative Services 

Fish & Game Headquarters 11 Hazen Drive, Concord, NH Administrative Services 

Health & Human Services 29 Hazen Drive, Concord, NH Administrative Services 

The Morton Building   7 Hazen Drive, Concord, NH Administrative Services 

Safety Building 33 Hazen Drive, Concord, NH Administrative Services 

 

The first step of the analysis was to conduct an initial evaluation to identify the best three 
sites for continued evaluation. To accomplish this, an initial site visit was conducted to all 
six sites to assess site suitability for rooftop solar installation. The information gathered as a 
part of this evaluation included specifications and ratings of existing electrical infrastructure, 
consideration of interconnection strategies, site usage, available roof space, shading 
obstacles (such as equipment on the roof and surrounding trees), location of electrical 
equipment relative to likely system location, and anecdotal information obtained from 
speaking with state employees. 

Three sites were chosen to proceed based on the results of the desktop and site evaluation: 
the Morton Building, Health and Human Services, and the Department of Motor Vehicles 
Building.  For each of these three sites, a preliminary solar layout was created to determine 
the maximum amount of PV capacity each site could support based on the information 
gathered during the site evaluations. The location of interconnection equipment and the 
probable impacts to the electrical infrastructure were also considered for each system. 
Review of electrical plans and discussions with the local utility and City of Concord building 
inspectors were also conducted in order to assess the most effective interconnection 
strategy and general system approach. All three buildings were analyzed with regard to the 
structural capacity of the roof based on the available plans provided by the State. A final 
system size, preliminary design and interconnection strategy were then determined based 
on the concurrent and cumulative analysis of the above factors.  Table E-3 summarizes the 
resulting system size and the estimated first year production (in kWh) for each project site. 
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Table E-3 
System Size and AEP 
Site Name System Size (kW) 1st Year kWh Production 

Health & Human Services 121.7 kW 142,119 kWh 

Division of Motor Vehicles 127.9 kW 146,471 kWh 

Morton Building 131.0 kW 142,467 kWh 

Total 380.7 kW 431,058 kWh 

 

Based on the resulting system size and preliminary layout, estimated system costs, 
operation & maintenance costs, and system production reports were generated. Concurrent 
with the system cost and production study, Unitil (the site’s electric utility provider), and the 
New Hampshire Public Utilities Commission (PUC) were contacted regarding interconnection 
standards and available incentives. Using information obtained from these conversations 
and additional research of the utility and PUC documentation, the general system approach 
was further developed in order to maximize the benefit of incentives for the most favorable 
impact on the payback of the system.   

With system costs, system production and available system incentives fully contemplated an 
analysis of financing options and strategies was then completed. First, a straight cash 
purchase model was conducted resulting in a pro forma that depicts the net present value 
and internal rate of return for the State as if the State were the owner of the system on a 
cash basis. Once this model was run, a financing option was selected based on Borrego 
Solar’s knowledge of the national and local market, and experience deploying these 
resources with other non-profit entities. With the financing option selected, a financial 
analyst modeled a financing option accounting for the system costs and production 
estimates as well as the available incentives. The goal of this process was to determine a 
viable financing option for the State that would offset usage at State facilities and would 
lower the upfront cost of solar electricity procurement.    

The study found that systems at the Hazen Drive Complex are technically feasible and there 
is significant available space for the development of over 100 kW on each of the three sites 
evaluated as part of this analysis.  There is significant usage on the meter and within each 
of the three buildings evaluated such that there are no usage limits or constraints to 
developing each building or the entire complex to its maximum capacity. The area’s solar 
resources utilized by these or similarly deployed PV systems are estimated to produce 1,200 
kWh for every 1 kW of PV installed which is a favorable production factor for the region.  
Some structural deficiencies were noted on the buildings that may be limiting factors, 
however it was noted that detailed information about structural capacity was not available 
for several of the sites.  

The projects were not found to be feasible from an economic perspective.  An economic 
analysis was conducted for two scenarios: a State-ownership scenario and a Power Purchase 
Agreement (PPA) scenario where the State leases the sites to a private developer.  From the 
State-ownership scenario, the low cost of power, together with the inability of the State as a 
tax-exempt entity to monetize the Federal Tax Credit (ITC) of 30% of the system cost, 
along with the rebate cap of $50,000 makes these projects financially prohibitive.  Similarly, 
with regards to a PPA, the lack of available revenue streams in the form of a viable SREC 
market preclude an investor from providing a favorable price per kWh.  The resulting PPA 
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price ($0.225 per kWh) is more than double the total cost per kWh currently paid by the 
State of New Hampshire for electricity and delivery and does not compare favorably on a 
strict cost perspective. 

In a direct ownership scenario, if the State procured a grant in the amount of 30% to mimic 
the Federal ITC there is a possibility the project would be economically feasible. Similarly, if 
a grant in an amount significant enough to replace the revenue stream from an active SREC 
market were procured so that a third-party provider could meet its return hurdles and 
provide a cost per kWh that is competitive with the electricity rates paid by the State, there 
is a possibility for solar development. Outside of those two scenarios, these projects at 
Hazen drive are not economically feasible. 

Biogas Cogeneration at Franklin WWTP 
The Winnipesaukee River Basin Program (WRBP) is the State-owned sewer system serving 
portions of the New Hampshire Lakes Region communities of Center Harbor, Moultonboro, 
Gilford, Meredith, Laconia, Belmont, Sanbornton, Northfield, Tilton, and Franklin. The 
WRBP's Franklin Wastewater Treatment Plant (WWTP) is operated by staff from the New 
Hampshire Department of Environmental Services (DES).  The goal of this part of the 
project was to expand upon the work that had previously been done to determine the 
feasibility of installation of a cogeneration system to utilize biogas, a product of the WWTP’s 
sludge treatment process.  DES installed gas flow meters to monitor gas production at the 
facility, which provided a solid basis for the study.   

Currently, biogas produced during anaerobic digestion is used to heat the digesters and a 
portion of the facility’s operations buildings.  In the summer, when the digesters and 
buildings require less heat, a large portion of the biogas is currently flared off.  There is an 
opportunity to use the biogas to generate electricity, a higher value energy than heat, and 
recover heat from the generation process to serve the existing heating load.  This would add 
value to the biogas used in the existing system and also reduce the amount of biogas that is 
flared, and can be accomplished through installation of a cogeneration system. 

To provide a thorough analysis, Tighe & Bond visited the WWTP with a Wastewater 
Engineer, an Electrical Engineer and a Renewable Energy Engineer to make observations on 
the existing infrastructure.  Drawings, plans, electrical, and fuel use data were also obtained 
to inform the study.  Using a packaged cogeneration system sized for the WWTP gas 
production rate, the monthly electricity and heat production were estimated and concerns 
related to equipment siting as well as electrical and mechanical interconnection were 
evaluated.       

The results of the study indicate that implementation of a cogeneration system at the WWTP 
is technically feasible. Installation of a 140 kW cogeneration system in the area to the 
northwest of the secondary digesters was evaluated.  The system could be electrically 
interconnected to the Thickened Sludge MCC and would qualify for net metering with PSNH, 
maximizing the value of the generation.  Wastewater and biogas interconnections were also 
studied and could be made to the thickened sludge piping and the biogas piping, 
respectively.   

A 140 kW cogeneration system will generate a significant amount of the WWTP’s electricity 
load without exceeding it, directly offsetting electricity use.  Also, the cogeneration system 
will produce sufficient thermal output to satisfy the majority of the WWTP heating load 
including the digesters and the digester building.  However, the cogeneration system will 
not be able to provide for all of the required heating in winter months, which would require 
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a significant increase in the amount of heating oil the facility would need to purchase.  
Taking this into consideration, the 140 kW cogeneration system does not appear 
economically feasible and would not result in energy cost savings for the facility.  From a 
private developer’s perspective, the project is viable and does not constitute a high level of 
risk as the facility and fuel are stable and the cost of the project is relatively low.  However, 
considering the State will need to pay for the additional heating oil, the WWTP would not 
benefit from any annual energy cost savings from the project.  Economic viability of the 
project may be significantly improved through a combination of this project with other 
WWTP improvements to reduce the heating requirement at the Admin/Operations building. 

Wind Energy at Odiorne State Park and Other Locations 
The goal of this part of the project was to perform a site-specific and comprehensive wind 
turbine feasibility study at a project site that proceeded favorably through the initial 
evaluations.  Several State-owned sites offer significant potential for wind energy.  Initially, 
the feasibility study efforts were focused on the Temple Mountain State Reservation.  
Temple Mountain was on an initial list of priority facilities provided by NH OEP, originally 
suggested by DRED.  The site scored well in the Tier 2 screening process since it is a 
historically impacted site with considerable area on a north-south ridgeline.  The site was 
not mapped as critical habitat and had few abutters with sufficient setbacks to minimize 
noise and visual impacts.   Since there is significant electricity use at Miller State Park, there 
would also be the option to install a smaller behind-the-meter project and offset electricity 
costs.   

However, as the study progressed it became apparent that several challenges exist that 
would make development of a wind project at Temple Mountain difficult.  Firstly, the site 
was acquired utilizing Land and Community Heritage Investment Program  
(LCHP) funds and may have associated land use restrictions.  Additionally, there was a large 
public effort to obtain the original funding to purchase Temple Mountain and repurpose the 
site as a State reservation, and the stakeholders involved in this land conservation effort 
may oppose a large scale renewable energy project at the site. Based on these factors, the 
detailed analysis of a wind project at Temple Mountain was discontinued.  A variety of other 
potential project sites were discussed, and ultimately the State selected Odiorne State Park, 
one of the next highest ranking wind projects from the Tier 2 evaluation, for further 
analysis.   

Odiorne State Park ranked favorably in the initial evaluations due to the on-site wind speeds 
(6.0 to 7.0 m/s at 70m above ground level), existing access and ease of interconnection, 
minimal proximate abutters, and the unique opportunities for use of the electricity and 
public education presented by the Seacoast Science Center.  Some concerns were raised at 
the onset of the analysis regarding historic resources, land use restrictions associated with 
land acquisition, and public acceptance. As a result of discussions with DRED and NH OEP, 
the feasibility of a wind turbine sized to offset the electrical load of the Science Center was 
evaluated.   

The study conducted by Tighe & Bond included a detailed site reconnaissance to identify 
potential turbine locations; on-site environmental and cultural resources; make 
observations with regard to public use at the park; and to consider the surrounding 
neighborhood and land uses. Wind resource modeling was conducted with WindPRO 
software using historical on-site wind data collected by NH DES.  Based on the analysis of 
wind resources, a selection of appropriate wind turbines was inputted into the model to 
determine an estimate of annual energy production.  Using the estimate of annual energy 
production, an economic analysis of project costs and revenue sources was completed.   
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The analysis concluded that installation of a small wind turbine is feasible at the site, 
particularly with regard to site access, electrical interconnection, and the ability to off-set 
electrical load at the Science Center.  However, given on-site environmental and cultural 
resources, the historic significance of the Park, and potential public opposition, permitting of 
the project would likely be costly.    Additionally, despite the good wind resources, the 
project is not economically feasible due in most part to high capital costs and the lack of 
robust renewable energy investment incentives. Due to complicated site permitting and 
unfavorable economics associated with the project, it is not recommended that the State 
pursue a project at Odiorne State Park at this time.  However, the site does offer significant 
potential for a small wind project in terms of available wind resources, the opportunity to 
offset electricity use at the Science Center, and the opportunity for the project to serve as 
an educational resource.  Therefore, should grant funding or other sources of project 
financing be available to improve project economics, it is recommended that the State 
proceed with a more in-depth analysis including on-site wind data collection throughout the 
entire year.   

Summary of Analyses 
The comprehensive projects addressed in this report reflect NH OEP’s desire to evaluate a 
range of renewable energy and energy efficiency technologies across a variety of owner 
agencies and geographic locations.  Other factors considered in the selection of the projects 
included the potential for significant energy savings, likelihood of being economically 
feasible, and good public visibility. Of the five projects that were evaluated, two of the 
projects are recommended for implementation: EEM measures at Cannon Mountain, EEM 
Measures at Health & Human Services.  The biogas cogeneration project at the Franklin 
WWTP is technically feasible, and may be economically feasible with the involvement of a 
private partner.  Ultimately a small amount of further evaluation is recommended to better 
confirm project economics.  The wind turbine at Odiorne State Park and Solar PV at Hazen 
Drive were both determined to be technically feasible; however they are not economically 
feasible in that State’s current  renewable energy market.  A summary table (Table E-4) is 
provided below depicting each project’s recommendation regarding implementation, the 
State’s approximate investment in the project, average annual savings to the State, and the 
project’s payback period.  For renewable energy projects, the table also includes whether 
the project is feasible under a privately owned development scenario and what the benefit 
to the State may be.  



Comprehensive Project Summary Table
Tighe&Bond

Project Site Who Conducted 
Study

Type of 
Technology

Technically 
Feasible?

Economically 
Feasible?

State Investment
(State-Owned)1,2

Average Annual Savings 
to the State1,3 (State-

Owned)

Payback Period1,3,4

(State-Owned)
State Investment
(Privately-Owned)

Average Annual 
Savings to the State 
(Privately-Owned)

Health & Human 
Services

Acadia Engineers & 
Constructors

Energy Efficiency 
Measures Yes Yes

Tier 1: $8,045 
Tier 2:  $166,389
Tier 3: $1,681,796

Tier 1: $38,003
Tier 2:  $18,959
Tier 3: $404,080

Tier 1: 2 years (avg)
Tier 2:  11 years (avg)
Tier 3: 6 years (avg)

N/A N/A

Cannon Mountain Acadia Engineers & 
Constructors

Energy Efficiency 
Measures Yes Yes

Tier 1: $36,885
Tier 2: $346,544

Tier 3: $2,735,388

Tier 1: $13,912
Tier 2:  $15,880
Tier 3: $212,467

Tier 1: 2 years (avg)
Tier 2:  7 years (avg)
Tier 3: 4 years (avg)

N/A N/A

Hazen Drive Borrego Solar 
Systems Rooftop Solar PV Yes No

H&HS: $383,119
DMV: $386, 797

Morton : $397, 286

H&HS : $18,970
DMV : $19,520

Morton : $18,930

H&HS : 23 years
DMV : 23 years

Morton : 24 years
$0.00 Not Feasible

Franklin WWTP Tighe & Bond Biogas 
Cogeneration Yes Yes $965,200 ($14,473) 26 years

($82,817) (Annual 
cost of fuel oil 

purchase)

$47,159 (Before fuel oil 
purchase)

Odiorne State Park Tighe & Bond 50 kW Wind 
Turbine Yes No $330,000 ($7,454) > 20 years $0.00 Not Feasible

1  Developed based on a simple cash flow for EEMs and based on a discounted cash flow life-cycle analysis for renewable energy projects; averaged over project life
2  Before financing
3  After financing for Franklin WWTP and Odiorne State Park
4  (avg) indicates average for multiple EEMs with payback periods varying from 0 to 15
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General Findings on Project Economics 
The Tier 1 and 2 evaluations determined that the State has an abundant supply of wind, 
solar, biomass, and hydroelectric resources on State-owned property, which present an 
opportunity to develop renewable energy projects.   Though dedicating capital resources for 
project implementation may not be a priority, many opportunities for a public-private 
ownership development model (such as a PPA) exist.  A long-term lease between the State 
and a developer would give the developer rights to construct and operate the renewable 
energy project on the State’s land.  A PPA, often a 20 year agreement, is a long-term 
contract between the State and the developer for the purchase of power or net metering 
credits.  A PPA gives the State the opportunity to maximize revenue through electricity cost 
savings and to hedge rising fuel costs through agreement on the long-term purchase price 
of the electricity or the net metering credits.  A PPA also provides a developer with a steady 
income source for the project, often necessary for the procurement of financing.  Under this 
ownership structure, the capital cost of the project, as well as operation and maintenance, 
would be assumed by the developer.  This would allow projects to be developed with little to 
no upfront investment required by the State.  Any cost to the State would be on a long-term 
basis, dependent on future retail electricity rates and the electricity price agreed upon in the 
contract.    However, for this to be successful in New Hampshire, the renewable energy 
market must be attractive to private developers who are willing to undertake the risk 
associated with such a project.  As discussed herein, the current New Hampshire renewable 
energy market conditions are not favorable for private developers. 

Overall, New Hampshire has an opportunity to participate in the regional renewable energy 
market in way that can encourage investment to remain in State, grow local economies, and 
have positive long-term impacts to the State’s energy market and security.    If New 
Hampshire chooses to pursue this opportunity, it will be important for the State to focus on 
ways to increase the attractiveness of renewable energy development in New Hampshire in 
comparison to other states and to show a strong intent to support a market as it matures.  
This project, intended to help the State meet its energy reduction goals, has demonstrated 
some of the challenges that are impacting renewable energy development.  It is anticipated 
that the State will continue to revisit renewable energy incentive programs and policy to 
continue progress towards meeting its energy and greenhouse gas emissions goals.   

Aside from broad support for renewable energy market incentives that will improve the 
economics of renewable energy projects at State facilities, the State also has an opportunity 
to achieve significant energy reduction through more direct funding of projects.  In this 
case, the State would fund a project and may not realize a market-competitive payback 
period, but will have made progress towards achieving the renewable energy goals.   

The other way in which the State could aggressively pursue the goal of reducing the current 
energy consumption by 10% or approximately 100,000 MMBTU, is through the 
implementation of large wind, biomass and/or solar renewable energy projects.  Such 
projects would generate enough energy to offset the high capital costs associated with 
them.  Additionally, the projects would benefit from the economies of scale and the cost of 
every MWh produced would decrease as the project size increases.  In the current financial 
and regulatory climate, the larger projects have the greatest chance of attracting private 
investment, thereby also meeting the State’s goal of fostering private-public partnerships.    
The State could lease large tracts of land to private developers to install renewable energy 
projects and could purchase energy from the project through a PPA.  It is anticipated the 
results of this project may be leveraged by the State to assist in procuring private-
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developers who wish to build off the report and further evaluate opportunities for renewable 
energy projects and PPAs. 

The energy efficiency analyses completed showed two examples of State facilities that have 
significant opportunities for improvement.  Many of the energy efficiency measures 
recommended at these facilities can be used as a model for implementation in other 
buildings to multiply energy savings.  There are also low- or no-cost energy efficiency 
measures that the State could implement in the near future in order to begin meeting State 
goals.  The State has an opportunity to pursue performance contract-type agreements 
resulting in overall reductions in building energy consumption.  Contractors that have the 
capacity to integrate renewable energy technology into building performance improvements 
should be selected in order to create another opportunity for the State to increase 
renewable generation.   The evaluation determined that the State has an abundant supply 
of wind, solar, biomass, and hydroelectric resources on State-owned property, which 
present an opportunity to develop renewable energy projects.  Increased efforts to support 
development of renewable energy projects can be combined with implementation of energy 
efficiency measures on a State-wide scale to move New Hampshire towards achieving 
energy and GHG reduction goals. 
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Section 1    
Introduction 

1.1 Introduction 
The state of New Hampshire has established an aggressive set of goals for reducing 
fossil fuel consumption and greenhouse gas emissions (GHG).  The state’s Renewable 
Portfolio Standard (RPS) requires that by 2025, 23.8% of electricity generated in New 
Hampshire come from renewable energy sources.  The state’s Climate Action Plan 
(March 2009) requires reductions in GHG, including from state facilities, and 
recommends that the state lead by example in its operations and energy usage.  Also 
specific to state-owned facilities, Chapter 21-I:14c of the New Hampshire Statutes 
requires that fossil fuel energy consumption in state owned buildings be reduced 25% 
from 2005 levels by the year 2025.  The combination of these measures seeks to 
promote energy independence, reduce price fluctuations, and lower the State’s carbon 
footprint by improving efficiency and increasing the amount of energy produced by 
renewable fuel sources. 

The availability of wind, solar, biomass, and hydroelectric resources on State-owned 
property presents an opportunity to develop new sources of clean energy and to meet 
the state’s goals with regard to clean energy and GHG emissions.  Additionally, 
significant opportunity exists to make improvements to existing state facilities to reduce 
energy consumption and improve operations.  The state owns over 10 million square 
feet (s.f.) of building space, approximately 400,000 acres of open space, more than 200 
dams, and numerous other facilities that provide opportunities for energy efficiency or 
renewable energy projects.   

In recognition of this, the New Hampshire Office of Energy and Planning (NH OEP) issued 
a Request for Qualifications (RFQ) (June 10, 2011) and Request for Proposals (RFP) (July 
1, 2011) for a Feasibility Study and accompanying report to evaluate the potential for 
renewable energy and energy efficiency projects at all State-owned land and facilities.  
The goal of the Feasibility Study was to identify and evaluate projects at three to ten 
state-owned sites that collectively allow the State to reduce fossil fuel use by 100,000 
Million Btu (MMBtu) – or approximately 10% of its current use, through a combination of 
energy efficiency and renewable energy development.  The Feasibility Study was funded 
by the U.S. Department of Energy under the NH American Recovery and Reinvestment 
Act State Energy Program.   

NH OEP selected Tighe & Bond to conduct the Feasibility Study.  Tighe & Bond is a full 
service engineering and environmental consulting firm founded in 1911 with over 100 
years in business.  Tighe & Bond provides comprehensive engineering and consulting 
services for a sustainable future, conserving energy and water, minimizing greenhouse 
gas emissions and waste, and enhancing environmental quality.  Tighe & Bond has 
conducted energy efficiency and renewable energy feasibility studies for private clients, 
municipalities, academic institutions on a campus-wide basis, and for regional utility 
corporations.  Tighe & Bond’s Portsmouth, NH office served as the primary point of 
contact for NH OEP on this project.  To provide an additional level of technical support 
on the project, Tighe & Bond partnered with two additional firms; Borrego Solar Systems 
and Acadia Engineers & Constructors.   
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Borrego Solar Systems is one of the nation’s leading designers and installers of 
commercial and government grid‐connected solar electric power systems.  Borrego 
assisted with the evaluation of potential opportunities for solar photovoltaic installations.   
Acadia Engineers & Constructors (AEC) is a Newmarket, NH based engineering and 
construction firm, with expertise in building energy audits and the design and installation 
of energy efficiency improvements and high-efficiency energy systems.  AEC assisted 
with the identification of opportunities for energy efficiency projects and with the 
comprehensive Feasibility Study evaluations for these projects.  

1.2 Involvement of State Agencies 
The project was managed by the NH Office of Energy and Planning, with involvement 
from a number of other state agencies and officials, including the Department of 
Administrative Services (DAS), the Department of Environmental Services (DES), the 
DAS Bureau of Public Works (BPW), and the Department of Resources and Economic 
Development (DRED). In particular, we would like to thank the following individuals who 
assisted in managing the overall project and connecting the project team with site-
specific contacts as the evaluation progressed: 

• Mary Downes, NH Office of Energy and Planning 

• Jackie Hanscome, Department of Administrative Services 

• Mark Nogueira, Department of Administrative Services 

• Karen Rantamaki, Department of Administrative Services  

We also thank the many contacts at the state offices and NH Public Utilities Commission 
who provided input on specific state facilities and current energy policies and 
regulations. The sections of the report addressing the comprehensive evaluations include 
a list of the contacts that provided information and assistance for each of the projects, 
however Tighe & Bond would like to take this opportunity to acknowledge the efforts of 
the following individuals who helped to make this project a success:  

• Craig Billingham, Electrical Inspector, City of Concord 

• Sara Cairns, Department of Resources and Economic Development 

• Bill Carpenter, Department of Resources and Economic Development 

• Michael Connor, Department of Administrative Services 

• John DeVivo, Department of Resources and Economic Development 

• Darrel Dietlein, Department of Resources and Economic Development  

• Steven Dolllof, Department of Environmental Services 

• Kate Epsen, New Hampshire Public Utilities Commission 

• Jonathan Fudala, Department of Administrative Services 

• James Gallagher, Jr. P.E., Department of Environmental Services 

• David Goulet, Department of Administrative Services 

• Gordon Graham, Department of Administrative Services 

• Clinton Ham, Department of Administrative Services  

• Billy Kordas, Department of Administrative Services 
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• Beverly Kowalik, Department of Administrative Services 

• Johanna Lyons, Department of Resources and Economic Development 

• Sharon McMillin, Department of Environmental Services 

• Stan Mitchell, Department of Environmental Services 

• Kenneth Noyes, Department of Environmental Services 

• Rebecca Ohler, Department of Environmental Services 

• Seth Prescott, Department of Resources and Economic Development  

• Jack Ruderman, New Hampshire Public Utilities Commission 

• Craig Shippee, Department of Environmental Services 

• Robert Spoerl, Department of Resources and Economic Development  

• Nichole Taatjes, Department of Resources and Economic Development 

• Susan Thorne, New Hampshire Office of Energy and Planning 

• Daniel Tullen, Department of Resources and Economic Development 

• Daniel Tullo, Department of Administrative Services 

• Ron White, Department of Administrative Services 

1.3 Overview of Methodology 
The project was conducted in three phases, referred to in the report as the Tier 1 
Analysis, Tier 2 Analysis, and Tier 3 Analysis.  The Tier 1 Analysis involved assessing 
data from NH state facilities and properties to identify facilities with high energy use and 
lands with significant natural resources.  Using data from the NH Energy Information 
System on energy use at State-owned facilities and Geographic Information System 
(GIS) information from NH OEP and the NH GRANIT system, the Tighe & Bond team 
identified potential opportunities (i.e. sites with high energy demand/load) by generating 
a spreadsheet listing all facilities by location, state agency, and technology, that 
contained comparable energy consumption and usage metrics for all buildings and 
facilities.  The facilities with the highest potential for successful energy projects and the 
State-owned lands resulting from a review of properties and wind speeds were used as 
the basis for the Tier 2 Analysis.     

The Tier 2 Analysis involved a high level analysis of potential application of a wide range 
of renewable energy and energy efficiency opportunities at the facilities and lands 
identified in the Tier 1 Analysis.  Renewable energy technologies that were considered 
for development at the State-owned buildings and land include the following: Rooftop 
Solar PV, Ground Mounted Solar PV, Wind, Tidal, Hydroelectric, Biomass Thermal, Solar 
Thermal, Large Scale Biomass, and Geothermal.  Energy Efficiency Measures were 
considered for State-owned buildings and other facilities.  Tighe & Bond created a 
ranking spreadsheet that was used to score or rank potential projects based on a 
number of factors including environmental, permitting, expected annual energy savings, 
and cost.  The potential projects were developed from the results of the Tier 1 analysis 
and various criteria specific to energy efficiency and each renewable energy technology.  
A detailed discussion of the criteria used for development of the potential projects as 
well as the ranking methodology is provided in Section 3.  The Tier 2 Analysis allowed 
for both a quantitative and qualitative comparison of potential project opportunities, 
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while recognizing the difficulties involved in comparing the different technologies under 
consideration. The results of the Tier 2 Analysis were reviewed with NH OEP and other 
state agencies to identify a shorter list of projects to move forward to a comprehensive 
Feasibility Study, Tier 3.   

The purpose of the comprehensive Feasibility Study is provide NH OEP with a high level 
of detail on the final selected projects to allow for their subsequent development, 
including an in-depth siting and environmental evaluation, a life-cycle cost analysis, and 
a discussion of the opportunities and barriers to project development.  A detailed 
description of project methodologies, including the process to conduct the high level 
evaluations and select the projects for the detailed evaluations is provided in the report.  

NH OEP and other state agencies selected a representative cross-section of projects 
based on a mix of technology types, project capacity, and agency involvement to 
proceed to the Tier 3 Analysis. For each of the projects that advanced to the more 
comprehensive evaluation, the report contains a detailed description of existing 
conditions, proposed improvements, design and permitting considerations, potential 
energy savings/energy generation potential, and recommendations for next steps.  The 
report also includes preliminary estimates of energy savings and energy production and 
detailed economic analyses.    

1.4 Findings and Recommendations 
The report presents a summary of the results of the Tier 3 Analysis, and a comparison of 
the projects evaluated based on the following factors: potential energy offset, cost and 
incentives, and technical feasibility.  Based on the results of the analysis, 
recommendations are provided regarding those projects that have the greatest potential 
for success in terms of potential energy savings, financial indicators, and ease of 
implementation.  The results of the Tier 3 Analysis were presented to NH OEP and other 
state agencies in early June 2012.  A number of presentations about the project were 
also given by the project team to state agencies and other stakeholders, including:  

• May 18, 2012, Presentation at the NH Annual State Energy Conference and 
Awards (Presented by Mary Downes, NH OEP) 

• June 8, 2012 Presentation to the NH Public Utilities Commission Energy Efficiency 
and Sustainable Energy Board (EESE Board) 

• June 8, 2012 Presentation to the Buildings Sub-Committee of the NH Interagency 
Energy Efficiency Committee (IEEC) 

The report also presents a discussion of the state of renewable energy and energy 
efficiency development in New Hampshire in terms of financial and regulatory incentives.  
It is apparent that renewable energy projects are still not attractive to the private 
sector, a crucial step in developing a renewable energy market.  The findings of this 
report also help to illustrate some of the key factors to creating that environment. 

1.5 Report Outline  
The report details the methodology and results of the initial Tier 1 and Tier 2 screening 
efforts utilized to identify high potential projects as well as a separate section for each 
project that underwent the comprehensive analysis.  The report is organized into the 
following sections:   
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• Section 1: Introduction 

• Section 2: Tier 1 – Identification of Potential Sites 

• Section 3: Tier 2 – Identification of Potential Projects/Project Scoring 

• Section 4: Tier 3 – Selection of Projects for Comprehensive Feasibility Study 

• Section 5: Energy Efficiency Measures at Health & Human Services Building 

• Section 6: Energy Efficiency Measures at Cannon Mountain 

• Section 7: Rooftop Solar Photovoltaic (PV) at Hazen Drive 

• Section 8: Biogas Cogeneration at the WRBP Wastewater Treatment Plant 

• Section 9: Wind at Odiorne Point State Park/Other Locations 

• Section 10: Summary & Recommendations 

Project specific reference materials for each of the in-depth analyses (Sections 5 through 
9) are provided following each of the relevant report sections.   
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Section 2    
Tier 1 Analysis: Identification of Potential 
Projects 

2.1 Review of Existing Information 
At the onset of the project, Tighe & Bond coordinated with NH OEP to determine the best 
way to conduct the statewide evaluation of potential renewable energy and energy 
efficiency opportunities.  The State owns over 10 million s.f. of building space, 
approximately 400,000 acres of open space, more than 200 dams, and numerous other 
facilities that provide opportunities for energy efficiency or renewable energy projects, 
and therefore the task of identifying projects was challenging.  The purpose of the Tier 1 
Analysis was to organize the large amounts of existing information into a coherent 
dataset that would facilitate the initial identification of high potential projects.  In 
general the potential opportunities can be categorized into the following: energy 
efficiency projects at buildings and/or state facilities; small scale renewable energy 
projects at buildings and/or state facilities, such as rooftop solar, small scale biomass, or 
geothermal; and large-scale renewable energy projects such as ground-mounted solar 
or wind energy, that do not necessarily require an on-site facility. Therefore, the goal 
was to efficiently identity project sites with high energy use that may be suitable for 
energy efficiency projects or small scale renewable, and larger tracts of land owned by 
the state that may be suitable for large scale renewable energy projects.  

As part of the RFP for the project, NH OEP provided a list of facilities that were identified 
as possible candidates for renewable energy and/or energy efficiency projects.  This list 
(Priority Projects) contained intuitional, recreational, infrastructure related facilities, and 
facilities that consume large amounts of energy.  The facilities on the Priority Projects 
list (Table 2-1 below) were all evaluated for their ability to accommodate various types 
of renewable energy and/or energy efficiency projects in Tier 2 of the evaluation 
(Section 3 of this report). 

TABLE 2-1 
NH OEP Priority Project List 

Type of Facility Facility Name Agency Name 

Institutional 
Facilities 

Concord Men’s Prison Corrections 

NH Hospital – Acute Psychiatric 
Services 

NH Hospital 

 Veterans Home NH Veterans Home 

 Berlin Prison Corrections 

 Juvenile Justice Campus Juvenile Justice Services 
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TABLE 2-1 
NH OEP Priority Project List 

Type of Facility Facility Name Agency Name 

Large Energy 
Users 

Hazen Drive – Specifically 29 Hazen 
Drive 

Administrative Services 

 Concord South Campus – Main Building Administrative Services 

 Rockingham Superior Courthouse Administrative Services 

 Hillsborough County South Courthouse Administrative Services 

 Manchester Employment Security Employment Security 

 Mechanical Services/Traffic Buildings  Department of Transportation 

   

Recreational Sites Mount Washington DRED 

 Cannon Ski Mountain/Franconia Notch DRED 

 Hampton Beach DRED 

 Bear Brook State Park DRED 

 Sewalls Falls Fish & Game Commission 

 Odiorne State Park DRED 

 Warren Fish Hatchery Fish & Game Commission 

 Milford Fish Hatchery Fish & Game Commission 

 Urban Forestry Center DRED 

 Sunapee State Park DRED 

 Temple Mountain DRED 

   

Infrastructure Franklin Wastewater Treatment Facility Environmental Services 

 Hampton Tolls/Rest Area Department of Transportation 

 Hookset Tolls/Rest Area Department of Transportation 

 Seabrook Tolls/Rest Area Department of Transportation 

   
 

To build upon the state’s initial list of Priority Projects, Tighe & Bond used additional 
building energy information from the Energy Management System (commonly referred 
to as the NH Energy Database) and data from NH’s GRANIT GIS.  The Department of 
Administrative Services maintains the NH Energy Database, which contains information 
on all State-owned facilities, including energy usage, fuel consumption, and building 
characteristics (age, square footage, roof construction, etc.).  The NH Energy Database 
is a powerful tool and the State should be commended for developing and maintaining it.  
Collecting data on historical energy consumption facilitates the soliciting of proposals for 
energy efficiency and alternative energy projects and assists in attracting the best 
market opportunities for project development.  It also allows the State to track the 
success of implemented projects and gauge project performance (post-implementation) 
by reviewing energy consumption and cost data.    
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The building data originally provided by NH OEP contained the following information for 
every State-owned building or facility: 

• Facility Name 

• Agency Name 

• Facility Address 

• Facility/Building Area  

• Year Built 

• Fuel Description (Electricity, Natural Gas, Propane, Fuel Oil, Steam) 

• Supplier/Delivery (Supply account indicates the company actually supplying the 
utility needed for the building/facility; Delivery account indicates the company is 
responsible for delivering the utility to the building or facility) 

• Fiscal Month Name/Number/Year 

• Demand (rate at which electricity is delivered to/by a system at a given instant or 
averaged over a designated period; usually expressed in kW) 

• Energy Usage (component of a utility’s rate structure charged on a per unit of 
energy basis)  

• Overall Monthly Consumption 

• Roof description 

• Number of employees 

• Meter number 

• Account number 

• Fuel cost information 

NH OEP also provided Tighe & Bond with a copy the State’s Notice of Contract with Hess 
Corporation (set to expire May 31, 2012); which contains energy cost information and 
specifies that 25% of the electricity provided to the State derive from renewable 
sources, achieved through the purchase of Renewable Energy Credits.  The State also 
provided their Notice of Contracts for the independent electricity and natural gas 
providers that provide service to State-owned buildings.  The Notice of Contracts and 
subsequently provided amendments provided price information (per kWh charge) to 
assist in the financial and economic evaluations which occurred as part of the Tier 2 
evaluation (Section 3 of this report) and Tier 3 evaluation (Section 4 of this report).   

In addition to the above, Tighe & Bond collected the following data from the NH GRANIT 
GIS to assist in the initial desktop site evaluation:  

• Land Conservation Plan for NH Coastal Watersheds  

• National Register of Historic Places  

• NH Wildlife Action Plan  

• Recreation Facilities  

• Topography  

• Wetlands  
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• Pipelines Railroads & Public Roads  

• Conservation/Public Lands  

Wind resource GIS data developed by Truewind Solutions, LLC was also utilized to depict 
mean sustained wind speeds calculated at 30, 50, 70, and 100 meters above ground 
level (agl).    

The following state facilities were not addressed as part of the project: Adjutant General 
facilities, University of New Hampshire facilities, and the Community College System of 
New Hampshire facilities.  In all, the Tier 1 analysis involved evaluation of approximately 
1,500 facilities and sites.   

2.2 Data Management 

2.2.1 NH Energy Database Information 
The amount of available information collected on the buildings posed a data 
management challenge as the data contained some inconsistencies as a result of data 
entry and was not organized in a way that facilitated a comprehensive analysis.  To 
address this, Tighe & Bond summarized the data to show the 2010 Annual Energy Use 
(in Kilo/thousand British Thermal Units or kBTUs), the Energy Use Intensity (EUI), and 
the Cost Use Intensity (CUI).  A Tier 1 Summary Table showing these metrics is 
attached in Appendix A. This was a basis for selecting projects to move forward into Tier 
2, especially for energy efficiency measures (EEMs).  Facilities with an EUI in the top 
10% are highlighted on the attached data table.  As described below, other factors were 
also calculated and evaluated with respect to renewable energy technologies. In the 
course of review with NH OEP and other State agencies it became clear that additional 
data cleaning and improvements could be made to the database.  As such, the data 
contained in Appendix A should not be used alone as a basis for decision making without 
further review of the data and a comparison to historic utility data.               

As financial incentives for renewable energy and energy efficiency projects are fairly 
limited in New Hampshire, it was important to identify facilities that have a high on-site 
energy demand to be further evaluated as part of the Tier 2 analysis.  Tighe & Bond 
performed basic calculations on the data described above to provide metrics to allow for 
an efficient analysis of energy usage for a large number of projects.  This included 
calculating the EUI, CUI, Average Demand, and the Demand Ratio.  Each of these 
metrics is further described below. 

The EUI is a unit of measurement that describes a building’s energy use relative to its 
size.  It is generally calculated by taking the total energy consumed in a year and 
dividing it by the total floor space of the building.  For this project, the EUI was 
calculated as follows: 

Annual EUI = (Energy Use (kBTU))/Month)*(12 Months/yr)*(1/(Area (sq.ft.)) 

Similarly, the CUI is generally calculated by dividing the sum of all annual energy costs 
by the building square footage.  For this project, the CUI was calculated as follows: 

Annual CUI = (Energy Cost ($))/Month)*(12 Months/yr)*(1/(Area (sq.ft))   
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The success of many renewable energy projects depends upon a high energy use that is 
fairly consistent over time.  To assist in identifying buildings that met this criterion the 
Average Demand and the Demand Ratio were calculated.  The closer the Demand Ratio 
is to 1 the more consistently high the on-site energy usage is.  The Average Demand 
and Demand Ratio were calculated as follows: 

Average Demand (kW) = (Monthly Energy Use (kWh))/(732 (hours in average 
month)) 

Demand Ratio = (Average Demand (kW)/(Peak Demand (kW)) 

Performing the above calculations allowed Tighe & Bond to identify facilities that had a 
high and consistent energy use by comparing the ratio of the average demand to peak 
demand and evaluating the CUI and EUI.  This information was utilized to assist in 
identifying facilities to be evaluated for renewable energy projects in Tier 2.  

2.2.2 GIS and Google Earth Integration 
Tighe & Bond developed a strategy to combine the above referenced GRANIT GIS data 
with Google Earth to enable quick review of State-owned land that can be viewed on 
computers where Arc GIS is not available.  The Conservation and Public Lands and 
Recreation Facilities GIS layers were reviewed using Google Earth to identify State-
owned lands that should be evaluated for renewable energy resources and are not 
associated with any facility/on-site energy use that would have been captured using the 
methodology described above.  This was particularly important to the wind turbine 
evaluation, described in Section 3.  

We note that the Conservation and Public lands data does not identify all State-owned 
parcels; rather it only identifies parcels that are owned for conservation purposes.  
Additionally, this data layer also does not identify parcels that are less than two acres.  
As such, identifying all State-owned property was a challenge.  While trying to obtain 
GIS data for state-property boundaries it was indicated to us that some towns may have 
legal statute-rights to the GIS data for the property boundaries in their towns, including 
the State-owned parcels.  The NH Department of Revenue Administration has a 
Memorandum of Understanding with the towns (through a third-party nonprofit agency) 
not to release their GIS data to anyone other than State agencies. Although Tighe & 
Bond was contracted to undertake this analysis for a State agency, we could not obtain 
access to this information.  As such, though a concerted effort was made to evaluate all 
State-owned facilities and properties, some may have been omitted from the Feasibility 
Study as we were unable to identify them.  We note that neither land owned by the New 
Hampshire Department of Transportation (DOT) nor that owned by the Franklin 
Wastewater Treatment Plant (WWTP) was identified as being “State-owned” by this GIS 
parcel data layer. 

Google Earth was also used during the Tier 2 analysis to perform environmental and 
engineering analysis on specific properties; this is described in Section 3.2.1.    

2.3 Summary 
The refined data and comparable energy use metrics were utilized to narrow down the 
list of State properties from which to conduct initial renewable energy/energy efficiency 
site-specific project evaluations.  The comparable data metrics allowed Tighe & Bond to 
identify major energy users and facilities where projects would likely make sense from 
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an energy use perspective.  Additionally, the Google Earth/GIS evaluation tool was used 
during the Tier 2 analysis to perform a desktop environmental and site constraint 
analyses.  Section 3 of this report contains a more detailed description of how the above 
data was utilized to inform the site and renewable energy specific analysis. 
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Section 3    
Tier 2 Analysis: Ranking of Potential 
Projects 

3.1 Background 
The previous sections of the report outline the process that was undertaken to manage 
energy use data and other factors at State-owned facilities and land to identity potential 
opportunities for renewable energy and energy efficiency projects.  Given the geographic 
scale of the area of analysis, and the number of facilities owned by the State, the goal 
was to devise a methodology for a comprehensive analysis but to also identify “low 
hanging fruit” opportunities that warranted further evaluation early in the process.  “Low 
hanging fruit” projects were defined as projects at sites with significant on-site energy 
use, indicating a potential opportunity to achieve meaningful energy savings.  These 
projects were also identified as those with minimal environmental, permitting, 
regulatory, or logistical barriers to implementation.  The goal of the Tier 2 Analysis 
described in this section of the report was to create a methodology for selecting these 
sites that warranted further evaluation for their potential to accommodate renewable 
energy projects or Energy Efficiency Measure (EEM) improvements.   

The following renewable energy opportunities were evaluated during the Tier 2 analysis: 

• Rooftop Solar PV 

• Ground Mount Solar PV 

• Wind 

• Tidal 

• Hydroelectric 

• Biomass Thermal (Mid-Scale) 

• Solar Thermal 

• Large Scale Biomass 

• Geothermal 

As buildings can accommodate a wide range of energy efficiency improvements, rather 
than try to match a specific improvement to one particular building; facilities were 
identified in terms of their potential for a variety of measures.  

At the onset of the Tier 2 Analysis, Tighe & Bond proposed to evaluate potential 
renewable energy projects and sites for EEM improvements based largely on the “low 
hanging fruit” criteria described above, and in more detail below.  In general the 
following factors were considered:  

Site Related Ranking Criteria 

• Size of Parcel 

• Size of Existing Structures 

• On-site Environmental Constraints  
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• Topography of Parcel  

• Zoning Constraints 

• Population Density of Project Area (to help forecast public relation issues) 

• Proximity to Abutters 

• Proximity to Scenic areas or Conservation/Recreation areas 

• Proximity to Electrical Distribution/Transmission Infrastructure 

• Proximity to Transportation Infrastructure 

• Available Energy Resources   

• Significant Infrastructure Improvements Necessary to Accommodate Project? 

• Permitting Complexity 

Cost-Benefit Related Ranking Criteria 

• Estimated Annual Energy Production/Output of Proposed Measure 

• Operation and Maintenance (O&M) Costs and Complexity 

• Estimated Energy Savings and Reduction in GHG Emissions  

• Existing Energy Costs 

• Estimated Cost per kWh of Energy Produced 

• Funding/Incentives Available for Proposed Measure 

Other Considerations 

• Public Relations Value 

• Ability of State Agency to Undertake and Manage the Project 

• Relationship to Other Measures and Opportunities for Synergy 

Tighe & Bond understood, based on NH OEP feedback, that the state was seeking both a 
qualitative and quantitative comparison of projects.  The evaluation system developed 
for the Tier 2 Analysis allowed for a consistent and objective comparison of projects, 
while also acknowledging the different technologies under consideration.  The Tier 2 
Analysis Summary Table (Table 1) and supporting detailed ranking tables (Tables 2 - 10, 
organized by technology) are attached in Appendix B.  The spreadsheet has also been 
provided to NH OEP in electronic format for searching and sorting purposes.  Please refer 
to the Tier 2 Analysis screening workbook attached in Appendix B, which contains some 
information on the mechanics of the workbook as well as a list of abbreviations used.  
The ranking spreadsheet also served to document the decisions that were made 
throughout the process to determine which projects should proceed through the 
evaluation and which projects did not warrant further evaluation.  As noted earlier, due 
to inconsistencies regarding data entry into the NH Energy database, the data contained 
in Appendices A and B should not be used alone as a basis for decision making without 
further review of the data and a comparison to historic utility data. 

The Tier 2 Analysis spreadsheet was designed to yield a total score and a percentage 
score for each project based on the rankings assigned for each factor.  The percentage 
score allowed comparison of all technology types and projects, regardless of the 
technology specific gross score.  In addition to the percentage score, which is an 
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indication of the potential success of the project, the spreadsheet also provided an 
estimate of the potential MMBTU (million BTU) offset achievable from each project.  This 
offset was used to assist in determining a combination of projects that would reach the 
State’s goal of offsetting 10% of the current MMBTU generation from fossil fuels with 
generation or energy savings from renewable energy projects or energy efficiency 
measures.  The ranking system is described in greater detail, below. Following the 
presentation of the ranking system, this section of the report describes the methodology 
and assumptions that was used for each specific technology, and provides an overview 
of factors that were considered for each project. 

We note given the scale of the analysis and the timeframe for the project, assumptions 
were made to assist in both eliminating and identifying projects.    In some cases, high-
level broad based assumptions were applied to assist in narrowing down the facilities to 
those that warranted further evaluation.  We recognize that there are many aspects 
related to the siting, design, and permitting of renewable energy projects and that the 
assumptions that were applied during the evaluation may not be applicable to each 
project.  However, we feel that the screening workbook met the multiple goals of the 
exercise; to conduct a thorough evaluation of sites/projects; to educate the state about 
the opportunity for projects and availability of resources; and to make informed 
decisions about projects to evaluate at a comprehensive level. 

3.2 Screening Matrix/Ranking System 
As noted above, the goal of the evaluation system was to create a method that would 
rank the feasibility of each renewable energy project or energy efficiency improvement 
project that resulted from the Tier 1 evaluation to determine which projects warranted 
further investigation.  To do so, a ranking system was created to generate one 
comparable list of potential projects, scored on project-specific criteria.  A spreadsheet 
was created to rank projects, recognizing that some factors are important for success for 
all types of renewable energy projects (such as site access) and some factors may not 
be critical to all types of projects.  For example, site topography and shading are critical 
to ground mounted PV but not large scale biomass or energy efficiency measures.  The 
spreadsheet also weighed energy specific data (such as EUI and energy consumption) to 
assist in identifying projects that could significantly reduce the State’s fossil fuel use.   

A screening workbook (attached as Appendix B) was created to assess the feasibility of 
each project based on the following point system: 

1. Sub-Score 1 (Assigned a score out of 3 points - based on technology specific 
factors) 

2. Sub-Score 2 (Assigned a score out of 3 points - based on technology specific 
factors) 

3. Energy Sub-Score (Assigned a score out of 3 points - based on energy specific 
factors) 

4. Technology Sub-score (Assigned multiple 3 point scores - based on critical 
success factors for the technology being evaluated).  

The factors that were considered for each of the sub-scores were different depending on 
the type of energy technology being assessed.   
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Of the four Sub-Scores listed above, three (Sub-Score 1, Sub-Score 2, and the Energy 
Sub-Score) have several factors that contribute to the score, although each factor 
doesn’t necessarily have a unique valuation.    It was the evaluator’s job to weigh each 
of the contributing factors then to assign a Sub-Score (scored out of 3) based on all of 
the factors in the category.  This allowed some flexibility on the criteria that determined 
each technology’s overall score while keeping the evaluation format and point totals 
similar between various technologies.  Table 3-1, below, depicts the factors that were 
evaluated for each technology when determining each Sub-Score. As noted in the Table, 
the Sub-Scores were evaluated using specific information related to the site and type of 
technology.  A Sub-Score of 1 indicated poor conditions for implementation of the 
project; a Sub-Score of 2 indicated moderate conditions for implementation of the 
project; and a Sub-Score of 3 indicated good conditions for implementation of the 
project.  The spreadsheet also features an area for the evaluator to record brief notes 
and comments to assist in justification of the Sub-Scores.   

The fourth Sub-Score (Technology Sub-Score) is made up of four categories, which are 
critical to the success of the type of energy project being evaluated.  Project cost and 
incentives and public visibility always contributed to the Technology Specific Sub-Score 
for every project being evaluated, based on specific site and renewable energy 
technology. Note that discussion of applicable renewable energy incentives and 
regulations specific to each technology is included in each comprehensive chapter in the 
report.  Each of the four categories considered for this Sub-Score was worth three 
points.  Each category was scored individually then summed into the overall “Technology 
Sub-Score”.  Therefore, the Technology Sub-Score is scored out of 12 (or 4 
characteristics all scored out of 3).  A Sub-Score of 1 indicated that the key project 
characteristic (likely critical to its success) is poor; a Sub-Score of 2 indicated the key 
project characteristic is moderate; and a Sub-Score of 3 indicated the key project 
characteristic is good.  Similar to above, there is an area to record comments and 
justifications for the Sub-Score on the ranking spreadsheet.  A Sub-Score of zero 
indicated that a fatal flaw was encountered and the project should not proceed further in 
the evaluation, regardless of other ranking criteria.   

As noted on Table 3-1, below, the maximum total possible points for a project was 21 
(Sub-Score 1, Sub-Score 2, Energy Sub-Score; each worth a maximum 3 points; and 
Technology Sub-Score; worth a maximum of 12 points). 

Following the Table is a more detailed description of each of the project specific criteria 
that were analyzed during the evaluation as well as the site characteristics that would 
fatally flaw a technology.  The remainder of this section provides additional details on 
the methodology behind the scoring system for each specific technology.  
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TABLE 3-1 
Factors Determining Project Sub-Scores 

 
Factors Considered For 
Sub-Score 1 
(out of 3 points) 

Factors Considered for 
Sub-Score 2 
(out of 3 points) 

Factors Considered for 
Energy Sub-Score  
(out of 3 points) 

Factors Considered for 
Technology Sub-Score 
(out of 12 points) 

 For each site, a score between 1-3 was given based on the below factors for each of the 
below sub-scores 

Each of the below four 
categories considered for this 
sub-score was worth three 
points; for a maximum total 
Technology Sub-Score of 12. 

Ground 
Mounted PV 
Solar 

Potential Array Area 
(acres) 
Population Density 
Wetlands 
Habitat 
Cultural 
Topography 
Infrastructure 
Land Cover 

Energy Cost Energy Load Irradiance 
Capacity 
Cost & Incentives 
Public Relations 

PV Solar Estimated Building 
Footprint 

Energy Cost Energy Load Irradiance 
Capacity 
Cost & Incentives 
Public Relations 

Wind Population Density 
Wetlands 
Habitat 
Cultural 
Topography 
Land Cover 

Site Access 
Infrastructure 
Residences 
Property Line 
Airport Proximity 

Annual Electricity Load 
Peak Electricity Demand 
Total Facility Load 
Total Facility EUI 
Fuel Type 

Mapped Wind Speeds 
Potential Capacity 
Cost & Incentives 
Public Relations 

Tidal Population Density 
Water Body 
Habitat 
Cultural/Uses 
Geology 

Bathymetry 
Infrastructure 
Depth 
Flood Current (knots) 
Ebb Current (knots) 

Electricity Load 
Electricity Demand 
Total Facility Load 
Total Facility EUI 
Fuel Types 

FERC/Permit 
Estimated Capacity 
Cost & Incentives 
Public Relations 
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TABLE 3-1 
Factors Determining Project Sub-Scores 

 
Factors Considered For 
Sub-Score 1 
(out of 3 points) 

Factors Considered for 
Sub-Score 2 
(out of 3 points) 

Factors Considered for 
Energy Sub-Score  
(out of 3 points) 

Factors Considered for 
Technology Sub-Score 
(out of 12 points) 

Hydro-electric Drainage Area 
Buildings 

Use History 
Infrastructure 
Height; Freeboard 
Estimated Head 
Average Flow 
Estimated Flow-90 

Electricity Load 
Electricity Demand 
Total Facility Load 
Total Facility EUI 
Fuel Types 

FERC/Permit 
Estimated Gross Capacity 
Cost & Incentives 
Public Relations 

Biomass Population Density 
Wetlands 
Habitat 
Cultural 
Topography 
Land Cover 

Site Access 
Infrastructure 
Residences 
Property Line 
Cooling Water Availability 

Energy Load 
Energy Demand 
Total Facility Load 
Total Facility EUI 
Fuel Types 

Feedstock Location 
Potential Capacity 
Cost & Incentives 
Public Relations 

Solar Thermal Used for Hot Water? 
Roof Type, Space 
Ground Space 
Site Infrastructure 

Use 
Year Built 
Campus/Multiple Facilities? 
Recent/Planning 
Improvements 
OEP Preferred Project 

Ave. Monthly Energy Usage 
Ave. Monthly Energy Cost 
Hot Water Energy Use 
Total Facility EUI 

Solar Radiance & Capacity 
O&M Requirements 
Cost Incentives 
Public Relations 

Biomass 
Thermal 

Fuels 
Used for Hot Water 
Roof Type, Space 
Ground Space 
Site Infrastructure 

Use 
Year Built 
Recent/Planned 
Improvements 
OEP Preferred Project 

Ave. Monthly Energy Usage 
Ave. Monthly Energy Cost 
Hot Water Energy Use 
Total Facility EUI 

Capacity 
O&M Requirements 
Cost & Incentives 
Public Relations 

Energy 
Efficiency 
Measures 

Year Built 
Age (Yrs) 
Historical Significance 
Cultural Significance 
Campus 
Open Space 
Utility Infrastructure 

Fuel Oil Use 
Natural Gas Use 
LP 
Biomass 
CO2e 

Monthly Ave. Elec. Use 
Annual Electricity Use 
Monthly Fuel Load 
Annual Fuel Load 
Total Facility Load 
Site EUI 
Electric Ratio % 
Heating Fuel Ratio % 
Consumption Score 

Improvement Synergies 
Potential Capacity 
Cost & Incentives 
Public Relations 
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3.2.1 GIS and Google Earth Integration 
Ad discussed earlier, to evaluate many of the above site/facility characteristics, Tighe & 
Bond developed a strategy to combine the GRANIT GIS data with Google Earth.  This 
enabled environmental and engineering reviews of a vast number of properties to be 
efficiently completed by renewable energy staff on computers where Arc GIS is not 
available. 

The below example image is a screenshot of the Google Earth file depicting several 
evaluated sites, historic resources, wetlands, airports, pipelines, and transmission 
facilities, highly valued habitat, State-owned conservation land and State-owned 
recreation land. 

 

3.3 Technology Specific Evaluations 
The following section of the report provides a description of how the Tier 2 Analysis 
project ranking spreadsheet was populated with sites and the technology specific criteria 
that were evaluated when determining the sub-scores for each project.  The report also 
explains site and technology factors that resulted in a “fatal flaw” for each project and 
result in it being eliminated from further consideration.  Please refer to the actual Tier 2 
Analysis spreadsheet attached in Appendix B to view the results of the ranking exercise; 
the information below is limited to the assumptions that were used to conduct the 
evaluation.  

Following the completion of the Tier 1 and 2 analyses, the legislature passed Senate Bill 
218 (an act relative to electrical renewable portfolio standards) in June 2012.  This bill 
establishes an incentive for renewable thermal energy (solar thermal, geothermal, 
biomass thermal) in Class I (new renewable energy projects) of the NH RPS.  The 
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mechanism is a “carve-out” that adds 2.6% to the current Class I Utility obligation of 
16% by 2025.  Note that the potential impact of this legislation with regard to the 
economic feasibility of potential state solar thermal, geothermal, or biomass thermal 
projects was not considered as part of this project.   

3.3.1 Roof-Mounted Solar Photovoltaic 
Facilities on the NH OEP Priority Project list and those that were identified as facilities 
with high potential for a project in Tier 1 (those with a monthly electricity use greater 
than 4,150 kWh) were added to the screening matrix to evaluate the potential to 
accommodate a roof-mounted solar PV system.  These facilities were analyzed according 
to the price of electricity at the facility, the available roof area, roof characteristics, 
irradiance, cost and incentives and visibility.  Google Earth was utilized to evaluate roof 
characteristics (slope, amount of rooftop equipment, etc.) and to estimate the available 
roof area for a solar array.  

3.3.2 Ground-Mounted Solar Photovoltaic 
Facilities on the NH OEP Priority Project list and those that were identified as facilities 
with high potential for a project in Tier 1 were added to the screening matrix to evaluate 
the potential to accommodate a ground-mounted solar PV system.  These facilities were 
screened similarly to the rooftop PV facilities (described above), but a desktop 
environmental evaluation utilizing orthophotographs and NH GRANIT GIS data was also 
performed.  The environmental evaluation took the following factors into consideration:  
wetlands, habitat, cultural resources, topography, infrastructure, and land cover. 
Additionally the capacity of a solar installation was estimated based on available ground-
area.   

3.3.3 Wind Energy 
When evaluating the feasibility of wind energy projects; the following factors were 
assumed to be critical to wind turbine development: 

• Site has sufficient wind resources 

• Site has a north/south ridgeline or highland topography that does not present 
significant site access and construction challenges 

• Site is not proximate to residences and airports 

• Site is proximate to transmission infrastructure 

• Site has minimal sensitive environmental resources 

Tighe & Bond conducted a comprehensive evaluation of all large state-owned parcels on 
the conservation and recreation land data layers where wind speeds over 6.0 m/s at 
70m agl were present.  Wind speed GIS data developed by Truewind Solutions, LLC was 
used for the analysis.  The evaluation was completed using orthophotographs, NH 
GRANIT GIS data, and internet research on site characteristics.  Tighe & Bond estimated 
the wind turbine location for these sites based on topography and wind speed.  For 
parcels that could accommodate several turbines, a line was drawn along the 
topography to depict potential wind turbine turbine locations.  This line was used as the 
point from which the distance to the nearest residence, property line, airports, and 
transmission infrastructure was measured.   

To estimate the potential size and number of wind turbines that could be accommodated 
at a particular site, the approximate length of the ridgeline or wind turbine location area 
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was measured.  If the area was perpendicular to prevailing winds and could 
accommodate multiple utility-scale turbines, Tighe & Bond assumed turbines would be 
separated by a distance of three rotor diameters, a standard minimum distance between 
turbines.  We assumed an 80m rotor; therefore, we assumed a spacing of 790’. If the 
proposed turbines were in-line with the prevailing wind, we assumed MW-scale turbine 
spacing of six rotor diameters (with an 80m rotor); for a turbine spacing of 1,574’.  
Adjustments to turbine siting estimates were made in the case of unique ridgeline/peak 
topography.    

To calculate the MMBTU offset from the estimated turbine layout, we assumed a 1.5 MW 
rated capacity and 24% capacity factor for MW-Scale wind turbines. 

3.3.4 Tidal Energy 
Tighe & Bond did not evaluate the feasibility of traditional tidal hydro power projects, 
involving barrages and inlet flooding, due to New Hampshire’s limited and densely 
settled coastline and the potential for adverse environmental impacts to the shoreline.  
However in-stream hydroelectric technology (utilizing a type of turbine) was evaluated 
for installation in the Portsmouth Harbor.  Hampton Harbor was determined to be too 
shallow to accommodate this type of technology and thus was not included in the 
analysis. 

The following factors were assumed to be critical to the success of a tidal power project 
utilizing in-stream hydro technology:  

• The location must have a strong current 

• The turbine location must be sufficiently deep that vessels are not affected by the 
turbine 

• The location must be proximate to transmission resources 

Tighe & Bond evaluated historic data from the National Oceanic and Atmospheric 
Administration’s Current Stations in NH waters.  Any current station that measured an 
average flood and ebb flow over three knots was added to the screening worksheet as a 
site that should be further evaluated for tidal power potential. 

Several types of tidal power turbines exist, the most common being a monopile wind-
turbine-like machine and a gravity-based free standing turbine.  A typical monopile 
wind-turbine-like in-stream turbine needs at least 18m of depth to sea-floor.  Over 30m, 
installation of this type of equipment becomes more costly.  The ideal depth is 20m – 
30m.  For a gravity-base turbine, a 38-58m depth is recommended, particularly where 
there is boat traffic.  Therefore, sites that didn’t have a depth between 10m and 60m 
were eliminated from the evaluation as their depth was judged to be a fatal flaw.    

In order to estimate the potential capacity, it was assumed that 1 MW turbines require 
60 meter spacing laterally, and 1,000 meter spacing in the direction of flow.  A 
conservative capacity factor of 40% was assumed and turbine operation for 24 hours a 
day, 365 days a year. 

3.3.5 Hydroelectric Energy 
With the assistance of James Gallagher, Jr. P.E. (Chief Engineer, NH Department of 
Environmental Services), all 237 state-owned dams were evaluated using the ranking 
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matrix.  The following characteristics were assumed to be critical to the success of a 
hydroelectric project: 

• The dam must exhibit adequate head and flow 

• The dam must not currently be under evaluation for hydroelectric generating 
capacity 

• The dam must be available to be developed by the State 

Based on the above, dams with limited head or flow (dams with less than 0.2 kW 
potential capacity) were eliminated from the evaluation as their capacity was too small 
to be cost-beneficial to the cost of development and thus was judged to be a fatal flaw. 
Dams which the State is currently leasing to another entity were determined to have a 
fatal flaw and not evaluated in detail.  Additionally, dams which had a preliminary 
Federal Energy Regulatory Commission (FERC) permit issued for them were determined 
to have a fatal flaw and not evaluated further as it was assumed that the preliminary 
permit holder is currently conducting an evaluation for the site.  However, we note that 
the State may benefit from a lease or Power Purchase Agreement (PPA) resulting from 
future development of these sites by others.  If FERC authorizes the project, the permit 
holder (a third party) would need to enter into a lease with the State to utilize the dam 
for a hydroelectric project.  Table 3-2 below contains a list of the State-owned sites that 
have preliminary FERC permits; we note that the information is approximate and some 
of the FERC permits may have expired. 

TABLE 3-2 
Dams with Preliminary FERC Permits 

Dam Name Dam Owner Town River 
Potential 
Capacity 

(kW) 

Potential 
Annual 

Energy (KW-
HR) 

Murphy 
Dam Aka 
Lake Francis 

NH DES 
Water 

Division 

Pittsburg Connecticut 
River 

2,000 12,400,000 

Buck Street 
East Dam 

NH DES 
Water 

Division 

Allenstown Suncook River 394 1,750,000 

Mascoma 
Lake Dam 

NH DES 
Water 

Division 

Lebanon Mascoma River 314 2,156,000 

Milton Three 
Ponds Dam 

NH DES 
Water 

Division 

Milton Salmon Falls 
River 

210 1,000,000 

Alton Power 
Dam 

NH Fish & 
Game 

Department 

Alton Merrymeeting 
River 

160 650,000 

Weare 
Reservoir 
Dam 

NH DES 
Water 

Division 

Weare Piscataquog 
River 

150 600,000 

 

The remaining dams were assessed utilizing NH GRANIT GIS data, orthophotographs, 
and information from James Gallagher, JR. P.E. according to the evaluation criteria, 
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including site drainage area, existing and proximate infrastructure and environmental 
criteria. 

We note that retrofitting old run-of-river plants or mill dams could be successful projects 
in the future; however the  majority of these sites are under preliminary FERC permits 
held by a third party (see Table 3-2, above).  Furthermore, the regulatory process for 
small-scale hydro facilities is largely the same as the permitting process for a large-scale 
project.  This creates an unfavorable environment for small-scale hydro as the projects 
often cannot bear the cost of obtaining the necessary permits; often involving FERC, 
U.S. Fish & Wildlife Service, Army Corps of Engineers, NH DES, and potentially the State 
Historic Preservation Office.  We note two recent attempts to ease the regulatory burden 
on small hydropower include “The Small-Scale Hydropower Enhancement Act (H.R.795)” 
(SSHEA) and the “Hydropower Improvement Act of 2011 (S.629)” (HIA).  The SSHEA 
was introduced by Congressman Adrian Smith and seeks to exempt hydropower projects 
smaller than 1.5 MW on non-federally owned conduits from FERC licensing 
requirements.  The HIA, sponsored by Senator Lisa Murkowski would streamline 
permitting for hydroelectric projects that are on existing dams and create a grant 
program for hydroelectric developers.   Until the regulatory climate for hydropower 
projects begins to change, it is likely that small-scale hydropower projects will remain 
economically infeasible without being largely subsidized.  

3.3.6 Mid-Scale Biomass Thermal 
The remaining dams were assessed utilizing NH GRANIT GIS data, orthophotographs, 
and information from James Gallagher, JR. P.E. according to the evaluation criteria, 
including site drainage area, existing and proximate infrastructure and environmental 
criteria. 

We note that retrofitting old run-of-river plants or mill dams could be successful projects 
in the future; however the  majority of these sites are under preliminary FERC permits 
held by a third party (see Table 3-2, above).  Furthermore, the regulatory process for 
small-scale hydro facilities is largely the same as the permitting process for a large-scale 
project.  This creates an unfavorable environment for small-scale hydro as the projects 
often cannot bear the cost of obtaining the necessary permits; often involving FERC, 
U.S. Fish & Wildlife Service, Army Corps of Engineers, NH DES, and potentially the State 
Historic Preservation Office.  We note two recent attempts to ease the regulatory burden 
on small hydropower include “The Small-Scale Hydropower Enhancement Act (H.R.795)” 
(SSHEA) and the “Hydropower Improvement Act of 2011 (S.629)” (HIA).  The SSHEA 
was introduced by Congressman Adrian Smith and seeks to exempt hydropower projects 
smaller than 1.5 MW on non-federally owned conduits from FERC licensing 
requirements.  The HIA, sponsored by Senator Lisa Murkowski would streamline 
permitting for hydroelectric projects that are on existing dams and create a grant 
program for hydroelectric developers.   Until the regulatory climate for hydropower 
projects begins to change, it is likely that small-scale hydropower projects will remain 
economically infeasible without being largely subsidized.  

To complete the biomass analysis, facilities from the Tier 1 evaluation that had a high 
energy load or EUI were evaluated using the screening matrix for potential to 
accommodate a biomass thermal system.  This type of system is typically a boiler or 
furnace that burns biomass, in the form of chips or pellets, to provide a facility’s thermal 
energy.  Electricity generation is not generally economically beneficial with this size 
system.  The biomass burning equipment generally includes a hopper to feed the 
biomass fuel connected to a silo that is installed adjacent to the building.  The following 
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factors were assumed to be critical to the success of this type of renewable energy 
project:  

• The facility has space in the mechanical room for the new equipment and hopper 

• The facility has an adjacent area where the fuel could be stored 

• The facility does not have access to natural gas (a cheaper fuel) 

Facilities that are less than 10,000 s.f. in size typically utilize smaller-scale biomass 
systems (similar to a woodstove) which are generally less efficient than a mid-scale 
biomass system.  Facilities greater than 70,000 s.f. in size typically require a significant 
area for fuel storage and fuel delivery, processing, and handling systems which 
significantly increase the system cost.  As such, facilities less than 10,000 square feet or 
greater than 70,000 square feet were eliminated from further evaluation.  Facilities 
which currently utilize natural gas were also eliminated, due to the less expensive cost 
of natural gas.  The remaining facilities were evaluated using orthophotos, GIS Data, 
and performing internet searches for facility information when necessary. 

Since implementation of mid-scale biomass technology would involve replacing old 
thermal energy equipment with the biomass equipment, the potential capacity of the 
technology was estimated as a percentage of the facilities entire thermal load.  It was 
conservatively assumed that the thermal load is 40% of the entire energy load. 

Since the WRBP Wastewater Treatment Plant was a part of this evaluation, it is 
important to note that the plant likely also has potential to generate thermal energy with 
the use of methane-based biogas resulting from anaerobic digestion.  This concept is 
described further in Section 8, which contains a comprehensive feasibility study of 
installing a biogas co-generation system at the Franklin Wastewater Treatment Plant.       

3.3.7 Solar Thermal 
Solar energy can be used to heat water, or a thermal carrier fluid, which can be used to 
satisfy a facility’s thermal energy load.  Most commonly, solar energy is collected in 
water through a closed-loop system, either by use of a glazed flat plate collector 
(efficient mid-temperature collection), an unglazed flat plate collector (low-temperature 
collection), or an evacuated tube system that surrounds the collector fluid with a 
vacuum to reduce the effect of ambient air temperature on the fluid (high-temperature 
collection).  As ambient temperature in New Hampshire is generally cool, the evacuated 
tube technology was evaluated for building applications, although it is more costly.  
Specifically, an active closed-loop evacuated tube solar thermal system utilizing water or 
anti-freeze as the carrier was evaluated for building applications.  We note it is also 
possible to utilize air as the carrier with a glazed or unglazed heating panel, but this is 
not common in colder climates and does not have as great a potential to reduce overall 
heating costs when compared to evacuated tube technology.  For this reason, though it 
is less costly, it was not considered feasible for building applications.  However, in line 
with USDA recommendations1, the less expensive flat plate collectors were evaluated for 
their use at fish hatcheries, where high temperature heating is not as critical. 

                                           

1 Xiarchos, Irene M., and Brian Vick. Solar Energy Use in U.S. Agriculture - Overview and 
Policy Issues. Publication. Apr. 2011. Web.  Accessed December 2011. 
<http://www.usda.gov/oce/reports/energy/Web_SolarEnergy_combined.pdf>. 
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Several factors were assumed to be critical to the success of a solar thermal operation: 

• The facility has significant space available on a good-condition roof for a roof 
mounted system 

• The facility has a secure space available on the ground, near the mechanical 
room for a ground mounted system 

• The facility has a significant thermal load 

To complete the solar thermal analysis, facilities from the Tier 1 evaluation that 
demonstrated a high energy load or EUI list were evaluated.  The list was initially 
narrowed down by facility use and type.  Since installation of a solar thermal system is 
always beneficial where domestic hot water use is high, facilities that likely have a high 
hot water use were identified from the list and selected for further evaluation of solar 
thermal potential.  Since the state does not currently track hot water use in detail and 
has a limited amount of data on accounts that are tagged as “used for hot water” in the 
NH Energy Database, facilities considered as likely high hot water users were 
determined by use.  Residential facilities, fish hatcheries, and boiler plants were all 
considered as candidates that could benefit from a solar thermal installation.  Visitors 
centers and rest areas were also included in the evaluation due to the high visibility of a 
project, as well as the high water use associated with restrooms and food services.  
These facilities were evaluated based on the criteria described above and several other 
factors.  The evaluations utilized orthophotographs to assess available roof and land 
space, NH GRANIT GIS data, and internet searches for facility information, where 
appropriate.   

To conservatively estimate the capacity of the system, it was assumed that the facility’s 
thermal load is 40% of the total load.  It was also assumed that the collection efficiency 
of the solar thermal panels is 60%.  Based on National Renewable Energy Laboratory 
(NREL) irradiation values for the area; if it was estimated that the available roof or land 
area was able to collect the entire thermal load; this number was recorded as the 
estimated system capacity.  However, if the land or roof area was the limiting factor, the 
maximum amount of thermal energy that the equipment could capture based on that 
area was recorded as the potential capacity.     

3.3.8 Large-Scale Biomass 
Large-scale biomass energy generation utilizes a variety of processes to generate 
electricity and/or thermal energy.  Generally, in a utility-scale (20+ MW) project 
scenario, it is most efficient to generate electricity and use the thermal energy 
byproduct in applications where there is a significant thermal load proximate to the 
generation station.  Examples of near-by thermal loads that may be applicable include 
communities with steam heat distribution systems, manufacturing facilities, or 
wastewater treatment operations.  For the purpose of this evaluation, we examined 
State-owned sites on a large-scale, looking for sites where the installation of large-scale 
biomass technology, with or without thermal energy use, is applicable.     

Due to the recent national interest in biomass power generation, as well as the 
importance of the biomass industry to New Hampshire’s economy, the current biomass 
market was assessed as a part of site selection.  Currently, there are nine large-scale 
biomass facilities in New Hampshire either existing or in development.  The facilities’ 
cumulative capacity is 247 MW, and the facilities employ or will be employing over 180 
people.  The majority of this capacity is in the mid- and northern sections of the state.  
Notably, there are no biomass plants, either existing or planned, in southern and 



Section 3 Tier 2 Analysis: Ranking of Potential Projects Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  3-14 

southwestern New Hampshire.  Also, according to NREL, the southwest corner of the 
state has a great potential for biomass harvest, with a potential yield greater than 500 
tons per year.  This area also has significant electrical load and transmission 
infrastructure.  

In the past year, a lawsuit was filed by several smaller plants to prevent the installation 
of a larger plant from putting them out of business by offering biomass power that will 
earn Class I RECS and provide cheaper power.  These “1st generation” biomass plants 
are facing expiring PPAs from 15 – 20 years ago and are not able to generate Class I 
Renewable Energy Credits (RECs), but only generate Class III RECs, because of their 
age (see Section 10.3.1 for a discussion of RECs).  While the lawsuit was settled and the 
expiring PPAs were extended, it will be beneficial for the State to avoid building a new 
plant in the areas that are already occupied by the existing generating resources, so that 
the new generation doesn’t out-compete the existing generation, an important part of 
the northern New Hampshire economy.  Also, since it is critical that large-scale biomass 
plants are sited within 50 miles of the fuel source to be efficient, it would be beneficial 
for the state to locate a new plant in an area where there isn’t already a significant 
regional demand for the low-grade chips that biomass facilities typically utilize.   

The NH Division of Forests and Lands conduct timber sales on over 200,000 acres of 
State-owned reservation land, Federal Flood Control land, and Fish and Game 
Department land.  This analysis was conducted based on the concept that the State 
could site a large-scale biomass plant on land that is a part of the forest management 
program.  Therefore, large parcels of State-owned land located in the southwest region 
of the State were evaluated for potential to accommodate a large-scale biomass plant.        

The following factors are important to the success of this type of renewable energy 
improvement: 

• Proximity of the facility to the fuel wood 

• Available land area for the facility and fuel storage 

• Proximity of the facility to a water body that could be used for cooling purposes 

• Proximity of the facility to transmission infrastructure 

• Location of the facility in an area distant from residences 

Large parcels of State land located in the southwest region of NH were assessed 
according to these factors and the factors in Table 3-1 above by evaluation of 
orthophotographs, GIS data, and an internet search for land area information when 
necessary.  Since large-scale biomass facilities are most efficient in the 20 – 50 MW size 
range a capacity of 20+ MW was assumed for each facility where there was sufficient 
land available.  

3.3.9 Geothermal 
Geothermal energy provides thermal energy to a facility by absorbing heat from the 
underground environment that is not affected by ambient temperature changes.  In the 
same way, geothermal energy can provide cooling to a facility by removing heat from 
the facility and depositing it in the underground “heat reservoir.”  A sustainable 
geothermal operation, also the most efficient use of a geothermal system, would return 
approximately the same amount of heat to the reservoir in the summer as it takes from 
it in the winter.  The rate of return on a geothermal system decreases for facilities that 
mostly need space-heating and limited cooling, as is the case in most of NH.     
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Geothermal energy installations require available land area adjacent to the building and 
underground infrastructure to the mechanical room.  Geothermal systems can be 
horizontal, with hundreds of feet of coiled tubing in trenches near the building, or 
vertical, requiring wells that are several hundred feet deep (typically 300 to 500’ for the 
NH climate).   

Due to the cold ambient temperatures in NH, geothermal heating with surface water was 
not considered as a viable renewable energy source in this report.  Due to the 
importance of water quality to an open-loop geothermal heating system and the lack of 
information on site specific water quality at this stage of the project, open-loop 
geothermal heating was not considered.   

Since New Hampshire requires heating or limited heating/cooling most of the year, it 
would be difficult to site a geothermal system that is truly “renewable,” where heating 
and cooling loads are nearly equal.  Solar thermal is a more appropriate thermal 
technology for the State, since heating is provided all the time.  Furthermore, the 
facilities that do require a significant cooling load, such as the Hazen Drive complex, are 
located in more constrained areas where siting and construction of a vertical or 
horizontal geothermal piping system would be difficult considering the significant 
amount of existing infrastructure and adjacent wetland resources.  Therefore, the NH 
state facilities were not profiled in detail for potential geothermal energy use.   

We note that there has been significant improvement to many fish hatcheries, 
particularly in the western United States, with the addition of geothermal water heating 
systems.  Since it is likely that the fish hatcheries in New Hampshire require heating 
year round, solar thermal is a more appropriate technology and geothermal has not 
been evaluated in more detail.  

As part of the evaluation of energy efficiency measures at Cannon Mountain, AEC also 
conducted a high level analysis of potential opportunities for small-scale renewables at 
the facility.  One of the technologies considered was geothermal; please refer to Table 
6-22 in Section 6 for additional information. 

3.3.10 Energy Efficiency Measures 
All facilities from the Tier 1 evaluation that were within the top 10% of energy 
consumers and the top 10% EUI and those on the NH OEP Priority Project list were 
evaluated for potential energy efficiency upgrades utilizing the Tier 2 Analysis ranking 
spreadsheet.  A representative cross-section of those facilities based on agency, use, 
and building age was identified.  Following this, a detailed desk-top analysis of the 
following factors was performed:  facility size, historical significance, cultural 
significance, facility condition, campus setting, open space/setting, utility infrastructure, 
heating fuel type, energy savings potential, improvement synergies, synergies with 
renewable energy project, ratio of heating fuel to electric, project capacity, cost, and 
public awareness.  The desktop analysis utilized orthophotographs and NH GRANIT GIS 
data.   

3.4 Summary of Results  
The Tier 2 Analysis ranking spreadsheets with site specific observations and sub-
categories were condensed into a Summary Table (see Appendix B - Tier 2 Analysis 
Summary Table). Note the Summary Table does not include the site specific 
observations and criteria that were considered when determining the sub-scores.  The 
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Tier 2 Analysis Summary Table (Table 1) and supporting detailed evaluation tables 
(Tables 2-10, organized by technology) are attached in Appendix B. 

Table 3-3 below also provides an overview of the number of projects that were 
evaluated, the number that did not proceed due to a fatal flaw, and a summary of their 
percentage ranking is included in the table.  As noted in the table, the projects that were 
not eliminated due to identification of a fatal flaw have varying percentage scores, 
ranging as high as 95%.  The higher ranking projects have potential to successfully 
accommodate renewable energy, however due to the time and budget constraints they 
were not investigated further as part of this report.  It is recommended that the high 
ranking potential projects be evaluated further to determine the feasibility and cost 
effectiveness of the project.  As noted above, project and site specific information may 
be found in Appendix B.  This information is also available electronically from NH OEP. 

TABLE 3-3 
Results of Tier 2 Evaluation 

Energy Technology 

Projects 
Evaluated 
in Tier 2 

Projects 
Determined to 
Have a Fatal 

Flaw 
Projects 

Remaining 

Range of 
Percentile 

Scores 

Roof-Mounted Solar PV  108 13 95 57% to 90% 

Ground-Mounted Solar PV 75 41 34 48% to 95% 

Wind 55 41 14 48% to 86% 

Tidal 3 1 2 57% to 62% 

Hydroelectric 298 294 4 33% to 52% 

Biomass Thermal (Mid-Scale) 83 68 15 57% to 81% 

Solar Thermal 77 52 25 52% to 90% 

Large Scale Biomass 6 1 5 62% to 90% 

Geothermal 0 n/a n/a n/a 

Energy Efficiency Measures 51 1 50 50% to 86% 

Total 756 512 244  
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Section 4    
Selection of Tier 3 Projects 
The results of the Tier 2 Analysis, attached in Appendix B and summarized in Table 3-3 
were reviewed with NH OEP.  Using the ranking results, the original list of Priority 
Projects from NH OEP, and input from NH OEP, a short list of potential projects was 
generated to undergo the comprehensive Tier 3 Feasibility Study evaluation.  This list 
went through several iterations and refinements before the final short list was created.  
Additionally, given limitations to the project’s budget and schedule, NH OEP requested 
that the project team develop a scope for a “low level” and “high level” analysis for each 
project.  Tighe & Bond then coordinated with NH OEP to select the right mix of projects 
and levels of analysis for the remainder of the project budget and contract.  The selected 
projects did not necessarily match the highest ranking projects from the earlier 
analyses.  NH OEP also wanted to ensure a good mix of projects across technologies, 
state agencies, and geographic areas of the state.  This section provides a discussion of 
the process to select the Tier 3 projects.  

The first attempt at creating a “short list” of projects is summarized below.  This list was 
developed based on the results of the Tier 1 and 2 analyses, observations made during 
the early phases of the project, and input from NH OEP and other State agencies about 
potential opportunities. No tidal, geothermal, or hydroelectric projects were selected as 
potential Tier 3 candidates.  

• Wind:  Temple Mountain, Odiorne State Park, Sunapee Mountain, and Cannon 
Mountain were identified as sites that may warrant further evaluation for 
installation of a wind energy project.   

• Solar Thermal:  New Hampshire Fish and Game fish hatcheries, Odiorne State 
Park, the DRED Sherman Adams Building at Mount Washington, and State-owned 
rest areas were identified as potential opportunities for the installation of a solar 
thermal project.  

• Biomass Thermal:  The WRBP Franklin WWTF operated by NH DES was identified 
as a potential location for a biogas cogeneration project.  A number of other 
projects scored well for biomass thermal, as this technology can replace typical 
heating systems in a variety of applications.  Examples include the Department of 
Correction’s men’s prison facilities; the E-911 Department of Safety facility in 
Laconia; the Juvenile Justice Sununu Youth Services Center in Manchester; one 
or more DOT toll facilities; the DRED Sherman Adams Building at Mount 
Washington; and Odiorne State Park in Rye, NH.  

• Large-Scale Biomass:  The initial analyses indicated that the State could 
potentially accommodate a utility-scale biomass plant in the southwest corner of 
the State.  In addition, Pisgah and Bear Brook State Parks received the highest 
scores during the Tier 2 ranking analysis.   

• Solar Photovoltaic: The following sites were identified as having potential for 
ground-mounted or rooftop solar PV: DOT Mechanical Services facility in 
Concord; the Health and Human Services Building in Concord; the DAS Main 
Building; the DAS Rockingham Courthouse; the Department of Correction’s Men’s 
Prison (all facilities); the Franklin WRBP WWTF; Odiorne State Park; the 
Department of Safety Laconia E-911 facility; the Juvenile Justice Sununu Youth 
Services Center in Manchester; and one or more DOT toll facility.   
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• Energy Efficiency Measures: Though every State-owned facility offers many 
opportunities to implement EEMs, the following sites were identified as having 
excellent potential for energy efficiency improvements: DOT Mechanical Services 
facility in Concord; the Health and Human Services Building in Concord; the DAS 
Main Building; the DAS Rockingham Courthouse; the Department of Correction’s 
Men’s Prison (all facilities); the Franklin WRBP WWTF; Odiorne State Park; the 
Department of Safety Laconia E-911 facility; the Juvenile Justice Sununu Youth 
Services Center in Manchester; one or more DOT toll facility; and the DRED 
Sherman Adams Building at Mount Washington.   

Following review of the potential projects listed above by NH OEP and with feedback 
from other agencies, the list was narrowed down to the following: 

• Rooftop and Ground-Mounted PV at the Hazen Drive Complex in Concord 

• Energy Efficiency Measures at the Health & Human Services Building in 
Concord 

• Energy Efficiency Measures at the Cannon Mountain Ski Area 

• Energy Efficiency Measures and Solar Thermal at the Milford Fish Hatchery 

• Wind Energy at Temple Mountain State Park and Cannon Mountain Ski Area 

• Biogas Cogeneration at the WRBP WWTP in Franklin 

In general the list above reflects the State’s desire to have a range of technologies, 
owner agencies, and geographic locations.  Factors considered in the selection of the 
projects included the potential for significant energy savings, likelihood of being 
economically feasible, and good public visibility.  Other factors also played a role in 
project selection decision making.  For example, the State decided not to fund any 
biomass feasibility studies, since significant biomass expertise exists within the State 
agencies.  Also, a wind study at Cannon Mountain would have proven difficult due to the 
project timeline, snow cover and limited access to potential wind turbine areas.  The 
biomass cogeneration project also stood out as a good possibility since the WRBP WWTF 
operators had already been approached by cogeneration firms about the potential of a 
project.  Additionally, the Milford Fish Hatchery was not evaluated further as the energy 
use though intense, is relatively small and NH OEP acknowledged they could work with 
the Department of Fish & Game to identify opportunities for EEMs internally. 

As indicated previously, NH OEP also requested that the team develop a scope for both a 
“low level” and “high level” analysis for each of the projects listed above. In general the 
main differentiators between the low level of analysis and the more intensive analysis 
are: 

• Time spent at a project site and coordinating with building/agency staff (high 
level) vs. use of mostly desktop resources including GIS, building plans, and 
other data to evaluate site conditions (low level) 

• The quality and specificity of data used to generate the estimates of energy 
production or savings as well as project cost information is based on actual site 
site/building conditions (high level) vs. more generic/rule of thumb data (low 
level) 

It was understood that all the low level studies will be able to be built upon and refined.  
In some instances low level analyses could be improved in the future by running similar 
analyses again with more improved/specific data; expanding the range of potential 
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alternative technologies considered or the range of economic scenarios evaluated; or by 
adding a higher level of due diligence to the evaluation.   

The low level analyses are intended to provide the state with an idea of potential fatal 
technical or economic flaws not identified in the Tier 1 or Tier 2 analyses; to generate 
preliminary data regarding potential environmental impacts and permitting 
requirements; and to conduct a preliminary economic analysis (cost, payback period, 
NPV, and cash flow analysis).  Depending on the technology, sometimes this information 
will be all that is needed for an agency to decide whether to move forward with the 
project itself or with a vendor.  The high level evaluations generally provide a more 
concrete set of data to help make the decision of whether a project is technically and 
economically feasible.   

A summary of the low level and high level scopes for the projects listed above is 
provided in Table 4-1 on the following page.  In the case of solar PV, a low, medium, 
and high level scope was provided: 
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TABLE 4-1 
Range of Scopes for Shortlisted Projects 

Project Low LOE Scope Medium LOE Scope High LOE Scope 

Milford Fish Hatchery 

Solar Thermal  Desktop Site Evaluation – Obtain/review existing 
plans and data 

 Technology Evaluation – Equipment 
recommendation, site layout 

 Environmental/Permitting analysis 
 AEP Estimate and Standard Pro Forma 

N/A  On-site Evaluation – Obtain/review existing plans and data plus site 
visit by P.E./Scientist 

 Technology Evaluation – Equipment recommendation, site layout & 
process flow diagram 

 Environmental/Permitting analysis 
 Economic Analysis – Detailed life-cycle cost analysis 

    

Energy Efficiency 
Measures (EEM) 

 Intensive Building Performance Evaluation N/A  Intensive Building Performance Evaluation 
 eQUEST modeling (calibration and EEM simulations) 

Hazen Drive Complex 

Energy Efficiency 
Measures at Health 
& Human Services 
Building 

 Intensive Building Performance Evaluation N/A  Intensive Building Performance Evaluation 
 eQUEST modeling (calibration and EEM simulations) 

    

Solar PV  
(6 facilities, 1 
ground mount) 

 Determine target PV system sizes based on 
electricity usage 

 Desktop site evaluation 
 Create preliminary PV layouts based on publicly 

available satellite imagery 
 Generate AEP and cost estimates 
 Life-cycle Cost Analysis (for cash purchase 

option/financing option, includes research on 
incentives) 

 Determine target PV system sizes based on usage 
 Conduct site visit/ Discussions with building management staff, 

identify point of interconnection, inspect roof/terrain 
 Create preliminary PV layouts based on site visit findings, input from 

building management staff 
 Preliminary Permitting Analysis 
 Generate AEP and cost estimates   
 Life-Cycle Cost Analysis (for Cash Purchase Option/Financing Option, 

includes research on incentives) 

 Determine target PV system sizes based on usage 
 Conduct site visit/ Discussions with building management staff, 

identify point of interconnection, inspect roof/terrain 
 Create preliminary PV layouts based on site visit findings, input from 

building management staff 
 Preliminary Permitting Analysis 
 Structural/Electrical Interconnection/Site Civil Engineering Analysis 
 Generate AEP and cost estimates   
 Life-Cycle Cost Analysis (for Cash Purchase Option/Financing Option, 

includes research on incentives) 

Temple Mountain State Park 

Wind  Wind Resource Assessment - Use online GIS wind 
speed data 

 Desktop Site Evaluation - Civil 
Engineering/Environmental Assessment, Summary 
of Permitting requirements 

 Desktop Electrical Interconnection Evaluation 
 AEP Estimate and Standard Pro Forma 

N/A  Wind Resource Assessment - Use Virtual Met Mast site specific wind 
speed data 

 Site Visit & Site Evaluation - Civil Engineering/Environmental 
Assessment, Environmental Permitting Assessment 

 AEP Estimate and Detailed Life-Cycle cost analysis - Model two 
ownership structures 

 

Franklin WWTP 

Biogas 
Cogeneration 

 Desktop Site Evaluation - Review/Analyze existing 
plans and data 

 Review existing equipment/heating and electricity 
loads; evaluate potential technologies 

 Environmental/Permitting Analysis 
 AEP Estimate and Standard Pro Forma 

N/A  On-Site Evaluation - Review/Analyze existing plans and data, site visit 
with Electrical/Process Engineer 

 In-depth Technology Evaluation - Review existing equipment/heating 
and electricity loads; Evaluate alternative equipment and size 
recommendations; site layout/process flow diagram 

 Environmental/Permitting Analysis 
 Economic Analysis - Detailed Life-Cycle cost analysis 
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TABLE 4-1 
Range of Scopes for Shortlisted Projects 

Project Low LOE Scope Medium LOE Scope High LOE Scope 

Cannon Mountain 

Biomass Thermal  Desktop Site Evaluation - Review/Analyze existing 
plans and data 

 Technology Evaluation, site layout 
 Environmental/Permitting Analysis 
 AEP Estimate and Standard Pro Forma 

N/A  On-Site Evaluation – Review/Analyze existing plans and data, site visit 
with Electrical Engineer 

 In-depth Technology Evaluation – Equipment and size 
recommendations, site layout 

 Environmental/Permitting Analysis 
 Economic Analysis – Detailed Life-Cycle cost analysis 

    

Energy Efficiency 
Measures (5 
facilities) 

 Intensive Building Performance Evaluation    Intensive Building Performance Evaluation  
 eQUEST modeling (calibration and EEM simulations) 

    

Wind  Wind Resource Assessment - Use online GIS wind 
speed data 

 Desktop Site Evaluation - Civil 
Engineering/Environmental Assessment, Summary 
of Permitting requirements 

 Desktop Electrical Interconnection Evaluation 
 AEP Estimate and Standard Pro Forma 

N/A  Wind Resource Assessent - Use Virtual Met Mast site specific wind 
speed data 

 Site Visit & Site Evaluation - Civil Engineering/Environmental 
Assessment, Environmental Permitting Assessment 

 AEP Estimate and Detailed Life-Cycle cost analysis - Model two 
ownership structures 
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Following review of the alternative scopes and available project budget, the following 
projects were selected for the in-depth analysis (refer to Figure 4-1 on the following 
page): 

• Health and Human Services, in-depth analysis of EEM 

• Cannon Mountain Ski Area, low level analysis of EEM 

• Hazen Drive Complex, high level analysis of rooftop solar PV 

• WRBP Franklin WWTP, high level analysis of biogas cogeneration 

• Wind at Odiorne State Park and a variety of state facilities.  Note that Temple 
Mountain State Park was originally selected as the site for a high level analysis of 
wind energy, however as discussed further in Section 9, after further discussion 
with NH OEP and DRED, Tighe & Bond was directed to conduct a low level 
analysis of wind at Odiorne State Park and to briefly address the other sites that 
were evaluated for wind in the Tier 1 and 2 analyses.  

One of the goals of this study was to identify projects that could help reduce the State’s 
current energy consumption by 10%, or approximately 100,000 MMBTU.  In total, the 
Tier 2 Analysis screened 756 potential projects in greater detail, including an estimate of 
the potential energy reduction resulting from project implementation.  The 244 projects 
that didn’t have a fatal flaw have the potential to offset approximately 2,788,192 
MMBTU of energy consumption per year, greatly exceeding the State’s goal.  The Tier 2 
Analysis Summary Table and supporting detailed evaluation tables in Appendix B show 
project-specific potential energy offset.  Table 4-2 shows the amount of energy offset 
possible by each technology type.        

TABLE 4-2 
Potential Project Energy Offsets 

Project Type Number of 
Potential Projects 

Total Potential Energy Offset 
(mmBTU) 

Roof-Mounted Solar PV 95 181,594 
Ground-Mounted Solar PV 34 90,895 
Wind 14 1,148,844 
Tidal 2 29,686 
Hydroelectric 4 87,809 
Biomass Thermal (Mid-Scale) 15 2,841 
Solar Thermal 25 7,366 
Large Scale Biomass 5 1,195,565 

Energy Efficiency Measures 50 43,592 

 Total 2,788,192 
 

The projects originally selected for further study, including wind energy at Temple 
Mountain and solar thermal and energy efficiency measures, had the potential for 
approximately 57,250 mmBTU of energy use offset or reduction.  Table 4-3 is a 
summary of the projects originally selected.  Note that the WWTF potential offset had 
not been determined at that time, since it was requested that biogas be evaluated 
following completion of the initial screening.  
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TABLE 4-3 
Potential Tier 3 Projects Energy Offsets 

Project ID Project Type Facility Name 
Percentage 

Score 

Potential Energy 
Reduction/Offset 

(MMBTU per 
year) 

Milford Fish Hatchery    

ST-027 Solar Thermal Milford Fish 
Hatchery 

90% 293 

EM-033 EEM Milford Fish 
Hatchery 

63% 71 

Hazen Drive Complex    

PV-016 Rooftop  PV Health & 
Welfare Building 

86% 246 

PV-031 Rooftop  PV Morton Building 86% 542 

PV-043 Rooftop  PV Safety Building 81% 2,048 

PV-014 Rooftop  PV Fish & Game 
Headquarters 

76% 157 

GPV-001 Ground Mount PV Hazen Drive 
Complex - 
Health & 

Welfare, Safety 
Building, Fish & 

Game 
Headquarters. 

90% 1,749 

EM-008 EEM Health & 
Welfare Building 

83% 6,044 

EM-044 EEM Morton Building 62% 617 

EM-045 EEM Safety Building 56% 167 

Temple Mountain State/Miller State Park  

 W-039 Wind Miller State 
Park, Temple 

Mountain 
State 

Reservation 

86% 44,529 

 

WWTP     
 

BT-083 Biomass Thermal (Biogas) WRBP 
Wastewater 
Treatment 

Plant 

- Not Determined 
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TABLE 4-3 
Potential Tier 3 Projects Energy Offsets 

Project ID Project Type Facility Name 
Percentage 

Score 

Potential Energy 
Reduction/Offset 

(MMBTU per 
year) 

Cannon Mountain     
 

EM-013 EEM (CAN04) - 
Tram Base 

75% 105 
 

EM-036 EEM (CAN08) - 
Old Peabody 

Base 
(Notchview) 

70% 93 

 

EM-029 EEM (CAN57) 
Brookside 
Learning 
Center 

69% 96 

 

EM-032 EEM (CAN01) Ski 
Op. Hq. 

66% 53 
 

EM-050 EEM (CAN12) - 
Maintenance 

Garage 

64% 204 

 

BT-079 Biomass Thermal (CAN04) - 
Tram Base 

81% 85 
 

BT-077 Biomass Thermal (CAN08) - 
Old Peabody 

Base 
(Notchview) 

76% 125 

 

   Total 57,224 
 

 

After much discussion, NH OEP elected not to select the projects for comprehensive 
feasibility study based on meeting the goal, but based on the factors described 
previously, such as diversity of project type, location and agency, and potential project 
success and educational impact.        

The following sections of the report present the findings of the comprehensive 
evaluations for the projects listed above.  Each section includes a project summary, an 
existing conditions assessment, a discussion of evaluation methodology, the results of 
the evaluation, an economic analysis, and recommendations for next steps.     
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Project Summary: Energy Efficiency Measures Health and 
Human Services Building 

Technology Evaluated: Energy Efficiency 
Measures 

Site: Health and Human Services Building 

Location: Concord, NH 

Agency: NH Department of Administrative 
Services/Bureau of Public Works 

Project Team: Acadia Engineers & 
Constructors 

Project is Technically Feasible? Yes 

Project is Economically Feasible? Yes 

Recommended for Implementation? Yes 

 

The Health and Human Services facility at 27 and 29 Hazen Drive in Concord, NH was originally 
constructed in 1978 to serve as the Department of Health and Welfare offices.  A major renovation 
project was conducted in 2002 which included a wing addition consisting of laboratory spaces.    Under 
contract to Tighe & Bond as part of the overall NH OEP RE and DG Feasibility Study, Acadia Engineers 
& Constructors (AEC) was tasked with performing an intensive energy audit on the facility to identify 
energy efficiency measures that would yield the most significant impact upon implementation.   

The energy audit began with a review of existing facility information such as utility bills, available 
building and mechanical plans and discussion with facility managers.  Following this, a comprehensive 
and holistic on-site evaluation of all construction assemblies, electrical, plumbing, mechanical, 
ventilation, and roofing systems, and facility operations was conducted. The field review also included 
an evaluation of all building systems and data collection including an infra-red thermal imaging 
survey, indoor air quality measurements, lighting density measurements, and metering of lighting 
fixtures and HVACR equipment.  Utility information was analyzed in conjunction with an equipment 
inventory to determine patterns in equipment use throughout the year.  This assisted in determining 
problematic and energy intensive systems that may be a good candidate for Energy Efficiency 
Measures (EEMs).  To identify the best value EEMs and to establish the most accurate energy and cost 
savings, the Facility was also modeled using a building energy modeling computer program 
(eQUEST®) and calibrated to historical energy data.  A series of EEMs were then simulated in the 3-D 
building model to measure their effect on net energy consumption. 

A summary of the findings and observations of the energy audit are summarized below: 

 HVAC systems may be generally defined by three building sections: 1) the southern building 
section; 2) the central building section; and, 3) the northernmost section of the building (27 
Hazen).  A central steam heating plant provides heating to Sections 1 and 2.  Cooling and 
ventilation systems in Section 1 and Section 2 are independent of each other.  HVAC systems 
in Section 3 are entirely independent.  Optimization of HVAC systems (maintaining adequate 
ventilation and distribution of heating and cooling) throughout a single facility with varying 
requirements and independent systems is difficult.  This results in increased energy 
consumption and reduced occupant comfort.      
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 In Building Section 1, large rooftop fan units (Strobic®) provide exhaust and supply 
ventilation in both the laboratory and office spaces (the laboratories spaces account for an 
estimated 30% of the gross floor area in Section 1). Laboratory spaces are required to 
maintain a negative or positive pressure differential with continuous ventilation to comply with 
the Centers for Disease Control and Prevention (CDC) standards.  The energy required to 
ventilate and condition the laboratories and adjoining spaces is significantly higher than for a 
typical commercial office building. 

 Based on the limited control of airside heating and cooling distribution, temperatures vary 
dramatically throughout the building.  Heating setpoints must be maintained at higher than 
recommended levels to maintain adequate heating of all spaces. 

 Carbon dioxide (CO2) concentrations are consistently lower than a typical commercial office 
building.  This is largely attributable to maintaining the required mechanical exchange air 
ventilation rates in the laboratory spaces. 

 Energy use intensities (EUI) are higher than for a typical office building. The site EUI for the 
Facility is 263 kBtu/ft2/yr.  This is partly attributable to intensive mechanical ventilation of the 
laboratory spaces. The average site EUI as entered into ENERGY STAR® Portfolio Manager for 
a typical office building is 44 kBtu/ft2/yr (as of December 31, 2011). Based on the amount of 
energy intensive equipment in laboratory spaces, this type of space is predicted to consume 
more energy than an office building. There is no current industry standard to benchmark the 
energy use for a laboratory facility. 

 Considering the unique functions within the Facility and the unusually high energy used for 
ventilation systems and building conditioning, an Engineering Study of the exchange air 
ventilation systems is recommended.  The objective of this Study would be to ensure 
minimum compliance with CDC and ASHRAE Standards, assess equipment condition, and to 
provide recommendations that improve total system performance and reduce energy 
consumption. 

 The main electrical meter is shared by multiple users and facilities making it difficult to 
accurately account for consumption at the 27 and 29 Hazen Drive Facility. Installing 
submeters and consumption tracking software will provide accurate consumption and identify 
the more energy intensive buildings and systems.  

 HVACR controls consist of a modern digital controls (DDC) system and dated pneumatic 
controls. The DDC system allows all equipment to be controlled from internet enabled 
computer using the required software. The pneumatic controls consist of a compressed air 
system. Older pneumatic controls are generally problematic and maintenance intensive. 

Based on the observations and measurements obtained during the evaluation of the building, several 
energy conservation measures (EEMs) are proposed for consideration.  These recommendations are 
grouped into three tiers based on the cost and effort required to implement the EEM.  Tier I EEMs are 
measures that can be quickly implemented with little effort for no or little cost.  Tier II items generally 
require contracted tradesmen to complete but can generally be implemented at low cost and within 
operating building maintenance budgets.  EEMs that require large capital expenditure and budgetary 
planning (one year or greater) are categorized as Tier III measures. The Capital Cost, Annual Cost, 
Payback Period, and Savings to Investment Ratio are provided for each proposed EEM.  Please see 
Table 5-1 in Section 5 for a summary table of the recommended EEM measures.  
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Section 5    
Health and Human Services Facility Audit 
Report 

5.1 Introduction 

5.1.1 Program Introduction 
The New Hampshire Office of Energy and Planning (NHOEP) commissioned a feasibility 
study to identify ways to reduce energy consumption at State-owned facilities by 10% or 
generate it onsite through renewable energies.  Through a competitive procurement 
process, Tighe & Bond was selected to complete the feasibility study of renewable 
energies and energy efficiency measures at State-owned facilities. Acadia Engineers & 
Constructors (AEC) was subcontracted to evaluate energy efficiency measures. 

Following a rigorous review and screening of all State-owned facilities, the 27 and 29 
Hazen Drive Facility in Concord, NH (the Facility) was selected for further study.  The 
Facility is owned by the New Hampshire Department of Administrative Services (DAS) 
and provides space for three tenants with distinct functional needs.  These departments 
include: Department of Health and Human Services (DHHS) and the Public Health 
Laboratories; the Department of Environmental Services (DES); and, the Department of 
Information Technology (DoIT). Several characteristics were considered in selection of 
the Facility most notably: 1) facility size and occupancy; 2) energy consumption; and 3) 
the potential for energy efficiency measures.  A comprehensive and holistic engineering 
evaluation of the 27 and 29 Hazen Drive Facility commenced in March 2012 and was 
completed in May 2012. 

Phase I of the evaluation process involved site assessment planning including evaluating 
utility bills, energy benchmarking, reviewing available building and mechanical drawings, 
and coordinating site reviews with Facility managers. Phase II involved a comprehensive 
and holistic Facility evaluation to gather relevant information and data.  Analyzing the 
data and developing recommendations for energy efficiency measures was completed in 
Phase III. All relevant information is presented within this report.  

5.1.2 Objective 
The objective of the building evaluation completed at the Facility is to identify feasible 
measures that reduce net energy consumption and costs, reduce the consumption of 
non-renewable fossil fuel energies, and reduce carbon dioxide equivalent (CO2e) 
emissions through the identification of intensive energy systems and recommended 
energy efficiency measures. The feasibility evaluation and information presented in this 
report is not intended to provide design and engineering for any recommended 
measures. In addition to energy conservation, the evaluations and recommendations 
presented herein consider occupant comfort and holistic building performance consistent 
with its intended use and function.  The information obtained as part of this evaluation 
has been used to develop recommended Energy Efficiency Measures (EEMs).  These 
EEMs provide the basis for future building improvements and modifying the manner in 
which the building systems are operated. 
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5.1.3 Procedure 
The Facility audit or evaluation identifies a suite of appropriate EEMs and includes a 
financial analysis that considers implementation costs, operating costs, and attainable 
savings.  The objective is to identify the predicted energy savings, the amount the 
measure will cost, and the estimated payback period for each EEM.  The evaluation also 
identifies any significant changes to operations and maintenance procedures that will 
reduce energy consumption. A comprehensive field survey of the facility is completed to 
evaluate the following: 

• Building Characteristics 

• Building Use and Function  

• Envelope Systems 

• Heating and Cooling Systems 

• Ventilation Systems 

• Electrical and Lighting Systems 

• Domestic Hot Water Systems 

• Plug Loads 

Following completion of the field evaluation, the data and information were reviewed to 
develop proposed recommendations for the facility.  All information, data, and 
recommendations were then compiled into a comprehensive report which was presented 
to the Facility owner. 

Between April 2 and 25, 2012, AEC personnel completed site surveys at the 27 and 29 
Hazen Drive Facility to obtain the information necessary to complete an assessment of 
overall building performance.  All building systems that impact energy consumption were 
evaluated including the building envelope, heating and cooling, ventilation, electrical, 
plumbing, and mechanical.  This evaluation also considers whole building performance 
that measures how well the integrated building systems within the Facility function as a 
composite system.  All Facility data and observations are based on industry codes and 
current best-practice measures. A more rigorous engineering investigation and design is 
required for many of the recommended improvements provided herein. 

AEC completed a desktop review of the data provided by the State including historical 
energy consumption data. The field review included an evaluation of all building systems 
and data collection including an infra-red thermal imaging survey, indoor air quality 
measurements, lighting density measurements, and metering of lighting fixtures and 
HVACR equipment.  The Facility was modeled using a building energy modeling 
computer program (eQUEST®) and calibrated to historical energy data.  A series of 
EEMs were then simulated in the 3-D building model to measure their effect on net 
energy consumption.   

Capital investment costs for each EEM were developed, and based upon the predicted 
cost savings associated with the energy efficiency measure, the payback term was 
calculated.  Utility rebate programs are not included in the capital costs, therefore a 
lower capital cost than those stated may be achievable.  A savings to investment ratio 
(SIR) for each EEM was then calculated based on the cost of implementation, the 
predicted energy cost savings, and the predicted service life of the measure/equipment.  
Incremental operation and maintenance (O&M) costs were not predicted or incorporated 
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into the cost analysis.  It is noted that O&M costs are difficult to accurately predict over 
the expected service life of recommended equipment and/or systems.   

5.1.4 Summary of Findings 
The following significant findings are presented for the Facility:  

• The Facility is well maintained with an active preventative maintenance program. 
Maintenance personnel exhibit a thorough understanding of HVACR systems, 
controls, and occupant needs.  Personnel have implemented several measures to 
reduce the net energy consumption of existing HVAC systems.   

• Several additions and renovations have occurred since building construction 
commenced in the late-1960s.  In 2002 a major wing addition was constructed 
extending from the southwest portion of the building. The most recent major 
renovation occurred in 2006 in the DHHS occupied portion of the building 
including the 2002 addition. New HVAC systems were designed and installed 
including the large rooftop fan units.   

• HVAC systems may be generally defined by three building sections: 1) the 
southern building section; 2) the central building section; and, 3) the 
northernmost section of the building (27 Hazen).  A central steam heating plant 
provides heating to Sections 1 and 2.  Cooling and ventilation systems in Section 
1 and Section 2 are independent of each other.  HVAC systems in Section 3 are 
entirely independent.  Optimization of HVAC systems (maintaining adequate 
ventilation and distribution of heating and cooling) throughout a single facility 
with varying requirements and independent systems is difficult.  This results in 
increased energy consumption and reduced occupant comfort.      

• In Building Section 1, large rooftop fan units (Strobic®) provide exhaust and 
supply ventilation in both the laboratory and office spaces (the laboratories 
spaces account for an estimated 30% of the gross floor area in Section 1). 
Laboratory spaces are required to maintain a negative or positive pressure 
differential with continuous ventilation to comply with the Centers for Disease 
Control and Prevention (CDC) standards.  The energy required to ventilate and 
condition the laboratories and adjoining spaces is significantly higher than for a 
typical commercial office building. 

• Based on the limited control of airside heating and cooling distribution, 
temperatures vary dramatically throughout the building.  Heating setpoints must 
be maintained at higher than recommended levels to maintain adequate heating 
of all spaces.     

• Carbon dioxide (CO2) concentrations are consistently lower (near ambient) than a 
typical commercial office building.  This is largely attributable to maintaining the 
required mechanical exchange air ventilation rates in the laboratory spaces. 

• Energy use intensities (EUI) are higher than for a typical office building. The site 
EUI for the Facility is 263 kBtu/ft2/yr.  This is partly attributable to intensive 
mechanical ventilation of the laboratory spaces. The average site EUI as entered 
into ENERGY STAR® Portfolio Manager for a typical office building is 44 
kBtu/ft2/yr (as of December 31, 2011).  Based on the amount of energy intensive 
equipment in laboratory spaces, this type of space is predicted to consume more 
energy than an office building. There is no current industry standard to 
benchmark the energy use for a laboratory facility. 
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• Considering the unique functions within the Facility and the unusually high 
energy used for ventilation systems and building conditioning, an Engineering 
Study of the exchange air ventilation systems is recommended.  The objective of 
this Study would be to ensure minimum compliance with CDC and ASHRAE 
Standards, assess equipment condition, and to provide recommendations that 
improve total system performance and reduce energy consumption. 

5.1.5 Notable Observations 
The following notable observations were made during the desktop data review and/or 
the building evaluation.  Notable observations may be related to data that is outside the 
normal or expected range, irregularities in building use or function, problematic systems, 
or energy intensive systems.   

• The facilities engineering and operations staff were helpful and supportive 
throughout the evaluation process.  They provided a tour of all HVAC and 
mechanical systems, provided archival drawings, identified issues and concerns, 
and provided suggestions for improving the performance of building systems. 

• Generally, Facility occupants exhibit energy conservation awareness and 
behavior.  Examples include reduced lighting settings and turning off lights when 
rooms are unoccupied. Occupancy sensors have been added to kitchen lighting 
fixtures and time clocks have been installed on water coolers to reduce their 
runtimes. Low-flow and zero-flow lavatory fixtures have been installed to reduce 
water consumption.  

• A lighting upgrade project was conducted in 2002 and a lighting reduction project 
was completed in 2010. This included removing lamps from many fixtures in 
corridors and office spaces to reduce illumination densities and energy 
consumption. 

• The main electrical meter is shared by multiple users and facilities making it 
difficult to accurately account for consumption at the 27 and 29 Hazen Drive 
Facility. Installing submeters and consumption tracking software will provide 
accurate consumption and identify the more energy intensive buildings and 
systems.  

• There are three steam boilers with output capacities of over 8 MBTU each. A 
boiler failed in 2011 requiring replacement. The two older boilers were 
manufactured in 1971 and 1978. Due to the design of the installed system and 
access constraints in the boiler room, replacing the older units with comparable 
sized boilers may require removing and re-connecting the newly installed unit. 

• HVACR controls consist of a modern digital controls (DDC) system and dated 
pneumatic controls. The DDC system allows all equipment to be controlled from 
internet enabled computer using the required software. The pneumatic controls 
consist of a compressed air system. Older pneumatic controls are generally 
problematic and maintenance intensive. 

• There are several persistent leaks in the building from the roof and/or wall 
systems.  Facility personnel are planning a building envelope engineering study 
to identify the source of leaks and to provide recommended corrective measures 
(June 2012). 

• Exchange air ventilation systems operate on intensive schedules.  Laboratory 
spaces must be maintained at a negative pressure and the volume and speed of 
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air moving through the Facility results in frequent air exchange, nuisance drafts, 
and uneven distribution of conditioned air. 

5.1.6 Summary of Recommendations 
Following is a summary table identifying the proposed recommendations, EEM 
investment costs, predicted annual energy cost savings, simple payback period and 
savings to investment ratio.  Section 5.9 provides a more detailed explanation of these 
recommendations.  

The energy cost savings and resulting payback are based upon each independent 
measure implemented for the building in its current condition and function.  There are 
interdependencies among measures that will affect the net composite energy savings.  
Interdependent measures are parametrically related therefore the net energy savings 
from two dependent measures do not equal the resulting savings determined by the 
addition of the two measures considered independent of each other. Investment costs 
are provided for budgetary planning only.  They are estimated based on current industry 
pricing.  A detailed cost estimate should be developed prior to appropriating capital 
funds for the more costly measures.   
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TABLE 5-1 

Summary of EEM Recommendations at 27 and 29 Hazen Drive 

EEM 
No. EEM Description Capital 

Cost 

Annual 
Cost 

Savings 

Payback 
(yrs.) SIR 

T1-1 Reduce heating setpoint temperatures to 68° F. 
Note that poor systems distribution and high air-
flows may reduce occupant comfort in some 
locations. 

$0  $27,000  0 - 

T1-2 Increase cooling setpoint temperatures to 76° F.  
Note that poor systems distribution and high air-
flows may reduce occupant comfort in some 
locations. 

$0  $6,600  0 - 

T1-3 Power down electric devices when not in use. 
Consolidate printers and old computer 
equipment and remove from the building.  

$0  $1,400  0 - 

T1-4 Disconnect one (1) water fountain condensers. $0  $88  0 - 

T1-5 Install low-flow aerators (0.5 GPM) on all 
lavatory sinks. 

$1,600  $920  1.7 8.6 

T1-6 Install smart-strip time programmable 
controllers on photocopiers (37). 

$1,295  $455  2.8 7.0 

T1-7 Remove all compact refrigerators. Consolidate 
refrigerators with standard size ENERGY STAR 
rated units. 

$2,500  $984  2.5 5.9 

T1-8 Install thermostat controller on kitchen hood 
exhaust. 

$450 $76 5.9 2.5 

T1-9 Install mass sensing thermostats in walk-
refrigerators and freezer units. 

$2,200  $480  4.6 2.2 

T2-1 Install additional interior lighting controllers to 
reduce lighting density and runtime 
(photosensors, dimming controls, motion 
sensors, timers). 

$32,000  $5,803  5.5 2.7 

T2-2 Remove all old refrigerators. Consolidate 
compact refrigerators with standard size 
ENERGY STAR rated units. 

$22,500  $3,160  7.1 2.1 

T2-3 Replace conventional ceiling recessed supply air 
vents with lateral diffusers to reduce nuisance 
drafts and blocking of vents by occupants.  

$21,321 $1,850 11.5 1.7 

T2-4 Install destratification fans in the atrium. $4,522  $491  9.2 1.5 

T2-5 Replace old air conditioning unit on the roof with 
a new high efficiency model (EER>15) with 
economizer. 

$30,211  $2,800  10.8 1.4 

T2-6 Replace CRT monitors with LCD units (319). $31,900  $3,275  9.7 1.2 

T2-7 Install smart-strip time programmable 
controllers on laser-jet printers (116). 

$3,240 $265  12.2 1.2 

T2-8 Replace walk-in freezer & refrigerator condenser 
units with high efficiency units (EER>14).  

$16,388  $1,100  14.9 1.0 



Section 5 – HHS Facility Audit Report, Table 5-1  

TABLE 5-1 

Summary of EEM Recommendations at 27 and 29 Hazen Drive 

EEM 
No. EEM Description Capital 

Cost 

Annual 
Cost 

Savings 

Payback 
(yrs.) SIR 

T2-9 Replace 119 gallon electric hot water heater in 
27 Hazen section with tankless demand electric 
unit. 

$4,307 $215 20.0 1.0 

T3-1 Install pressure controlled VFD motor controllers 
on Strobic fans. Single VFD for each zone bank 
of fans (3). 

$80,328 $58,200 1.4 14.5 

T3-2 Install CO2 demand controls on exchange air 
ventilation systems (non-labs) and integrate 
with DDC system. Optimize control setpoints 
based on occupancy loading and space function. 

$135,620 $54,000 2.5 6.0 

T3-3 Install energy management system. Add 
submeters to the Facility and energy intensive 
equipment (ie, Strobic fans).  Network meters to 
internet based software program. 

$286,580 $80,000 3.6 5.6 

T3-4 Increase roof insulation to R-40 (6" 
polyisocyanurate rigid insulation). Complete as 
part of a scheduled roof replacement project 
(investment is for additional R-20 above code 
standard). 

$177,675 $36,780 4.8 5.2 

T3-5 Remove two old chiller units. Replace with one 
VFD controlled unit for primary use and one 
non-VFD controlled secondary unit to run in 
parallel after cooling capacity reached on VFD 
controlled unit. 

$202,699  $53,200  3.8 5.2 

T3-6 Retro-commission and optimize exchange air 
ventilation systems (complete after the 
engineering study). Complete testing and 
balancing using the design ventilation rates 
determined by the study. 

$193,315 $62,000 3.1 4.8 

T3-7 Insulate penthouse walls and roof-decks (from 
interior) with 4-inches of closed-cell 
polyurethane spray-foam insulation (R-30). 

$97,865  $18,000  5.4 3.7 

T3-8 Replace all electrical transformers older than 15 
years with high efficiency units.  

$175,548  $21,600  8.1 2.5 

T3-9 Install DDC controls on remaining pneumatically 
controlled mechanical equipment. 

$140,116  $14,000  10.0 1.5 

T3-
10 

Install pressure actuated dampers on all exhaust 
fans. Place units on occupancy sensors to limit 
run time. 

$95,450  $6,300  15.2 1.3 

T3-
11 

Complete an engineering study of all exchange 
air ventilation systems.  Establish design 
ventilation rates (ASHRAE 62.1) for testing and 
balancing in non-2002 building areas.  Verify the 
ventilation requirements in each 2002 laboratory 
space based on current use (per CDC) and 
determine design flow rates.  The Engineering 

$96,600 NA NA NA 
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EEM 
No. EEM Description Capital 

Cost 

Annual 
Cost 

Savings 

Payback 
(yrs.) SIR 

Study should also evaluate improving air sealing 
(doors and wall and ceiling penetrations) and 
space segregation between the laboratories and 
adjoining offices and corridors.  
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5.1.7 Master Planning Considerations 
The facility at 27 Hazen and 29 Hazen Drive 
serves the New Hampshire Department of 
Health and Human Services (DHHS), the 
Department of Environmental Services, (DES) 
and the Department of Information Technology 
(DoIT).  Planning stages of the Facility began in 
1967 and the first phase included the southern 
laboratory that State staff indicated was 
completed in 1969.  Phase II of the Facility 
included the Health and Welfare Offices, the 
Department of Environmental Services and the 
Department of Information Technology. Plans 
were completed for Phase II in 1976 and based 
on plaque information it is believed the Facility 
completed construction for Phase II in 1978. In 1988 there was an upgrade to most 
heating and ventilation equipment. In 2002, a major renovation of the laboratory was 
conducted in and a wing was added for additional laboratory spaces (Figure 5-1).  The 
State has adopted portions of the Standard for the Design of High-Performance Buildings 
(ASHRAE 189.1-2009) for all State owned buildings.  All major renovations or new 
construction of State buildings must comply with the applicable sections of this 
Standard. 

The thermal integrity of the original building is low. All wall sections and most roofing 
sections do not comply with current minimum energy code standards for insulation.  
Older inefficient windows on the building provide air leakage and thermal transfer 
through frames and glazing resulting in nuisance drafts and increased heating and 
cooling loads.  The glazing allows significant solar heating gain in warmer months.  Gaps 
in entry door parting and threshold seals also provide air leakage. Negative air pressure 
in the laboratory spaces induces air leakage though the building envelope.  

The exterior brick cladding appears to be in acceptable condition but provides little 
insulation.  The roof was also observed to be in satisfactory condition however there are 
numerous leaks in the building. Facility personnel indicated that there is a building 
envelope improvement study being conducted in June 2012.  The heating system 
contains three large boilers and cooling is provided by air cooled condensers and air 
cooled water chillers. Mechanical equipment accounts for 89% of electrical consumption 
and 100% of the gas consumption, resulting in 95% of total energy consumption. 

5.2 Methodology 
A building audit following the American Society for Heating, Refrigeration and Air-
Conditioning Engineers (ASHRAE 2010) standards was performed on 27 and 29 Hazen 
Drive building to identify all appropriate EEMs and any changes to operations and 
maintenance procedures that may reduce energy consumption.  ASHRAE has developed 
the most widely accepted process for completing energy audits at commercial facilities.  
The ASHRAE document RP-669, SP-56, Procedures for Commercial Building Energy 
Audits defines several levels of audits.  The appropriate level of audit for a particular 
facility depends on the availability of existing data and information, owner objectives, 
and owner budget.  Levels range from simple benchmarking to a comprehensive review 
of all building systems.  A Level III audit, the most comprehensive audit, was performed 

FIGURE 5-1 
2002 Renovation Plans 
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at 27 and 29 Hazen Drive.   Level III audits are commonly referred to as “Investment 
Grade Audits”.   

Basic elements of a Level III Investment Grade Audit include the following: 

• A review of existing facility data including energy usage. 

• Benchmarking the facilities energy usage relative to similar use facilities. 

• An on-site inspection and survey of all facility systems. 

• On-site measurements and data collection. 

• Informal interviews with owners, facility managers, and occupants. 

• Energy use analysis and development of efficiency measures. 

• Development of a simple payback cost estimate for each recommended measure. 

• Development of a comprehensive report that clearly presents all findings and 
provides recommended energy conservation measures and the associated costs. 

In addition to the ASHRAE standard for commercial audits, there are industry and code-
based standards that must be considered when analyzing building systems and 
evaluating energy conservation measures.  All recommendations must be consistent with 
the intent of these standards.  For example, the US Environmental Protection Agency 
(EPA) has established a recommended carbon dioxide (CO2) maximum threshold 
concentration of 1,000 parts per million (ppm) to encourage a healthy indoor air 
environment.  ASHRAE defines recommended temperatures, relative humidity levels, 
minimum ventilation rates, and energy standards.  The Illuminating Engineering Society 
of North America (IESNA) prescribes recommended lighting densities based on the 
designated space use.  The International Code Council (ICC) 2009 is the adopted 
standard for all building and energy codes in the state of New Hampshire.  New 
Hampshire has also adopted ASHRAE Standards 62.1 and 90.1.  Table 5-2 below depicts 
relevant industry codes and standards that were considered while performing the audit. 

TABLE 5-2 
Relevant Industry Codes and Standards 

Standard Description 

28 CFR Part 36 ADA Standards for Accessible Design 

ANSI/ASHRAE Standard 55  Thermal Environmental Conditions for Occupancy 

ANSI/ASHRAE Standard 62.1 Ventilation for Acceptable Indoor Air Quality 

ASHRAE Standard 189.1-2009 Standard for the Design of High-Performance Green Buildings 

ICC 2009 International Building Code (IBC) 

ICC 2009 International Existing Building Code (IEBC) 

ICC 2009 International Energy Conservation Code (IECC) 

ICC 2009 International Mechanical Code (IMC) 

ICC 2009 International Fuel Gas Code (IFGC) 

IESNA Lighting Handbook Reference and Application 
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TABLE 5-2 
Relevant Industry Codes and Standards 

Standard Description 

NFPA 70 National Electrical Code (NEC) 

Biosafety in Microbiological and 
Biomedical Laboratories (BMBL) 5th 
edition, 2009 

CDC Standards for  

NH Executive Order 2011-1 An Order For State Government to Continue to Lead-by-
Example in Energy Efficiency 

 

While the primary objective of an energy audit is identify energy efficiency measures, by 
ASHRAE definition these measures cannot adversely affect occupant comfort and indoor 
air quality.  For example, if a building ventilation system is inadequate then it would be 
recommended that additional ventilation capacity be added.  The electrical power 
required to operate the added ventilation equipment would increase the energy 
consumption.  The net energy usage incorporating the sum of the recommended 
efficiency measures should be less than the current usage even with the added 
ventilation equipment. 

It is important to consider that although there is a prescriptive approach to commercial 
building audits, every building is unique.  As explained below in greater detail, 27 and 29 
Hazen Drive was evaluated consistent with the characteristics that define its need and 
appropriate functions. This includes the following: 

• Use:  Current building use and occupant needs. 

• Systems:  Building systems characteristics and integration. 

• Control:  The effectiveness in which the existing building systems controls are 
utilized.  

The information obtained and a description of the methodology of the energy audit is 
provided below.  Section 5.3 and Section 5.4 provide a more detailed discussion about 
each step. 

5.2.1 Desktop Data Review 
Building personnel provided information before and during the evaluation process.  
Utility bills for gas and electrical consumption for each month of 2011 were provided by 
Karen Rantamaki, P.E. (NH DAS, State Energy Manger) to AEC.  Utility information was 
analyzed in conjunction with equipment inventory to help estimate patterns in 
equipment use throughout the year to help predict problematic and energy intensive 
systems (i.e. an electric spike in the summer could indicate increased cooling loads).  

Available building plans were provided by the Bureau of Public Works (BPW) to aid in the 
building structural evaluation.  These building plans include:  

• Drawing plan sets from 1976 (Phase II) and 1987 HVACR upgrade;  

• Plan set and AutoCAD® file for the 2002 lab addition;  

• AutoCAD® file for the 2001 Lighting upgrade project; and,  
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• AutoCAD® file for the 2003 fire suppression system.   

The provided plans aided to identify upgrades to the Facility and provided a layout of the 
current Facility systems.  These plans were also utilized in the building modeling 
software eQUEST® by allowing the importing of the AutoCAD® drawing file with the 
building footprint. 

5.2.2 Facility Site Review 
Following the desktop data review, an on-site evaluation was conducted at the 27 and 
29 Hazen Drive Facility.  This review analyzed all major building systems including the 
envelope, electrical, mechanical, heating, cooling, and ventilation.  The on-site review 
not only assisted in determining the performance and operating characteristics of the 
building systems, but also provided an opportunity to evaluate how the users operate 
the systems and how they perceive building performance.  Photographs of 
representative systems, major equipment, and any identified issues were obtained to 
help document existing conditions and field notes were maintained to further document 
building and user characteristics.   

An on-site kick-off meeting was conducted by AEC with DAS/BPW personnel on April 2, 
2012 and the site review commenced immediately thereafter.  The intent of the kick-off 
meeting was to define the nature of the evaluation and to collect all relevant data and 
information from the Facility owner/operator. AEC issued a request for this information 
in advance of the scheduled kick-off meeting. The majority of the on-site review was 
conducted during normal business hours between April 2 and 4, 2012.   

Bill Kordas (Building Technician) provided information pertaining to operation of 
mechanical equipment and building operations and a tour of all HVAC and mechanical 
systems which benefited the on-site audit team.  An access key was provided to permit 
unescorted access to most spaces in the Facility.  Due to security clearance and bio-
hazard concerns, some spaces were not accessible, therefore auditing engineers relied 
on provided information and building plans for these sections.  

Subsequent on-site reviews were made between April 5th and 24th, 2012 to fill data gaps 
from the initial review, obtain additional photographs, collect data-logging information 
from selected mechanical equipment and lighting.   

5.2.3 Data Measurements 
In addition to collecting equipment information, real-time data measurements were 
obtained as part of the Facility site review.  This data assists in identifying potential 
building issues and was utilized to develop an accurate energy analysis.  Measurements 
obtained during the evaluation include: 

• Infra-red thermal imaging survey of the building envelope to identify any thermal 
transfer between the exterior and interior. 

• Indoor air quality (IAQ) measurements (temperature, relative humidity, and CO2) 
during normal operation hours to establish a baseline of typical operation.  These 
measurements are benchmarked against current standards and are a best 
practice technique to evaluate HVAC systems performance. 

• Artificial illumination (lighting) densities (measured in foot-candles) in 
representative spaces for comparison to the Illuminating Engineering Society of 
North America (IESNA) standards. 
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FIGURE 5-2 
eQUEST® Building Model of H&HS 

• Data-logging of lighting systems to establish weekly operating schedules in 
representative spaces including office spaces, laboratories, and the cafeteria. 

• Data-logging of energy intensive electrical equipment (e.g., motors, 
compressors, heaters) to determine weekly operating schedules. 

All recorded data is attached to this section of the report. 

5.2.4 Energy Modeling 
To identify the best value EEMs and to establish 
the most accurate energy and cost savings, a 
Department of Energy (DOE) approved energy 
modeling software program (eQUEST®) was 
utilized.  A three-dimensional model of the 27 
and 29 Hazen Drive Facility was created using 
the simulation program (Figure 5-2).  The 
model accounts for all characteristic envelope 
systems, HVACR systems, domestic hot water 
systems, and mechanical systems.  The 
geographic position and orientation of the 
building was inputted and regional climatic data 
wass imported from the program database.   

After the building was modeled under these parameters, the program simulated building 
performance and provides the estimated energy use for electric and heating fuel(s).  
AEC then calibrated the simulated energy data to actual building data using regression 
equations. To pass the calibration, the simulated model must be within 5% of the annual 
energy consumption relative to provided utility bills and each simulated month must be 
within 16% of that individual month. The cause for any significant differences was 
predicted and the building was re-simulated until the model closely matches the actual 
data.   

With the calibrated base model complete, the Engineer then simulated various energy 
reducing measures and the performance of the building with the new measure.  The 
resulting energy consumption was then compared to the baseline model and predicted 
energy savings were analyzed.  This is described in greater detail in Section 5.6.    

5.2.5 Cost Estimating and Payback 
The cost for implementing each evaluated EEM was estimated by the Engineer to provide 
a net estimated energy savings per dollar invested. The cost was estimated based on 
current industry labor and equipment costs and the annual cost savings represents the 
reduced costs due to energy savings. The net energy and cost savings for smaller EEMs 
was based on the estimated reduction of the associated energy consumption as defined 
in the model and equipment inventory.  Simple payback calculations predict the number 
of years required for the capital investment cost to equal the present day cost savings 
realized from energy reductions. The savings to investment ratio (SIR) is the 
accumulated annual cost savings (as estimated by the expected service life of the 
material or equipment associated with the EEM) divided by the cost of investment.  A 
SIR equal to 1.0 indicates that the EEM has a “break-even” or net-zero cost.  The higher 
the SIR is, the more favorable the return on EEM investment. 
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5.3 Existing Conditions 

5.3.1 Setting and History 
The  Facility is owned by the Department of Administrative Services (DAS) and is located 
at 27 and 29 Hazen Drive in Concord, NH. The building is situated within a campus of 
State-owned facilities on Hazen Drive.  

Directly to the west, south and east of the Facility are parking areas for building 
occupants.  These areas are accessible by driveways at the southwest and south of the 
Facility.  A one-way access road follows the edge of the Facility to the north connecting 
the east and west parking lots.  The main entrance is at the east side of the building 
with a loading dock and drop off driveway at this location.  A forested area defines the 
northern boundary of the parcel with State Route (SR) 393 / SR-4 / SR-202 further to 
the north. The gross area of Facility is 316,280 square feet.  

The Facility was constructed and renovated in several phases over the past forty years. 
Construction began in the late 1960’s and the Facility originally served as the 
Department of Health and Welfare building.  The first laboratory building was completed 
in 1969 and the Health and Welfare offices were completed in 1978.  In 1988 additional 
heating, ventilation and air conditioning equipment was installed.  In 2002, another 
addition was constructed to provide laboratory and office space for the DHHS (Figure 5-
3).   

FIGURE 5-3 
Left – 1998 Aerial Photo of 27 and 29 Hazen Drive 

Right – 2011 Aerial Photo of 27 and 29 Hazen Drive 

5.3.2 Use, Function and Occupancy Schedule 
The Facility consists of three major State agencies with varying functions; DHHS, DES 
and DoIT.  DHHS occupies laboratory and office space. DES occupies office space and 
limited laboratory space.  DoIT occupies office space and maintains several large 
computer server equipment rooms requiring full-time cooling.  

The building is generally occupied during normal business hours but some occupants, 
such as laboratory personnel, work outside of normal hours.  Varied building occupancy 
schedules tend to increase energy consumption (mechanical equipment, lighting, plug 
loads).   
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5.3.3 Historical Documents and Provided Information 
Historical documents include information from building occupants, owners, and operators 
that were provided during the evaluation. Ideally, all relevant information and 
documents are provided as part of the kick-off meeting enhancing the engineers review 
and providing a focus on energy intensive equipment, systems, and processes. All 
available plans and drawings, maintenance and repair logs, master plans for capital 
improvements, utility bills, and any formal O&M programs were requested in advance of 
the kick-off meeting.  Relevant historical documents and information provided by the 
State include the following: 

• Electric, natural gas, and water consumption based on State managed utility 
records. 

• Building plans for the 1976 Phase II building, the 1987 HVACR renovation, the 
2002 laboratory, the 2006 laboratory renovation, the the lighting renovation, the 
fire suppression system installation, and the recent chiller improvements.  

• The operation and maintenance manual issued by Control Technologies® in April 
2004.  

• A quote to replace existing pneumatics controls that remain in the building was 
also provided by Control Technologies®.  

• In January 2012 the heating system failed. Many water pipes froze and ruptured 
causing extensive damage throughout the building. It appears that all issues 
related to this event were repaired prior to the evaluation. 

5.3.4 Utility Information 
Utility information including consumption and cost for the Facility was provided by Karen 
Rantamaki P.E. (NH DAS,State Energy Manager). Table 5-3 below summarizes the total 
energy consumption (based on the State database) for 2011 including electric and 
natural gas usage.  Energy consumption and cost for electricity per billing period is 
shown in Table 5-3.  Electricity is delivered by Unitil and was supplied by Hess until May 
31st, 2012. Natural gas was provided by the local supplier (Santa Buckley Energy) until 
December 1st, 2011 when Hess became the supplier.  Natural gas is distributed by 
National Grid. 

Table 5-3 
Annual Energy Consumption (2011) 

Energy Period Consumption Units Cost 

Electric January 2011 - 
December 2011 

11,153,597 Kilowatt hours $1,267,404 

Natural 
Gas 

January 2011 – 
December 2011 

451,153 Therms $485,486 

Total Energy Cost $1,752,890 

 

5.3.4.1 Electrical Data 
As noted in Table 5-4 and Figure 5-4 below, July was the highest consumption month 
(based upon 2011 data) at 1,215,216 kWh of electricity.  The electrical consumption 
appears to follow a normal trend throughout the year with the peak occurring during the 
summer months (for air-conditioned facilities) and the lowest consumption occurring in 
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the winter months.  At 732,838 kWh of electricity, January was the lowest usage month 
in 2011. Electrical demand follows a similar trend with the peak demand occurring in 
June (2011) at a demand of 2,980 kW (see Figure 5-5 below).  Consistent with large 
commercial facilities, cooling systems are the greatest consumer of electrical energy. 

TABLE 5-4 
Monthly Electric Consumption (2011) 

Month 
Electrical Usage 

(kWh) 
Electrical 

Demand (kW) Cost of Supply Cost of Delivery 

Jan 732,838 2,084 $54,795 $30,507 

Feb 830,555 1,874 $62,873 $35,457 

Mar 756,714 1,804 $57,283 $32,070 

Apr 839,059 1,901 $63,517 $34,275 

May 899,214 2,405 $68,070 $34,865 

June 1,069,827 2,980 $80,986 $42,450 

July 1,215,216 2,913 $91,992 $44,729 

Aug 1,033,956 2,678 $78,270 $36,358 

Sep 1,130,793 2,684 $85,601 $37,725 

Oct 882,745 2,451 $66,824 $32,007 

Nov 951,490 2,277 $72,028 $33,310 

Dec 811,190 1,976 $61,407 $30,005 

Totals 11,153,597 2,336 (avg) $843,646 $423,758 

Total Electrical Cost $1,267,404 

 

As presented in Table 5-4, the annual electric usage for the Facility is 11,153,597 kWh 
at a cost of $843,646 (January 2011 through December 2011).  Average electrical 
demand for the Facility (2011) is 2,336 kW at a total annual cost of $423,758.  The total 
cost for electricity in 2011 was $1,267,404.   
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FIGURE 5-4 
Electric Consumption (2011)2 

FIGURE 5-5 
Electrical Demand (2011)2 

                                           

2 Information obtained from the NH State Energy database. 
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To establish the best-value recommendations for energy efficiency, the energy 
consumption based on end use was estimated.  Table 5-5 presents the estimated 
electrical usage for categories including lighting, plug loads, and mechanical equipment.  
Mechanical equipment includes all hard-wired, permanently installed equipment 
including ventilation, exhaust, heating, cooling, pumps, etc.  These values were 
estimated using observations from the site review and typical energy consumption data 
for appliances observed throughout the building. These estimates were then compared 
with the eQUEST® model of the Facility to establish final estimates for each category as 
accurately as possible.  A more detailed accounting of all electrical equipment by end-
use is presented in Section 5.4. 
 

TABLE 5-5 
Categorized Electrical Consumption (2011) 

Equipment Type 
Annual Consumption 

(kWh/yr) 
% of Total 

Consumption Annual Cost 

Mechanical 
Equipment 9,953,404 89% $1,094,874 

Plug Loads  664,845 6% $73,133 

Lighting Fixtures 534,689 5% $58,816 

Total 11,152,938 100% $1,561,411 

 

Electrical consumption is largely consumed by mechanical equipment, at a predicted 
annual consumption of 9,953,404 kWh or 89% of total Facility use.  The mechanical 
systems are well maintained with belts and filters routinely checked and replaced. 
Approximately half of the equipment is controlled by the direct digital control (DDC) 
system and remaining equipment is controlled by a pneumatic system.  This 
configuration makes it difficult to optimize performance of systems throughout the 
Facility.  Much of the original mechanical equipment from the original 1978 building and 
1988 upgrade remains in use and have endured beyond their expected service life.  This 
reduces system efficiency and reliability and increases maintenance and repair costs.  

Plug loads are estimated to consume a moderate amount of electricity at an estimated 
664,845 kWh/yr (6%).  Lighting fixtures consume a moderate amount of electricity at 
an estimated 534,689 kWh/yr (5%).  The lighting upgrade project in 2002 included 
replacing the existing fixtures with more efficient units.  Fixtures have been de-lamped 
throughout the Facility to further reduce lighting energy consumption.  Additional 
measures including controls can further reduce lighting energy use.  Exterior lighting is 
limited to energy efficient LED lamp pole fixtures which are the preferred method of 
lighting. 
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FIGURE 5-6 

7 and 29 Hazen Drive Electrical Cost by Category (2011) 

As indicated by Figure 5-6 above, consumption for mechanical systems is considerably 
higher than the expected range of 40%-50% of total electrical consumption.  This is 
mainly attributable to intensive ventilation of the laboratory spaces in accordance with 
CDC standards.  Plug loads are estimated to consume a moderate amount of electricity 
at 6% and an estimated cost of $73,133. Light fixtures are estimated to account for the 
lowest annual cost of $58,816 (2011). 

5.3.4.2 Gas Data 
Natural gas for space heating and domestic hot water at the Facility was provided by the 
Santa Buckley Energy until December 1st, 2011 when Hess became the supplier.  
National Grid is the natural gas distributor.  According to Mary Downes of the Office of 
Energy and Planning (OEP), the natural gas contract is competed on an annual basis.  As 
noted on Table 5-6 and Figure 5-7, below, the building consumed a total of 451,153 
therms of Natural Gas (2011).  The annual cost for gas in 2011 was $388,841 while the 
cost of distribution was $96,645 yielding a total cost of $485,486.  Gas consumption 
follows a typical trend with the peak occurring in the winter months and the low 
occurring in summer months.  In 2011, January was the peak consumption month, 
consuming 79,840 therms at a total cost of $86,635. 
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TABLE 5-6 
Monthly Heating Fuel Consumption (2011) 

Month 
Gas Consumption 

(Therms) Gas Cost Delivery Cost 

Jan 79,840 $68,421 $18,214 

Feb 66,010 $56,570 $15,096 

Mar 54,319 $46,522 $12,548 

Apr 36,187 $31,013 $8,770 

May 26,124 $22,388 $3,986 

June 20,391 $17,475 $3,211 

July 16,336 $14,000 $2,372 

Aug 15,155 $12,987 $2,555 

Sep 16,070 $13,774 $2,659 

Oct 30,905 $27,502 $4,647 

Nov 36,973 $32,902 $9,384 

Dec 52,843 $45,286 $13,204 

Total 451,153 $388,841 $96,645 

Total Gas Cost $485,586 

 

FIGURE 5-7 
Natural Gas Consumption (2011) 
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Considering the building systems, envelope integrity (insulation and air leakage), 
mechanical equipment, and use of the Facility, the heating fuel usage is predictably 
high.  Heating, process steam, and domestic hot water (DHW) for 29 Hazen Drive 
(DHHS, DES) is supplied by three Cleaver Brooks® steam boilers. The rated efficiencies 
of these boilers was 82% when new (efficiencies of boiler units decrease with age).  The 
boilers were manufactured in 1971, 1978, and 2011. Heating of 27 Hazen Drive (DoIT) 
is supplied by two modern Lochinvar® 94.3% efficient boilers which were manufactured 
in 2010.  The Lochinvar® units are very efficient and have a heating output capacity of 
700 MBH.  The new Cleaver Brooks® boiler is moderately efficient for a large 
commercial unit (8,165 MBH).  The two older Cleaver Brooks® boilers have low 
combustion efficiencies. 

Other explanations for the high usage include heating setpoints that are higher than 
recommended throughout the building.  This is due to an inefficient air distribution 
system and high air-flow velocities.  For example, of 102 temperature measurements 
taken at representative locations throughout the building, all but one exceeded the 70°F 
maximum recommended setpoint.  The average recorded temperature was 74.2°F.  
Recommended heating setpoints range between 67°F and 70°F depending on the 
occupancy frequency and use of individual spaces.  Several supply vents in the Facility 
were observed to be altered by  occupants to redirect airflow and mitigate nuisance 
drafts. 

5.4 Building Envelope and System Evaluation 
The following sections evaluate the building envelope systems and insulation values for 
each assembly.  Existing values are compared to ASHRAE 189.1-2009 for non-residential 
buildings located in Climate Zone 6.  Existing buildings are not required to comply with 
current code requirements unless they undergo a major renovation.   

More stringent energy code or performance standards for building envelopes can be 
required by local authorities and jurisdictions.  Per Executive Order 2011-1, new 
construction and renovation of all NH State-owned or funded buildings must comply with 
the “High Performance Design Standard”. This State Standard references specific 
sections of the ASHRAE 189.1 Standard. 

Building architectural plans were made available for Phase II of the original building and 
the 2002 laboratory renovation project. Architectural plans for Phase I of the original 
building were not available and assemblies for this building are presumed based on field 
observations and the building code standards authorized at the time of construction. 

5.4.1 Building Envelope 

5.4.1.1 Floor Systems 
The slab-on-grade concrete floors in the building are four inches in thickness. There are 
three different floor finish systems including concrete, vinyl tiles and carpeting.  Installed 
R-values for the three coverings are 1.0, 1.2 and 2.0, respectively (See Table 5-7).  For 
comparison, the current ASHRAE 189.1-2009 standard for Zone 6 specifies a minimum 
insulation value of R-15 for twenty-four inches below an unheated slab-on-grade. 
According to building plans, there is no insulation beneath the slab-on-grade flooring 
systems.  Table 5-7 below provides a summary of the existing floor sections and 
correlating R-values.  
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FIGURE 5-8 

Exterior Wall System 

  

TABLE 5-7 
Floor Insulation Values 

Floor Area 1 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Concrete slab 4.0 0.3 1.0 0.3 

Interior Air film NA 0.7 NA 0.7 

Installed Assembly: 1.0 

ASHRAE 189.1-2009: R-15 (0-24”) 

Code Compliant? No 

Floor Area 2 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Concrete slab 4.0 0.3 1.0 0.3 

Vinyl Tile ¼ 0.2 1.0 0.2 

Interior air film NA 0.7 NA 0.7 

Installed Assembly 1.2 

ASHRAE 189.1-2009: R-15 (0-24”) 

Code Compliant? No 

Floor Area 3 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Concrete slab 4.0 0.3 1.0 0.3 

Carpeting NA 1.0 1.0 1.0 

Interior air film NA 0.7 NA 0.7 

Installed Assembly 2.0 

ASHRAE 189.1-2009: R-15 (0-24”) 

Code Compliant? No 

 

5.4.1.2 Wall Systems 
The Facility is a multi-story building with four levels 
including a full basement partially below grade.  
Based on visual observations and common practices 
at the time of construction, the original structure is a 
mass wall system as described below in Table 5-8.  
The walls are constructed with cast in place 
lightweight concrete, an air space, and exterior facing 
brick.  The basement walls vary between below grade 
and exposed concrete above grade and are defined as 
Wall Type 2.  Insulation values in all of these sections 
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do not comply with the current energy code standards (ASHRAE 189.1-2009).  

The exterior walls of the newer two-story sections contain two distinct wall systems 
described as Wall Type 3 and Wall Type 4 in Table 5-8.  Wall Type 3 includes an interior 
air film, gypsum board interior finish, metal studs, exterior sheathing, a vapor barrier, 
rigid insulation, an air space and facing brick on the exterior which are the majority of 
the addition walls.  Wall Type 4 is similar to Wall Type 3 but uses a factory foamed core 
wall system which has a metal exterior and rigid insulation (stairwells with exterior 
walls). 

TABLE 5-8 
Wall Assembly Insulation Values 

Wall Type 1 (1978 Original Building) 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Exterior Air Film NA 0.2 NA 0.2 

Facing Brick 4.0 0.4 0.9 0.4 

Air Space 2.0 1.0 NA 1.0 

Light Weight Concrete 12.0 1.3 0.8 1.0 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 3.3 

ASHRAE 189.1-2009: 15.2 ci 

Code Compliant? No 

Wall Type 2 (1978 Original Building Basement) 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Exterior Air Film NA 0.2 NA 0.2 

Facing Brick 4.0 0.4 0.9 0.4 

Air Space 2.0 1.0 NA 1.0 

Light Weight Concrete 12.0 1.3 0.8 1.0 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 3.3 

ASHRAE 189.1-2009: 15.2 ci 

Code Compliant? No 
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TABLE 5-8 
Wall Assembly Insulation Values 

Wall Type 3 (2002 Addition Main) 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Exterior Air Film NA 0.2 NA 0.2 

Facing Brick 3-5/8 0.4 0.9 0.4 

Air Space 2.0 1.0 NA 1.0 

Rigid Insulation 2.0 8.0 1.0 8.0 

Vapor Barrier NA NA NA - 

Exterior Sheathing 5/8 0.6 0.9 0.5 

Metal Studs with Air Space 6.0 1.0 NA 1.0 

Gypsum Wall Board 5/8 0.6 0.9 0.5 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 4.3 + 8.0 ci 

ASHRAE 189.1-2009: 13.0 + 10.0 ci 

Code Compliant? No 

Wall Type 4 (2002 Addition Stairwell) 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Exterior Air Film NA 0.2 NA 0.2 

Factory Foamed Core 2.0 14.0 1.0 14.0 

Vapor Barrier NA NA NA - 

External Sheathing 5/8 0.6 0.9 0.5 

Metal Studs with Air Space 6.0 1.0 NA 1.0 

Gypsum Wall Board 5/8 0.6 0.9 0.5 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 2.9 + 14.0 ci 

ASHRAE 189.1-2009: 13.0 + 10.0 ci 

Code Compliant? No 
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FIGURE 5-9 
Membrane Roofing 

5.4.1.3 Ceiling Systems 
Ceilings throughout most of the building are 
suspended acoustical tile (SAT) systems. The above-
ceiling space is used for the routing of ducting, 
piping, conduit and electrical cable.  The ceilings of 
the main office wings include SAT systems at the 
back of the rooms and exposed ceilings to the 
concrete of the flooring above. 

5.4.1.4 Roofing Systems 
The southern “L” section of the building which is 
above the laboratory spaces has a flat exposed 
membrane roof. The remainder of the building has a 
flat membrane ballasted roof.  27 Hazen is equipped 
with a ballasted membrane roof.  According to 
Facility personnel the roof was replaced (with exception of the laboratory addition) in 
1999.  Although construction documents were not available, Facility personnel indicated 
that six inches of polyisocyanurate rigid insulation was installed.  Table 5-9 below 
summarizes the two observed roof constructions in comparison to the ASHRAE 189.1-
2009 insulation requirements. 

TABLE 5-9 
Roof Insulation Values 

Roof Insulation 1 (Ballasted Roof Section) 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Exterior Air Film NA 0.2 NA 0.2 

Membrane Roof-
Ballasted 

NA 0.3 NA 0.3 

Rigid Roof Insulation 
(PIC) 

6.0 43.2 0.7 30.2 

Reinforced Vapor 
Barrier 

NA 0.0 NA - 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 31.4 (30.2 ci) 

ASHRAE 189.1-2009: 30.0 ci 

Code Compliant? Yes 
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TABLE 5-9 
Roof Insulation Values 

Roof Insulation 2 (Laboratory Addition) 

Material Thickness (in.) R-value Integrity Factor Installed R-
value 

Exterior Air Film NA 0.2 NA 0.2 

Membrane Roof NA 0.2 NA 0.2 

Rigid Roof Insulation 2.0 14.4 0.9 13.0 

Roof Deck NA 0.0 NA - 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 14.1 (13.0 ci) 

ASHRAE 189.1-2009: 30.0 ci 

Code Compliant? No 
 

5.4.1.5 Fenestration Systems 
Fenestration systems on the 27 and 29 Hazen Drive Facility include fixed window units 
and fully-glazed entry doors.  Fenestration performance is measured by the U-factor, the 
solar heat gain coefficient (SHGC), and air leakage as measured by the unit 
manufacturer. Manufacturer information was not available for the windows or doors.   

Thermal transfer and air leakage commonly occurs at the seals of operable windows and 
the interface between the window and the wall opening. Recommendations include 
exterior and interior inspection and re-caulking of window jambs, headers, and sills as 
needed. The Bureau of Public Works (BPW) indicated that a portion of the Facility is in 
the process of a capital improvement project to replace all of the windows from the 
original building (Phase I and II c. 1978). 

5.4.1.6 Doors 
The door units in the 27 and 29 Hazen Facility include metal doors with full glazing on all 
main and side entrances.  Solid steel doors are used for secondary entrances for building 
personnel and emergency exits.  Thermal transfer often occurs through the hollow metal 
doors as well as the seals on door jambs, partings, and thresholds which are incomplete 
allowing air leakage.  Recommendations include exterior and interior inspection, weather 
stripping of partings and thresholds, and re-caulking of jambs as needed.  
Recommendations for hollow doors include injecting them with non-expanding 
polyurethane foam insulation. 

5.4.1.7 Air Sealing 
Air leakage typically occurs through windows and entry doors.  Although this is typical 
even for a modern building, simple measures can significantly reduce air leakage.  
Recommended measures for windows include caulking interior frames and moldings to 
maintain a complete seal.  Air sealing of all door units can be improved with commercial 
weather-stripping.  All door and window units should be regularly inspected (every 2 to 
3 years) to ensure proper operation, identify faulty seals, and to identify any 
deteriorated caulking requiring replacement.  Other air sealing recommendations include 
inspecting all exhaust and ventilation ducts to determine if they have a properly working 
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FIGURE 5-10 
Thermal Bridging 

Through Exterior Wall 

FIGURE 5-11 
High-Efficiency 

Transformer 
(Powersmiths®) 

pressure actuated damper.  Dampers are recommended on all exterior ducting to 
prevent passive air leakage. 

5.4.2 Thermal Imaging Survey 
A thermal imaging survey was performed with an infra-red (IR) camera on the building 
exterior and interior envelope and major mechanical and electrical equipment to identify 
heat transfer through building envelopes. IR cameras can also identify trapped moisture, 
potential electrical system overloading, energy intensive equipment, heat loss through 
ducting and piping, energy intensive lighting fixtures, and energy intensive plug load 
equipment.   

The results of the thermal imaging survey are attached at the end of Section 5.  The 
survey was conducted between April 2, 2012 and April 4, 2012 using a FLIR© B-CAM IR 
camera.  Outdoor ambient temperature was approximately 53°F at the time of the 
survey.      

The IR surveys revealed the following notable 
observations:    

• Wall studs were visible in some exterior walls 
indicating thermal bridging.  

• Several electrical transformers operate at high 
temperatures which is indicative of reduced 
efficiency. 

• Energy intensive electrical equipment and 
laboratory equipment such as photocopiers and 
autoclaves operate at high temperatures 
increasing heating loads in the building. 

• Energy intensive fan motors operate at high 
temperatures. 

• Dated lighting fixtures in the atrium operate at 
high temperatures. 

• Thermal transfer (loss) from the two older boilers through the insulation jacket is 
significantly higher compared to the recently installed boiler. 

5.4.3 Electrical Systems 

5.4.3.1 Supply and Distribution 
Three-phase grid electricity is supplied to the Facility by 
Unitil.  Multiple sub-distribution panels and transformers are 
located throughout the building in electrical rooms. 

All electrical panels were easily accessible and clear of stored 
items.  There are many dated transformers which are 
inefficient relative to modern high efficiency units and lose a 
significant amount of energy in the form of heat. This excess 
heat is typically tempered with cooling units and/or removed 
from the building with exhaust fans further increasing electric 
consumption. Replacing old transformers with modern, 
energy efficient units (Figure 5-11) typically provides a 
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simple payback of less than seven  years.  Based on the high number of dated 
transformers, larger more efficient transformers may consolidate multiple small 
inefficient units for a shorter payback period. Many transformers have the same 
identification label which can lead to confusion during service. It is recommended that all 
transformers be inventoried and relabeled.  

There are a limited number of electrical meters within the building. It is recommended 
that additional electrical submeters be installed and connected to an automated 
metering system. All State-owned entities can be placed on a single networked metering 
system that can be accessed via the internet. Usage for each Facility can be 
automatically tacked and recorded in a data base. High usage areas can be identified 
and measures can be taken to reduce normal and peak load usage. This would identify 
periods of high energy use, verify utility company billings, and eliminate data entry 
errors.   

5.4.3.2 Lighting Systems 
As presented in Table 5-10, there are five types of lighting fixtures and lamps in the 
Facility.  Interior lighting fixtures consist mainly of recessed mounted T8 fluorescent 
fixtures and T8U lamp fixtures.  CFL fixtures are located in Rooms 125, 319, 349 and the 
main lobby area. LED lamps are used in the exit signs and the parking lot pole mounted 
fixtures.  A single wallpack fixture is located on the roof and is operated by a manual 
switch. Building maintenance personnel indicated that is rarely used. 

TABLE 5-10 
Lighting Fixture Schedule 

Fixture Lamp 
Type Location(s) Control No. 

Lamps Watts Qty Total 
Watts 

T8 Throughout Switch 1-4 32 2,427 215,072 

T8U Throughout Switch 1-2 32 153 9,792 

LED Exterior 
Lot/Exit 

Always On, 
Timer/Photocell 1 5, 18 44 2,289 

CFL Throughout Switch 1 17 40 680 

Wallpack Exterior Switch 1 94 1 94 

Total 2,665 227,927 

 

Table 5-11 presents the estimated energy consumption by lighting fixture type based on 
field observations and the eQUEST© model results.  Lighting fixtures account for an 
estimated 534,689 kWh of electricity per year.  The T8 fluorescent fixtures are the main 
source of lighting and account for 94% of all lighting energy consumption annually at an 
estimated 502,054 kWh/yr.  The T8U fixtures account for 4% of usage at an estimated 
23,729 kWh/yr.  LED fixtures on the exterior poles and exit signs are low wattage units 
which operate frequently consuming an estimated 7,261 kWh/yr.  CFL fixtures are not 
prevalent and account for less than 1% of lighting consumption. The wallpack fixture is 
seldom used and also accounts for less than 1% of the lighting consumption. 

The State has recently installed solar outdoor lighting which reduces grid demand and is 
a highly visible example of practical renewable energy use.  
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TABLE 5-11 
Lighting Fixture Energy Consumption 

Fixture Lamp Type Location(s) Est. Usage (KWH/yr) % of Total 

T8 Throughout 502,054 94% 

T8U Throughout 23,729 4% 

LED Exterior Lot 7,261 1% 

CFL Throughout 1,644 <1% 

Wallpack Exterior 1 <1% 

Total 534,689 100% 

 

Lighting Power Density 
Lighting density measurements at the Facility were obtained at ninety-six representative 
locations to compare to the Illuminating Engineer Society of North America (IESNA) 
standards for the prescribed use.  These measurements were obtained during normal 
operating conditions on April 3 and 4, 2012 between the hours of 8:22 AM and 4:24 PM.  
Multiple measurements were taken in spaces where densities varied significantly.   

Thirty-nine of the rooms exceed IESNA 
recommended standards.  Corridor illumination 
densities vary widely with some locations below 
the recommended standards and some well 
above.  Building personnel previously removed 
lamps from more than half of the fixtures 
throughout the building (excluding laboratories) 
to reduce energy consumption.  While this has 
reduced energy consumption, de-lamping 
fixtures has also reduced lighting quality in some 
spaces resulting in inconsistent illumination 
levels and gaps or dark-spots.  Ideally, the 
fixtures would be replaced with lower wattage 
units that provide adequate illumination 
densities and improved lighting quality.  Another 
potential solution includes replacing the lamps with LED linear lamp units as the 
fluorescent lamps fail. 

The highest lighting densities were recorded beneath the overhead fluorescent fixtures 
containing all lamps. With the reduction of lamps in office spaces, most areas are within 
the recommended standards.   High illumination densities in some offices exists where 
fixtures have not been de-lamped and where natural light is present.  Typical office 
lighting fixtures (Figure 5-12) have four ballasts and many have been de-lamped to 
between one and three lamps. 

While lighting energy reduction measures have already been implemented including 
higher efficiency T8 fixtures, de-lamping, and areas of task lighting, additional measures 
can further reduce lighting energy. Most spaces would benefit from dual occupancy 
sensors which would detect motion or body heat to control lighting.  Laboratory spaces 
were observed to be infrequently occupied with lab personnel working between various 
lab spaces.  Offices are occupied for long periods between the arrival of the first 

FIGURE 5-12 
Parabolic Ceiling Fixture (Typ) 
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occupant and the departure of the last occupant according to lighting data collected.  
Sensors could be equipped with timers to operate during normal operating hours with 
sensors controlling the lights after hours. Occupancy sensors are currently installed in 
the office kitchens.  

Other practical methods to reduce lighting energy consumption include: 1) augmenting 
overhead lighting with task light fixtures in offices; 2) adding multiple zone controls; 3) 
adding daylight controls; 4) adding dimming controls; and, 5) installing a digital lighting 
management system with occupancy scheduling.  Attachment 4 at the end of this 
Section presents the lighting density measurements obtained in units of foot-candles 
(FC).   

Lighting Fixture Runtime Metering 
DENT® data loggers were placed in various light fixtures throughout the building 
including laboratories, offices, corridors and common spaces to log the operation of 
lighting fixtures (Table 5-12).   In general, lighting is turned on at the start of the day 
when the first occupant arrives and is turned off when the last occupant leaves.  This 
results in an extended runtime for some of the fixtures. For example, the basement west 
corridor through the Lower Level West (LLW) office is turned on around 6:00 am and 
turned off around 11:00 pm.  It is presumed lights are left on for janitorial staff cleaning 
the space at night and are turned off when they leave.  

According to the collected data, some office lights appeared to have been accidently left 
on as data logging indicates that the lights were activated on a Sunday morning and 
remained on until Monday evening.  Although corridor light fixtures have been partially 
de-lamped, they appear to remain on continuously (24 hours a day, 7 days a week).  
Based on the data collected throughout the building it would be beneficial to install 
occupancy sensors to control lighting in most spaces.  Lights would activate when 
motion or body heat is detected and would turn off after a set amount of time of 
inactivity.  Table 5-12 below provides a summary of the lighting fixture runtime 
metering as measured during periods of observation. 

TABLE 5-12 
Lighting Data Logging Summary 

Light Fixture 
Location 

Fixture 
Type 

Daily 
Schedule 

Time 
Schedule 

(typ.) 

Typ. 
Runtime 

(hrs/day) 

Weekly Run 
Time 

Cafeteria T8 Mo-Fr 6 am - 4 pm 12 60 

Laboratory 137 T8 Mo-Fr 8 am - 4 pm 8 40 

Basement West 
Corridor 

T8 Mo-Fr 6 am – 11 pm 17 85 

Basement West 
Office Space 

T8 Mo-Fr 6 am – 11 pm 17 85 

Sa-Su Random Lights Turning on Sunday at 
1000 and left on all night 

Office 144 T8 Mo-Fr 7 am – 5 pm 10 50 

Laboratory 243 T8 Mo-Fr 7 am – 4 pm 9 45 

Sa-Su Random Lights Turning on Saturday 
at 1630 turned off at 1130 

Sunday 
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TABLE 5-12 
Lighting Data Logging Summary 

Light Fixture 
Location 

Fixture 
Type 

Daily 
Schedule 

Time 
Schedule 

(typ.) 

Typ. 
Runtime 

(hrs/day) 

Weekly Run 
Time 

Laboratory 237 T8 Mo-Fr 7 am – 5 pm 10 50 

Second Floor 
Lab Corridor 

T8 Always On 24 hrs/day 24 168 

Laboratory 243  T8 Mo-Fr 7 am – 4 pm 9 45 

Laboratory 237 T8 Mo-Fr 7 am – 4 pm  9 45 

Office 200 West T8 Mo-Fr 6:30 am – 9 
pm 

15 75 

Office 200 East T8 Mo-Fr 6:30 am -9 
pm 

15 75 

 

5.4.3.3 Plug Loads 
Plug loads for the Facility were estimated based on equipment nameplate information.  
The operating time for each item is based on observations, occupant loading, schedule, 
and typical use for the equipment type.  Plug loads are categorized as appliances, 
laboratory equipment, office equipment, and electronics.  A complete inventory of plug 
load equipment is attached at the end of Section 5. 

Based on this analysis, the estimated total annual plug load is 664,845 kWh/yr.  This 
accounts for 6% of annual consumption at the Facility.  Office equipment, computers 
and electronics are estimated to account for the largest energy consumption at 70% of 
all plug loads.  Appliances account for 28% while laboratory equipment accounts for the 
remaining 3%.  This data is summarized in Table 5-13. 

TABLE 5-13 
Plug Load Energy Consumption 

Category Location(s) Est. Usage (kWh/year) 
% of 
Total 

Office Equipment, Computers, Electronics Throughout 463,961 70% 

Appliances Throughout 183,017 28% 

Laboratory Equipment Laboratories 17,867 3% 

Subtotal 668,971 100% 

 

The office equipment and electronic consumption is attributable to 738 desktop 
computers, 319 CRT monitors, 559 LCD monitors, 116 laser jet printers, and 37 
photocopiers. The office equipment, computer and miscellaneous electronic loads are 
within the expected range however controls to limit operation would reduce energy 
consumption.  There are a large number of server racks for the Facility which run 
continuously and are estimated to consume 90,480 kWh per year. 
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FIGURE 5-13 
Diesel Powered 

Generator 

Equipment that remains on when the building is unoccupied consumes a considerable 
amount of electricity even if it is in a low powered state (sleep mode). Placing equipment 
such as photocopiers and computers on time scheduled controllers to automatically 
shutoff power during unoccupied periods is recommended.  

High appliance loads are attributable to seventy-eight full sized refrigerators, twenty-one  
compact refrigerators, eleven vending machines, and eleven  water coolers. Sixty-four 
full sized refrigerators and eight compact refrigerators are used for laboratory 
operations.  Most appliances are older units which consume more energy than modern 
ENERGY STAR® rated units.  It was observed that most refrigerators were less than half 
full and could be consolidated. Laboratory equipment runtime varies depending on the 
type and some must be run continuously. 

It was noted that 27 Hazen Drive contains five compact refrigerators. Because compact 
refrigerators are inefficient relative to standard sized refrigerators, it is recommended 
that all compact units be removed and consolidated into a single standard-size ENERGY 
STAR® rated unit(s). Each floor of the office wings in 29 Hazen contains a kitchen area 
that occupants use for lunch. There are two dated refrigerators in each kitchen that 
could be replaced with a single ENERGY STAR® unit.  Refer to EEM T1-8 and T1-10 for 
the associated cost and savings of replacing compact and full sized refrigerator units. 

There are 319 CRT monitors throughout the building which use considerably more 
energy than new, ENERGY STAR® rated LCD monitors. It is recommended that all CRT 
monitors be replaced with ENERGY STAR® rated LCD units. Desktop computers could be 
replaced with ENERGY STAR® rated notebook computers which use considerably less 
energy than desktop units.  It was noted by both occupants and building personnel the 
State is currently in the process of purchasing and installing LCD monitors and removing 
the CRT monitors. 

5.4.3.4 Motors 
Electrical motors are used for the elevators, air handling unit (AHU) fans, condensers for 
the walk-in refrigerator and freezer, unit ventilators, air conditioning condensing units, 
and exhaust fans.  When motors fails, units are recommended to be replaced with 
premium efficiency National Electrical Manufacturers Association (NEMA) rated motors is 
recommended.    Variable frequency drive (VFD) controllers are installed on four hot 
water distribution pumps.  VFD controllers are recommended on all new motors, most 
notably the AHUs.  In addition to reducing total energy consumption, VFD controllers 
reduce demand electric charges and extend the service life of the motor. 

5.4.3.5 Emergency Power Systems 
There are four  large diesel engine generators at 
27 and 29 Hazen Drive (Figure 5-13). Two  
uninterruptable power supplies in the building 
maintain power to critical systems when the 
generator switchover occurs.   

Although the State participates in a Demand 
Response Program, this Facility is not part of that 
program.  
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5.4.4 Plumbing Systems 

5.4.4.1 Domestic Water Supply 
Domestic water supply for 27 and 29 Hazen Drive is provided by the City of Concord.  
Water demand and use includes laboratories, lavatories, cooling systems, and kitchens. 
Annual demand is moderate for the use and size of the Facility. Water usage peaks 
during the summer months due to water demand in the chilling towers.  Refer to Table 
5-14 and Figure 5-14 below.  

Water pressure throughout the Facility was reduced as part of the lavatory retrofit 
project. The DES has taken recent steps to reduce water consumption at the building. 
They have installed low-flow and no-flow lavatory fixtures in multiple lavatories.  
Installing low-flow aerators on all sink faucets is a simple low cost measure to reduce 
water and domestic hot water heating fuel consumption. Many of the low-flow motion 
activated sink faucets were observed to be solar powered to reduce battery usage and 
maintenance.  Domestic water for the laboratories is treated for mineral content.    

TABLE 5-14 
FY 2011 Water Consumption and Cost 

Month Water Consumption (ccf) Cost of Water 

Jan 1,152 $2,083 

Feb 1,108 $2,008 

Mar 965 $1,765 

Apr 1,127 $2,040 

May1 1,2371 $2,2981 

June 1,870 $2,153 

July 1,768 $3,003 

Aug 1,772 $3,009 

Sep 1,539 $2,629 

Oct 1,158 $2,162 

Nov 1,135 $2,054 

Dec 1,263 $2,272 

Total 16,094 $27,476 
1Data provided was incomplete; consumption and cost were 
pro-rated. Source: NH Energy Database.  
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FIGURE 5-14 

Water Consumption 

5.4.4.2 Domestic Hot Water Systems 
Domestic hot water for 29 Hazen is provided by the three steam boilers. There are two 
heat exchangers that are used to heat domestic water which is circulated throughout the 
building by three pumps. Domestic hot water for 27 Hazen Drive is provided by a single 
119 gallon State Select® electric hot water tank heater.  Based on system configuration 
and current best practices, replacing the central hot water systems with local demand-
based units would reduce energy consumption and increase distribution efficiency.  
Domestic hot water boosters were only observed in the laboratory space.  Two electric 
boosters are utilized to increase water temperature for sterilization of laboratory 
equipment and instruments.  

The laboratory space is connected to a steam system that is utilized in the autoclave. 
Steam is currently produced by the boiler system in 29 Hazen Drive however a separate 
steam generator remains offline.  According to Facility personnel, the steam generator 
does not operate because there is no chemical treatment system and the system has 
been problematic due to scaling and mineral formation.  Additionally, because the air in 
the laboratory is reheated in the summer to reduce humidity (VAVs), the large boilers 
operate throughout the year.  

5.4.4.3 Hydronic Systems 
The Facility is conditioned by a hydronic system. Spaces are heated by hot water coils 
inside air handling units and above ceiling ductwork. There is limited fin-tube baseboard 
heat located throughout the building. Heated water is circulated throughout the building 
by four large circulation pumps with VFD controllers. The building is cooled by a chilled 
water loop. Water is cooled by four chiller units and heat is removed from the chillers by 
the condensing water loop that is circulated through the roof mounted condensing units 
and the chilling tower.  All hydronic piping was observed to be labeled and well 
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FIGURE 5-15 
Cleaver Brooks Boilers 

FIGURE 5-16 
Lochinvar® Boilers 

insulated. There is a chemical feed system utilized to control pH levels in the hydronic 
systems and extend the service life of the equipment. 

5.4.5 Mechanical Systems 

5.4.5.1 Heating Systems 
Heat in 29 Hazen Drive is provided by three 
Cleaver Brooks® natural gas-fired boilers and 27 
Hazen is heated with two  Lochinvar® natural-gas 
fired boilers. The Cleaver Brooks® boilers were 
manufactured in 2011, 1978, and 1971 and have 
rated capacities of 8,165 MBH for the 2011 boiler 
and 8,369 MBH for the two older boilers.  The 
Lochinvar® units were manufactured in 2010 and 
have outputs of 700 MBH each.  Table 5-15 below 
provides a summary of the heating supply 
systems.  

The rated combustion efficiency of the 2011 
Cleaver Brooks® boiler (Figure 5-15) is 82%.  
Efficiencies for the older Cleaver Brooks® boilers 
are not available and based on the capacity and 
age they are presumably less than 75%.  The two Lochinvar® units (Figure 5-16) have 
very high efficiencies at 94.3% when new.  Low boiler efficiencies result in a substantial 
amount of heat loss, reduced system efficiency, and increased CO2 emissions.   

The new Cleaver Brooks® boiler was installed after 
an older one failed in January 2011. The process of 
replacing the boiler was costly and time consuming 
based on the size of the unit and the spatial 
constraints in the boiler room.  This process will 
need to be repeated when the next boiler fails and 
should be taken into consideration when selecting 
a replacement boiler.  

The new boiler is configured as the primary or lead 
boiler with the two older boilers operating as 
supplementary units at a reduced frequency.  
Heating distribution is provided by forced hot air 
ducts, cabinet heaters, and unit heaters. The 
boilers operate throughout the year to maintain 
domestic hot water supply, laboratory steam, and 
to reheat chilled air during cooling periods. 
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FIGURE 5-17 
Chiller System on Roof of Building 27 

TABLE 5-15 
Heating Supply Systems 

Heating Unit 
Unit 

Manufacturer 
Area(s) 
Served 

Output 
(MBH) 

Age 
(yrs.) 

AFUE 
(new) 

Control 
Type 

Boiler No. 1 Cleaver Brooks® 29 Hazen 8,165 1 82% DDC 

Boiler No. 2 Cleaver Brooks® 29 Hazen 8,369 34 NA DDC 

Boiler No. 3 Cleaver Brooks® 29 Hazen 8,369 41 NA DDC 

Boiler No. 4 & 5 Lochinvar® 27 Hazen 700 2 94.3% DDC 

5.4.5.2 Cooling Systems 
Cooling is provided to most of the 
building by a chilled water loop. Water 
is chilled by four large chillers located 
in the basement. Heat is removed from 
the chillers to the condenser water 
loop and then dissipated by a chiller 
tower and multiple roof mounted 
packaged condensing units (Figure 5-
17).  In 2009, three new chiller units 
and associated piping network were 
installed as a capital improvement 
project. Table 5-16 provides a 
summary of the cooling equipment in 
the Facility. There are a total of 21 
pieces of cooling equipment in the 
Facility.  

Computer network server rooms are continuously cooled with split condensing units. 
New servers were recently installed which can operate at higher temperatures than the 
older units resulting in a smaller cooling demand. The air cooling condensers for these 
rooms were also recently replaced and airflow was redistributed to more efficiently cool 
the space.  Because these units operate with high frequency, units should be replaced 
with the highest efficiency equipment available when replacement is needed. 

Much of the cooling equipment throughout the Facility is charged with R-22 refrigerant. 
It is noted that the use of refrigerant R-22 is no longer permitted (per US EPA) based on 
its high ozone depletion potential. The Seasonal Energy Efficiency Ratio (SEER) of the 
dated equipment is not available however based on age and condition the de-rated SEER 
is estimated to be less than 10. 

Operating efficiency tends to decrease with system age.  As cooling condensing units 
fail, they should be replaced with the highest rated equipment available.  All exterior 
condensers piping insulation should be rated for outdoor exposure.  As prescribed by the 
2009 IECC, the current minimum SEER for smaller cooling systems is 13 and larger units 
are rated at a minimum SEER of 11.2.  Modern cooling systems can achieve SEERs up to 
24.  For example, replacing a unit with a SEER rating of 8 with a new unit rated at 16 
would reduce energy consumption by 50% and provide an equivalent cooling capacity.   
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TABLE 5-16 
Cooling Equipment Summary 

Cooling Unit 
No. 

Units Unit Description 
Area(s) 
Served Tons 

Age 
(yrs.) 

Control 
Type 

CH-1 1 Centrifuge chiller Trane 
CVHF 650 080L 

29 Hazen 600 10 DDC 

CH-2 1 Centrifuge chiller Trane 
CVHE 450 050L - VFD 

29 Hazen 400 10 DDC 

C-1/C-2 2 Semi-hermetic Trane 
CRHR 600C-4D 

27 Hazen 60 34 DDC 

ACWC 
1W/ACWC-E 

2 Trane RTAC-SVX01F-EN 29 Hazen 200 New DDC 

ACWC 2W 1 Trane CG-SVX17A 29 Hazen 26 New DDC 

ACWC-3  1 York YCAL0050EC 29 Hazen 50 7 NA 

Condenser/split  2 Trane TTA180B400EA 29 Hazen 15 10 NA 

Condenser/split 2 Trane TTA150B400CA 29 Hazen 12.5 13 NA 

Condenser/Split 2 Liebert  27 Hazen 
Server Room 

20 NA DDC 

Condenser/Split 3 Liebert DCDL308-A  27 Hazen 
Server Room 

30 6 DDC 

Chiller CU2 2 Trane CAUA-6004-03  27 Hazen 
Server Room 

60 NA DDC 

Condenser/Split 1 Liebert DCDL205-A 27 Hazen 
Server Room 

20 6 DDC 

Condenser/Split 1 Trane CAUA-1504-A 27 Hazen 
Server Room 

60 NA DDC 

 

It is recommended that the two roof-mounted condensing units near the atrium be 
replaced with new high-efficiency units. Newer units have been installed at ground level 
behind 27 Hazen Drive while a few of the older units remain. Additionally the two chillers 
in 27 Hazen are recommended to be replaced with new, high efficiency units with partial 
loading capability.  

5.4.5.3 Humidity Control 
Humidity throughout the building is controlled by adding moisture during heating periods 
and removing moisture during cooling periods. During the heating season humidity is 
added to the heated air in the form of water vapor. During the cooling season, or when 
moisture in the air is high the air is cooled allowing the water vapor in the air to 
condense. The air is then re-heated to condition the space as desired. 
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FIGURE 5-19 
Walk-in Refrigerator in Basement 

5.4.5.4 Pumps 
There are forty-seven pumps throughout the 27 
and 29 Hazen Drive building (Figure 5-18).  These 
pumps are used for conditioned water systems, 
chillers, conditioned hot water distribution, energy 
recovery units, hot water coils, cooler circulation, 
chilled water, and wastewater transfer. Four of the 
hot water hydronic pumps are equipped with 
variable frequency drives (VFD). It is 
recommended that when pump motors fail they be 
replaced with rated NEMA premium rated motors 
with VFD controllers. 

 

5.4.5.5 Controls Systems 
The heating and cooling systems are controlled by a modern Direct Digital Controls 
(DDC) system and a dated pneumatic system.  Digital programmable thermostats and 
clock-faced thermostats are located throughout the building providing occupant control 
of heating and cooling within their zone.  Measured interior temperatures consistently 
exceeded the maximum recommended temperature of 70°F (the average recorded 
temperature was 74.2°F).  Recommended heating setpoints in New England range 
between 67°F and 70°F and recommended cooling setpoint temperatures range between 
73°F and 76°F.  

According to Facility personnel, higher heating setpoints are maintained to ensure that 
all spaces are maintained at a comfortable temperature.  Poor heating system 
distribution and high air-flow rates (nuisance drafts) may reduce occupant comfort. 

Recommendations include reducing heating setpoints with a target supply temperature 
of 68°F.  The system schedule should be reviewed and optimized prior to each season 
change over and any changes in building use or occupancy should be accounted for. 
According to Facility personnel, higher heating setpoints are maintained to ensure that 
all spaces are maintained at a comfortable temperature.  Poor heating system 
distribution and high air-flow rates (nuisance drafts) may reduce occupant comfort. 

 It is also recommended that all pneumatic controls systems be replaced with DDC 
systems and integrated with the existing 
building automation system.  Facility 
personnel previously requested and 
received a cost estimate from Control 
Technologies, Inc. (current DDC systems 
service provider) to complete the 
pneumatics replacement. 

5.4.5.6 Refrigeration 
There are two walk-in commercial 
refrigeration units and four walk-in freezer 
units within the building.  One 
refrigeration unit is located in the cafeteria 
kitchen while the other units are located in 
the laboratory spaces with condensers in 

FIGURE 5-18 
Pumps in Basement Mechanical Room 
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mechanical rooms behind each unit.  There is an additional walk-in unit located in the 
basement room B21 (Figure 5-19).  Based on unit tag information and typical operation, 
walk-in refrigerators are estimated to consume 9,823 kWh/yr while walk-in freezer units 
are estimated to consume 11,051 kWh/year. Recommendations include installing mass 
sensing thermostats, installing economizers on condensing units, and replacing gasket 
seals.  Upon condenser failure, units should be replaced with high efficiency units with 
economizer mode.  

5.4.5.7 Mechanical Equipment Energy Consumption 
The electrical energy consumption for mechanical equipment was estimated according to 
nameplate information and building function and occupancy schedules.  Table 5-17 
presents a summary of the mechanical equipment and annual energy usage.  The 
detailed inventory and the associated energy consumption for each piece of mechanical 
equipment is attached at the end of Section 5.  Based on nameplate information, typical 
operation time and the eQUEST© model, total annual mechanical consumption is 
estimated at 9,953,404 kWh. Plug load and lighting fixture usage are estimated at 
664,845 kWh and 534,689 kWh, respectively.  

TABLE 5-17 
Mechanical Equipment Energy Consumption 

Equipment Type Qty. Item Manufacturer(s) 
Consumption 

(kWh/yr) % of Total 

Chillers 11 Trane 3,398,550 34% 

Fans 29 Strobic, Greenheck, Trane, 
Breidert, Powerline 

2,926,551 29% 

Condensers 10 Trane, York, Leibert 1,645,277 17% 

Air Handling Units 38 Trane 959,322 10% 

Circulation Pumps 47 Taco, Paco, Skidmore, Bell & 
Gossett, Tecumseh 

912,837 9% 

Walk-in Freezer & 
Refrigerators  

6 Nor-Lake 63,850 1% 

Elevator Motors 5 NA 38,220 <1% 

Cabinet and Unit 
Heaters 

23 Vulcan, Trane 4,210 <1% 

Air Compressor 2 Quincy 4,586 <1% 

Total 9,953,404 100% 

 

As previously indicated, the eleven air cooled water chillers are estimated to consume 
the highest amount of energy at an estimated 3,398,550 kWh annually accounting for 
34% of mechanical energy consumption.  These units operate throughout the year to 
provide conditioned air to the server rooms and other conditioned spaces.   

Exhaust fans are also predicted to consume a large amount of energy at an estimated 
2,926,551 kWh annually.  These units operate constantly to maintain a negative 
pressure in the laboratory spaces to ensure that hazardous airborne particulate matter 
are exhausted from the occupied space.  There are a total of 47 circulation pumps 
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FIGURE 5-20 
Strobic Air® Lab Exhaust 

FIGURE 5-21 
AHU in Core Penthouse 

throughout the building which are estimated to consume 912,837 kWh of electricity 
annually. 

5.4.6 Ventilation Systems 

5.4.6.1 Exhaust Ventilation Systems 
Exhaust fan units provide several functions 
including humidity control, odor control, venting 
of VOC (volatile organic compounds) containing 
materials (e.g., cleaning solvents), venting of 
airborne bacteria and gases in laboratories, and 
venting of cooking fumes.  Operation frequency 
and schedules for the fans units should be 
consistent with the use type and intensity of the 
vented space.  For example, lavatories may be 
demand ventilated (interlocked with light 
switch) or they may operate continuously at a 
low rate during occupied periods.  In typical 
facilities, spaces equipped with exhaust fans are 
commonly over-ventilated resulting in increased 
energy consumption.  All exhaust controls and 
rates should be consistent with ASHRAE Standard 62.1.  Fan ducting should have 
pressure or mechanical actuated dampers to restrict passive air flow and thermal 
transfer when the units are not operating.  

Most spaces in the building are equipped with exhaust ventilation systems which are 
estimated to consume 2,926,551 kWh/yr of electricity.  Laboratory spaces are required 
to have ventilation equipment capable of providing 100% outdoor air ventilation 
resulting in intensive energy usage (Figure 5-20).  

Two exhaust fans operate continuously to ventilate the lavatories in 29 Hazen office 
space. Is it recommended that these units be connected to the DDC system and 
scheduled to operate only when the building is occupied. Two additional exhaust fan 
units provide ventilation in the lower level kitchen. Automatic, thermostatically 
controlled fans in the kitchen exhaust hoods generally reduce fan runtime. 

5.4.6.2 Exchange Air Ventilation Systems 
Exchange air ventilation systems exhaust interior air with elevated CO2 concentrations 
and humidity and replace it with fresh outdoor air.  Ventilation rates and system 
capacity in the non-laboratory spaces should be designed consistent with the minimum 
prescribed code standards (ASHRAE 62.1).  Systems should be demand (CO2) controlled 
with energy recovery capacity (ASHRAE 90.1). 

The Centers for Disease Control and 
Prevention (CDC) establish the standards for 
laboratory ventilation.  There are several 
system standards based on the Biosafety Level 
(BSL) criteria ranging from 1 (lowest hazard) 
to 4 (highest hazard). There are no ventilation 
system standards for a BSL-1 and BSL-2 
laboratory.  The only requirement is that 
laboratories consider systems which provide an 
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inward flow of air without recirculation to spaces outside the laboratory.  BSL-3 criteria 
laboratories require a non-recirculating ventilation system with supply and exhaust 
components designed to maintain the laboratory at a negative pressure to surrounding 
areas and differential pressure or directional airflow between adjacent areas within the 
laboratory space.  The ducted air ventilation system must provide air from clean areas to 
potentially contaminated areas without allowing a reversal under failure conditions.  
Other ventilation requirements include: redundant exhaust fans; constant monitoring; 
an alarm to indicate malfunction; supply air passing through one HEPA filter; exhaust air 
passing through two HEPA filters in series; HEPA filters tested and certified annually; 
and HEPA filter housings designed for in-situ decontamination and validation of the filter 
prior to removal. BSL-4 laboratories also require separate / dedicated HVAC systems.  

The CDC specifies ventilation standards for laboratories pertaining to air intake and 
exhaust however they do not specify numerical ventilation flow rates or pressure 
differentials (presumably the laboratory ventilation rates were established as part of the 
original engineering design for the laboratory ventilation systems pursuant to the CDC 
standards). 

The CDC BSL rating for the lab spaces at the Facility depends on the activity occurring 
within each lab. It is recommended that each lab space be re-evaluated for CDC 
designation and compliance.  Ventilation systems in laboratory spaces should be 
reviewed for compliance with CDC standard whenever there is change in laboratory 
function.   

Exchange air ventilation in the 27 and 29 Hazen Drive is provided by thirty older air 
handling units (AHUs) and seven newer rooftop AHU’s equipped with energy recovery 
units (ERUs). CO2 concentrations in 29 Hazen Drive revealed that the building is over-
ventilated throughout (near ambient levels).  Replacement AHUs should be commercial 
rated units with economizers, VFD motor controllers, energy recovery units, and demand 
controls to optimize system efficiency. 

Based on CO2 measurements and observations, the Facility exchange air ventilation 
rates are rather high in most Facility spaces.  Intensive ventilation can reduce 
equipment service lives, create nuisance drafts, and increase energy consumption. 
Excessive ventilation volumes (point locations) were noted in several office areas where 
occupants blocked ceiling supply vents to mitigate nuisance drafts.  This may be an 
indication of an inefficient distribution system (ducting configuration) and/or imbalanced 
supply registers.  Other issues include the negative pressure maintained in the 
continuously ventilated laboratory spaces.  This induces air transfer from the non-
laboratory spaces resulting in increased air flow rates throughout much of the Facility.  
Although there are several doors separating the laboratories from the adjoining spaces, 
air leakage occurs through gaps in the door parting/jambs and thresholds.  Air leakage 
can also occur through interior and exterior walls and ceilings. 

Recommendations include testing and balancing of all supply and return air ventilation 
systems.  In the non-laboratory spaces this includes determining the required ventilation 
rates for each space according to function and occupancy as prescribed by code (IMC 
and ASHRAE Standard 62.1), adjusting ducting dampers and louvers, adjusting fan 
motor speeds on AHUs, and completion of a testing and balancing report.  This work 
should be completed by a qualified testing and balancing firm certified by the National 
Environmental Balancing Bureau (NEBB).   
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In the older building sections (non-2002 renovated spaces) design supply and return 
ventilation rates may not be available for testing and balancing.  If rates do exist they 
likely do not comply with modern standards for commercial office space.  Therefore, 
ventilation rates should be calculated in accordance with the most current ASHRAE 62.1 
Standard. 

The CDC requires that all laboratory ventilation systems be verified and documented on 
an annual basis.  This includes visual inspection of ducting integrity, duct leak testing (as 
appropriate), testing of automated damper systems, and testing and calibration of 
automated controls, switches (pressure), alarms, and safety interlocks.  Routine 
cleaning of the ducting systems is also recommended every seven years or sooner based 
on accumulated particulates.  Cleaning should only be completed by personnel trained in 
hazardous and infectious waste management.    

5.4.6.3 Energy Ventilation Recovery Systems 
The laboratory space of 29 Hazen Drive has four rooftop Trane® energy recovery units 
(ERU) serving the laboratory addition.  Exhausted air by the Strobic® fans is drawn 
through one of the four ERV units to recover energy. These units use the energy from 
the exhaust air to pre-condition intake air thereby reducing the energy required to 
condition the incoming air. The energy recovery water loop contains glycol to reduce the 
potential of freeze damage. 

The two large air houses on the office wings are not equipped with ERUs. Additionally, 
during the site evaluation it was observed that the economizers may not function as 
designed.  It is recommended that the economizers be repaired and that the two dated 
and inefficient air houses be scheduled for replacement.   

5.4.6.4 Indoor Air Quality 
Indoor air quality (IAQ) is established based upon temperature (°F), relative humidity 
(%), and carbon dioxide (CO2) measured in parts per million (ppm).  This data provides 
the best representation of building ventilation performance and occupant comfort.  IAQ 
data is also indicative of conditions that are detrimental to building systems including 
moisture intrusion and the potential for fungi growth (mold and mildew) and related 
damage of building materials. 

Recommended temperatures vary based on the season, occupant activity, and relative 
humidity levels.  Generally, recommended setpoint heating temperatures in northern 
New England range between 67°F and 70°F and recommended cooling setpoint 
temperatures range between 73°F and 76°F.  Relative humidity (RH) levels fluctuate 
consistent with seasonal atmospheric conditions.  A range between 30% and 65% is 
recommended (ASHRAE).  Elevated CO2 concentrations can cause headaches, 
drowsiness, lethargy, and nausea.  For this reason, ASHRAE 62.1 has established a 
recommended threshold concentration of 700 ppm above the ambient outdoor level 
(between 300 ppm and 500 ppm) resulting in a maximum threshold of 1,000 ppm to 
1,200 ppm (ASHRAE 62.1-2010).  Regional ambient CO2 concentrations generally range 
from 280 ppm to 340 ppm. 

The IAQ at the Facility was measured on April 3 and 4, 2012 between the hours of 8:22 
AM and 3:24 PM.  Weather conditions were cloudy with temperatures ranging from 
approximately 30°F to 60°F.  The building was normally occupied and the heating 
systems were operating when the measurements were obtained.  One hundred and two 
(102) IAQ measurements were obtained at representative locations throughout the 
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building.  All of the measurements that were taken are attached at the end of Section 5.  
Results of the IAQ measurements are summarized below in Table 5-18 and as follows: 

• Temperatures in the building ranged from 69.4°F in Office 131 to 81.3°F in the 
mail receiving room. The average recorded temperature was 74.2°F. 

• Relative humidity measurements ranged from 6.4% in the occupied office 301W 
to 31.9% in the server room. The average relative humidity was 13.4%.   

• CO2 concentrations ranged from 283 ppm in Room 317 (unoccupied) to 860 ppm 
in the mail receiving room. The average concentration was 434 ppm. 

TABLE 5-18 
Summary of IAQ Data 

IAQ Metric Low High Avg. 
Range of 
Variance 

Outdoor 
Conditions 

Temperature (°F) 69.4 81.3 74.2 11.9 30 – 60 

Relative Humidity (%) 6.4 31.9 13.4 25.5 25 

Carbon Dioxide (ppm) 283 860 434 577 325 

 

Measured temperatures throughout the building were higher than recommended and 
had a wide range of variance of 11.9°F.  All but one of the 102 measured temperatures 
exceeded the recommended setpoint, resulting in increased energy consumption and 
wear on mechanical equipment.  The average temperature exceeds the maximum 
recommended setpoint value by 4.2°F. Relative humidity varied widely throughout the 
building with a 25.5% range of variance.  The highest value of 31.9% in the server room 
is an outlier to the data (due to intensive cooling systems) with the next highest value at 
21.2%.   

CO2 concentrations varied widely and all measurements are well below the established 
threshold.  The average CO2 concentration of 434 ppm is close to outdoor ambient levels 
(280 ppm to 330 ppm) indicating over-ventilation.  Typical average CO2 concentrations 
in a commercial office spaces range from 700 ppm to 1,200 ppm (per ASHRAE 62.1).  It 
is not uncommon for CO2 levels to peak at over 2,000 ppm in commercial office spaces.  

While it is necessary to maintain continuous ventilation for the laboratories, ventilation 
for the remainder of the building can be significantly reduced (per ASHRAE 62.1) to 
maintain satisfactory indoor air quality.  Excessive ventilation also creates nuisance 
drafts as observed in several office spaces where supply vents where covered by 
occupants.  The high range of variance for humidity and CO2 indicates that exchange air 
ventilation rates vary dramatically throughout the building.  A DDC system for the air 
handling equipment serving the office spaces would provide improved control and 
ensure that each space is adequately ventilated.  Figure 5-22 below graphically depicts 
the relationships between temperature, relative humidity and CO2 concentrations. 
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FIGURE 5-22 
Indoor Air Quality Data Trends 

5.4.6.5 Mechanical Equipment Data Logging 
DENT Instruments® data loggers were placed on several large mechanical equipment 
motors to log the periods of operation (Table 5-19 below).  Equipment was measured to 
operate during unoccupied periods including evenings, and weekends.  Based on the 
large quantity and capacity of ventilation equipment and the operating schedules, 
ventilation equipment accounts for a substantial portion of electrical consumption in the 
Facility. 

Data logging of several air handling units reveals that some of the units operate on an 
intensive schedule (additional information is attached at the end of Section 5).  
Measured runtimes vary from 55 to 168 hours per week.  Based on the information 
collected, these units do not operate on a fixed daily schedule but on a demand schedule 
which is preferred and improves efficiency.  However, the demand schedule allowed 
some equipment to operate constantly during unoccupied periods.  Optimizing the 
demand setpoints to meet minimum code requirements would reduce the runtime of all 
equipment leading to a significant reduction in energy consumption.  Demand controls 
should also be routinely inspected and calibrated (CO2 levels) to ensure proper function.  
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TABLE 5-19 
AHU Data Logging Summary 

AHU No. Area Served 
Daily 

Schedule 
Time 

Schedule 
Runtime 

(hrs/day) 
Weekly Run 

Time 

AHU-MZ12 Central 
Penthouse 

Monday - 
Friday 

0500-1600 11 55 

East Wing Air 
House 

East Office 
Wing 

Limited NA 18.5 130 

West Wing Air 
House 

West Office 
Wing 

Monday - 
Friday 

0500-1600 11 60 

AHU 4B Lab Office NA NA 24 168 

AHU 4A Lab Space NA NA 24 168 

5.5 eQuest Energy Model 

5.5.1 Source Data 
The Facility was modeled using the eQUEST© computer simulation program.  Required 
source data input for the eQUEST© model includes geographical location, building use 
type(s), occupancy schedules, building dimensions, envelope systems, fenestration 
systems, lighting systems, and all mechanical systems (heating, cooling, ventilation 
domestic hot water).  The building characteristics and systems data was obtained during 
the building site review.  Energy usage was provided by the State for grid electricity and 
natural gas.  

5.5.2 Model Calibration 
The quality of the output data is a function of the accuracy of the input data.  While 
eQUEST© is a sophisticated computer simulation program, like any program there are 
limitations resulting from unique or peculiar building characteristics and operating 
variables that cannot be discretely defined in the program.  To ensure that the model 
simulates the building operation with high accuracy, an iterative model calibration 
process is completed where actual building energy usage data is checked against the 
model output values.  This process is repeated until the deviation between the energy 
usage derived from the baseline building simulation and the actual energy consumption 
is within an acceptable range.   

5.5.3 Base Case Model Results 
Developing an accurate baseline model of the building presented certain challenges 
including accounting for the unusually high electrical usage and heating fuel usage.  The 
actual electrical consumption of 11,081,440 kWh/yr is slightly lower than the model 
prediction of 11,120,000 kWh/yr but is within the acceptable range of difference. Tables 
5-20 and 5-21 present a summary of the model predicted annual energy usage by 
category for electrical and heating fuel.  The baseline energy use for each use category 
is also graphically depicted below in Figure 5-25 for each month of the year.  The 
resulting baseline for the model output is attached at the end of Section 5.   
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TABLE 5-20 
Model-Predicted Baseline Electrical Usage 

Electric Category 
Annual Usage 

(kWh x 1,000,000) 

Space Cooling 3.62 

Heat Rejection 0.81 

Refrigeration 0.06 

Vent. Fans 4.42 

Pumps & Aux. 1.44 

Exterior Lighting 0.01 

Plug Loads 0.62 

Area Lights 0.52 

Total Predicted 11.12 

Total Actual 11.08 

 

TABLE 5-21 
Model-Predicted Heating Fuel Usage 

Gas Category 
Annual Usage 

(Btu x 1,000,000,000) 

Space Heating 42,45 

Hot Water 2.60 

Total Predicted 45.04 

Total Actual 45.12 

 

Actual heating fuel consumption (45,115,100 kBtu) is slightly higher than the model 
predicted value (45,040,000 kBtu) based on available data through December 2011.   

5.5.4 EEM Model Results 
Once the baseline calibration was completed, several major Energy Efficiency Measures 
(EEMs) were simulated within the model including: 

• Remove two old chiller units. Replace with one VFD controlled unit for primary 
use and one non-VFD controlled secondary unit to run in parallel after certain 
cooling capacity reached on VFD controlled unit. 

• Replace the two old boilers in 29 Hazen with six units to be set in sequence as 
backups to the large unit recently installed. 

• Replace the two air houses on the roof with high efficiency ventilation equipment 
connected to the DDC system and demand controls. 

The resulting energy consumption from the model with implemented EEMs is then 
compared to the baseline model and predicted energy savings are analyzed.  The 
resulting building energy uses for each EEM implementation is presented in subsequent 
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Figures 5-23 through Figure 5-26.  The numerical data of energy uses of each 
implemented EEM is attached at the end of Section 5. 

 

FIGURE 5-23 
Baseline Energy Use Modeled in eQUEST 

FIGURE 5-24 
Energy Use with Chiller Replacement EEM 
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FIGURE 5-25 
Energy Use with Boiler Replacement EEM 

FIGURE 5-26 
Energy Use Air House Replacement EEM 

5.6 Energy Use Intensity (EUI) 
The defining metric of energy performance is the building Energy Use Intensity (EUI).  It 
is measured for source energy use and site energy use.  The site EUI is the amount of 
fuel and electricity consumed by the Facility and generally corresponds with the 
consumption indicated on the monthly utility bills.  Source EUI incorporates the 
information from the site EUI but also accounts for the energy required for production 
losses, transmission, and delivery to the point of use (source). Therefore the source EUI 
is a more representative metric of total energy performance.   
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Utility data for electric and natural gas for the preceding twelve months (2011) was used 
to calculate the facility EUI.  Table 5-22 presents the annual energy use (through 
December 2011) and Table 5-23 presents a summary of the energy use intensities.  

TABLE 5-22 
Annual Energy Consumption (2011) 

Energy Site Usage (kBtu) 

Electric – Grid 38,056,073 

Natural Gas 45,115,100 

Total Energy 83,171,173 

 

TABLE 5-23 
Energy Use Intensity (EUI) Summary (2011) 

Location 
Site EUI 

(kBtu/ft2/yr) 
Source EUI 

(kBtu/ft2/yr) 

27 and 29 Hazen Drive 263 551 
 

ENERGY STAR® Portfolio Manager for Commercial Buildings is a web-based program 
utilized to benchmark facilities based on energy consumption, building characteristics, 
regional climate (weather, heating degree days, cooling degree days) and building 
category.  It ranks a building within its defined category amongst all other buildings 
entered into the program to date. For comparison, as of December 31, 2011, when the 
latest utility data for the Facility was analyzed, the average site EUI for an office building 
was 44 kBtu/ft2/yr.  Although the Facility uses more energy than a typical office building 
(partly attributable to the laboratory functions and the computer sever equipment), this 
benchmark provides some reference other buildings and provides a baseline to which 
future improvements can be measured against. 

5.7 Economic Analysis 
Based on the observations and measurements made at 27 and 29 Hazen Drive, several 
energy conservation measures (EEMs) are proposed for consideration (Tables 5-24 to 5-
26).  These recommendations are grouped into three tiers based on the cost and effort 
required to implement the EEM.  EEMs are ranked within each tier based on the capital 
cost for implementation versus the net estimated energy cost savings.   

Simple payback is calculated for the proposed EEMs. The cost to implement the measure 
is estimated based on current industry labor and equipment costs and the annual cost 
savings represents the reduced costs due to energy savings. The net energy and cost 
savings for smaller EEMs is based on the estimated reduction of the associated energy 
consumption as defined in the model and equipment inventory.   Using these costs, the 
payback period is then calculated as the number of years at which the capital cost of 
implementation equals the accumulated energy cost savings. A savings to investment 
ratio (SIR) for each EEM is then calculated based on the cost of implementation, the 
predicted energy cost savings, and the predicted service life of the measure/equipment. 
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Incremental operation and maintenance (O&M) costs have not been predicted or 
included in the economic analysis.  Future O&M costs are highly variable and are 
dependent upon: 1) Facility maintenance staff resources including staffing levels and 
training; 2) work scopes for service contracts; and, 3) future initiatives implemented by 
the Facility owner/operator within the expected service life. 

Energy cost savings are based current cost of electricity at $0.114 per delivered kWh 
(including per kWh charges) at the 27 and 29 Hazen Drive and the current price of 
natural gas of $0.86 per delivered therm. (Current NH State Rates, April 9, 2012). 

Other qualitative considerations that do not influence the Simple Payback Method 
calculation but should be considered by the owner during the decision-making process 
include: 

• Occupant comfort 

• Relative operation and maintenance requirements 

• Remaining useful life of equipment and systems to be replaced 

5.8 Results of Evaluations 
As noted above, several EEMs are proposed for implementation based on observations 
and measurements obtained during the evaluation.  These recommendations are 
grouped into three tiers based on the cost. Tier I EEMs are measures that can be 
implemented with a capital cost between $0 and $2,500.  They include routine 
maintenance items that can often be completed by Facility maintenance personnel, and 
changes in occupant behavior or building operation.  Tier II items can be implemented at 
a capital cost between $2,500 and $50,000 and generally require contracted tradesmen 
to complete.  EEMs that require large capital expenditure (over $50,000) and budgetary 
planning are categorized as Tier III measures. Tier II and III EEM include budgetary 
engineering fees and a 15% contingency. Each tiered measure is organized from the 
highest to lowest savings to investment ratio, with zero cost items listed first as there is 
on capital cost. 

A brief summary of each proposed EEM is provided in this section.  For more detailed 
information on proposed measures, refer to the previous applicable section of this 
report. 

The energy cost savings and resulting payback are based upon each independent 
measure implemented for the building in its current condition and function.  There are 
interdependencies among measures that will affect the net realized energy savings.  For 
example, reducing lighting fixture runtime with occupancy controls reduces heat load to 
the building thereby requiring more heating fuel to compensate for the loss in heat from 
the longer run light fixtures.  Also, many of the larger capital Tier III EEM projects may 
include some of the smaller dependent Tier I and II EEMs. 

Additionally, capital costs are provided for budgetary planning only.  They are estimated 
based on current industry pricing for materials and labor.  A detailed cost estimate 
should be developed prior to appropriating capital funds for the more costly measures.  
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FIGURE 5-27 
Manual Temperature 

Control 

5.8.1 Tier I Energy Efficiency Measures 
TABLE 5-24 
Tier I Energy Efficiency Measures 

EEM 
No. EEM Description Investment 

Annual 
Cost 

Savings 
Payback 

(yrs.) SIR 

T1-1 Reduce heating setpoint temperatures 
to 68° F.  Note that poor systems 
distribution and high air-flows may 
reduce occupant comfort in some 
locations. 

$0  $27,000  0 - 

T1-2 Increase cooling setpoint temperatures 
to 76° F.  Note that poor systems 
distribution and high air-flows may 
reduce occupant comfort in some 
locations. 

$0  $6,600  0 - 

T1-3 Power down electric devices when not 
in use. Consolidate printers and old 
computer equipment and remove from 
the building.  

$0  $1,400  0 - 

T1-4 Disconnect one (1) water fountain 
condensers. 

$0  $88  0 - 

T1-5 Install low-flow aerators (0.5 GPM) on 
all lavatory sinks. 

$1,600  $920  1.7 8.6 

T1-6 Install smart-strip time programmable 
controllers on photocopiers (37). 

$1,295  $455  2.8 7.0 

T1-7 Remove all compact refrigerators. 
Consolidate refrigerators with standard 
size ENERGY STAR® rated units. 

$2,500  $984  2.5 5.9 

T1-8 Install thermostat controller on kitchen 
hood exhaust. 

$450 $76 5.9 2.5 

T1-9 Install mass sensing thermostats in 
walk-refrigerators and freezer units. 

$2,200  $480  4.6 2.2 

 

ASHRAE Standard 55 establishes the guidelines for 
recommended temperature based on the season, 
occupant activity and the relative humidity. Generally, 
recommended setpoint heating temperatures in northern 
New England range between 67°F and 70°F and cooling 
setpoints range between 73°F and 76°F.  Temperatures 
in the Facility were measured during the heating season 
and averaged 74.2°F which exceeds the recommended 
limit.  Excessive temperature setpoints result in heating 
and cooling equipment to be operated more frequently 
resulting in increased energy use and increased wear on 
mechanical equipment leading to increased maintenance 
costs and a shorter lifetime of the system.  



Section 5 Health and Human Services Facility Audit Report Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  5-52 

FIGURE 5-28 
Unoccupied Powered Computer 

Electronic devices consume a considerable 
amount of energy.  It is recommended to power 
down all devices when not in use. Obsolete items 
should be removed including older devices which 
typically consume more energy than newer more 
efficient devices.  Facility personnel indicated 
some of these devices (notably appliances) are 
owned by the staff and not by the DAS.   

Water fountains in office buildings are typically 
seldom however the compressors operate on a 
frequent schedule.  Disconnecting the compressor 
on the single water fountain would still provide 
water at approximately 55°F while reducing 
energy consumption. 

Low-flow aerators (Figure 5-29) reduce the flow of water 
from the faucet without reducing the pressure resulting 
in water and energy (heating fuel for DHW) conservation.   

Photocopiers consume a considerable amount of energy, 
even when they are left in standby mode. Installing time 
programmable smart-strips would cut power to these 
units during non-occupied periods resulting in a 
considerable savings. 

Compact refrigerators can cost over $100 each year to 
operate and are significantly less efficient than a full 
sized ENERGY STAR® rated refrigerator.  It was noted by 
Facility personnel that many refrigerators are owned by 
the staff and not by DAS.   

Currently the kitchen hood exhaust operates 
continuously when the kitchen staff are on duty.  
Installing a thermostat controller will limit 
operation of the exhaust fan only to when 
cooking equipment is being used.  

Walk-in refrigerator and freezer units consume 
between 10,000 kWh/yr and 20,000 kWh/yr 
based on use and condition.  Commercial 
refrigerators waste 15% to 30% of their energy 
and run 50% or more cycles trying to keep 
contents temperatures constant.  Installing mass 
sensing thermostats in walk-in units would 
reduce operating frequency of the compressor 
while maintaining adequate temperature of food contents. 

FIGURE 5-30 
Photocopiers in Server Room 

FIGURE 5-29 
Low-Flow Aerator 
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5.8.2 Tier II Energy Efficiency Measures 
TABLE 5-25 
Tier II Energy Efficiency Measures 

EEM 
No. EEM Description Investment 

Annual 
Cost 

Savings 
Payback 

(yrs.) SIR 

T2-1 Install additional interior 
lighting controllers to reduce 
lighting density and runtime 
(photosensors, dimming 
controls, motion sensors, 
timers). 

$32,000  $5,803  5.5 2.7 

T2-2 Remove all old refrigerators. 
Consolidate compact 
refrigerators with standard 
size ENERGY STAR® rated 
units. 

$22,500  $3,160  7.1 2.1 

T2-3 Replace conventional ceiling 
recessed supply air vents with 
lateral diffusers to reduce 
nuisance drafts and blocking 
of vents by occupants.  

$21,321 $1,850 11.5 1.7 

T2-4 Install de-stratification fans in 
the atrium. 

$4,522  $491  9.2 1.5 

T2-5 Replace old air conditioning 
unit on the roof with a new 
high efficiency model 
(EER>15) with economizer. 

$30,211  $2,800  10.8 1.4 

T2-6 Replace CRT monitors with 
LCD units (319). 

$31,900  $3,275  9.7 1.2 

T2-7 Install smart-strip time 
programmable controllers on 
laser-jet printers (116). 

$3,240 $265  12.2 1.2 

T2-8 Replace walk-in freezer & 
refrigerator condenser units 
with high efficiency units 
(EER>14).  

$16,388  $1,100  14.9 1.0 

T2-9 Replace 119 gallon electric hot 
water heater in 27 Hazen 
Drive with a tankless demand 
electric unit. 

$4,307 $215 20.0 1.0 
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Lighting controls are recommended to reduce operating frequency and illumination 
densities.  Photosensors and dimming controls would allow automatic or manual settings 
to provide proper adequate lighting densities.  Occupancy sensors and timers would 
ensure that lighting systems operate consistent with occupancy schedules. 

As noted by building personnel and 
occupants, the distribution of the ventilation 
system does not appear to be balanced, 
resulting in varied ventilation rates (Figure 
5-31).  It is recommended that a certified 
National Environmental Balancing Bureau 
(NEBB) technician test and balance the 
system to optimize the efficiency of runtime 
and rates to reduce energy consumption 
and increase occupant comfort. 

Older refrigerators generally use more 
energy than newer units.  It is 
recommended that all dated refrigerators 
be removed and replaced with ENERGY 
STAR® rated models. Where appropriate, 
multiple smaller refrigerators should be 
consolidated into to fewer larger units.     

The atrium in the main core of the 29 Hazen 
Drive Facility has a high ceiling allowing warmer 
conditioned air to rise to the ceiling. De-
stratification fans are ceiling mounted units that 
re-circulate stratified air (mixing) in the space 
resulting in a lower temperature delta from floor 
to ceiling allowing reduced heating setpoints. 

Facility initiatives include replacing dated 
mechanical equipment with modern, efficient 
equipment.  An air conditioning unit on the roof 
appears to be in poor condition and manufacturer 
tag information has worn off.  Recommendations 
include replacing the unit with a new high 
efficiency unit. 

The electric 119 gallon domestic hot 
water heater tank in 27 Hazen 
provides more capacity than is 
expected based on the use and 
occupancy.  Replacing this with an 
electric tankless demand unit will 
reduce electrical energy use. 

Based on manufacturer information, 
CRT monitors typically consume 85 
watts of electricity while LED 
monitors consume 15 watts, a 
difference of over 500%.  CRT 

FIGURE 5-32 
Dated Refrigerators 

FIGURE 5-31 
Redirected Airflow 

FIGURE 5-33 
De-Stratification Fan Effects 
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monitors also produce a small amount of heat which marginally increases the heating 
load to the building.  It was noted by Facility personnel and occupants that the State is 
currently in the process of replacing CRTs with LED units. 

Walk-in freezer and refrigeration units are 
equipped with condensers to regulate the 
temperatures in the units which are 
energy intensive and lose efficiency over 
time.  It is recommended that these 
condensers be replaced with high 
efficiency units. 

Laser-jet printers consume a considerable 
amount of energy, even when they are 
left in standby mode.  Plugging these into 
time programmable smart-strip power-
strips would cut power to these units 
when the building is unoccupied. 

5.8.3 Tier III Energy Efficiency Measures 
TABLE 5-26 
Tier III Energy Efficiency Measures 

EEM No. EEM Description Investment 
Annual Cost 

Savings 
Payback 

(yrs.) SIR 

T3-1 Install pressure controlled 
VFD motor controllers on 
Strobic® fans. Single VFD 
for each zone bank of fans 
(3). 

$80,328 $58,200 1.4 14.5 

T3-2 Install CO2 demand controls 
on exchange air ventilation 
systems (non-labs) and 
integrate with DDC system. 
Optimize control setpoints 
based on occupancy loading 
and space function. 

$135,620 $54,000 2.5 6.0 

T3-3 Install energy management 
system. Add submeters to 
the Facility and energy 
intensive equipment (ie, 
Strobic® fans).  Network 
meters to internet based 
software program. 

$286,580 $80,000 3.6 5.6 

T3-4 Increase roof insulation to R-
40 (6" polyisocyanurate rigid 
insulation). Complete as part 
of a scheduled roof 
replacement project 
(investment is for additional 
R-20 above code standard). 

$177,675 $36,780 4.8 5.2 

FIGURE 5-34 
Walk-in Refrigerator Condensers 
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TABLE 5-26 
Tier III Energy Efficiency Measures 

EEM No. EEM Description Investment 
Annual Cost 

Savings 
Payback 

(yrs.) SIR 

T3-5 Remove two old chiller units. 
Replace with one VFD 
controlled unit for primary 
use and one non-VFD 
controlled secondary unit to 
run in parallel after cooling 
capacity reached on VFD 
controlled unit. 

$202,699  $53,200  3.8 5.2 

T3-6 Retro-commission and 
optimize exchange air 
ventilation systems 
(complete after the 
engineering study). 
Complete testing and 
balancing using the design 
ventilation rates determined 
by the study. 

$193,315 $62,000 3.1 4.8 

T3-7 Insulate penthouse walls and 
roof-decks (from interior) 
with 4-inches of closed-cell 
polyurethane spray-foam 
insulation (R-30). 

$97,865  $18,000  5.4 3.7 

T3-8 Replace all electrical 
transformers older than 15 
years with high efficiency 
units.  

$175,548  $21,600  8.1 2.5 

T3-9 Install DDC controls on 
remaining pneumatically 
controlled mechanical 
equipment. 

$140,116  $14,000  10.0 1.5 

T3-10 Install pressure actuated 
dampers on all exhaust fans. 
Place units on occupancy 
sensors to limit run time. 

$95,450  $6,300  15.2 1.3 
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TABLE 5-26 
Tier III Energy Efficiency Measures 

EEM No. EEM Description Investment 
Annual Cost 

Savings 
Payback 

(yrs.) SIR 

T3-11 Complete an engineering 
study of all exchange air 
ventilation systems.  
Establish design ventilation 
rates (ASHRAE 62.1) for 
testing and balancing in non-
2002 building areas.  Verify 
the ventilation requirements 
in each 2002 laboratory 
space based on current use 
(per CDC) and determine 
design flow rates.  The 
Engineering Study should 
also evaluate improving air 
sealing (doors and wall and 
ceiling penetrations) and 
space segregation between 
the laboratories and 
adjoining offices and 
corridors.   

$96,600 NA NA NA 

 

Tier III EEM investment costs include fees for design & engineering, construction 
management, and a 15% cost contingency. 

Currently the large Strobic® fan units operate on a continuous basis.  There are no 
motor controllers on any of the fan units serving the three zones so they operate at a 
single, full speed.  Installing pressure actuated VFD controllers to the fan motors will 
vary motor speed based on the pressure difference in the vent.  CDC standards simply 
require negative pressure of laboratory spaces and current ventilation rates may be 
significantly higher than the minimum required to maintain negative pressure in the 
spaces.  This will reduce energy consumption and extend the service life of the motors.   

Carbon dioxide measurements were recorded throughout the Facility and compared with 
ASHRAE 62.1 standards.  In general, CO2 measurements show a greater number of air 
exchanges than required.  Installing CO2 demand controls on ventilation equipment 
serving the office spaces and common spaces (non-laboratory spaces) would ensure that 
the Facility is not over ventilated while maintaining adequate exchange rates.
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The main electrical meter is shared by multiple 
users and facilities making it difficult to 
accurately account for electrical consumption 
at the Facility.  Installing an energy 
management system (EMS) comprised of 
multiple web-connected sub-meters (Figure 5-
35) that can be accessed from a centralized 
network using a commercially available 
software program is recommended.  Usage 
would be automatically tracked and recorded 
in a database which would reduce the potential 
for data entry errors, flag potential billing 
errors, and provide powerful tracking and 
comparison tools. 

According to facilities personnel, a portion of 
the roof was replaced in 1999 or 2000 when 
six inches of polyisocyanurate (PIC) rigid insulation was installed. Future roof 
replacement projects should include a minimum of six inches of PIC insulation (R-40).  
The investment cost is incremental to installing a roof that minimally complies with code 
requirements. 

There are two large chillers installed as part of Phase II at 27 Hazen in 1978.  Based on 
current use of the chillers and current best practice methods, it is recommended to 
replace these two units with one VFD controlled unit for primary use and one non-VFD 
controlled unit for secondary use. 

Retro-commissioning of the exchange air ventilation systems in the entire building will 
provide substantial energy savings, improve occupant comfort, and extend the service 
life of fan motors.  This includes testing and balancing of all supply and return 
ventilation systems.  Flow rates should be matched to design standards as determined 
within the ventilation systems Engineering Study recommended herein (the study should 
be completed prior to completing retro-commissioning). 

The penthouse walls and floor/roof-deck spaces are uninsulated allowing thermal 
transfer of conditioned air and outside air. Insulating the penthouses with four inches of 
spray-on polyurethane foam (R-30) is recommended. 

There are thirty electrical transformers 
located throughout the Facility. 
Manufacturer dates vary between 1976 and 
2002.  Efficiency of transformers generally 
decreases with age.   It is recommended 
that a complete inventory be taken of all 
units older than 15 years and replacing 
them with new high efficiency units.  Where 
feasible it is recommended to consolidate 
multiple small transformers with larger 
units. 

FIGURE 5-36 
Dated Transformer 

FIGURE 5-35 
Electrical Smart-Meter 
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According to building maintenance staff 
about half of the mechanical equipment is 
controlled by pneumatic controls while the 
other half are controlled by a direct digital 
controls (DDC) system. Pneumatic controls 
have a tendency to leak air and the lines 
need to be routinely cleaned, making them 
difficult to control. A DDC system provides 
improved control and system optimization.  
It is recommended all pneumatically 
controlled systems be replaced with a DDC 
system. Budgetary pricing was provided by 
Control Technologies, Inc. (CTI) for 
replacing the pneumatics with DDC. 

Current industry standards promote installing mechanical pressure actuated dampers on 
all exhaust fans. Operation of the dampers is controlled in response to flow rates 
thereby reducing the time that they are open and the exchange of conditioned air with 
outside air.  It is also recommended that time schedule controllers be installed on 
lavatory exhaust fans to limit the runtime of the units. 

With the exception of the 2002 renovated 
section, there are no available design flow 
rates for supply and return air systems. 
Because ventilation equipment accounts 
for a substantial portion of energy 
consumption in the Facility and there are 
nuisance drafts and distribution issues, an 
Engineering Study of the exchange air 
ventilation systems is warranted.  The 
ventilation systems in the older portions of 
the building should be evaluated with 
recommendations for equipment 
replacement and system reconfiguration.  
Design flow rates for all spaces should be 
determined according to ASHRAE 
Standard 62.1.  Design flow rates for the 

2002 renovated areas including the laboratories (CDC standards) should also be 
measured and verified against the current use and function of each laboratory space.  
The Engineering Study should also evaluate improving air sealing (doors and wall and 
ceiling penetrations) and space segregation between the laboratories and adjoining 
offices and corridors.  These rates will be used as to complete the recommended retro-
commissioning program. In short, the Study should consider: 

• Equipment replacement scheduling; 

• System re-configuration; 

• Controls and optimization;  

• Current applicable standards for ventilation (CDC and ASHRAE 62.1); and, 

• Current applicable standards for mechanical energy conservation (ASHRAE 90.1). 

FIGURE 5-37 
Pneumatic Controls 

FIGURE 5-38 
Broken Dampers in Roof Air House 
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5.8.4 Other Considerations 

5.8.4.1 Alternative EEMs 
The following measures were identified during the evaluation however were not 
recommended as best-value EEMs due to considerations regarding the cost feasibility, 
payback term and occupant comfort concerns. These measures may be more 
economically viable as part of a larger performance contract if the additional cost can be 
recouped within the lifetime of the measure. 

The thermal integrity of the original building envelope is low.  However, significantly 
improving the envelope is costly and yields a long payback term.   

5.8.4.2 Operation and Maintenance Considerations 
O&M considerations are provided for existing systems and for proposed EEMs.  They are 
intended to provide best-value practices for the building manager and to identify any 
O&M requirements for the proposed EEMs. 

Much of the HVACR equipment in the 27 and 29 Hazen Drive is dated and has endured 
beyond it expected service life.  In addition to energy efficiency concerns this increases 
repair frequency and costs (parts can be difficult to obtain), reduces equipment 
reliability, and when unexpected failure occurs equipment is replaced without planning 
or engineering resulting in reduced efficiency and function at a higher cost.  Replacing 
dated equipment on a planned schedule increases total system efficiencies, function, and 
reduces the total cost of ownership over the service life.  

The dated pneumatic controls system is problematic due to air leaks in the system and 
requires frequent repair and cleaning to keep it efficient.   All pneumatics should be 
removed and replaced with DDC controls and integrated with the existing automated 
building controls system. This reduces O&M and repair costs and provides superior 
control of equipment. 

A condition survey of all roofing systems should be completed by a qualified licensed 
Professional Engineer.  The report should identify all potential issues with recommended 
repairs including consideration of roof system replacement.  Annual roof inspections 
should be completed as part of a routine preventative maintenance program.   
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Higher temperature emitted from circuit breaker (106.6°F) higher than surrounding circuits (92.8°F, 94.3°F) indicates possibly overloaded circuit.  Normalized circuit temperatures vary based on load rating of circuit and ambient temperature in the room therefore this is only used as an indication of possible energy losses.  Multiple circuit panels throughout the facility showed indications of one or two breakers higher than the rest and warrant further investigation.
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IR of first floor lab floor above boiler room reveals high heat through the floor (114°F) resulting in higher temperatures in the room and user discomfort. Recommend investigating ways to distribute air flow in boiler room and possible insulation in the floor.
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The ballast of the light fixture in the atrium emits a high temperature (120.7°F) compared to high efficient fluorescent fixtures.  Higher temperature outputs indicate energy is lost to heat instead of being converted to light. Recommend replacing with higher efficiency fixture.
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Text Box
The lamp of the light fixture in the atrium emits a high temperature (100.9°F) compared to high efficient fluorescents (T8 in background operating at 82.3°F).  Higher temperature outputs indicate energy is lost to heat instead of being converted to light.  Recommend replacing with high efficiency fixture.
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IR reveals high temperature of uninsulated hot water pipe in background (266.3°F), indicating loss of energy to the space. Recommend insulating all hot water piping. Temperature of boiler jacket slightly higher on older boiler than newer boiler indicating some wear on equipment and less energy retained in unit, therefore increased energy needs to be produced (typical of aging units).  Insulating boiler may be beneficial, however proper insulation to withstand high temperatures is necessary.
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High temperatures emitted through seals of older boiler (177.5°F, 227.5°F) indicate areas of lost energy through the unit (typical of older units).  This boiler operates less frequently than new boiler therefore there is less operating time for energy to be lost.  Insulating boiler may be beneficial, however proper insulation to withstand high temperatures is necessary.
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Higher temperatures of server equipment (99.9°F, 100.7°F) compared to adjacent equipment reveals heat load added to the space which must be removed by cooling.  New high efficiency server equipment temperatures in adjoining room are lower (86°F , 94.8°F).  Higher temperatures can indicate energy being converted to heat instead of usable energy indicating inefficiencies.  Server equipment is constantly running, therefore this is a constant occurrence. Recommend monitoring temperatures.
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Freezer condenser pipe insulation cracking, allowing thermal losses and pipe freezing, resulting in energy losses and increased energy consumption. Note difference where cracked (23.5°F) to where not cracked (56°F). Recommend replacing insulation on all cracking insulation on condenser piping.
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Facility: Location: Date: Ambient Outdoor:

Concord Human Health & Services Concord 04/03/2012 Temp= 53

RH= 30

CO2= 325

Notes

Temp (°F) RH (%) CO2 (ppm) Horiz 1 (FC) Horiz 2 (FC)

Corridor 3rd fl hazen add. 840 N 72.8 11.8 406 2.7 38 Low high half on

303 office 844 N 73.2 12.2 333 11.2 30.3 None, 1 of 2

307 847 Y 73.4 14.2 332 16.5 Overhead off

309 848 Y 73.7 15.7 339 75.5 Lights on

Server rm 311 850 Y 70.3 14.0 350

339 857 N 71.0 16.8 322 76.1

337 858 Y 71.1 20.3 322 47.3

336 906 Y 71.6 20.6 353 115 3 of 3 on per fix

317 910 N 73.9 20.3 283 88.9 104.6 None (nat) / all

319 913 N 71.7 7.6 305

367 file storage 925 N 74.4 20.5 346

366 hall 930 N 73.0 20.6 373 5.1 31.9 High low

361 932 Y 74.4 19.7 352 21.4 30.7

358 935 N 74.6 17.6 356 44.5 53.2 1 of 3 per fx on

345 939 Y 73.7 18.7 479 12.7 38.5

346 942 Y 74.3 17.8 406 34.2 58.2

INDOOR METERING DATA

Location /Use Description Time Occupied

Air Quality Lighting Density

346 942 Y 74.3 17.8 406 34.2 58.2

3rd fl. mens bath 12

355 949 Y 73.0 19.5 479 26.2

357 951 N 72.3 19.8 335 18.4 53.2 Nat / all on

306c 953 Y 74.3 10.9 450 34.3 Dehumid running

303c 957 Y 73.0 12.0 504 10.3 55.5 Lights off / nat

304c 1019 N 77.0 11.2 450 28.8

3rd fl. West hall 0.3 23.3

314c 1023 N 75.0 9.1 521 35.6

3rd fl. East hall 1.1 23.9

302c 1027 Y 75.5 11.2 556 35.4 29.9 Cold often

300w 1040 Y 74.3 7.2 409 5.3 63.3 36.6 at desk

301w 1105 Y 76.4 6.4 405 20.2

300c 1132 Y 73.0 10.2 520 43.7 Desk

300e 1153 Y 77.3 19.6 498 5.1 48.7

2nd corridor NS hazen add 1217 N 74.3 8.9 395 5.4 36

204 1214 Y 73.7 9.4 384 64.1

207 1219 Y 74.4 7.9 338 30

209 1220 N 73.9 8.6 336 77 All on plus nat

1233 Y 71.2 7.5 388 4.7 Nat

243 1236 N 71.4 16.5 331 82.3 3 of 3 per fix on

245 1240 Y 73.2 18.1 358 29.4 53.1 2 diff desks, nat at high

246 1242 Y 74.6 13.7 352 72.2 3 of 3 on

2nd fl EW corridor hazen add 1244 N 73.2 9.3 333 3.9 11.92nd fl EW corridor hazen add 1244 N 73.2 9.3 333 3.9 11.9
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266 1250 Y 74.4 7.2 383 113 All plus nat

253 1257 Y 75.5 11.1 493 40.1

258 1313 Y 73.4 12.4 585 28.9

209c 1317 Y 74.1 9.4 460 16.5 Desk

208c 1321 Y 73.9 9.1 467 18.5 Desk

203c 1327 Y 73.9 9.0 482 43.8

200w 1333 Y 75.2 6.9 423 6.5 50.4 Desk

201 1428 Y 72.3 8.0 416 4 25.2 Desk

205c 1433 N 72.8 8.2 371 15.3

200e 1441 Y 74.3 20.5 470 40.9 Desk

113 822 Y 73.4 11.8 355 61.4

Receptionist, no insulation 

in walls, got worst of ice 

damage, functionality of 

counters for desks poor, 

cold in summer

112 entrance 844 N 74.3 9.8 300 31.7 High at receptionist

106 846 Y 74.3 10.5 407 53

1st fl NS hazen add 849 N 73.7 10.6 352 3.8 17.7

138 858 Y 72.3 18.3 340 79.2

Need task lighting (24 fc 

for work station)

125 920 N 73.9 8.9 319 42.4 58 Off (nat) / all on

122 kit 922 N 73.2 11.3 333 28.3122 kit 922 N 73.2 11.3 333 28.3

127 924 N 72.5 7.7 295 40 112 All on, nat light, empty

131 927 Y 69.4 8.3 324 128.5 All plus nat

131 928 Y 73.4 8.2 319

166 933 N 70.5 9.0 320 68.4 111

163 935 Y 71.2 21.2 292 33.1

161 938 N 74.4 12.5 331 94.5

140 942 Y 74.8 17.7 377 65.4

141 944 Y 72.1 19.6 323 40.1

143 945 Y 73.5 18.3 341 38.7 52.7

144 947 N 73.2 18.3 319 37.6 44.9 Desks

Men's bath 952 N 4.4 27.8 Off / on

1st fl EW hazen add 953 N 0.8 55.1 Wall light / overhead

158 955 Y 76.6 18.6 347 41.2 Always warm

162 959 N 77.5 14.7 324 31.8 50.6 Desk / work counter

Receptionist 1005 Y 74.8 13.2 544 30

Pic office 1009 Y 75.9 9.7 373 28 Noisy

File review librarian 1011 Y 75.2 10.2 390 27 Noisy, temp fluctuate

Pic2 1014 Y 76.1 10.0 400 59.4

100w 1019 Y 77.3 9.1 394 37.2 Front

100w kitchen 1029 Y 77.3 9.3 366 35.7

100w 1040 Y 75.5 10.0 433 Back

101w 1131 Y 73.0 9.9 386 24

Main office, Heat 

fluctuates101w 1131 Y 73.0 9.9 386 24 fluctuates
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101w 1133 Y 73.4 12.5 439 50.3

Private office, lights on, 

nat light

Aud 1143 N 71.9 11.4 454 13.1

100e 1153 Y 73.2 19.9 455 38.1 Back

100e 1158 Y 75.3 16.1 432 23.3 Front, temp fluctuate

101e 1159 Y 76.8 11.5 443 35.9

Atrium 1216 Y 78.6 9.9 482

2 receiving 1256 Y 81.3 14.9 860 35.5 Small, windows closed

Cafeteria 1317 N 77.9 10.4 338 12.1 14.6

LL West 1318 Y 78.0 11.4 495 37.4 Front 

LL West 1331 Y 76.1 12.0 516 Back

LL West Dams 1333 Y 75.9 12.6 535 25.2 Back

LL West Dams 1339 Y 76.2 13.1 620 Front

Nh geo survey 1344 Y 75.2 10.9 480 10 25.7

Drinking water ground water 1348 Y 75.2 12.9 538 31.4 Cold summer

Dhhs logistics 1358 Y 75.9 12.2 406

LL east 1406 Y 76.2 14.4 488 31 Front

LL east 1413 74.8 14.0 448 Back

009 1426 Y 74.3 15.7 604 25.5

010 1450 Y 73.4 14.1 553 34.7

015 1451 Y 73.5 16.9 646 25.4

Bldg. 27 basement hall 1452 N 74.8 15.2 662

026 1453 Y 76.1 15.4 725 47.5 Server in office026 1453 Y 76.1 15.4 725 47.5 Server in office

032 1452 Y 73.7 14.8 728 34.3 Front, Too hot

032 1458 Y 73.9 14.8 677 23.5 Back

032 1500 Y 72.1 15.0 702 43.8 Side

112 1506 Y 75.7 16.7 686 19

111 1507 N 74.6 14.4 599 18.1

108 1508 Y 74.6 14.6 614 23.4

Server 1524 Y 75.9 31.9 508 6.6 34

Averages 74.2 13.4 434
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Facility: Location: Date:

Concord Human Health & Services Concord 04/03/2012

Location /Use Description Fixture Watts/fixture Qty Controls Total watts Est. Hr/Wk

Est. KWH 

Consumption/Yr

Parking Lot LED 51 39 Timer, Photocell 1,989 61 6,309

Parking Lot LED 60 5 Timer, Photocell 300 61 952

319 Cfl 17 10 Switch 170 45 398

349 Cfl 17 6 Switch 102 45 239

125 Cfl 17 12 Switch 204 45 477

Lobby Cfl 17 12 Switch 204 50 530

104 T8 64 2 Switch 128 45 300

105 T8 64 2 Switch 128 45 300

106 T8 64 2 Switch 128 45 300

107 T8 64 6 Switch 384 45 899

108 T8 64 5 Switch 320 45 749

108 T8 64 2 Switch 128 45 300

108 T8 64 45 Switch 2,880 45 6,739

110 T8 64 2 Switch 128 45 300

112 T8 64 4 Switch 256 45 599

114 T8 64 1 Switch 64 45 150

116 T8 64 2 Switch 128 45 300

125 T8 64 2 Switch 128 45 300

131 T8 96 14 Switch 1,344 45 3,145

136 T8 64 2 Switch 128 45 300

137 T8 64 16 Switch 1,024 45 2,396

138 T8 96 19 Switch 1,824 45 4,268

140 T8 64 11 Switch 704 45 1,647

140 T8 64 14 Switch 896 45 2,097

141 T8 64 11 Switch 704 45 1,647

144 T8 64 14 Switch 896 45 2,097

153 T8 64 8 Switch 512 45 1,198

155 T8 64 3 Switch 192 45 449

158 T8 64 12 Switch 768 45 1,797

161 T8 64 11 Switch 704 45 1,647

162 T8 64 6 Switch 384 45 899

163 T8 64 38 Switch 2,432 45 5,691

168 T8 64 21 Switch 1,344 45 3,145

220 T8 64 7 Switch 448 45 1,048

224 T8 64 7 Switch 448 45 1,048

317 T8 64 2 Switch 128 45 300

336 T8 64 29 Switch 1,856 45 4,343

337 T8 64 19 Switch 1,216 45 2,845

 150 men's room T8 64 2 Switch 128 10 67

LIGHTING FIXTURE INVENTORY
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009 T8 64 77 Switch 4,928 45 11,532

009 T8 32 7 Switch 224 45 524

009 T8 64 66 Switch 4,224 45 9,884

010 T8 64 18 Switch 1,152 45 2,696

015 T8 64 9 Switch 576 45 1,348

026 T8 64 3 Switch 192 45 449

032 T8 64 146 Switch 9,344 45 21,865

100e T8 128 116 Switch 14,848 45 34,744

100w T8 128 116 Switch 14,848 45 34,744

101w T8 64 12 Switch 768 45 1,797

112 entrance T8 64 4 Switch 256 50 666

113 T8 64 11 Switch 704 45 1,647

118 T8 64 2 Switch 128 45 300

127 T8 96 24 Switch 2,304 45 5,391

137a T8 64 10 Switch 640 45 1,498

150 woman's room T8 64 2 Switch 128 10 67

166 T8 96 15 Switch 1,440 45 3,370

2 corridor NS haven addtiion T8 64 12 Switch 768 50 1,997

200e T8 128 116 Switch 14,848 45 34,744

200w T8 128 116 Switch 14,848 45 34,744

201 T8 64 15 Switch 960 45 2,246

201a T8 64 6 Switch 384 45 899

203 T8 64 2 Switch 128 45 300

203c T8 64 3 Switch 192 45 449

206 T8 64 2 Switch 128 45 300

207 T8 64 2 Switch 128 45 300

208 T8 64 6 Switch 384 45 899

208c T8 64 16 Switch 1,024 45 2,396

209 T8 64 2 Switch 128 45 300

209 T8 64 16 Switch 1,024 45 2,396

211 T8 64 2 Switch 128 45 300

216 T8 64 5 Switch 320 45 749

217 T8 64 26 Switch 1,664 45 3,894

228 T8 64 15 Switch 960 45 2,246

237 T8 64 30 Switch 1,920 45 4,493

238a T8 64 4 Switch 256 45 599

246 T8 64 12 Switch 768 45 1,797

253 T8 64 8 Switch 512 45 1,198

3 core corridor T8 64 33 Switch 2,112 50 5,491

300c T8 128 55 Switch 7,040 45 16,474

300c T8 64 12 Switch 768 45 1,797

300e T8 128 116 Switch 14,848 45 34,744

300w T8 128 116 Switch 14,848 45 34,744

301w T8 64 22 Switch 1,408 45 3,295

302c T8 64 12 Switch 768 45 1,797

303 T8 64 2 Switch 128 45 300
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303c T8 64 9 Switch 576 45 1,348

304 T8 64 2 Switch 128 45 300

304 c T8 64 12 Switch 768 45 1,797

305 T8 64 2 Switch 128 45 300

306 T8 64 2 Switch 128 45 300

306c T8 64 8 Switch 512 45 1,198

307 T8 64 2 Switch 128 45 300

308 T8 64 2 Switch 128 45 300

308 c T8 64 8 Switch 512 45 1,198

309 T8 64 2 Switch 128 45 300

310 T8 64 2 Switch 128 45 300

310c T8 64 8 Switch 512 45 1,198

311 T8 64 4 Switch 256 45 599

311c T8 64 8 Switch 512 45 1,198

312c T8 64 8 Switch 512 45 1,198

313c T8 64 8 Switch 512 45 1,198

319 T8 64 36 Switch 2,304 45 5,391

319 T8 64 14 Switch 896 45 2,097

321 T8 64 6 Switch 384 45 899

324 T8 64 7 Switch 448 45 1,048

328 T8 64 16 Switch 1,024 45 2,396

338 T8 64 4 Switch 256 45 599

339 T8 64 19 Switch 1,216 45 2,845

342 T8 96 8 Switch 768 45 1,797

349 T8 64 8 Switch 512 45 1,198

353 T8 64 1 Switch 64 45 150

357 T8 64 2 Switch 128 45 300

358 T8 64 18 Switch 1,152 45 2,696

359 T8 64 2 Switch 128 45 300

362 T8 64 6 Switch 384 45 899

363 T8 64 6 Switch 384 45 899

364 T8 64 6 Switch 384 45 899

366 T8 64 5 Switch 320 45 749

367 T8 64 6 Switch 384 45 899

Auditorium T8 64 20 Switch 1,280 5 333

B03 T8 64 6 Switch 384 45 899

B40 T8 64 3 Switch 192 45 449

B42 T8 64 1 Switch 64 45 150

Basement west T8 128 116 Switch 14,848 45 34,744

Corr T8 64 26 Switch 1,664 50 4,326

File review library T8 64 14 Switch 896 45 2,097

Geological T8 64 24 Switch 1,536 45 3,594

Hall T8 64 31 Switch 1,984 50 5,158

Lav T8 64 1 Switch 64 10 33

Lobby T8 64 13 Switch 832 50 2,163

Lower west T8 128 30 Switch 3,840 45 8,986
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Main office T8 64 3 Switch 192 50 499

Pic 2 T8 64 2 Switch 128 45 300

Pic office T8 64 5 Switch 320 45 749

Receiving T8 64 2 Switch 128 45 300

Server room T8 64 70 Switch 4,480 45 10,483

Vaccine room T8 64 10 Switch 640 45 1,498

Vault T8 64 30 Switch 1,920 45 4,493

Corridor 3rd NS hazel addition T8 u 64 22 Switch 1,408 50 3,661

131 T8u 64 12 Switch 768 45 1,797

127 T8u 64 17 Switch 1,088 45 2,546

152 T8u 64 4 Switch 256 45 599

1st floor NS haven addition T8u 64 19 Switch 1,216 50 3,162

203 T8u 64 2 Switch 128 45 300

204 T8u 64 2 Switch 128 45 300

245 T8u 64 10 Switch 640 45 1,498

314c T8u 64 10 Switch 640 45 1,498

323 T8u 64 7 Switch 448 45 1,048

346 T8u 64 15 Switch 960 45 2,246

358 T8u 64 9 Switch 576 45 1,348

366 corridor T8u 64 8 Switch 512 50 1,331

368 T8u 64 6 Switch 384 45 899

355 T8u 64 10 Switch 640 45 1,498

Exterior Wallpack 94 1 Switch 94 0.25 1

Total 2,665 227,927 534,689
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Lighting Illumination Densities 

Location Lighting Density (FC) Recommended Density (FC)1 

Corridor 3rd  fl Hazen Addition 3 – 38 5 

303 office 11 – 30 50 

307 16 50 

309 76 50 

339 76 50 

337 47 50 

336 115 50 

317 89 – 105 50 

366 Corridor 5 – 32 5 

361 21 – 31 50 

358 45 – 53 50 

345 13 – 39 50 

346 34 – 58 50 

355 26 50 

357 18 – 53 50 

306c 34 50 

303c 5 – 10 50 

304c 29 50 

304 Corridor 1 – 24 5 

314c 37 50 

Hall 1 – 24 5 

302c 35 - 30 50 

300w 5 – 63 30-50 

301w 20 30-50 

300c 44 30-50 

300e 5 – 49 30-50 

2nd Corridor NS Hazen Addition 5 – 36 5 

204 64 50 

207 30 50 

209 4 – 77 50 

243 82 50 

245 30 - 53 50 

246 72 50 

2nd  fl EW Corridor Hazen Addition 4 – 12 5 

266 113 50 

253 40 50 



Lighting Illumination Densities 

Location Lighting Density (FC) Recommended Density (FC)1 

258 29 50 

209c 16 50 

208c 18 50 

203c 44 50 

200w 7 - 50 30-50 

201 4 - 25 30-50 

205c 15 50 

200e 41 30-50 

113 62 50 

112 Entrance 32 50 

106 53 50 

1st  fl NS Hazen Addition 4 - 18 5 

138 80 50 

125 42 - 58 50 

122 Kitchen 28 30 

127 40 - 112 50 

131 129 50 

166 68 50 

163 33 50 

161 95 50 

140 65 50 

141 40 50 

143 39 - 52 50 

144 38 - 45 50 

Men's Lavatory 5 - 28 5 

1st  fl EW Hazen Addition 1 - 5 5 

158 41 50 

162 32 - 51 50 

Receptionist 30 30 

PIC Office 28 50 

File Review Library 27 50 

PIC Office 2 59 50 

100w 37 30-50 

100w Kitchen 36 30 

101w 24 – 50 30-50 

Auditorium 13 15 



Lighting Illumination Densities 

Location Lighting Density (FC) Recommended Density (FC)1 

100e 23 – 38 30-50 

101e 36 30-50 

2 Receiving 36 50 

Cafeteria 12 - 15 10 

LL West 37 50 

2 25 50 

NH Geo Survey 10 - 26 30-50 

Drinking Water Ground Water 31 30-50 

LL West 31 30-50 

009 26 30-50 

010 35 50 

015 25 50 

026 48 50 

032 34 50 

032 24 50 

032 44 50 

112 19 50 

111 18 50 

108 24 50 

Server 6 - 24 30 
1Based upon IESNA standards and AEC recommendations. 
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Facility: Location: Date:

Concord Human Health & Services Concord 04/03/2012

Location /Use Description Qty HP V phase
Age 

(yrs.)
Cooling (ton) Model Est. kWh/yr

363 mech rm / walkin freezer condenser 1 6.6 amp 230 11,051

350 mech / walkin freezer 1 6.6 amp 230 11,051

350 mech / walkin fridge 1 3.5 amp, 4.2 HP fan Nor-Llake iso9001 9,823

136 / walkin freezer 1 6.6 amp 230 11,051

B21 / walkin freezer 1 6.6 amp 230 11,051

Cafeteria kitchen / walkin fridge 1 13.8 amp 115 9,823

300c server rm / Large AC 2 460 3 NA 20 Leibert System 3 73,154

Bldg 27 server rm / Large AC 3 460 3 6 30 Liebert DCDL308-A 493,787

Bldg 27 server rm / Large AC 1 460 3 6 20 Liebert DCDL205-A 109,730

001 mech / old AC 2 60 460 3 34 60 Trane CRHR 600C-4D 877,843

Labs / Chiller CH-1 1 460 3 10 600 Trane CVHF 650 080L 1,097,304

Labs / Chiller CH-2 1 460 3 10 400 Trane CVHE 450 050L - VFD 731,536

MECHANICAL EQUIPMENT INVENTORY

Labs / Chiller CH-2 1 3 10 400 Trane CVHE 450 050L - VFD 731,536

LL East Mech Rm Duplex Air Compressor / DAC-1 2 3 480 3 Quincy FF-340 4,586

Air Cooled Water Chiller ACWC-3 1 1 480 3 7 50 York YCAL0050EC 91,824

Bldg 27 Exterior / Chillers 2 3 460 3 NA 60 Trane CAUA-6004-03 332,631

Bldg 27 Exterior / Chillers 1 1 460 3 NA 60 Trane CAUA-1504-A 330,338

Bldg 29 / Air cooled condenser 2 460 3 10 15 Trane TTA180B400EA 54,865

Bldg 29 / Air cooled condenser 2 460 3 13 12.5 Trane TTA150B400CA 45,721

Lab Roof / Chiller Tower 2 15 460 3 Marley NC4102 34,398

ACWC-2W (TAG PICTURE) 1 1 1/4 460 3 New 26 Trane CG-SVX17A 48,028

ACWC-1W (TAG PIC) 2 1 1/4 460 3 New 200 Trane RTAC-SVX01F-EN 732,492

Elevator Motors 5 20 460 3 38,220

Total: 5,160,307
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Facility: Location: Date:

Concord Human Health & Services Concord 04/03/2012

Location /Use Description Manufacturer Model Number Qty CFM HP Volt Phase Control Est. kWh/yr

Laboratory / EF-1 Strobic Air Tri-Stack TS4L600C12 4 87,840 60 460 3 1,083,308

Laboratory / EF-2 Strobic Air Tri-Stack TS4L600C12 3 60,340 60 460 3 812,481

Laboratory / EF-3 Strobic Air Tri-Stack TS4L600C12 3 60,340 60 460 3 812,481

Acetylene Storage Rm. 269 / EF-4 Greenheck GB-70-4 1 75 0.25 120 1 382

West Wing Penthouse / W. Wing Supply SF-1 Trane 1 60,000 75 480 3 114,660

West Wing Penthouse / W. Wing Return RF-1 Trane 1 55,000 50 480 3 76,440

KX-1 Breidert LD-2413 1 3,200 5 460 3 5,733

KX-2 Breidert LD-2413 1 1,800 3 460 3 3,440

DX-1 Powerline BBB-13 1 1,500 1.5 460 3 1,720

Tx-1&2 Powerline BEL-BR 2 4,800 1 460 3 2,293

AX-1 Trane Torrivent 1 9,000 5 460 3 5,733

EF-1&2 Powerline BBF-8 2 275 1 460 3 2,293

TX-3&4 Powerline BEL-BR 2 800 1/6 120 1 382

EF-3 Powerline BEL-BR 1 275 1/6 120 1 191

KX-3 Powerline DRE 1 100 1/25 120 1 46

EF-4 Powerline BEL-BR 1 250 1/6 120 1 191

SX-1 Trane Torrivent 1 3,600 3 460 3 3,440

MX-1 Trane Torrivent 1 1,800 1 460 3 1,147

KIF-1 Powerline BLUF 1 400 1/6 120 1 191

Total: 29 2,926,551

FAN DATA SHEET
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Facility: Location: Date:

Concord Human Health & Services Concord 04/03/2012

Location /Use Description Serves Manufacturer Model Number Qty GPM HP Volt Phase Efficiency (%) Notes Est. kWh/yr

Addition Mech Rm / CWP-1 Condition Water System Taco KV6013 1 800 40 460 3 79 99,372

Addition Mech Rm / CWP-2 Condition Water System Taco KV6013 1 1200 50 460 3 79 124,215

Addition Mech Rm / CWP-3 Condition Water System Taco KV4011 1 450 25 460 3 74 62,108

Addition Mech Rm / CHWP-1A Chiller CH-1 Taco KV6009 1 900.0 15 460 3 74 37,265

Addition Mech Rm / CHWP-2A Chiller CH-2 Taco KV6009 1 600.0 10 460 3 77 24,843

Addition Mech Rm / CHWP-1B Condition Hot Water Distribution Paco 601 2-1 1 750.0 40 460 3 72 VFD 99,372

Addition Mech Rm / CHWP-2B Condition Hot Water Distribution Paco 601 2-1 1 750.0 40 460 3 72 VFD 99,372

Addition Mech Rm / HWP-1,-2 Hot Water Distribution Taco KV4011 1 250.0 15 460 3 73 VFD 37,265

Renovation Mech Rm / HWP-3,-4 Hot Water Distribution Taco KV4011 1 250 15 460 3 73 VFD 37,265

Addition Penthouse / GP-1,-2 Addition Energy Recovery Taco KV4011 1 340 15 460 3 70 37,265

Penthouse No. 1 / GP-3,-4 Renovation Energy Recovery Taco KV3009 1 180 7.5 460 3 67 18,632

Penthouse No. 2 / GP-5,-6 Renovation Energy Recovery Taco KV3009 1 180 7.5 460 3 67 18,632

Addition Basement / CP-1 AHU-1 HW Coil Taco 1911 1 35 0.5 115 1 56 1,242

Addition Penthouse / CP-2A,-2B AHU-2A,-2B HW Coil Taco KV2007 1 195 3 460 3 43 7,453

Penthouse No. 1/ CP-3A,-3B AHU-3A,-3B HW Coil Taco KV3006 1 135 1.5 460 3 67 3,726

Penthouse No. 2/CP-4A,-4B AHU-4A,-4B HW Coil Taco KV3006 1 135 1.5 460 3 67 3,726

1st fl. Cooler / CP-5 Cooler Circ. Pump Taco 113 1 10 0.25 115 1 - 621

3rd fl. Cooler / Cp-6 Cooler Circ. Pump Taco 113 1 10 0.25 115 1 - 621

3rd fl. Cooler / Cp-7 Cooler Circ. Pump Taco 113 1 10 0.25 115 1 - 621

Addition Basement / CRP-1 AHU-1 HW Coil Taco 1911 1 35 0.5 115 1 56 1,242

Addition Mech Rm / CRP-1 Skidmore VJS-503 1 75 2 460 3 - 4,969

Addition Basement / CRP-2 Skidmore XC3S61 1 18 0.5 115 1 - 1,242

Renovation Mech Rm / CRP-3 Skidmore VJS-503 1 75 2 460 3 - 4,969

W. Wing Penthouse / P-1A Chilled Water - Primary Bell & Gossett 1510 1 445 10 480 3 - 24,843

W. Wing Penthouse / P-1B Chilled Water - Standby Bell & Gossett 1510 1 445 10 480 3 - 24,843

Core Penthouse / P-2A Chilled Water - Primary Bell & Gossett 80 1 87 2 480 3 - 4,969

Core Penthouse / P-2B Chilled Water - Standby Bell & Gossett 80 1 87 2 480 3 - 4,969

LL West Storage / TP-1 Waste Water Transfer Tecumseh little giant VC-20UL 1 2.75 0.05 115 1 - 124

Duplex condenstat pump CP-1 1 9 1 460 3 - 2,484

Duplex condenstat pump CP-2 1 2 1 460 3 - 2,484

PUMPS DATA SHEET
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Duplex condenstat pump CP-3 1 12 1 460 3 - 2,484

Duplex condenstat pump CP-4 1 2 1 460 3 - 2,484

CDP / PHWP-1&2 2 60 1.5 460 3 7,453

CDP / CWP-1&2 2 135 3 460 3 14,906

M2-1 / SP-1 1 10 0.5 460 3 1,242

M2-2 / SP-2 1 32 0.75 460 3 1,863

M2-3 / SP-3 1 24 0.75 460 3 1,863

M2-4 / SP-4 1 30 0.75 460 3 1,863

M2-5 / SP-5 1 24 0.75 460 3 1,863

M2-6 / SP-6 1 17 0.75 460 3 1,863

Total 42 828,638
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Facility: Location: Date:

Concord Human Health & Services Concord 04/03/2012

Location /Use Description Qty Affiliated System MBH CFM Min OA Fan RPM HP V phase Model Est. kWh/yr

Rooftop / AHU-1 1 HVAC 6,500 2,460 15 460 3 Trane MCC 14 22,932

Rooftop / AHU-2A 1 HVAC 35,250 1,524 60 460 3 Trane MCC 80 91,728

Rooftop / AHU-2B 1 HVAC 35,250 1,524 60 460 3 Trane MCC 80 91,728

Rooftop / AHU-3A 1 HVAC 22,500 1,872 40 460 3 Trane MCC 50 61,152

Rooftop / AHU-3B 1 HVAC 22,500 1,872 40 460 3 Trane MCC 50 61,152

Rooftop / AHU-4A 1 HVAC 22,500 1,872 40 460 3 Trane MCC 50 61,152

Rooftop / AHU-4B 1 HVAC 22,500 1,872 40 460 3 Trane MCC 50 61,152

Rooftop / ERU-1A 1 AHU-1, AHU-2A/2B 38,500 - - - - Trane MCC 66 0

Rooftop / ERU-1B 1 AHU-1, AHU-2A/2B 38,500 - - - - Trane MCC 66 0

Rooftop / ERU-2 1 AHU-3A, AHU-3B 45,000 - - - - Trane T-Series 80 0

Rooftop / ERU-3 1 AHU-4A, AHU-4B 45,000 - - - - Trane T-Series 80 0

West Wing Penthouse / AHU-1 1 W. Wing Fl 1-3, SF-1, RF-1 - 20% - - - - 0

LL West Storage / AHU-2 1 Vital record 4,200 13% 1,050 5 480 3 7,644

LL West Storage / AHU-3 1 Vaults 2,800 13% 1,298 5 480 3 7,644

MZ-4 1 603.7 21,500 25 460 3 38,220

MZ-5 1 483 17,200 25 460 3 38,220

MZ-6 1 339.8 12,100 20 460 3 30,576

MZ-7 1 199.4 7,100 15 460 3 22,932

MZ-8 1 169.9 6,050 10 460 3 15,288

SZ-9 1 210.6 7,500 15 460 3 22,932

MZ-10 1 147.4 5,250 10 460 3 15,288

SZ-11 1 235.9 8,400 15 460 3 22,932

MZ-12 1 118.2 4,210 10 460 3 15,288

MZ-13 1 106.7 3,800 10 460 3 15,288

MZ-14 1 94.4 3,360 10 460 3 15,288

SZ-15 1 21.1 750 5 460 3 7,644

SZ-16 1 21.1 750 5 460 3 7,644

SZ-17 1 67.4 2,400 5 460 3 7,644

SZ-18 1 67.4 2,400 5 460 3 7,644

SZ-19 1 67.4 2,400 5 460 3 7,644

SZ-20 1 67.4 2,400 5 460 3 7,644

MECHANICAL EQUIPMENT INVENTORY - AIR HANDLING UNITS
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MZ-21 1 354.4 12,620 25 460 3 38,220

SZ-22 1 280.8 10,000 20 460 3 30,576

SZ-23 1 168.5 6,000 15 460 3 22,932

MAU-1 1 - 3,000 5 460 3 7,644

SZ-24 1 154.5 5,500 15 460 3 22,932

MZ-25 1 103.2 3,675 5 460 3 7,644

MZ-26 1 133.4 4,750 10 460 3 15,288

MZ-27 1 131.7 4,690 10 460 3 15,288

MZ-28 1 155.9 5,550 10 460 3 15,288

MZ-29 1 83 2,955 5 460 3 7,644

EDP-1-5 1 182.7 7,340 7.5 460 3 11,466

Total: 42 959,322
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Facility: Location: Date:

Concord 04/03/2012

Location /Use Description Manufacturer Model Number Qty Year Capacity (mbh) Efficiency Circ Pump (HP) Est. kWh/yr

Boiler 1 Cleaver brooks 1 2011 8,165 82.0% 15 75,676

Boiler 2 Cleaver brooks 1 1978 8,369 - 10 7,644

Boiler 3 Cleaver brooks 1 1971 8,369 - 10 764

Building 27 Mech Rm Lochinvar KB-701 2 2010 700 94.3% 3/4 115

Total: 84,199

BOILER DATA SHEET
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Facility: Location: Date:

Concord Human Health & Services Concord 04/03/2012

Location /Use Description Qty MBH CFM GPM HP V phase Manufacturer Model Est. kWh/yr

Addition Stair / CUH-1 1 30.8 330 3 1/15 115 1 Vulcan F-1000-03 118

Addition Stair / CUH-2 1 30.8 330 3 1/15 115 1 Vulcan F-1000-03 118

Addition Penthouse / PUH-1 1 52.3 1070 5.3 1/20 115 1 Vulcan HV-72 88

Addition Penthouse / PUH-2 1 52.3 1070 5.3 1/20 115 1 Vulcan HV-72 88

Addition Penthouse / PUH-3 1 52.3 1070 5.3 1/20 115 1 Vulcan HV-72 88

Penthouse #1 / PUH-4 1 34.8 1070 3.5 1/20 115 1 Vulcan HV-48 88

Penthouse #1 / PUH-5 1 34.8 1070 3.5 1/20 115 1 Vulcan HV-48 88

Penthouse #2 / PUH-6 1 34.8 1070 3.5 1/20 115 1 Vulcan HV-48 88

Penthouse #2 / PUH-7 1 34.8 1070 3.5 1/20 115 1 Vulcan HV-48 88

PUH-8 1 26.1 550 2.6 16 watt 115 1 Vulcan HV-36 38

DPH Reception / FCU-1 1 28.4 450 2.1 1/8 115 1 Trane FCC040 221

Tel/Data B-17 / FCU-2 1 27.5 1275 7.8 1/4 115 1 Trane FCD120 441

Elect Rm B-16 / FCU-3 1 27.5 1275 7.8 1/4 115 1 Trane FCD120 441

UH-1 1 32 - 3 1/8 115 1 Trane UHSA 70W 221

CH-1 1 86.2 1050 8.9 1/6 120 1 294

CH-2 1 63.4 1050 6.6 1/12 120 1 147

CH-3 1 53.8 800 6.6 1/12 120 1 147

CH-4 1 86.2 1050 8.9 1/6 120 1 294

UH-1 1 87 1760 6.0 1/6 120 1 294

UH-2 1 24 560 1.7 1/25 120 1 71

UH-3 1 40.7 885 2.8 1/15 120 1 118

UH-4 1 13.8 330 1.2 1/40 120 1 44

UH-5 1 181.1 4620 12.9 1/3 120 1 588

Total: 23 4,210

MECHANICAL EQUIPMENT INVENTORY

1



 
 
 
 
 
 
 
 
 

Attachment 6 
Plug Load Inventory 

 
 
 
 
 
 
 
 
 
 
 
 



Facility: Location: Date:

Concord 

Location /Use Description Category Unit Watts/fixture Qty Total watts Est. Hr/Wk Est. kWh/Yr

337 AC - Commercial Appliance Big dish washer 2,000 1 2,000 5 520

337 AC - Commercial Appliance Hot water boosts 2,400 1 2,400 5 624

Cafeteria kitchen AC - Commercial Appliance Display fridge double 375 1 375 50 975

Cafeteria kitchen AC - Commercial Appliance Display fridge triple ES 1,380 1 1,380 40 2,870

Cafeteria kitchen AC - Commercial Appliance Commercial refrigerator 564 3 1,691 50 4,395

Cafeteria kitchen AC - Commercial Appliance Pizza heater 1,480 1 1,480 20 1,539

Cafeteria kitchen AC - Commercial Appliance Cappucino machine 1,650 1 1,650 5 429

Cafeteria kitchen AC - Commercial Appliance Coffee dispenser 1,650 1 1,650 5 429

Cafeteria kitchen AC - Commercial Appliance Sandwich prep fridge table 587 1 587 40 1,220

Cafeteria kitchen AC - Commercial Appliance Convection oven 5,600 1 5,600 5 1,456

Cafeteria kitchen AC - Commercial Appliance Commercial double freezer 1,200 2 2,400 50 6,240

Cafeteria kitchen AC - Commercial Appliance Commercial single freezer 936 3 2,808 50 7,301

Cafeteria kitchen AC - Commercial Appliance Chest frezer 684 1 684 50 1,778

Cafeteria kitchen AC - Commercial Appliance Slicer 123 1 123 1 6

Cafeteria kitchen AC - Commercial Appliance Commercial small dishwasher 1,400 1 1,400 4 291

Cafeteria kitchen AC - Commercial Appliance Stove/oven 13,000 2 26,000 8 10,816

336 AL - Large Appliance Chest freezer 400 11 4,400 30 6,864

163 AL - Large Appliance Chest freezer 400 1 400 30 624

138 AL - Large Appliance Dish washer 1,000 3 3,000 5 780

337 AL - Large Appliance Dryer 3,360 1 3,360 5 874

PLUG LOAD INVENTORY

Concord Human Health & Services 04/03/2012

337 AL - Large Appliance Dryer 3,360 1 3,360 5 874

319 AL - Large Appliance Freezer 400 2 800 30 1,248

337 AL - Large Appliance Ice maker 800 1 800 30 1,248

153 AL - Large Appliance Ice maker 800 1 800 30 1,248

302c AP - Air Purifier/Cleaner Heap filter 1,100 1 1,100 5 286

306c AP - Air Purifier/Cleaner Hepa filter 1,100 1 1,100 5 286

122 AS - Small Appliance Coffee Maker 1,200 1 1,200 3 187

300e AS - Small Appliance Coffee Maker 1,200 1 1,200 3 187

100w AS - Small Appliance Coffee maker 1,200 2 2,400 3 374

Corridor 3rd NS hazel addition AS - Small Appliance Coffee maker 1,200 1 1,200 3 187

200w kitchen AS - Small Appliance Coffee Maker 1,200 2 2,400 3 374

200w kitchen AS - Small Appliance Electric kettle 1,000 1 1,000 3 156

213 AS - Small Appliance Microwave 1,200 1 1,200 4 250

200w kitchen AS - Small Appliance Microwave 1,200 2 2,400 4 499

100w AS - Small Appliance Microwave 1,200 2 2,400 4 499

27 - 032 AS - Small Appliance Microwave 1,200 1 1,200 4 250

342 AS - Small Appliance Microwave 1,200 1 1,200 4 250

300e AS - Small Appliance Microwave 1,200 2 2,400 4 499

122 AS - Small Appliance Microwave 1,200 1 1,200 4 250

200w kitchen AS - Small Appliance Toaster 1,000 1 1,000 4 208

Lower level west AS - Small Appliance Toaster 1,000 1 1,000 4 208

300e AS - Small Appliance Toaster Oven 1,300 1 1,300 4 270

200w kitchen AS - Small Appliance Toaster oven 1,300 1 1,300 4 270

Cafeteria kitchen AS - Small Appliance Microwave 1,200 1 1,200 5 312

303 CD - Desktop Computer Desktop Computer 110 1 110 45 257303 CD - Desktop Computer Desktop Computer 110 1 110 45 257
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304 CD - Desktop Computer Desktop Computer 110 1 110 45 257

305 CD - Desktop Computer Desktop Computer 110 1 110 45 257

306 CD - Desktop Computer Desktop Computer 110 1 110 45 257

307 CD - Desktop Computer Desktop Computer 110 1 110 45 257

308 CD - Desktop Computer Desktop Computer 110 1 110 45 257

309 CD - Desktop Computer Desktop Computer 110 1 110 45 257

310 CD - Desktop Computer Desktop Computer 110 1 110 45 257

337 CD - Desktop Computer Desktop Computer 110 1 110 45 257

319 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

321 CD - Desktop Computer Desktop Computer 110 1 110 45 257

328 CD - Desktop Computer Desktop Computer 110 1 110 45 257

368 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

366 CD - Desktop Computer Desktop Computer 110 1 110 45 257

361 CD - Desktop Computer Desktop Computer 110 9 990 45 2,317

358 CD - Desktop Computer Desktop Computer 110 2 220 45 515

345 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

346 CD - Desktop Computer Desktop Computer 110 9 990 45 2,317

306c CD - Desktop Computer Desktop Computer 110 6 660 45 1,544

303c CD - Desktop Computer Desktop Computer 110 1 110 45 257

304c CD - Desktop Computer Desktop Computer 110 5 550 45 1,287

314c CD - Desktop Computer Desktop Computer 110 10 1,100 45 2,574

302c CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

301w CD - Desktop Computer Desktop Computer 110 5 550 45 1,287

300c CD - Desktop Computer Desktop Computer 110 9 990 45 2,317300c CD - Desktop Computer Desktop Computer 110 9 990 45 2,317

203 CD - Desktop Computer Desktop Computer 110 1 110 45 257

205 CD - Desktop Computer Desktop Computer 110 1 110 45 257

206 CD - Desktop Computer Desktop Computer 110 1 110 45 257

207 CD - Desktop Computer Desktop Computer 110 1 110 45 257

208 CD - Desktop Computer Desktop Computer 110 1 110 45 257

228 CD - Desktop Computer Desktop Computer 110 6 660 45 1,544

220 CD - Desktop Computer Desktop Computer 110 1 110 45 257

217 CD - Desktop Computer Desktop Computer 110 1 110 45 257

245 CD - Desktop Computer Desktop Computer 110 6 660 45 1,544

246 CD - Desktop Computer Desktop Computer 110 6 660 45 1,544

266 CD - Desktop Computer Desktop Computer 110 3 330 45 772

267 CD - Desktop Computer Desktop Computer 110 1 110 45 257

253 CD - Desktop Computer Desktop Computer 110 6 660 45 1,544

254 CD - Desktop Computer Desktop Computer 110 1 110 45 257

264 CD - Desktop Computer Desktop Computer 110 3 330 45 772

258 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

209 CD - Desktop Computer Desktop Computer 110 7 770 45 1,802

203c CD - Desktop Computer Desktop Computer 110 1 110 45 257

200w CD - Desktop Computer Desktop Computer 110 46 5,060 45 11,840

201b CD - Desktop Computer Desktop Computer 110 1 110 45 257

201c CD - Desktop Computer Desktop Computer 110 3 330 45 772

205c CD - Desktop Computer Desktop Computer 110 3 330 45 772

200e CD - Desktop Computer Desktop Computer 110 62 6,820 45 15,959

113 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030113 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030
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108 CD - Desktop Computer Desktop Computer 110 1 110 45 257

104 CD - Desktop Computer Desktop Computer 110 1 110 45 257

105 CD - Desktop Computer Desktop Computer 110 1 110 45 257

106 CD - Desktop Computer Desktop Computer 110 1 110 45 257

107 CD - Desktop Computer Desktop Computer 110 1 110 45 257

108 CD - Desktop Computer Desktop Computer 110 1 110 45 257

168 CD - Desktop Computer Desktop Computer 110 1 110 45 257

137 CD - Desktop Computer Desktop Computer 110 1 110 45 257

127 CD - Desktop Computer Desktop Computer 110 8 880 45 2,059

166 CD - Desktop Computer Desktop Computer 110 2 220 45 515

163 CD - Desktop Computer Desktop Computer 110 6 660 45 1,544

143 CD - Desktop Computer Desktop Computer 110 7 770 45 1,802

144 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

158 CD - Desktop Computer Desktop Computer 110 3 330 45 772

162 CD - Desktop Computer Desktop Computer 110 1 110 45 257

155 CD - Desktop Computer Desktop Computer 110 1 110 45 257

Main office CD - Desktop Computer Desktop Computer 110 2 220 45 515

File review library CD - Desktop Computer Desktop Computer 110 2 220 45 515

Pic 3 CD - Desktop Computer Desktop Computer 110 1 110 45 257

100w CD - Desktop Computer Desktop Computer 110 68 7,480 45 17,503

101w CD - Desktop Computer Desktop Computer 110 3 330 45 772

B03a CD - Desktop Computer Desktop Computer 110 2 220 45 515

Geological CD - Desktop Computer Desktop Computer 110 10 1,100 45 2,574

Drinking water/ ground water CD - Desktop Computer Desktop Computer 110 17 1,870 45 4,376Drinking water/ ground water CD - Desktop Computer Desktop Computer 110 17 1,870 45 4,376

Lower level west CD - Desktop Computer Desktop Computer 110 26 2,860 45 6,692

27 - 011 CD - Desktop Computer Desktop Computer 110 14 1,540 45 3,604

27 - 011 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

27 - 026 CD - Desktop Computer Desktop Computer 110 1 110 45 257

27 - 032 CD - Desktop Computer Desktop Computer 110 23 2,530 45 5,920

27 - 112 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

27 - 111 CD - Desktop Computer Desktop Computer 110 2 220 45 515

27 - 105 CD - Desktop Computer Desktop Computer 110 1 110 45 257

27 - 108 CD - Desktop Computer Desktop Computer 110 10 1,100 45 2,574

27 - Server room CD - Desktop Computer Desktop Computer 110 5 550 45 1,287

336 CD - Desktop Computer Desktop Computer 110 3 330 45 772

342 CD - Desktop Computer Desktop Computer 110 1 110 45 257

300 w CD - Desktop Computer Desktop Computer 110 68 7,480 45 17,503

300e CD - Desktop Computer Desktop Computer 110 74 8,140 45 19,048

204 CD - Desktop Computer Desktop Computer 110 1 110 45 257

209 CD - Desktop Computer Desktop Computer 110 1 110 45 257

268 CD - Desktop Computer Desktop Computer 110 4 440 45 1,030

209c CD - Desktop Computer Desktop Computer 110 3 330 45 772

201a CD - Desktop Computer Desktop Computer 110 1 110 45 257

131 CD - Desktop Computer Desktop Computer 110 3 330 45 772

152 CD - Desktop Computer Desktop Computer 110 1 110 45 257

Pic CD - Desktop Computer Desktop Computer 110 1 110 45 257

101e CD - Desktop Computer Desktop Computer 110 43 4,730 45 11,068

Receiving CD - Desktop Computer Desktop Computer 110 1 110 45 257Receiving CD - Desktop Computer Desktop Computer 110 1 110 45 257
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Lower level west CD - Desktop Computer Desktop Computer 110 30 3,300 45 7,722

009e CD - Desktop Computer Desktop Computer 110 9 990 45 2,317

27 - 015 CD - Desktop Computer Desktop Computer 110 3 330 45 772

27 - 115 CD - Desktop Computer Desktop Computer 110 2 220 45 515

Cafeteria kitchen CD - Desktop Computer Desktop 110 1 110 10 57

204 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

246 CM - Desktop Computer Monitor CRT Monitor 90 6 540 45 1,264

303 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

304 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

305 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

308 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

339 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

337 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

361 CM - Desktop Computer Monitor CRT Monitor 90 7 630 45 1,474

358 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

345 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

346 CM - Desktop Computer Monitor CRT Monitor 90 9 810 45 1,895

355 CM - Desktop Computer Monitor CRT Monitor 90 4 360 45 842

300 w CM - Desktop Computer Monitor CRT Monitor 90 12 1,080 45 2,527

300c CM - Desktop Computer Monitor CRT Monitor 90 5 450 45 1,053

300e CM - Desktop Computer Monitor CRT Monitor 90 52 4,680 45 10,951

209 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

245 CM - Desktop Computer Monitor CRT Monitor 90 6 540 45 1,264

268 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211268 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

253 CM - Desktop Computer Monitor CRT Monitor 90 6 540 45 1,264

254 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

258 CM - Desktop Computer Monitor CRT Monitor 90 4 360 45 842

209 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

209c CM - Desktop Computer Monitor CRT Monitor 90 2 180 45 421

200w CM - Desktop Computer Monitor CRT Monitor 90 11 990 45 2,317

200e CM - Desktop Computer Monitor CRT Monitor 90 39 3,510 45 8,213

107 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

168 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

127 CM - Desktop Computer Monitor CRT Monitor 90 3 270 45 632

166 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

163 CM - Desktop Computer Monitor CRT Monitor 90 4 360 45 842

143 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

155 CM - Desktop Computer Monitor CRT Monitor 90 2 180 45 421

100w CM - Desktop Computer Monitor CRT Monitor 90 62 5,580 45 13,057

101e CM - Desktop Computer Monitor CRT Monitor 90 3 270 45 632

B03a CM - Desktop Computer Monitor CRT Monitor 90 2 180 45 421

Receiving CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

Lower level west CM - Desktop Computer Monitor CRT Monitor 90 11 990 45 2,317

Drinking water/ ground water CM - Desktop Computer Monitor CRT Monitor 90 3 270 45 632

009e CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211

Lower level west CM - Desktop Computer Monitor CRT Monitor 90 26 2,340 45 5,476

27 - 010 CM - Desktop Computer Monitor CRT Monitor 90 10 900 45 2,106

27 - 015 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 21127 - 015 CM - Desktop Computer Monitor CRT Monitor 90 1 90 45 211
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27 - Server room CM - Desktop Computer Monitor CRT Monitor 90 10 900 45 2,106

328 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

303 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

306 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

307 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

309 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

310 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

336 CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

319 CM - Desktop Computer Monitor LCD Monitor 40 4 160 45 374

321 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

366 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

361 CM - Desktop Computer Monitor LCD Monitor 40 2 80 45 187

358 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

345 CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

306c CM - Desktop Computer Monitor LCD Monitor 40 6 240 45 562

303c CM - Desktop Computer Monitor LCD Monitor 40 5 200 45 468

304c CM - Desktop Computer Monitor LCD Monitor 40 5 200 45 468

314c CM - Desktop Computer Monitor LCD Monitor 40 10 400 45 936

302c CM - Desktop Computer Monitor LCD Monitor 40 4 160 45 374

300 w CM - Desktop Computer Monitor LCD Monitor 40 59 2,360 45 5,522

301w CM - Desktop Computer Monitor LCD Monitor 40 5 200 45 468

300c CM - Desktop Computer Monitor LCD Monitor 40 9 360 45 842

300e CM - Desktop Computer Monitor LCD Monitor 40 32 1,280 45 2,995

203 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94203 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

205 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

206 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

207 CM - Desktop Computer Monitor LCD Monitor 40 2 80 45 187

208 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

208 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

228 CM - Desktop Computer Monitor LCD Monitor 40 6 240 45 562

217 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

264 CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

209 CM - Desktop Computer Monitor LCD Monitor 40 6 240 45 562

209c CM - Desktop Computer Monitor LCD Monitor 40 7 280 45 655

203c CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

200w CM - Desktop Computer Monitor LCD Monitor 40 48 1,920 45 4,493

201a CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

201b CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

201c CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

205c CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

200e CM - Desktop Computer Monitor LCD Monitor 40 11 440 45 1,030

114 CM - Desktop Computer Monitor LCD Monitor 40 4 160 45 374

110 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

104 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

105 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

106 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

107 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

108 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94108 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94
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168 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

137 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

127 CM - Desktop Computer Monitor LCD Monitor 40 4 160 45 374

131 CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

166 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

163 CM - Desktop Computer Monitor LCD Monitor 40 2 80 45 187

143 CM - Desktop Computer Monitor LCD Monitor 40 6 240 45 562

144 CM - Desktop Computer Monitor LCD Monitor 40 4 160 45 374

152 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

158 CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

162 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

Pic CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

File review library CM - Desktop Computer Monitor LCD Monitor 40 2 80 45 187

Pic 2 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

100w CM - Desktop Computer Monitor LCD Monitor 40 37 1,480 45 3,463

101w CM - Desktop Computer Monitor LCD Monitor 40 4 160 45 374

101e CM - Desktop Computer Monitor LCD Monitor 40 58 2,320 45 5,429

Lower level west CM - Desktop Computer Monitor LCD Monitor 40 42 1,680 45 3,931

Geological CM - Desktop Computer Monitor LCD Monitor 40 18 720 45 1,685

Drinking water/ ground water CM - Desktop Computer Monitor LCD Monitor 40 14 560 45 1,310

009e CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

Lower level west CM - Desktop Computer Monitor LCD Monitor 40 2 80 45 187

27 - 013 CM - Desktop Computer Monitor LCD Monitor 40 4 160 45 374

27 - 010 CM - Desktop Computer Monitor LCD Monitor 40 7 280 45 65527 - 010 CM - Desktop Computer Monitor LCD Monitor 40 7 280 45 655

27 - 015 CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

27 - 026 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

27 - 032 CM - Desktop Computer Monitor LCD Monitor 40 32 1,280 45 2,995

27 - 115 CM - Desktop Computer Monitor LCD Monitor 40 3 120 45 281

27 - 112 CM - Desktop Computer Monitor LCD Monitor 40 13 520 45 1,217

27 - 111 CM - Desktop Computer Monitor LCD Monitor 40 7 280 45 655

27 - 105 CM - Desktop Computer Monitor LCD Monitor 40 1 40 45 94

27 - 108 CM - Desktop Computer Monitor LCD Monitor 40 17 680 45 1,591

Cafeteria kitchen CM - Desktop Computer Monitor LCD Monitor 40 1 40 10 21

27 - 032 CN - Notebook Computer Laptop 45 12 540 45 1,264

355 CN - Notebook Computer Laptop 45 3 135 45 316

209c CN - Notebook Computer Laptop 45 3 135 45 316

200w CN - Notebook Computer Laptop 45 31 1,395 45 3,264

200e CN - Notebook Computer Laptop 45 6 270 45 632

101w CN - Notebook Computer Laptop 45 2 90 45 211

Lower level west CN - Notebook Computer Laptop 45 11 495 45 1,158

328 CN - Notebook Computer Laptop 45 1 45 45 105

346 CN - Notebook Computer Laptop 45 1 45 45 105

27 - 032 CN - Notebook Computer Mac 50 10 500 45 1,170

Main office EL - Electronics Radio 50 1 50 20 52

Main office EL - Electronics Security monitor 50 2 100 168 874

358 FN - Fan Fan 75 1 75 10 39

158 FN - Fan Fan 75 1 75 10 39

162 FN - Fan Fan 75 1 75 10 39162 FN - Fan Fan 75 1 75 10 39
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258 FN - Fan Fan 75 1 75 10 39

Cafeteria kitchen FN - Fan Floor fan 15 1 15 10 8

266 LE - Lab Equipment Air samplers 400 1 400 10 208

337 LE - Lab Equipment Auto clave 1,650 1 1,650 10 858

138 LE - Lab Equipment Auto clave 1,650 3 4,950 10 2,574

319 LE - Lab Equipment Autoclave 1,650 1 1,650 10 858

339 LE - Lab Equipment Autoclave 1,650 1 1,650 10 858

137a LE - Lab Equipment Di machine 120 1 120 10 62

168 LE - Lab Equipment Equipment 3,000 1 3,000 10 1,560

137 LE - Lab Equipment Equipment 3,000 1 3,000 10 1,560

138 LE - Lab Equipment Hot plate 1,300 1 1,300 10 676

137a LE - Lab Equipment Hot plate 1,300 1 1,300 10 676

127 LE - Lab Equipment Hot plate 1,300 1 1,300 10 676

101e LE - Lab Equipment Hot plate 1,300 1 1,300 10 676

118 LE - Lab Equipment Hot plate 1,300 1 1,300 10 676

166 LE - Lab Equipment Incubator 500 8 4,000 10 2,080

140 LE - Lab Equipment Incubator 500 3 1,500 10 780

161 LE - Lab Equipment Incubator 500 1 500 10 260

321 LE - Lab Equipment Isotemp basic 1,840 1 1,840 10 957

338 LE - Lab Equipment Microscope 450 4 1,800 10 936

Lower level west LE - Lab Equipment Microscope 450 4 1,800 10 936

304c OE - Office Equipment Shredder 200 1 200 4 42

258 OE - Office Equipment Shredder 200 1 200 4 42

115 OE - Office Equipment Shredder 200 1 200 4 42115 OE - Office Equipment Shredder 200 1 200 4 42

201b OE - Office Equipment Shredder 200 1 200 4 42

310 OT - Other (describe) Fish tank 150 1 150 168 1,310

200e OT - Other (describe) Plotter 1,200 1 1,200 5 312

303c OT - Other (describe) Plotter 1,200 1 1,200 5 312

27 - 109 OT - Other (describe) Plotter 1,200 1 1,200 5 312

302c PC - Photocopier Copier 1,440 1 1,440 10 749

301w PC - Photocopier Copier 1,440 2 2,880 10 1,498

300c PC - Photocopier Copier 1,440 2 2,880 10 1,498

258 PC - Photocopier Copier 1,440 1 1,440 10 749

200w PC - Photocopier Copier 1,440 1 1,440 10 749

200e PC - Photocopier Copier 1,440 1 1,440 10 749

File review library PC - Photocopier Copier 1,440 1 1,440 10 749

100w PC - Photocopier Copier 1,440 6 8,640 10 4,493

101e PC - Photocopier Copier 1,440 7 10,080 10 5,242

27 - 009 PC - Photocopier Copier 1,440 2 2,880 10 1,498

27 - Hall PC - Photocopier Copier 1,440 1 1,440 10 749

361 PC - Photocopier Copier 1,440 1 1,440 10 749

300 w PC - Photocopier Copier 1,440 4 5,760 10 2,995

158 PC - Photocopier Copier 1,440 1 1,440 10 749

Drinking water/ ground water PC - Photocopier Copier 1,440 3 4,320 10 2,246

Lower level west PC - Photocopier Copier 1,440 3 4,320 10 2,246

Corridor 3rd NS hazel addition PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

302c PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

152 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208152 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208
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303 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

336 PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

328 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

368 PR - Desktop Computer Printer Laser Jet Printer 500 7 3,500 8 1,456

342 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

355 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

303c PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

304c PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

300 w PR - Desktop Computer Printer Laser Jet Printer 500 6 3,000 8 1,248

300c PR - Desktop Computer Printer Laser Jet Printer 500 6 3,000 8 1,248

300e PR - Desktop Computer Printer Laser Jet Printer 500 19 9,500 8 3,952

213 PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

222 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

268 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

200w PR - Desktop Computer Printer Laser Jet Printer 500 8 4,000 8 1,664

200e PR - Desktop Computer Printer Laser Jet Printer 500 11 5,500 8 2,288

137 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

131 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

Lower level west PR - Desktop Computer Printer Laser Jet Printer 500 3 1,500 8 624

27 - 012 PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

361 PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

346 PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

306c PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

308c PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416308c PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

253 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

258 PR - Desktop Computer Printer Laser Jet Printer 500 3 1,500 8 624

209 PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

209c PR - Desktop Computer Printer Laser Jet Printer 500 3 1,500 8 624

116 PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

109 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

127 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

Main office PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

Pic PR - Desktop Computer Printer Laser Jet Printer 500 3 1,500 8 624

File review library PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

Geological PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

009e PR - Desktop Computer Printer Laser Jet Printer 500 2 1,000 8 416

Lower level west PR - Desktop Computer Printer Laser Jet Printer 500 5 2,500 8 1,040

27 - 012 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

27 - 032 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

27 - 110 PR - Desktop Computer Printer Laser Jet Printer 500 1 500 8 208

324 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

300c RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

300e RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

205c RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

127 RM - Mini Refrigerator Compact Refrigerator 150 3 450 75 1,755

131 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

B36 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

141 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585141 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585
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152 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

Main office RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

27 - 032 RM - Mini Refrigerator Compact Refrigerator 150 4 600 75 2,340

27 - 115 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

27 - 112 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

27 - 111 RM - Mini Refrigerator Compact Refrigerator 150 1 150 75 585

27 - 109 RM - Mini Refrigerator Compact Refrigerator 150 2 300 75 1,170

Cafeteria kitchen RM - Mini Refrigerator Mini fridge new 100 1 100 50 260

Cafeteria kitchen RM - Mini Refrigerator Mini display fridge 75 1 75 50 195

Corridor 3rd NS hazel addition RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

339 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

319 RS - Standard Refrigerator Full Refrigerator 360 8 2,880 50 7,488

366 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

342 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

Kitchen RS - Standard Refrigerator Full Refrigerator 360 2 720 50 1,872

300c RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

300e RS - Standard Refrigerator Full Refrigerator 360 2 720 50 1,872

213 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

228 RS - Standard Refrigerator Full Refrigerator 360 6 2,160 50 5,616

224 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

217 RS - Standard Refrigerator Full Refrigerator 360 5 1,800 50 4,680

243 RS - Standard Refrigerator Full Refrigerator 360 2 720 50 1,872

237 RS - Standard Refrigerator Full Refrigerator 360 3 1,080 50 2,808

200w kitchen RS - Standard Refrigerator Full Refrigerator 360 2 720 50 1,872200w kitchen RS - Standard Refrigerator Full Refrigerator 360 2 720 50 1,872

117 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

111 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

112 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

122 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

137 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

127 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

131 RS - Standard Refrigerator Full Refrigerator 360 6 2,160 50 5,616

161 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

153 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

100w RS - Standard Refrigerator Full Refrigerator 360 2 720 50 1,872

101e RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

Lower level west RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

27 - 07 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

27 - 118 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

328 RS - Standard Refrigerator Full Refrigerator 360 2 720 50 1,872

267 RS - Standard Refrigerator Full Refrigerator 360 4 1,440 50 3,744

264 RS - Standard Refrigerator Full Refrigerator 360 4 1,440 50 3,744

163 RS - Standard Refrigerator Full Refrigerator 360 2 720 50 1,872

Vaccine room RS - Standard Refrigerator Full Refrigerator 360 8 2,880 50 7,488

162 RS - Standard Refrigerator Full Refrigerator 360 1 360 50 936

27 - Server room SE - Server Equipment Racks 500 23 11,500 120 71,760

353 SE - Server Equipment Server 500 1 500 120 3,120

110 SE - Server Equipment Server 500 1 500 120 3,120

311 server room SE - Server Equipment Server 500 1 500 120 3,120311 server room SE - Server Equipment Server 500 1 500 120 3,120
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211 SE - Server Equipment Server 500 1 500 120 3,120

27 - 026 SE - Server Equipment Server 500 1 500 120 3,120

251 SE - Server Equipment Server equipment 500 1 500 120 3,120

317 TV - Television Tv 75 1 75 3 12

101w TV - Television Tv 75 1 75 3 12

216 VE - Video Equipt/Projector Projector 240 1 240 3 37

27 - 118 VM - Vending Machine Vending machine 1,080 2 2,160 40 4,493

3 core corridor VM - Vending Machine Vending machine 1,080 1 1,080 40 2,246

Cafeteria VM - Vending Machine Vending machine 1,080 7 7,560 40 15,725

300w VM - Vending Machine Vending machine 1,080 1 1,080 40 2,246

300c WB - Water Bubbler Water Cooler 540 1 540 40 1,123

209 WB - Water Bubbler Water cooler 540 1 540 40 1,123

200w kitchen WB - Water Bubbler Water cooler 540 1 540 40 1,123

200e WB - Water Bubbler Water cooler 540 2 1,080 40 2,246

27 - 032 WB - Water Bubbler Water Cooler 540 1 540 40 1,123

27 - 110 WB - Water Bubbler Water Cooler 540 1 540 40 1,123

304 WB - Water Bubbler Water cooler 540 1 540 40 1,123

Kitchen WB - Water Bubbler Water cooler 540 1 540 40 1,123

300e WB - Water Bubbler Water cooler 540 1 540 40 1,123

100w WB - Water Bubbler Water cooler 540 1 540 40 1,123

27 - Hall WF - Water Fountain Water Fountain 300 1 300 40 624

Totals 446,307 664,845
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 Project/Run:  H&HS - Baseline Design  Run Date/Time:  06/11/12 @ 11:47 PM

 eQUEST 3.64.7130  Monthly Energy Consumption by Enduse  Page 1
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 Gas Consumption (Btu) 
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Misc. Equipment

Exterior Usage

Pumps & Aux.

Ventilation Fans

Water Heating

Ht Pump Supp.

Space Heating

Refrigeration

Heat Rejection

Space Cooling

Electric Consumption (kWh 1x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

 Space Cool 0.22 0.20 0.22 0.25 0.34 0.42 0.57 0.47 0.32 0.25 0.22 0.20 3.69

 Heat Reject. 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.02 0.01 0.00 0.00 0.00 0.12

 Refrigeration 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.06

 Space Heat - - - - - - - - - - - - - 

 HP Supp. - - - - - - - - - - - - - 

 Hot Water - - - - - - - - - - - - - 

 Vent. Fans 0.39 0.36 0.40 0.37 0.38 0.37 0.39 0.39 0.35 0.36 0.36 0.39 4.50

 Pumps & Aux. 0.14 0.12 0.14 0.13 0.13 0.12 0.13 0.13 0.12 0.13 0.13 0.14 1.54

 Ext. Usage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

 Misc. Equip. 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.05 0.06 0.05 0.05 0.67

 Task Lights - - - - - - - - - - - - - 

 Area Lights 0.04 0.04 0.05 0.04 0.05 0.05 0.04 0.05 0.04 0.05 0.04 0.04 0.54

 Total 0.86 0.78 0.87 0.85 0.97 1.04 1.23 1.12 0.91 0.85 0.82 0.83 11.12

Gas Consumption (Btu 1x000,000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

 Space Cool - - - - - - - - - - - - - 

 Heat Reject. - - - - - - - - - - - - - 

 Refrigeration - - - - - - - - - - - - - 

 Space Heat 7.28 6.41 5.18 3.32 2.46 1.86 1.48 1.03 1.13 2.91 3.84 5.52 42.45

 HP Supp. - - - - - - - - - - - - - 

 Hot Water 0.23 0.23 0.27 0.24 0.24 0.22 0.19 0.20 0.18 0.19 0.20 0.22 2.60

 Vent. Fans - - - - - - - - - - - - - 

 Pumps & Aux. - - - - - - - - - - - - - 

 Ext. Usage - - - - - - - - - - - - - 

 Misc. Equip. - - - - - - - - - - - - - 

 Task Lights - - - - - - - - - - - - - 

 Area Lights - - - - - - - - - - - - - 

 Total 7.52 6.64 5.45 3.56 2.70 2.08 1.67 1.23 1.31 3.11 4.04 5.74 45.04



 Project/Run:  H&HS Chiller Replacement  Run Date/Time:  06/12/12 @ 12:10 PM

 eQUEST 3.64.7130  Monthly Energy Consumption by Enduse  Page 1
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Ventilation Fans

Water Heating

Ht Pump Supp.

Space Heating
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Heat Rejection

Space Cooling

Electric Consumption (kWh 1x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

 Space Cool 0.20 0.18 0.16 0.17 0.25 0.34 0.47 0.37 0.26 0.19 0.20 0.20 3.00

 Heat Reject. 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.02 0.01 0.00 0.00 0.00 0.11

 Refrigeration 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.06

 Space Heat - - - - - - - - - - - - - 

 HP Supp. - - - - - - - - - - - - - 

 Hot Water - - - - - - - - - - - - - 

 Vent. Fans 0.39 0.36 0.40 0.37 0.38 0.37 0.39 0.39 0.35 0.36 0.36 0.39 4.50

 Pumps & Aux. 0.14 0.12 0.13 0.13 0.13 0.12 0.13 0.13 0.12 0.13 0.13 0.14 1.53

 Ext. Usage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

 Misc. Equip. 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.05 0.06 0.05 0.05 0.67

 Task Lights - - - - - - - - - - - - - 

 Area Lights 0.04 0.04 0.05 0.04 0.05 0.05 0.04 0.05 0.04 0.05 0.04 0.04 0.54

 Total 0.83 0.76 0.81 0.77 0.88 0.96 1.12 1.02 0.84 0.80 0.80 0.83 10.42

Gas Consumption (Btu 1x000,000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

 Space Cool - - - - - - - - - - - - - 

 Heat Reject. - - - - - - - - - - - - - 

 Refrigeration - - - - - - - - - - - - - 

 Space Heat 7.28 6.41 5.18 3.32 2.46 1.86 1.48 1.03 1.13 2.91 3.84 5.52 42.45

 HP Supp. - - - - - - - - - - - - - 

 Hot Water 0.23 0.23 0.27 0.24 0.24 0.22 0.19 0.20 0.18 0.19 0.20 0.22 2.60

 Vent. Fans - - - - - - - - - - - - - 

 Pumps & Aux. - - - - - - - - - - - - - 

 Ext. Usage - - - - - - - - - - - - - 

 Misc. Equip. - - - - - - - - - - - - - 

 Task Lights - - - - - - - - - - - - - 

 Area Lights - - - - - - - - - - - - - 

 Total 7.52 6.64 5.45 3.56 2.70 2.08 1.67 1.23 1.31 3.11 4.04 5.74 45.04



 Project/Run:  HHS Replace Air Houses  Run Date/Time:  06/12/12 @ 1:02 PM

 eQUEST 3.64.7130  Monthly Energy Consumption by Enduse  Page 1
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Area Lighting
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Exterior Usage

Pumps & Aux.

Ventilation Fans

Water Heating

Ht Pump Supp.

Space Heating

Refrigeration

Heat Rejection

Space Cooling

Electric Consumption (kWh 1x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

 Space Cool 0.21 0.19 0.21 0.23 0.32 0.38 0.52 0.43 0.29 0.24 0.21 0.20 3.44

 Heat Reject. 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.02 0.01 0.00 0.00 0.00 0.11

 Refrigeration 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.06

 Space Heat - - - - - - - - - - - - - 

 HP Supp. - - - - - - - - - - - - - 

 Hot Water - - - - - - - - - - - - - 

 Vent. Fans 0.35 0.32 0.35 0.33 0.33 0.31 0.32 0.33 0.29 0.32 0.32 0.35 3.92

 Pumps & Aux. 0.13 0.12 0.13 0.12 0.12 0.11 0.12 0.11 0.11 0.12 0.13 0.13 1.46

 Ext. Usage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

 Misc. Equip. 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.05 0.06 0.05 0.05 0.67

 Task Lights - - - - - - - - - - - - - 

 Area Lights 0.04 0.04 0.05 0.04 0.05 0.05 0.04 0.05 0.04 0.05 0.04 0.04 0.54

 Total 0.80 0.73 0.81 0.79 0.89 0.93 1.10 1.00 0.81 0.79 0.77 0.78 10.20

Gas Consumption (Btu 1x000,000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

 Space Cool - - - - - - - - - - - - - 

 Heat Reject. - - - - - - - - - - - - - 

 Refrigeration - - - - - - - - - - - - - 

 Space Heat 7.08 6.29 5.19 3.31 2.41 1.69 1.29 0.90 1.06 2.86 3.82 5.50 41.40

 HP Supp. - - - - - - - - - - - - - 

 Hot Water 0.23 0.23 0.27 0.24 0.24 0.22 0.19 0.20 0.18 0.19 0.20 0.22 2.60

 Vent. Fans - - - - - - - - - - - - - 

 Pumps & Aux. - - - - - - - - - - - - - 

 Ext. Usage - - - - - - - - - - - - - 

 Misc. Equip. - - - - - - - - - - - - - 

 Task Lights - - - - - - - - - - - - - 

 Area Lights - - - - - - - - - - - - - 

 Total 7.32 6.52 5.46 3.54 2.64 1.91 1.48 1.10 1.24 3.06 4.01 5.72 44.00



 Project/Run:  H&HS - Boiler Replacement  Run Date/Time:  06/11/12 @ 11:47 PM

 eQUEST 3.64.7130  Monthly Energy Consumption by Enduse  Page 1
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Water Heating

Ht Pump Supp.

Space Heating

Refrigeration

Heat Rejection

Space Cooling

Electric Consumption (kWh 1x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

 Space Cool 0.22 0.20 0.22 0.25 0.34 0.42 0.57 0.47 0.32 0.25 0.22 0.20 3.69

 Heat Reject. 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.02 0.01 0.00 0.00 0.00 0.12

 Refrigeration 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.06

 Space Heat - - - - - - - - - - - - - 

 HP Supp. - - - - - - - - - - - - - 

 Hot Water - - - - - - - - - - - - - 

 Vent. Fans 0.39 0.36 0.40 0.37 0.38 0.37 0.39 0.39 0.35 0.36 0.36 0.39 4.50

 Pumps & Aux. 0.14 0.12 0.14 0.13 0.13 0.12 0.13 0.13 0.12 0.13 0.13 0.14 1.54

 Ext. Usage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

 Misc. Equip. 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.05 0.06 0.05 0.05 0.67

 Task Lights - - - - - - - - - - - - - 

 Area Lights 0.04 0.04 0.05 0.04 0.05 0.05 0.04 0.05 0.04 0.05 0.04 0.04 0.54

 Total 0.86 0.78 0.87 0.85 0.97 1.04 1.23 1.12 0.91 0.85 0.82 0.83 11.12

Gas Consumption (Btu 1x000,000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

 Space Cool - - - - - - - - - - - - - 

 Heat Reject. - - - - - - - - - - - - - 

 Refrigeration - - - - - - - - - - - - - 

 Space Heat 5.74 5.04 3.93 2.48 1.84 1.39 1.11 0.77 0.85 2.17 2.88 4.21 32.40

 HP Supp. - - - - - - - - - - - - - 

 Hot Water 0.23 0.23 0.27 0.24 0.24 0.22 0.19 0.20 0.18 0.19 0.20 0.22 2.60

 Vent. Fans - - - - - - - - - - - - - 

 Pumps & Aux. - - - - - - - - - - - - - 

 Ext. Usage - - - - - - - - - - - - - 

 Misc. Equip. - - - - - - - - - - - - - 

 Task Lights - - - - - - - - - - - - - 

 Area Lights - - - - - - - - - - - - - 

 Total 5.97 5.27 4.20 2.72 2.07 1.61 1.30 0.97 1.03 2.37 3.08 4.43 35.00
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Facility: Location: Date:

Department of Human Health & Services Concord, NH 04/03/2012

Location Manufacture Model KVA % Impedance H.V. L.V.

Central Penthouse / T-3 Siemens 15 6.25%

Central Penthouse / T-3 Sylvania 15 6.25% 480 208

Third Fl West Wing / T-5 Sylvania 112.5 5.20% 480 208

Third Fl West Wing / T3W2 Square D 75 5.20% 480 208

Third Fl East Wing / T12 Sylvania 112.5 5.20% 480 208

Third Fl East Wing / T12A Square D 112.5 7.30% 480 208

2nd Fl West Wing / T6 Sylvania 112.5 5.20% 480 208

2nd Fl West Wing / T2 Cutler-Hammer 75 3.66% 480 208

2nd Fl East Wing / T20 Square D 30 480 208

2nd Fl East Wing / T11 Sylvania 112.5 5.20% 480 208

1st fl West / T7 Sylvania 112.5 5.20% 480 208

1st fl West / T1 Cutler-Hammer 75 3.66% 480 208

1st fl East / T10 Sylvania 112.5 5.20% 480 208

Basement Mech Rm / T1 Siemens 300 4.30% 480 208

Basement Mech Rm / T2 Siemens 150 3.14% 480 208

Basement Mech Rm / T4 Siemens 300 4.30% 480 208

Basement Mech Rm / T4 Siemens 300 4.30% 480 208

B21 Siemens 5

LL East / T9 Sylvania 75 4.12% 480 208

Bldg 27 Mech / T1 Sylvania 75 4.12% 480 208

Boiler Rm / T1 Siemens 500 4.40% 480 208

Boiler Rm / T2 Siemens 150 3.14% 480 208

B21 Marcus (ENERGY STAR) 15 1.80% 480 208

LL West / T8 Sylvania 75 4.12% 480 208

LL West / T8A Square D 75 5.20% 480 208

Bldg 27 Mech Sylvania 150 5.00% 480 208

Bldg 27 Mech / T9 Acme 75 3.8 480 208

Bldg 27 Mech Square D 45 5.80% 480 208

Bldg 27 Mech Square D 45 6.60% 480 208

Bldg 27 Mech Sylvania 37.5 4.00% 480 208

TRANSFORMER INVENTORY



 
 
 
 
 

Attachment 9 
Cost Estimates  
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Install pressure controlled VFD motor controllers on Strobic fans. 
Single VFD for each zone bank of fans (3). 8,800$                   5,550$                   10,478$                  $80,328 $58,200 1.4 20 14.5          
Install CO2 demand controls on exchange air ventilation systems (non-
labs) and integrate with DDC system. Optimize control setpoints based 
on occupancy loading and space function.

6,500$                   10,130$                 17,690$                  $135,620
$54,000 2.5 15 6.0            

Install energy management system. Add submeters to the facility and 
energy intensive equipment (ie, Strobic fans).  Network meters to 
internet based software program.

7,200$                   22,000$                 37,380$                  $286,580
$81,000 3.5 20 5.7            

Remove two old chiller units. Replace with one VFD controlled unit for 
primary use and one non-VFD controlled secondary unit to run in 
parallel after cooling capacity reached on VFD controlled unit.

17,200$                 14,460$                 26,439$                  $202,699
$53,200 3.8 20 5.2            

Increase roof insulation to R-40 (6" polyisocyanurate rigid insulation). 
Complete as part of a scheduled roof replacement project (investment 
is for additional R-20 above code standard).

500$                      14,000$                 23,175$                  $177,675
$36,780 4.8 25 5.2            

Retro-commission and optimize exchange air ventilation systems 
(complete after the engineering study). Complete testing and 
balancing using the design ventilation rates determined by the study.

7,500$                   14,600$                 25,215$                  $193,315
$62,000 3.1 15 4.8            

Replace one of the old Cleaver Brooks boilers with two smaller high-
efficiency modulating boiler units. 15,000$                 40,000$                 68,250$                  $523,250 $96,500 5.4 25 4.6            
Insulate penthouse walls and roof-decks (from interior) with 4-inches of 
closed-cell polyurethane spray-foam insulation (R-30). 1,500$                   7,600$                   12,765$                  $97,865 $18,000 5.4 20 3.7            
Replace all electrical transformers older than 15 years with high 
efficiency units. 2,500$                   13,650$                 22,898$                  $175,548 $21,600 8.1 20 2.5            
Replace conventional ceiling recessed supply air vents with lateral 
diffusers to reduce nuisance drafts and blocking of vents by occupants. 500$                      1,640$                   2,781$                    $21,321

$1,850 11.5 20 1.7            
Install DDC controls on remaining pneumatically controlled mechanical 
equipment. 3,700$                   10,740$                 18,276$                  $140,116 $14,000 10.0 15 1.5            
Replace old air conditioning unit on the roof with a new high efficiency 
model (EER>15) with economizer. 750$                      2,320$                   3,941$                    $30,211 $2,800 10.8 15 1.4            
Install pressure actuated dampers on all exhaust fans. Place units on 
time schedule controllers to limit run time consistent with occupancy 
schedule.

500$                      7,500$                   12,450$                  $95,450
$6,300 15.2 20 1.3            

Replace walk-in freezer & refrigerator condenser units with high 
efficiency units (EER>14). 500$                      1,250$                   2,138$                    $16,388 $1,100 14.9 15 1.0            
Replace 119 gallon electric hot water heater in 27 Hazen section with 
tankless demand electric unit. 500$                      295$                      562$                       $4,307 $215 20.0 20 1.0            
Complete an engineering study of all exchange air ventilation systems. 
Establish design ventilation rates (ASHRAE 62.1) for testing and 
balancing in non-2002 building areas.  Verify the ventilation 
requirements in each 2002 laboratory space based on current use (per 
CDC) and determine design flow rates. 

84,000$                 -$                       12,600$                  $96,600

$0 #DIV/0! 20 -            

Total 
InvestmentEEM Design + 

Engineering
Construction 
Management 
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Project Summary: Energy Efficiency Measures at Cannon 
Mountain 

Technology Evaluated: Energy Efficiency 
Measures 

Site: Cannon Mountain, Franconia Notch 
State Park  

Location: Franconia, NH 

Agency: NH Department of Resources and 
Economic Development  

Project Team: Acadia Engineers & 
Constructors 

Project is Technically Feasible? Yes 

Project is Economically Feasible? Yes 

Recommended for Implementation? No 

Cannon Mountain is a ski and tourist resort located within the Franconia Notch State Park in 
Grafton County, New Hampshire.  The mountain and facilities are owned and operated by the 
State of New Hampshire through the Department of Resources and Economic Development (DRED). 
Under contract to Tighe & Bond as part of the overall NH OEP RE and DG Feasibility Study, 
Acadia Engineers & Constructors (AEC) was tasked to perform an energy audit on Cannon 
Mountain facilities to identify energy efficiency measures that would yield the most significant 
impact upon implementation. 

 

An energy audit was performed on the facility that involved evaluating utility bills, 
benchmarking, reviewing  available  building  and  mechanical  plans  and  coordinating  site  
reviews  with  facility managers. Following review of available data a comprehensive and holistic 
facility evaluation was performed to gather observe the facility operations and collect data on 
construction assemblies and building systems.  All facility systems that impact energy consumption 
were evaluated including the building envelope, heating and cooling, ventilation, electrical, lighting, 
plumbing, and mechanical.  Data collection, including an infra-red thermal imaging survey, indoor 
air quality measurements, and lighting density measurements also occurred during the field 
evaluation.  A summary of the findings and observations of the energy audit are summarized below: 

 The facilities maintenance and operations personnel possess a competent technical 
understanding of facility systems and are committed to reducing energy consumption facility-
wide.  They recognize the need to replace much of the dated equipment with modern energy 
efficient equipment however they are constrained within a modest budget.  

 The northern section of the Park is metered though a single electrical meter that is owned by 
the utility company (PSNH). There are three additional meters for the Peabody traffic signal, 
the Peabody trash compactor, and the Peabody wastewater treatment plant.  Underground 
lines extend from the electrical meter in Parking Lot A to the Lafayette Campground, an 
approximate distance of three and a half  miles.  Energy losses within the dated campus 
distribution system are expected to be substantial.  Assessing the efficiency of the 
distribution system and identifying issues requires either event-based metering or installing 
permanent submeters at each facility. 

 The majority of heating systems are controlled by non-programmable manual thermostats.  
Access to thermostats is unrestricted and employees and patrons have access to the 
thermostat settings. Observed thermostat heating set points typically exceed the 
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recommended value for the space.  Zone control of heating systems is inadequate resulting 
in inefficient distribution of heat.  Windows and doors were observed to be open in some 
buildings (March) where indoor temperatures where uncomfortably high. 

 A large electrical distribution system supplies power to FNSP with limited submeters.  
Historical electrical usage for the facilities is not available. 

 Snowmaking and ski lift equipment are energy intensive.  These operations account for a 
large portion of the electrical energy consumption.  

 Most building envelopes have not been substantially improved since they were constructed.  
None of the buildings comply with current energy conservation code standards for envelope 
insulation (IECC).  Inadequate insulation requires overheating of some spaces to maintain 
setpoint temperatures and to minimize the potential of freezing pipes. 

 Lighting fixtures are dated and inefficient relative to modern standards.  Measured interior 
lighting densities generally exceed recommended standards.  Installing modern lighting 
fixtures and improving the control of lighting would substantially reduce energy 
consumption.     

 
Based on the observations and measurements obtained during the evaluation of the building, several 
energy conservation measures (EEMs) are proposed for consideration.  These recommendations are 
grouped into three tiers based on the cost and effort required to implement the EEM.  Tier I EEMs are 
measures that can be quickly implemented with little effort for no or little cost.  Tier II items generally 
require contracted tradesmen to complete but can generally be implemented at low cost and within 
operating building maintenance budgets.  EEMs that require large capital expenditure and budgetary 
planning (one year or greater) are categorized as Tier III measures. The Capital Cost, Annual Cost, 
Payback Period, and Savings to Investment Ratio are provided for each proposed EEM.  Please see 
Table 6-1 in Section 6 for a summary table of the recommended EEM measures.  
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Section 6    
Cannon Mountain Facility Audit Report 

6.1 Program Introduction 
The New Hampshire Office of Energy and 
Planning (NHOEP) commissioned a study to 
identify measures that reduce energy 
consumption at State-owned facilities by 10%.  
Through a competitive procurement process, 
Tighe & Bond was selected to complete the 
feasibility study. Tighe & Bond teamed with 
Acadia Engineers and Constructors (AEC) to 
evaluate energy efficiency measures.   

Following a rigorous review and screening of all 
state-owned facilities, the Cannon Mountain Ski 
Area located within the Franconia Notch State 
Park in Grafton County, New Hampshire was 
selected for evaluation of energy efficiency 
measures. Several characteristics were 
considered in the selection of Cannon Mountain 
Ski Area most notably: 1) facility size; 2) 
energy consumption; and, 3) the potential for 
energy efficiency measures.  A comprehensive and holistic engineering evaluation of the 
Cannon facility commenced in March 2012 and was completed in June 2012. 

Phase I of the evaluation process involved site assessment planning including evaluating 
utility bills, benchmarking, reviewing available building and mechanical plans, and 
coordinating site reviews with facility managers. Phase II involved a comprehensive and 
holistic facility evaluation to gather relevant information and data.  Analyzing the data 
and developing recommendations for energy efficiency measures was completed in 
Phase III. This information is presented to the State within this report. 

Based upon the desktop review and input from facility personnel, specific facilities in the 
park were selected for a detailed review such as the base lodges, snowmaking facilities, 
tram facilities, and the equipment sheds.  It is noted that only Cannon Mountain Ski 
Area facilities were evaluated and that other facilities located within the Franconia Notch 
State Park were not considered as part of this Study.  These facilities include the Flume 
Gorge Visitor Center, the Lafayette Campground (which includes a large lodge and 
several bathhouses), the Echo Lake Beach area, and the Cannon recreational vehicle 
campground.  The recommendations provided herein for the Cannon Mountain facilities 
may be indicative of conditions at other facilities within the Park. 

6.1.1 Objective 
The objective of the facility evaluation completed at the Cannon Mountain Ski Area 
(Figure 6-1) was to identify feasible measures that reduce the net energy consumption 
thereby reducing operating costs, the consumption of non-renewable fossil fuel energies 
and carbon dioxide equivalent (CO2e) emissions. The feasibility evaluation and 
information presented within this report is not intended to provide design and 

FIGURE 6-1 
Cannon Mountain Ski Area within 
Franconia Notch State Park, NH 
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engineering for any recommended measures. The intent of this Study is to evaluate 
energy intensive systems and to identify energy efficiency measures. In addition to 
energy conservation, the evaluations and recommendations presented herein consider 
occupant comfort and holistic building performance consistent with its intended use and 
function.  The information obtained as part of this evaluation has been used to develop 
recommended Energy Efficiency Measures (EEMs).  These EEMs provide the basis for 
future building improvements and modifying the manner in which the facility systems 
are operated. 

6.1.2 Procedures 
Facility audits or evaluations identify all appropriate EEMs and provide a financial 
analysis that considers implementation costs, operating costs, and attainable savings.  
The objective of this project was to identify the estimated energy savings, the estimated 
cost of the measure, and the estimated payback period for each EEM.  The evaluation 
also identified any changes to operations and maintenance procedures that will reduce 
energy consumption. A comprehensive field survey of the facility was completed to 
evaluate the following: 

• Building Characteristics 

• Building Use and Function  

• Envelope Systems 

• Heating and Cooling Systems 

• Ventilation Systems 

• Electrical and Lighting Systems 

• Domestic Hot Water Systems 

• Plug Loads 

Following completion of the field evaluation, the 
data and information were reviewed to develop 
proposed recommendations for the facility.  All 
information, data, and recommendations were 
then compiled into a comprehensive report.  
The final report containing EEM implementation 
and budgeting recommendations was then 
distributed to the New Hampshire Office of 
Energy and Planning (OEP) and the Department 
of Resource and Economic Development 
(DRED).  The information provided in the 
reports will assist the owner in determining the 
best value EEMs for their facilities.   

Between March 22nd and 23rd, 2012, AEC 
personnel completed site surveys at the Cannon 
Mountain Ski Area within the Franconia Notch State Park (FNSP) to obtain the 
information necessary to complete an assessment of overall facility performance. Facility 
personnel from DRED escorted AEC throughout the facilities and provided systems 
information (Figure 6-2). All facility systems that impact energy consumption were 
evaluated including the building envelope, heating and cooling, ventilation, electrical, 
lighting, plumbing, and mechanical.  This evaluation also considered whole facility 

FIGURE 6-2 
AEC and DRED Personnel  

(March 2012) 
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performance that measures how well the integrated building systems within the Facility 
function as a composite system.  All Facility data and observations are based on industry 
codes and current best-practice measures. A more rigorous engineering investigation 
and design is required for many of the recommended improvements provided herein. 

AEC completed a desktop review of the data provided by the State including historical 
energy consumption data. The field review included an evaluation of all building systems 
and data collection including an infra-red thermal imaging survey, indoor air quality 
measurements, and lighting density measurements.   

Investment costs for each EEM were estimated, and based upon the estimated cost 
savings associated with the energy efficiency measure, the payback term was 
calculated.  Utility rebate and incentive programs are not included in the capital costs, 
therefore a lower capital cost than those stated may be achievable.  A savings to 
investment ratio (SIR) for each EEM was then calculated based on the cost of 
implementation, the estimated energy cost savings, and the estimated service life of the 
equipment.  Incremental operation and maintenance (O&M) costs were not estimated or 
incorporated into the cost analysis.  It is noted that O&M costs are difficult to accurately 
predict over the expected service life of recommended equipment and/or systems. 

6.1.3 Summary of Findings 
The following significant findings are presented for the Cannon Mountain Ski Area and 
Franconia Notch State Park: 

• Thirteen discrete buildings were analyzed within the facility campus:  

o Tram Valley Station 

o Park Headquarters 

o Ernie’s Haus 

o Notchview Base Lodge 

o Brookside Learning Center 

o Peabody Base Lodge 

o Summit Lodge 

o Maintenance Garage 

o Snow Making Garages 

o Well House 

o Viper Power Station 

o Lift Huts (multiple)  

o Summit Communication Building 

• A large electrical distribution system supplies power to FNSP with limited 
submeters.  Historical electrical usage for the facilities is not available. 

• Snowmaking and ski lift equipment are energy intensive.  These operations 
account for a large portion of the electrical energy consumption.    

• Food service operations in the lodges are contracted to a private service vendor.   

• Heating is provided to many of the buildings by electrical heating units. 
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• Many of the mechanical systems have exceeded their expected service life and 
can be replaced with more energy efficient equipment. 

• Mountain operations and Park operations are funded solely through revenue 
earned from the Cannon Mountain Ski Area operations and the NH State Park 
System.  Net surplus of revenue over expense in FY13 (up to $650K) will be 
allocated to the Division of Parks & Recreation to offset Division deficit.   

6.1.4 Notable Observations 
The following notable observations were made 
during the desktop data review and/or the 
building evaluation.  Notable observations may 
be related to best-practice measures, data that 
is outside the normal or expected range, 
irregularities in building use or function, or 
problematic systems.   

• The facilities maintenance and operations 
personnel possess a competent technical 
understanding of facility systems and are 
committed to reducing energy 
consumption facility-wide.  They 
recognize the need to replace much of 
the dated equipment with modern energy 
efficient equipment however they are 
constrained within a modest budget.  

• The northern section of the Park is metered though a single electrical meter that 
is owned by the utility company (PSNH). There are three additional meters for 
the Peabody traffic signal, the Peabody trash compactor, and the Peabody 
wastewater treatment plant.  Underground lines extend from the electrical meter 
in Parking Lot A to the Lafayette Campground, an approximate distance of three 
and a half  miles.  Energy losses within the dated campus distribution system are 
expected to be substantial.  Assessing the efficiency of the distribution system 
and identifying issues requires either event-based metering or installing 
permanent submeters at each facility. 

• The original Ski Area was constructed in 1938.  The multiple buildings were 
constructed as operations expanded.  Several building additions and renovations 
have occurred including the most recent addition and renovation of the Brookside 
Learning Center.  Limited funds have been allocated toward energy efficiency 
improvements.   

• Most building envelopes have not been substantially improved since they were 
constructed.  None of the buildings comply with current energy conservation code 
standards for envelope insulation (IECC).  Inadequate insulation requires 
overheating of some spaces to maintain setpoint temperatures and to minimize 
the potential of freezing pipes. 

• Lighting fixtures are dated and inefficient relative to modern standards.  
Measured interior lighting densities generally exceed recommended standards.  
Installing modern lighting fixtures and improving the control of lighting would 
substantially reduce energy consumption.   

• The majority of heating systems are controlled by non-programmable manual 
thermostats.  Access to thermostats is unrestricted and employees and patrons 

FIGURE 6-3 
Ernie’s Haus 
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have access to the thermostat settings. Observed thermostat heating set points 
typically exceed the recommended value for the space.  Zone control of heating 
systems is inadequate resulting in inefficient distribution of heat.  Windows and 
doors were observed to be open in some buildings (March) where indoor 
temperatures where uncomfortably high.  

6.1.5 Summary of Recommendations 
Following is a summary table identifying the proposed recommendations, EEM 
investment costs, annual energy cost savings, simple payback period and savings to 
investment estimated ratio (SIR).  Section 6.5 provides a more detailed explanation of 
these recommendations. 

The energy cost savings and resulting payback are based upon each independent 
measure implemented for the building in its current condition and function.  There are 
interdependencies among measures that will affect the net composite energy savings.  
Interdependent measures are functionally related therefore the net energy savings from 
two dependent measures do not equal the summed value of the two measures when 
considered independent of each other. Investment costs are provided for budgetary 
planning only.  They are estimated based on current industry pricing.  A detailed cost 
estimate should be developed prior to appropriating capital funds for the more costly 
measures.   
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TABLE 6-1 
Cannon Mountain Recommended EEM Measures 

EEM 
No. EEM Description 

Installed 
Cost 

Annual 
Cost 

Savings 
Payback 

(yrs) SIR 

T1-1 Consolidate all commercial 
refrigerator and freezer units for 
food service.  Eliminate 
unnecessary equipment including 
freezer chests and consolidate in 
walk-in units. 

$0 $2,800 - - 

T1-2 Implement ongoing sustainability 
and energy conservation 
awareness training for the food 
service contractor employees. 

$0 $12,000 - - 

T1-3 Power down electric devices when 
not in use. Consolidate printers 
and old computer equipment and 
remove from the building. Install 
time clocks on Arcade systems 
and ATMs in Peabody Base Lodge 
and Tram Valley Station 

$85 $1,200 - - 

T1-4 Replace all manual thermostats 
with tamperproof programmable 
thermostats. 

$1001 $2501 0.4 17.5 

T1-5 Install smart-strip time 
programmable controllers on 
photocopiers (2). 

$100 $70 1.4 4.9 

T1-6 Install eCube® thermostat 
controllers in walk-in refrigerators 
(3) and freezer (4) units. 

$6501 $3201 2.0 4.9 

T1-7 Install low-flow aerators on all 
faucets to reduce cold and 
domestic hot water consumption. 

$600 $250 2.4 4.2 

T1-8 Install destratification fans in 
Peabody Base Lodge, Notchview 
Lodge, and the Maintenance 
Garage. Remove or de-energize 
all ceiling fan fixtures. 

$9,800 $3,800 2.6 5.8 

T1-9 Complete air-sealing on all entry 
door jambs, partings, headers, 
thresholds, and moldings (interior 
and exterior). Seal all envelope 
penetrations and gaps. 

$3,800 $1,400 2.7 1.8 

T1-10 Remove all old refrigerators. 
Consolidate refrigerators with 
fewer ENERGY STAR® rated 
efficient units. 

$5001 $1801 2.7 18.0 
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Cannon Mountain Recommended EEM Measures 

EEM 
No. EEM Description 

Installed 
Cost 

Annual 
Cost 

Savings 
Payback 

(yrs) SIR 

T1-11 Install additional interior lighting 
controllers to reduce lighting 
density and runtime 
(photosensors, dimming controls, 
motion sensors, timers). 

$1,600 $550 2.9 2.4 

T1-12 Complete an Engineering Study of 
the existing electrical distribution 
system (coordinate with PSNH).  
Identify energy losses, faulty 
equipment, and code compliance 
issues. Present recommendations 
for improving grid infrastructure 
including submetering. 

$15,000 $0 - - 

T2-1 Install ERUs on all exhaust fans 
(lavatories, kitchens). 

$1,0001 $8501 1.2 12.8 

T2-2 Replace domestic hot water units 
with propane-fired or electric 
tankless demand units. Insulate 
all DHW piping 

$1,2001 $6501 1.8 6.5 

T2-3 Replace Peabody Traffic Single 
Light with Solar Powered unit 

$1,200 $450 2.6 5.6 

T2-4 Replace walk-in freezer & 
refrigerator condenser units with 
high efficiency units (EER>14).  

$1,250 $300 4.1 2.4 

T2-5 Inventory and analyze all food 
preparation/service equipment. 
Replace inefficient equipment with 
new efficient units.  Control 
operating frequency based on 
use. 

$30,000 $3,000 10.0 1.5 

T2-6 Install low-flow flushometers on 
all urinals and toilets. Other 
options include waterless urinal 
and dual-flush toilets. 

$12,500 $850 14.7 1.4 

T2-7 Complete an interior lighting 
retrofit project. Replace T-12 
fixtures with low-wattage T-8/T-
5/LED fixtures. Balance 
illumination densities to IESNA 
standards. 

$250,000 $16,000 15.6 0.6 

T3-1 Replace all electrical transformers 
older than 15 years with high 
efficiency units.  

$350,000 $90,000 3.8 5.1 
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TABLE 6-1 
Cannon Mountain Recommended EEM Measures 

EEM 
No. EEM Description 

Installed 
Cost 

Annual 
Cost 

Savings 
Payback 

(yrs) SIR 

T3-2 Insulate the maintenance garage 
to reduce heat load (system 
undersized) Remove electrical 
heaters are replace with gas IR 
heaters 

$55,000 $12,000 4.6 4.3 

T3-3 Install DDC systems in lodges and 
optimize HVAC systems 
operation. 

$180,000 $39,000 4.6 3.9 

T3-4 Replace the steam boilers with 
condensing propane units, OR, 
pellet-fired (biomass) boiler units. 
Convert system to hot water 
supply and install new distribution 
equipment.  Insulate all 
distribution (supply and return) 
piping. 

$120,000 $12,000 10.0 2.0 

T3-5 Install mechanical exchange air 
ventilation systems with energy 
recovery and demand controls in 
all lodges (public assembly 
areas). 

$300,000 $19,000 15.7 1.3 

T3-6 Improve thermal integrity of 
building envelopes (Summit 
Building and Tram Valley Station) 

$108,000 $4,400 24.5 0.8 

T3-7 Install ground-source heat pump 
(geothermal) system for heating 
of Summit Building. 

$480,000 $16,000 30.0 1.0 

T3-8 Phase-out DC motors (at failure) 
with AC motors and install VFD 
controllers. 

$45,0001 $1,8001 - - 

 
1Cost and saving calculated based on individual unit installed.  
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6.1.6 Summary of Facility 
The most recent Facility addition and renovation 
project was completed at the Brookside 
Learning Center in 2011.  There are six publicly 
accessible buildings including the Tram Valley 
Station, the Mountain Station, the Notchview 
Base Lodge, the Peabody Base Lodge, the New 
England Ski Museum, and the Brookside 
Learning Center.  Facility and operations 
support buildings include the Maintenance 
Garage, the Park Headquarters, Snowmaking 
Operations, and multiple pump houses, lift huts, 
and storage areas. Ten chairlifts (including the 
aerial tramway) provide transportation to the 
mountain for users and visitors.  The aerial 
tramway (Figure 6-4) operates daily  during the 
winter ski season and from late-May through 
mid-October (weather permitting).   A communication building on the mountain summit 
supports antenna facilities for the New Hampshire State Police, WMUR television, and US 
Cellular® (Figure 6-5).  With the exception of the US Cellular® service, electrical 
consumption for the antenna facilities is not metered and presumably the State pays for 
all electrical use by the private companies.  The existing contractual arrangement 
between the private companies and the State is unknown.  

Electricity for the majority of the Mountain is supplied from 
a single meter which services all buildings and facilities 
including the Franconia Notch State Park campground.  
Separate meters are installed for the Peabody signal light, 
wastewater plant, trash compactor. Snowmaking 
equipment accounts for the largest demand in electric 
consumption.  The electric distribution infrastructure is 
dated and has been expanded over many years.  Future 
use of the facility should consider improving the 
infrastructure to provide reliable service and to improve 
distribution efficiency.  This may include replacing 
overhead wires with underground conduit, improving 
existing underground conduit, replacing inefficient 
transformers, and adding submeters to all buildings and 
energy intensive operations (e.g., snowmaking). 

Existing buildings and facilities at the Park are dated and 
inefficient.  They do not comply with current building codes 
(IECC 2009) and standards for envelope thermal 
performance, ventilation systems, lighting systems, or 
heating and cooling systems.  With the exception of the 
recently renovated Brookside Learning Center, all buildings require major renovation to 
substantially comply with current building and energy code standards.  Improving 
building facilities and optimizing the control of systems will provide a significant 
reduction in energy consumption and carbon emissions while improving occupant 
comfort and extending the life of the mechanical systems through reduced wear.  

FIGURE 6-4 
Aerial Tramway Car 

FIGURE 6-5 
Tower Antenna 

on Summit 
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Incorporating renewable energy systems with facility renovations will further reduce the 
consumption of fossil fuels which is the goal of the State.  

Most buildings do not have adequate exchange air ventilation systems resulting in 
reduced indoor air quality and occupant comfort.  Current building code (ASHRAE 62.1) 
establishes the minimum ventilation rates for commercial facilities based on the use and 
occupancy.  All equipment and controls are required to comply with energy efficiency 
standards (ASHRAE 90.1). 

Food services for the lodges are provided by a private vendor under contract to the 
State.  It was observed that much of the equipment such as hot water boosters, 
refrigeration units, display cases, and warming trays are not Energy Star® qualified.  
Further incentives from the State to the private vendor to encourage the use of energy 
efficient equipment would promote energy conservation.  Although the vendor does not 
directly pay for energy use, there is an agreement to lower operating cost and reduce 
energy consumption.      

As a premier ski and year-round resort, Cannon Mountain is an ideal facility to promote 
the State of New Hampshire’s commitment to energy conservation and renewable 
energy technologies.  According to Greg Keeler, Director of Sales and Marketing for the 
Cannon Mountain, the Facility accommodates roughly 250,000 visitors annually. An 
estimated 130,000 people visit in the wintertime and 120,000 to 140,000 visit in the 
resort in the summertime.  Master planning should consider implementing sustainable 
practices and renewable energies to reduce dependency on fossil fuels and carbon 
emissions.  A phased public awareness program could be implemented immediately 
beginning with zero or low-cost initiatives. Such measures include lighting reduction, 
thermostat setpoint reduction, and sustainability training for employees and contracted 
food service employees.  This is discussed in greater detail in Section 6.5. 

Optimizing facility performance and reducing energy use and cost at Cannon requires 
modernization of equipment and systems.  This includes mountain operations, building 
envelopes, HVACR systems, and electrical distribution systems.  A substantial 
investment is required to implement the recommended improvements.     

6.2 Methodology 
An energy audit in conformance with the American Society for Heating, Refrigeration, 
and Air-Conditioning Engineers (ASHRAE) standards was performed at Cannon Mountain 
to identify all appropriate EEMs and any changes to operations and maintenance 
procedures that may reduce energy consumption.  ASHRAE has developed the most 
widely accepted process for completing energy audits at commercial facilities.  ASHRAE 
document RP-669, SP-56, Procedures for Commercial Building Energy Audits defines 
several levels of audits.  The appropriate level of audit for a particular facility depends 
on the availability of existing data and information, owner objectives, and owner budget.  
Levels range from simple benchmarking (Level I) to a comprehensive review of all 
building systems (Level II) and computer modeling of the building (Level III).   

Based on the scale, function, and condition of facilities at Cannon Mountain a campus-
wide review was completed.  Benchmarking of each building could not be practically 
completed because there is no sub metering of electrical usage at each building.  The 
facility evaluation included the following: 

• A review of existing facility data including energy usage. 
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• An on-site inspection and survey of all facility systems. 

• Limited on-site measurements and data collection. 

• Informal interviews with facility managers and maintenance personnel. 

• Energy use analysis and development of efficiency measures. 

• Development of cost estimates and simple payback terms for each recommended 
measure. 

• Development of a comprehensive report that clearly presents all findings and 
provides recommended energy conservation measures and the associated costs. 

In addition to the ASHRAE standard for commercial audits, there are other industry and 
code-based standards that must be considered when analyzing building systems and 
evaluating energy conservation measures.  All recommendations must be consistent with 
the intent of these standards.  For example, ASHRAE 62.1 has established a 
recommended carbon dioxide (CO2) threshold concentration of 1,000 parts per million 
(ppm) to promote a healthy indoor air environment.  ASHRAE defines recommended 
temperatures, relative humidity levels, minimum ventilation rates, and energy standards 
as well.  The Illuminating Engineering Society of North America (IESNA) prescribes 
recommended lighting densities based on the designated space use.  The International 
Code Council (ICC) is the adopted standard for all building and energy codes (2009) in 
the state of New Hampshire.  New Hampshire has also adopted ASHRAE Standards 62.1 
and 90.1.  Table 6-2 below depicts relevant industry codes and standards that were 
considered while performing this evaluation. 

TABLE 6-2 
Relevant Industry Codes & Standards 

Standard Description 

28 CFR Part 36  ADA Standards for Accessible Design 

ANSI/ASHRAE Standard 55 Thermal Environmental Conditions for Occupancy 

ANSI/ASHRAE Standard 62.1 Ventilation for Acceptable Indoor Air Quality 

ANSI/ASHRAE/IESNA 
Standard 90.1 

Energy Standards for Buildings Except Low-Rise Residential 
Buildings 

ICC 2009 International Building Code (IBC) 

ICC 2009 International Existing Building Code (IEBC) 

ICC 2009 International Energy Conservation Code (IECC) 

ICC 2009 International Mechanical Code (IMC) 

IESNA Lighting Handbook Reference and Application 

NFPA 70 National Electrical Code (NEC) 

NH Executive Order 2005-04 Stretch Code for NH State-Owned or Funded Buildings 
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While the primary objective of this evaluation 
was to identify energy conservation measures, 
recommended measures must also promote 
occupant comfort.  For example, if a building 
ventilation system is inadequate then it would be 
recommended that additional ventilation capacity 
be added.  The electrical power required to 
operate the added ventilation equipment would 
increase energy consumption.  However, 
nominal increases in electricity use due to 
additional ventilation requirements would be 
more than offset by implementation of 
conservation measures.  

It is noted that although there is a prescriptive 
approach to commercial building audits, that 
every building is unique.  Buildings should be evaluated consistent with the 
characteristics that define its need and appropriate function. This includes the following: 

• Use:  Current building use and occupant needs. 

• Systems:  Building systems characteristics and integration. 

• Control:  The effectiveness in which the existing building systems controls are 
utilized.  

6.2.1 Desktop Data Review 

Facility personnel provided information prior to and during the evaluation process.  
Utility bills for electrical, gas, and fuel oil consumption for each month of 2011 (fiscal 
2011-2012) were provided by Karen Rantamaki, P.E. (State Energy Manger) and Nichole 
Taajtes (Cannon Mountain).  Utility information was analyzed in conjunction with the 
equipment inventory to determine patterns in equipment use throughout the year and to 
identify problematic and energy intensive systems.  

Requested building plans were not made available to assist with the building evaluation.  
Provided plans were limited to:  

• An outdated campus-wide one-line electrical plan was provided. It is noted that 
Lee Carroll, P.E. is currently under contract to develop a one-line electrical 
diagram of the distribution system at the Facility.  

6.2.2 Facility Site Review 
Following the desktop data review, the Engineer initiated the facility site review.  Darrel 
Dietlein (DRED Electrical Technician) escorted the project team and provided access to 
required areas and systems.  His extensive knowledge of facilities and operations 
assisted the AEC team with the site review.   

The facility site review considered all major building systems including the envelope, 
electrical, lighting, mechanical, heating, cooling, refrigeration, and ventilation.  It 
provided insight as to how the building is being utilized by occupants and how facility 
managers operate and control the systems.  Photographs of representative systems, 
major equipment, and any identified issues were obtained to help document existing 
conditions.  The photographs taken as part of the field review are included as a separate 
attachment to this report due to the large quantity. Field notes were also maintained to 

FIGURE 6-6 
AEC Site Review (March 2012) 
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FIGURE 6-7 
Cannon Mountain Ski Resort 

further document building and user characteristics and to aid in data recall during report 
development.    

6.2.3 Data Measurements 
In addition to collecting equipment information, several data measurements were 
obtained as part of the facility site review.  This data is required to analyze the 
performance of building systems and to obtain the facility-specific information needed to 
develop an accurate energy model.  Measurements included: 

• Infra-red (IR) thermal imaging survey of the building envelope. 

• Indoor air quality (IAQ) measurements (temperature, relative humidity, and 
CO2). 

• Lighting metering to determine energy use and operating schedules. 

• Illumination densities of lighting systems. 

• Metering of energy intensive electrical equipment (e.g., motors, compressors, 
heaters) to determine energy use and operating schedules. 

• Metering of energy intensive plug-loads to determine energy use and operating 
schedules. 

• Metering of lighting systems to determine operating schedules. 

6.3 Existing Conditions 

6.3.1 Setting and History 
The Cannon Mountain Ski Area 
is located within Franconia 
Notch State Park in Franconia, 
NH. The Park is owned and 
operated by the Parks Division 
of the Department of Resources 
and Economic Development 
(DRED), an agency of the State 
of New Hampshire (Figure 6-7).  
The Park can be accessed via 
Interstate 93 by Exits 34B and 
34C.  Interstate 93 dissects the 
State Park west to east. Cannon 
Mountain is located on the west 
side of the Interstate and the 
Franconia Mountain range is on 
the east. Two small spring-fed 
lakes (Echo and Profile) are 
located at the base of the 
Mountain and Echo Lake is used for snowmaking. The ski area is encompasses two 
mountain summits including the main peak (Cannon Mountain) and the recently 
acquired Mittersill area. Cannon Mountain is 4,080 feet in elevation. The ski area 
provides 2,180 vertical feet, 264 skiable acres, a lift capacity of 11,000 skiers per hour.  
The typical ski season extends from late November to mid-April. The mountain is open 
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FIGURE 6-8 
Original Tramway (c. 1938) 

year-round providing aerial tram rides for tourists to the summit in warmer months (May 
through October). 

In addition to the Cannon Mountain Ski Area, there are other attractions within the 
Franconia Notch State Park.  The Flume Gorge was discovered in 1808 and extends 800 
feet long with walls as high 90 feet.  The Gorge and its Visitor Center are located at the 
base of Mount Liberty to the south of Cannon Mountain and are open seasonally during 
summer months.  Echo Lake Beach is open during the summertime and provides visitor 
access for swimming, fishing, and boating.  The Lafayette Place Campground is located 
in the center of the Park and provides year-round camping and a visitor center which is 
open from Memorial Day to Columbus Day.  An RV Park is also located at Cannon 
Mountain providing electric hook-ups in the summer months. Several hiking and biking 
trails traverse the Park for visitor access. 

Six publicly accessed buildings are located within the Cannon Mountain Ski Area 
including the Tram Valley Station, the Mountain Station, the Notchview Base Lodge, the 
Peabody Base Lodge, the New England Ski Museum, and the Brookside Learning Center.  
Additional operations buildings on the mountain include the Maintenance Garage, the 
Park Headquarters, Snowmaking Operations, and multiple pump houses, lift huts, and 
storage areas. On the summit there is a communication building that supports antennae 
for the New Hampshire State Police, WMUR television, and US Cellular. 

Cannon Mountain was first surveyed in November of 1933 by L.R. Batemen, E.J. Lloyd, 
and Roland Peabody during a study to select a suitable location for an aerial tramway. 
Seven suitable locations were originally determined and a legislative committee 
unanimously selected the Cannon Mountain site based on the proposed project’s 
anticipated limited environmental impact. In August of 1937, after a $250,000 bond was 
obtained, the American Steel Wire Company began construction of the grounds.  A 
temporary freight tramway was constructed by hand to aid in the construction of the 
permanent passenger aerial tramway.  

On June 28th, 1938 the first passengers 
made a trip to the summit of Cannon 
Mountain on North America’s first aerial 
tramway (Figure 6-8). After 27 years of 
service, in spring of 1965 the DRED 
initiated plans for replacement of the 
original tramway. Following the 
completion of engineering studies and 
securing funding, construction of the 
currently operating tramway began (July 
of 1978) and was completed in February 
of 1980. Unlike the original tramway that 
was constructed by hand the current 
tramway was aided with the use of 
transport helicopters and heavy 
equipment.  

Since 1938, ski trails and lodges have been incrementally added to the Mountain to 
accommodate the additional visitors.  In 1941 a 550 acre plot of land to the northwest of 
Cannon Mountain was purchased by Baron Hubert von Pantz to be used as a private ski 
area known as Mittersill Alpine Resort. Mittersill ceased operation in 1984 as a result of 
financial losses. In 1989 the special use permit issued by the U.S. Forest Service that 
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allowed Mittersill to operate was terminated and the land was transferred to the State of 
New Hampshire for the cost of one dollar. 

Until recently the Mittersill was closed and unmaintained, however, many skiers seeking 
backcountry conditions ventured to Mittersill by foot from Cannon Mountain. On March 
28th, 2009, Cannon Mountain acquired the Mittersill ski area and officially opened it to 
the public. In the summer of 2010, reconstruction of the abandoned lift on Mittersill 
began. The old towers and chairs were removed and replaced with modern equipment. 

6.3.2 Use, Function and Occupancy Schedule 
The Cannon Mountain Ski Area and the land it occupies are managed by the DRED.  
Mountain and facility operations are maintained by the State and the food services are 
provided by a private contracted organization. Thirteen distinct buildings are utilized for 
operations support and to provide services to the public.  Buildings providing public 
services include several lodges and operations support facilities include snowmaking 
operations. 

The ski season is weather dependent and typically extends from Thanksgiving to early-
April.  During the off-peak season the aerial tramway and some lifts remain operational 
for mountain access (tourist and maintenance) and Franconia Notch State Park is open 
for campers.  This season is also weather dependent and typically extends from late-May 
to mid-October.  Most spaces are available to the public year-round such as the RV 
campground but operations become limited.  Operating costs are covered through the 
budget with little money allocated to renovations or upgrades. 

6.3.3 Historical Documents and Provided Information 
Historical documents are information from building occupants, owners and operators 
that were provided during the evaluation. Ideally, all relevant information and 
documents are provided as part of the kick-off meeting enhancing the engineers review 
and providing a focus on energy intensive equipment, systems, and processes. All 
available plans and drawings, maintenance and repair logs, master plans for capital 
improvements, utility bills, and any formal O&M programs are routinely requested in 
advance of the kick-off meeting.  Relevant historical documents and information 
provided by the State include the following: 

• The numerous electrical heating units require frequent maintenance and repair.  

• Most of the electrical motors used for the chairlifts and tramway are dated direct-
current (DC) units.  Facility personnel would like to replace all of the DC motors 
with modern high-efficiency alternating-current (AC) motors. 

• The newer Mittersill chairlift drive motor is an efficient alternating-current (AC) 
motor unit. 

• The lower level of the Peabody Lodge was recently renovated (light renovation). 

• An addition was recently constructed on the Brookside Learning Center.  

• Dated one-line electrical distribution drawings were provided by DRED.  A one-
line of the entire electrical distribution system is currently being developed by Lee 
Carroll, PE Electrical Consultants. This is to be used for future snowmaking 
equipment upgrades.   
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6.3.4 Utility Information 
Utility data for Cannon Mountain and Franconia Notch State Park was provided by the 
Karen Rantamaki, P.E. (State Energy Manager) and Nichole Taajtes (Cannon Mountain).  
Electricity is provided by PSNH, Hess, and TransCanada. As of April 30th, 2012 all electric 
is supplied by Hess. Propane is supplied by AmeriGas and heating oil is supplied by 
Irving. Table 6-3 summarizes the total energy consumption for the year including 
electric and oil usage.   

TABLE 6-3 
Energy Consumption (Fiscal 2011-2012) 

Energy Period (F.Y) Consumption Units Cost 

Electric  January (2011) – December (2012) 8,186,335 Kilowatt hours $896,970 

Oil January (2011) – December (2012) 13,318 Gallons $37,671 

Propane January (2011) – December (2012) 9,596 Gallons $17,220 

Total Annual Energy Cost $951,861 
 

6.3.4.1 Electricity Data 
Electric utility data between fiscal January 2011 and fiscal December 2012 was provided.  
Over the given period (Fiscal 2011-2012), January was the peak consumption month, 
consuming 3,260,198 kWh of electricity.  The electrical consumption follows an expected 
trend over the course of the year with the peak usage coinciding with the peak ski 
season in the winter months.  The month of August (fiscal 2012) has the lowest 
consumption at 103,236 kWh. Energy consumption and cost for electricity per pay 
period is shown in Table 6-4 and Figure 6-9.   

TABLE 6-4 
Monthly Electric Consumption (Fiscal 2011 – 2012) 

Month Fiscal Year Supply (kWh) Demand (kW) Total Cost 

Jan 2011 3,260,198 5,484 $325,196 

Feb 2011 1,392,972 5,426 $173,876 

Mar 2011 416,345 1,278 $48,713 

Apr 2011 351,029 842 $38,908 

May 2011 134,280 347 $15,492 

June 2011 113,545 304 $13,307 

July 2012 110,109 621 $16,170 

Aug 2012 103,236 398 $12,922 

Sep 2012 106,689 323 $12,552 

Oct 2012 117,103 849 $18,578 

Nov 2012 165,252 798 $21,925 

Dec 2012 1,915,577 4,651 $199,333 

Totals 8,186,335 1,777 (avg.) $896,970 

 



Section 6 Cannon Mountain Facility Audit Report Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  6-17 

Annual electric usage for the Cannon Mountain facility (fiscal January 2011 through 
December 2012) is 8,186,335 kWh at a cost of $896,970 which includes the cost of 
demand.  This electrical consumption is expectedly high and Cannon is the second 
largest electric consumer of all State-owned facilities.  The high usage is consistent with 
facility characteristics including the scale of the facility, energy intensive operations, and 
the quantity of discrete buildings.   

Dated inefficient equipment is prevalent throughout the facility thereby contributing to 
the increased electrical demand.  Most buildings are heated with costly electrical heating 
units and cabinet heaters resulting in increased electrical demand and reduced oil and 
propane consumption.  Snowmaking and chairlift equipment are energy intensive adding 
to consumption and peak demand.  The Lafayette Campground and RV park add to the 
electrical consumption year-round peaking in the summertime. Modern efficient 
equipment and improved control would substantially reduce the electric consumption 
and cost. 

 
FIGURE 6-9:  

Monthly Electric Consumption (Fiscal 2011-2012) 

To provide the most accurate recommendations for energy conservation, the energy 
consumption based on end use was approximated.  Table 6-5 and Figure 6-10 present 
the estimated electrical usage for categories including lighting, plug loads, and 
mechanical equipment.  Mechanical equipment includes all hard-wired, permanently 
installed equipment including ventilation, exhaust, heating, cooling, pumps, snowmaking 
equipment lift equipment, etc.  These values were approximated based on observations 
from the field audit and typical energy consumption data for appliances observed 
throughout the facilities. Since the majority of the electrical consumption is metered 
through a single electrical meter, it is more difficult to accurately depict energy use by 
individual equipment or buildings, however equipment tag information and typical run 
times can still be utilized to estimate energy by category.  A more detailed accounting of 
all electrical equipment by end-use is presented below in Section 6.4 of this Report.   
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TABLE 6-5 
Estimated Categorized Electrical Consumption (Fiscal 2011-2012) 

Equipment Type 
Annual Consumption 

(kWh/yr) 
% of Total 

Consumption Annual Cost 

Mechanical Equipment 7,513,277 92% $824,206 

Plug Loads  446,085 5% $48,936 

Lighting Fixtures 200,520 2% $21,997 

Total 8,159,881 100% $895,139 

 

Electrical consumption was largely consumed by mechanical equipment (snowmaking 
and lifts), at an estimated annual consumption of 7,513,277 kWh/yr which is 92% of 
total electrical consumption.  The mechanical systems were observed to be well 
maintained with belts and filters routinely checked and replaced however much of the 
mechanical equipment is dated and degraded resulting in reduced efficiencies.  Plug 
loads are estimated to consume a moderate amount of electricity at an estimated 
446,085 kWh/yr.  Lighting fixtures consume a moderate amount of electricity at an 
estimated 200,520 kWh/yr.  While electrical consumption for plug and lighting loads are 
low in comparison to overall consumption, there are measures which will reduce 
consumption. 

 
FIGURE 6-10 

Cannon Mountain Electrical Cost by Category (Fiscal 2011-2012) 

Consumption for mechanical systems is higher than the expected range at a cost of 
$824,206.  This is primarily attributable to the large snowmaking pump motors and chair 
lift motors. Plug loads consume a moderate amount of electricity at 5% and a cost of 
$48,936. Lighting systems account for the lowest annual cost of $21,997.  
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6.3.4.2 Gas and Oil Data 
Propane gas and heating fuel oil are utilized for limited space heating and domestic hot 
water heating.  Propane gas is supplied by Amerigas and fuel oil is supplied by Irving 
Oil. The presented utility data is based upon the amount of gas or oil purchased and 
consumption is not metered. The facility purchased a total of 9,596 gallons of propane 
between fiscal January 2011 and December 2012 at a cost of $17,220.  Oil purchased 
between fiscal January 2011 and December 2012 was 13,318 gallons at a cost of 
$37,671. Propane gas purchases are listed in Table 6-6 and Figure 6-11 and oil 
purchases are listed in Table 6-7 and Figure 6-12. 

Considering the envelope integrity (insulation and air leakage), mechanical equipment, 
and use of the facility, the heating fuel usage is as expected.  Heat distribution for many 
spaces is provided by electric heaters.  Heating distribution by oil and propane fired 
heating equipment is distributed via baseboard, cabinet heaters, unit heaters, and 
forced hot air units.  There are four modern Buderus® boilers located in the 
Maintenance Garage, Headquarters, Notchview Lodge and Peabody Base Lodge.  
Domestic hot water for the Brookside Learning Center and Peabody Base Lodge is 
provided by tankless hot water heaters. 

TABLE 6-6 
Monthly Propane Delivered (Fiscal 2011 - 2012) 

Month Fiscal Year Delivered (Gallons) Cost 

January 2011 1,670 $3,273 

February 2011 2,514 $4,474 

March 2011 955 $1,701 

April 2011 993 $1,787 

May 2011 42 $83 

June 2011 0 $0 

July 2012 400 $776 

August 2012 40 $81 

September 2012 190 $350 

October 2012 432 $135 

November 2012 907 $1,803 

December 2012 1,452 $2,757 

 

Total 9,596 $17,220 
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FIGURE 6-11 

Cannon Mountain Heating Oil Consumption (Fiscal 2011-2012) 

TABLE 6-7 
Monthly Oil Consumption (Fiscal 2011 - 2012) 

Month Fiscal Year Delivered (Gallons) Cost 

January 2011 4,665 $11,830 

February 2011 1,565 $3,969 

March 2011 2,968 $7,813 

April 2011 886 $3,243 

May 2011 0 $0 

June 2011 0 $0 

July 2012 0 $0 

August 2012 1,266 $4,474 

September 2012 0 $0 

October 2012 803 $2,444 

November 2012 201 $660 

December 2012 965 $3,238 

 

Total 13,318 $37,671 
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FIGURE 6-12 

Cannon Mountain Oil Delivered (Fiscal 2011-2012) 

Propane and oil usage can be decreased by several means.  Consistent with the seasonal 
use of the facility, recommended heating setpoints in the lodges range between 64°F 
and 68°F depending on the occupancy frequency and the use of individual spaces.  For 
example, heating setpoints in the main lodge area where occupants are dressed in ski 
clothing and occupy the space for short durations could be kept at a lower setpoint than 
the pub or restaurant areas.   

The entry doors operate frequently resulting in variable temperatures as colder, denser 
air enters the conditioned spaces.  Installing air-breaks (vestibules or revolving door 
units) significantly reduce cold air infiltration.  Most major entrances to lodge facilities do 
have vestibules however additional units are recommended for all high-use entries.  
Wind screens also provide a low-cost effective method to reduce infiltration at entrances 
prone to high wind.   

There are no building automation systems (BAS) or direct digital control (DDC) systems 
in any of the buildings.  DDC systems would provide the ability to schedule heating 
setpoints according to occupancy schedules and optimize heating and ventilation 
systems.  This includes night setback scheduling and limiting thermostat control by the 
occupants.   

The two HB Smith® boilers in the Tram Valley Station are dated and inefficient units.  
Replacing these with modern high efficiency units would provide a considerable fuel 
reduction. 

6.3.4.3 Total Energy Consumption 
Total energy consumption including electric, propane and gas per month is analyzed. 
Energy is presented in million BTU’s (MMBtu).  Annual trending is weighted to electrical 
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use since it accounts for the majority of total energy consumption.  Table 6-8 and Figure 
6-13 illustrates the energy used and associated costs per month. 

TABLE 6-8 
Cannon Mountain Total Energy Consumption (Fiscal 2011-2012) 

Month Fiscal Year Total Energy (MMBtu) Total Cost 

Jan 2011 11,934 $340,299 

Feb 2011 5,205 $182,319 

Mar 2011 1,924 $58,227 

Apr 2011 1,413 $43,938 

May 2011 462 $15,575 

June 2011 388 $13,307 

July 2012 413 $16,945 

Aug 2012 533 $17,477 

Sep 2012 382 $12,902 

Oct 2012 552 $21,157 

Nov 2012 676 $24,388 

Dec 2012 6,807 $205,328 

Total 30,687 $951,861 
 

 
FIGURE 6-13 

Total Energy Consumption (Fiscal 2011-2012) 
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6.4 Building Envelope and System Evaluation 
The following sections evaluate the building envelope systems and insulation values for 
each assembly.  Existing assembly values are compared to the International Energy 
Conservation Code (IECC), 2009 for commercial buildings located in Climate Zone 6.  
The IECC 2009 code is used as a standard of comparison only.  Existing buildings are 
not required to comply with the current code unless they undergo a substantial 
renovation.   

More stringent energy code or performance standards for building envelopes can be 
required by local authorities and jurisdictions (“Stretch Code”).  Per Executive Order 
2005-04, new construction and renovation of all NH State-owned or funded buildings 
must exceed energy code standards by at least 20%. 

Building architectural plans were not available for the evaluation and assemblies for the 
building were determined based upon field observations and building code standards and 
practices in effect at the time of construction.  

6.4.1 Building Envelope 

6.4.1.1 Floor Systems 
With the exception of the lift huts and Viper station, all floors are slab-on-grade concrete 
floors with presumed thicknesses of four inches. Several floor finish systems were 
observed including exposed concrete, vinyl flooring tiles, and carpeting.  Respective R-
values for the three systems are 1.0, 1.2, and 2.0 (Table 6-9).  For comparison, the 
current IECC 2009 standard for Zone 6 specifies a minimum insulation value of R-10 for 
twenty-four inches below an unheated slab-on-grade.  The perimeter of the foundation 
must be insulated with two inches of rigid polystyrene board insulation to a depth of four 
feet below grade.  

TABLE 6-9 
Floor Insulation Values 

Floor System 1 

Material Thickness (in.) R-value Integrity Factor Installed R-value 

Concrete slab 4.0 0.3 1.0 0.3 

Vinyl Tile ¼ 0.2 1.0 0.2 

Interior air film NA 0.7 NA 0.7 

Installed Assembly 1.2 

2009 IECC Requirement X 1.2 R-12 (0-24”) 

Code Compliant? No 
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FIGURE 6-14 
Notchview Lodge Exterior (typ.) 

TABLE 6-9 
Floor Insulation Values 

Floor System 2 

Material Thickness (in.) R-value Integrity Factor Installed R-value 

Concrete slab 4.0 0.3 1.0 0.3 

Carpeting NA 1.0 1.0 1.0 

Interior air film NA 0.7 NA 0.7 

Installed Assembly 2.0 

2009 IECC Requirement x 1.2: R-12 (0-24”) 

Code Compliant? No 

Floor System 3 

Material Thickness (in.) R-value Integrity Factor Installed R-value 

Concrete slab 4.0 0.3 1.0 0.3 

Interior air film NA 0.7 NA 0.7 

Installed Assembly 1.0 

2009 IECC Requirement x 1.2: R-12 (0-24”) 

Code Compliant? No 

 

6.4.1.2 Wall Systems 
Walls of the Brookside, Notchview and 
Peabody buildings are similarly 
constructed with two full levels (Figure 6-
14).  The first level of each building has a 
partial below grade section with exposed 
concrete walls.  Horizontal clapboard 
siding is installed between the lower 
exposed concrete and the vertical wood 
paneling. Ernie’s Haus, the Tram Valley 
Station Lodge, and the Mountain Station 
are multi-story structures clad with cedar 
shingles.  A portion of the Tram Valley 
Station has an exposed concrete 
foundation wall.  The steel portion of the 
Tram Valley Station is largely open on 
the south side for the tramway operations. The Snow Making facilities, the Well House, 
and the Maintenance Garage are single story structures clad in vertical wood paneling.  
The Park Headquarters and the Viper Power Station are clad in wood clapboard siding. 
The lift huts are steel framed with no thermal insulation.   

Existing wall assemblies are summarized in Table 6-10.  Wall Type 1 represents the 
exposed concrete wall portions of Brookside, Notchview, Peabody, and the Tram Valley 
Station Lodge.  Wall Type 2 represents the walls with clapboard siding; specifically 
portions of Brookside, Notchview, Peabody, Tram Valley Station Lodge, Park 
Headquarters, and the Viper Station.  Remaining wall sections are clad with either 
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lapped shingles or wood paneling (similar thermal properties). The IECC 2009 standard 
requires continuous insulation (ci) to reduce thermal bridging. 

TABLE 6-10 
Typical Wall Assembly Insulation Values 

Wall Type 1 

Material Thickness (in.) R-value Integrity Factor Installed R-value 

Exterior Air Film NA 0.2 NA 0.2 

Stucco Finish 3/16 0.1 1.0 0.1 

CMU Block 12.0 1.3 0.8 1.0 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 2.0 

2009 IECC Requirement x 1.2 16.0 ci 

Code Compliant? No 

Wall Type 2 

Material Thickness (in.) R-value Integrity Factor 
Installed R-

value 

Exterior Air Film NA 0.2 NA 0.2 

Horizontal Clapboard 3-5/8 0.4 0.9 0.4 

Exterior Sheathing 5/8 0.6 0.9 0.5 

Wood Framing w/ 
Fiberglass Batts 

6.0 19.0 0.7 13.3 

Gypsum Wall Board 5/8 0.6 0.9 0.5 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 15.6 

2009 IECC Requirement x 1.2 15.6 + 9.0 ci  

Code Compliant? No 

 

6.4.1.3 Ceiling Systems 
Ceiling systems in the buildings consist of a suspended acoustical tile (SAT) system, 
wood paneling, and exposed cathedral ceilings.  The above ceiling space is used for 
routing of ducting, piping, conduit, and electrical cable.  

6.4.1.4 Roofing Systems 
The roofs of the Brookside Lodge, the Park Headquarters, the Notchview Lodge and the 
Mountain Station Lodge are pitched roofs covered with asphalt shingles.  Ernie’s Haus, 
the Maintenance Garage, the Snow Making Garages, the Tram Valley Station Lodge, the 
Viper Power Station, and the Lift Huts have pitched metal roofs.  The Peabody Base 
Lodge roof includes pitched shingled roof sections and flat membrane roof sections.  
Table 6-11 presents a summary of roof insulation values. 
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TABLE 6-11 
Roof Insulation Values 

Pitched Asphalt Shingle Roof (typ.) 

Material Thickness (in.) R-value Integrity Factor Installed R-value 

Exterior Air Film NA 0.2 NA 0.2 

Asphalt Shingles NA 0.4 0.9 0.4 

Wood Sheathing 5/8 0.8 0.9 0.7 

Wood Framing w/ 
Fiberglass Batts 

6.0 19.0 0.7 13.3 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 15.3 

2009 IECC Requirement x 1.2 45.6 

Code Compliant? No 

Metal Clad Roof (typ.) 

Material Thickness (in.) R-value Integrity Factor Installed R-value 

Exterior Air Film NA 0.2 NA 0.2 

Metal Roof NA 0.0 NA 0.0 

Wood Sheathing 5/8 0.8 0.9 0.7 

Wood Framing w/ 
Fiberglass Batts 

6.0 19.0 0.7 13.3 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 14.9 

2009 IECC Requirement x 1.2 45.6 

Code Compliant? No 

Flat Roof (typ.) 

Material Thickness (in.) R-value Integrity Factor Installed R-value 

Exterior Air Film NA 0.2 NA 0.2 

Membrane Roof NA 0.0 NA 0.0 

Polyisocyanurate 
Rigid Insulation 

3.0 21.0 1.0 21.0 

Plywood Roof 
Decking 

5/8 0.8 0.9 0.7 

Interior Air Film NA 0.7 NA 0.7 

Installed Assembly 22.6 ci 

2009 IECC Requirement x 1.2 24.0 ci 

Code Compliant? No 
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FIGURE 6-15 
Entry Door with Gap at Threshold 

6.4.1.5 Fenestration Systems 
Fenestration systems at the Cannon Mountain facilities include fixed window units, 
operable window units, and partially-glazed entry doors.  Consistent with IECC 2009 
requirements, fenestration performance is measured by the U-factor, the solar heat gain 
coefficient (SHGC), and air leakage as determined by the unit manufacturer. No 
manufacturer information was available for the windows or doors therefore compliance 
with IECC standards for commercial buildings located in Climate Zone 6 cannot be 
established. 

Thermal transfer and air leakage commonly occurs at the seals of operable windows and 
the interface between the window and the wall opening. Recommendations include 
exterior and interior inspection and re-caulking of window jambs, headers, and sills as 
needed.  Replacing existing windows with high-performance units typically yields a long 
investment payback.  However, high-performance units should be installed as part of 
any major renovation.  Recommended units include fiberglass insulated frames with 
double or triple-pane thermally efficient glazing. 

6.4.1.6 Doors 
Door units in the facilities include metal doors 
with partial glazing on all main and side 
entrances.  Solid steel door units are used on 
most secondary entrances.  Thermal transfer 
occurs through the hollow metal doors as well 
as the seals on door jambs, partings, and 
thresholds where incomplete sealing allows air 
leakage (Figure 6-15).  Doors were observed to 
be propped open in several areas including 
kitchens and main lodge entrances.   

Recommendations include instructing employees 
to keep doors closed and posting signage on 
public entrances.  All vestibule doors should 
remain closed to maintain a thermal air break. 
Recommendations also include routine exterior and interior inspection and replacing 
weather stripping and re-caulking around doors as needed.  The thermal performance of 
hollow doors can be significantly improved by injecting polyurethane foam insulation. 
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6.4.1.7 Air Sealing 
Air leakage commonly occurs through windows 
and entry doors.  Although this is typical even 
for a modern building, simple measures can 
significantly reduce air leakage.  Recommended 
measures for windows include: 1) adjusting 
jamb seals on operating windows; 2) adding 
weather-stripping; 3) caulking interior frames 
and moldings; and, 4) locking/clasping windows 
to maintain a complete seal.  Some open 
windows were observed (in March) to cool 
interior heated spaces (Figure 6-16).  

Air sealing of all door units can be improved 
with commercial weather-stripping.  All door 
and window units should be regularly inspected 
(every 2 to 3 years) to ensure proper operation, 
identify faulty seals, and to identify any 
deteriorated caulking requiring replacement.  Hollow door frames should be injected with 
polyurethane spray insulation to improve thermal integrity and air sealing. 

Other air sealing recommendations include inspecting all exhaust and ventilation ducts 
to determine if they have a properly working gravity or mechanical damper.  Dampers 
are required on all exterior ducting to prevent passive air leakage.  All envelope 
penetrations including ducts, piping, and conduit should be inspected and sealed. 

Much of the infrastructure at Cannon Mountain is dated. The Tram Lodge and Summit 
buildings have sections that are original to 1938 with little envelope insulation.  
Improving the envelopes of all buildings will reduce heating fuel costs.  Because 
envelope improvements are costly measures, they are typically completed as part of 
major renovation and roof replacement projects.       

6.4.1.8 Other Preventative Measures 
Based on the resort function of the lodge facilities, doors are frequently operated during 
winter months allowing infiltration of outside air.  This results in brief or extended breaks 
in the thermal barrier especially if they remain propped open.  Installing signage 
throughout the facilities to educate users on the Mountain’s commitment to energy 
conservation would make them more conscious of energy saving techniques such as 
shutting doors and windows to seal the envelope. Items that are used to prop doors 
open (e.g., trash cans, shims, chairs) should be moved away from entry doors (notably 
on secondary entry doors such as kitchens).  Employees should be instructed not to 
leave doors open when they exit the building for short-periods such as smoking breaks. 

FIGURE 6-16 
Open Window and Thermal Image 

Depicting Heat Loss 
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FIGURE 6-17 
IR Image of Tram 

Lodge Transformer 

6.4.2 Thermal Imaging Survey 
A thermal imaging survey was conducted with an infra-
red camera to identify locations of thermal transfer 
through the building envelopes.  The survey was 
conducted using a FLIR© B-CAM infra-red (IR) camera.  
The IR survey also reveals other issues including moisture 
intrusion (roof and wall leaks), electrical system 
overloading, energy intensive equipment, and heat loss 
through ducting and piping.  The building exterior and 
interior envelope and major mechanical and electrical 
equipment were surveyed with the IR camera. Excessive 
temperatures of mechanical and electrical equipment, 
such as transformers (Figure 6-17), are indicative of a 
low unit efficiency resulting in increased energy 
consumption and reduced equipment service life.  

The thermal imaging survey was conducted on March 22nd 
and 23rd, 2012. Outdoor ambient temperature was 
approximately 46°F. The thermal imaging survey report is attached at the end of Section 
6.  The IR surveys at the Cannon Mountain facilities revealed the following notable 
observations:    

• Multiple electrical transformers operate at high temperatures indicating unit 
inefficiency (Figure 6-14). 

• Large DC powered motors in Snowmaking Operations and lift stations operate at 
high temperatures. 

• Dated lighting fixtures operate at high temperatures. 

• The thermal integrity of building envelopes is generally poor.  Insulation gaps and 
air leakage are prevalent. 

• Thermal bridging of framing members is prevalent including the recently 
renovated Brookside Learning Center.  

• Substantial thermal transfer occurs through the uninsulated exposed concrete 
foundation walls. 

• Uninsulated domestic hot water pipes result in reduced supply and return 
temperatures requiring increased boiler operation and water consumption. 

• Unit heaters, cabinet heaters, and electric baseboard radiators operate at high 
temperatures and do not effectively distribute heated air to the space. 

6.4.3 Electrical Systems 
All building systems that impact energy consumption were evaluated including the 
building envelope, heating and cooling, ventilation, electrical, plumbing, and mechanical.  
Below is a summary of observations made during the field evaluation and 
recommendations. 
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FIGURE 6-18 
Main Grid Supply and Meter House 

6.4.3.1 Supply and Distribution 
Three-phase grid power is supplied to the grounds by PSNH, Hess, and TransCanada via 
overhead transmission lines (Figure 6-18). Multiple sub-distribution panels, switch 
boxes, and transformers are located throughout the campus.  

Based on the existing grid infrastructure and 
layout there is a potential for a significant 
amount of distribution inefficiencies (electrical 
losses) within the campus.  Facilities personnel 
actively monitor electrical demand of larger 
equipment in real-time to reduce demand 
charges.  Facility personnel reported that when 
the Mountain is in full operation the electrical 
demand exceeds eight megawatts (8,000,000 
watts).  

A single grid supplier (PSNH) electrical meter 
accounts for usage in the entire Park.  Five 
submeters are installed at the Peabody signal 
light, the solid waste facility, the trash 
compactor, Eddie’s Haus, and the US Cellular 
data tower.  Because the main electrical meter is shared by multiple facilities, it is 
difficult to accurately account for electrical consumption at all buildings and systems.  
Installing submeters at each building and on energy intensive equipment networked to a 
remote automatic metering system is recommended.  This will allow the State to 
monitor and trend high usage areas and to identify and address issues in real-time.  
Installing an energy management system (EMS) comprised of multiple web-connected 
sub-meters that can be accessed from a centralized network using a commercially 
available software program is recommended.  Usage would be automatically tracked and 
recorded in a database which would reduce the potential for data entry errors, flag 
potential billing errors, and provide powerful tracking and comparison tools. It is noted 
that Lee Carroll Electrical Consultants is conducting an electrical grid study. This study is 
being conducted to provide recommendations for the grid to allow for future 
snowmaking equipment. 

Most electrical panels were easily accessible and clear of stored 
items.  There are many dated transformers which are inefficient 
and lose a significant amount of energy in the form of heat.  
Replacing inefficient transformers with modern, energy efficient 
units (Figure 6-19) typically provides a simple payback of less 
than seven years.  Based on the high number of outdated 
transformers, larger more efficient transformers may be able to 
consolidate multiple smaller units for a shorter payback period. 
It is recommended that all transformers be relabeled and 
inventoried for ease of identification.  

FIGURE 6-19 
High-Efficiency 

Transformer 
(Powersmith®) 
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6.4.3.2 Lighting Systems 
As presented in Table 6-12, there are a variety of lighting fixtures and lamps in the 
Cannon Mountain facilities (approximately 916 total fixtures).  The primary interior 
fixtures are T12 fluorescent lamp units accounting for a total of 460 fixtures at 52,020 
watts. Metal halide (MH) lamp fixtures are the primary source of lighting in the Peabody 
Base Lodge and the Tram Valley Station (lower level) accounting for twenty-five fixtures 
at 8,750 total watts.  High pressure sodium (HPS) lamp fixtures are located on the 
exterior of buildings (wallpacks) accounting for a total of 6,150 watts.  There are sixty-
five incandescent lamp fixtures accounting for 4,065 watts.   

The food heating lamps located in the kitchen areas and food service lines are energy 
intensive lamps accounting for 4,000 watts of lighting power.    Seventeen fluorescent 
T8 lamp fixtures located throughout the facilities account for 1,152 watts and six 
halogen lamp fixtures account for 1,200 watts.  LED lamps are the main source of 
lighting in the cafeteria of the Mountain Station Lodge and they are in all exit signs (116 
fixtures at 845 watts). 

TABLE 6-12 
Lighting Fixture Schedule 

Fixture Lamp Type Control 
No. Lamps/ 

Fixture Lamp Wattage Qty. 
Total 
Watts 

Fluorescent T12 Manual 1-4 40 460 54,086 

MH Manual 1 150 25 8,750 

HPS Manual 1 150 - 500 35 6,150 

Incandescent Manual 1 60 - 150 65 4,065 

CFL Manual 1-3 13, 17 176 4,010 

Incandescent (Food 
Warming) 

Manual 1 250 16 4,000 

Fluorescent T8 Manual 1-3 32 17 1,152 

Halogen Manual 1 200 6 1,200 

LED Manual/ 
Constant-on 

1 5 - 13 116 845 

Total 916 84,258 
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FIGURE 6-20 
Metal Halide Fixtures 

(Peabody Lodge) 

Table 6-13 presents the energy consumption by 
lighting fixture type.  Lighting fixtures account for an 
estimated 200,520 kWh of electricity per year.  The 
fluorescent T12 lamp fixtures are the main source of 
lighting in most facilities and account for 66% of the 
total consumption at 127,383 kWh/yr.  T12 fixtures 
use more energy and provide inferior lighting quality 
compared to modern T8 and T5 lamp fixtures. The 
EPA has enacted a phase-out of T12 lamps (effective 
July 2012) therefore all T12 fixtures should be 
replaced in the near future.   

HPS fixtures account for the second highest 
consumption at 19,612 kWh/yr or 10% of total 
lighting consumption.  MH fixtures account for 9% of 
lighting consumption at 18,900 kWh/yr. The 
incandescent food heating lamps account for 4% of total lighting consumption.    The 
remaining nine percent is attributed to incandescents T8, halogen and LED fixtures.  

TABLE 6-13 
Lighting Fixture Energy Consumption 

Fixture Lamp Type Est. Usage (KWH/yr) % of Total 

Fluorescent T12 127,383 64% 

HPS 19,612 10% 

MH 18,900 9% 

CFL 8,966 4% 

Incandescent 8,029 4% 

Incandescent (Food Warming) 8,000 4% 

Halogen 4,368 2% 

LED 3,020 2% 

Fluorescent T8 2,241 1% 

Total 200,520 100% 

 

Limited lighting density measurements in the Cannon Mountain facilities were recorded 
at four  representative locations to determine if building illumination is consistent with 
the Illuminating Engineer Society of North America (IESNA) standards for the prescribed 
use.  These measurements were obtained on March 22nd, 2012 between the hours of 
7:30 AM and 2:00 PM.  Table 6-14 presents the lighting density measurements obtained 
in units of foot-candles (FCs). 
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TABLE 6-14 
Illumination Densities 

Location Lighting Density (FC) Recommended Density (FC)1 

Headquarters: 1st Floor Corridor 20 5 

Headquarters: Office 10 42 30 

Notchview Base Lodge: Guest 
Services 137 30 

Peabody Base Lodge: Pub 14.2 – 33 30 
1Based upon IESNA standards and AEC recommendations. 
 

Ample natural lighting is provided is many spaces (windows).  Illumination densities in 
the Guest Services area located in the basement of the Notchview Lodge are very high 
at 137 foot-candles (FC).  Office Ten and the first floor hallway at the Headquarters 
building had a density that exceeded the recommended levels. Illumination densities in 
the pub at the Peabody Base Lodge ranged from 14 to 33 FCs. 

A facility-wide lighting upgrade is recommended. All outdated fixtures (notably all T12 
units) should be replaced with the high efficiency units.  A lighting system design should 
be completed for larger spaces such as the lodges.  The design should consider IESNA 
illumination densities, natural light infiltration, and task lighting.  Replacing existing 
fixtures with new fixtures is not recommended as illumination densities of newer fixtures 
exceed the older units.  Representative illumination densities should be measured during 
the retrofit to ensure they are within acceptable limits.  

Various interior lighting fixtures are recommended based on the space use and 
occupancy.  T8 fluorescent lamp units are generally recommended as the standard 
fixture.  High-output T5 units work well in larger open spaces where the fixtures are 
elevated well above the working elevation and higher illumination densities are required 
such as maintenance garages.  Screw-in CFL lamps are recommended for recessed (can) 
lighting fixtures and for replacement of incandescent lamped fixtures.  All exterior 
lighting fixtures should be replaced with lower wattage LED units.  LED lamp fixtures 
work well in task lighting and exterior lighting fixtures.  Exterior fixtures with LED lamps 
have a longer service life than the existing exterior units, improved lighting quality, and 
reduced lighting pollution at night (dark-sky fixtures).  

Optimizing the control of lighting systems can be achieved with several control methods.  
Digital Lighting Management (DLM) systems optimize control of larger lighting systems 
with occupancy scheduling and zone control.  System controllers include occupancy 
sensors, photosensors, timer controls, and daylighting controls.  Occupancy sensors 
work well in private spaces and larger spaces that are infrequently occupied (e.g., 
gymnasium).   Photosensors are typically used to control lighting of exterior fixtures.  
Timer controls are simple programmable controllers and are often used in combination 
with photosensors on exterior fixtures.  Daylighting controllers are used to offset 
artificial lighting densities by dimming lighting output based on the measured natural 
lighting in the space.  They work well in larger spaces with significant glazing areas 
(windows, doors, skylights) and the occupancy schedule is predictable and consistent.   
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Table 6-15 presents a summary of recommended lighting system management 
measures for the various spaces at the Cannon Mountain facilities.  The lighting density 
data is attached at the end of Section 6. 

TABLE 6-15 
Lighting Systems Management Measures 

Space Recommended Measures 

Lodges / Assembly Areas DLM system with occupancy scheduling, locate fixtures at 9’-
12’ above floor, reduce accent lighting, daylighting 
controllers  

Offices Task lighting, dual occupancy sensors 

Lavatories Dual occupancy sensors, vanity fixtures 

Corridors / Vestibules DLM system with occupancy scheduling, daylighting 
controllers 

Mountain Operations 
(workshops, snowmaking, 
maintenance garages) 

Task lighting, dual occupancy sensors 

Kitchens Task lighting, occupancy sensors 

Food Service DLM system with occupancy scheduling  

Exterior Time schedule controllers, photosensors 

 

6.4.3.3 Plug Loads 
Plug loads for the Cannon Mountain facilities were estimated based on equipment 
nameplate information.  The operating time for each item is based on observations, 
occupant loading, schedule, and typical use for the equipment.  Plug loads are 
categorized as appliances or office equipment/computers/electronics.  An inventory of all 
plug load equipment is provided at the end of Section 6. 

Based on this analysis, the total annual plug load is 446,085 kWh/yr.  Appliances are 
estimated to consume 413,721 kWh per year and the office equipment and electronics 
are estimated to consume 32,364 kWh per year.  This information is summarized in 
Table 6-16. 

TABLE 6-16 
Plug Load Energy Consumption 

Category Location(s) Est. Usage (kWh/year) % of Total 

Appliances Throughout 413,721 93% 

Office Equipment, Computers, 
Electronics Throughout 32,364 7% 

Subtotal 446,085 100% 
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FIGURE 6-21 
Energy Intensive Display 

Refrigerators 

FIGURE 6-22 
Snowmaking Air Compressor 

Appliance loads are attributable to the food 
preparation and service equipment in kitchens and 
cafeterias located in the lodge areas.  Energy 
intensive equipment includes display refrigerators 
(Figure 6-21), vending machines, food warmers, 
and heat lamps.  It is noted that the food service is 
leased out to a private vendor who owns and 
operates most of the equipment.   

Other appliances include space heaters, boot and 
glove warmers, and equipment in the Summit 
Communication Tower which is leased out.  Office 
equipment and electronics account for a relatively 
low portion of energy consumption.  There are a 
limited number of computers and miscellaneous 
electronic equipment.  Most of this equipment is 
modern and use little energy. 

Recommendations include reducing the number of vending machines and display 
refrigerators. Remaining units should be replaced with ENERGY STAR® rated units.  

6.4.3.4 Motors 
Electrical motors are used for chair lifts, 
circulation pumps, snow making equipment, 
exhaust fans and walk-in refrigerator and 
freezer condensers. Replacement of aging 
and/or failing motors with premium efficiency 
NEMA rated motors is recommended. Electrical 
motors account for the highest aggregate 
energy use at Cannon Mountain. Six large (up 
to 1,750 hp) compressor motors are used for 
snow making operations and the associated 
water pumps (eleven) are very energy 
intensive. Matt MacKinnon, a DRED employee 
and Snowmaking Operator at Cannon Mountain, 
is conscious of electrical grid demand and 
monitors the use of the snowmaking system 

through an on-site computer program for real-time data. 

With the exception of the Mittersill lift motor, all lift motors are direct current (DC) 
driven. Line power supplies alternating current (AC) must be converted to DC current 
resulting in energy loss during the process.  Modern AC drives can operate at higher 
speed, require little maintenance, and are preferred in harsh weather environments 
since they have more durable enclosures than DC motors.  All of the DC lift motors 
should be scheduled for replacement with AC units.  It is noted that the larger motors 
are costly and scheduled replacement would likely have to occur over a long duration 
due to budgetary constraints.  Also, some of the DC units may have been recently re-
built and replacing them in the near-future may not be cost practical. 
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6.4.3.5 Emergency Power Systems 
There are four large diesel-fired generators at the complex: one in the maintenance 
garage; one at the Mountain Station; and two at the Tram Valley Station.  All ski lifts 
also have a backup fuel powered motor in the event of power loss. 

6.4.4 Plumbing Systems 

6.4.4.1 Domestic Water Supply 
Domestic water supply for the Cannon Mountain facilities is provided by on-site wells. 
Domestic water demand includes kitchen use, lavatory usage, and miscellaneous use by 
facilities operations.  Demand is expected to be moderate.   

Echo Lake (located at the base of the mountain) supplies water for the snow making 
operations and this is entirely separate from the domestic systems. Snowmaking water 
is pumped up the mountain by six large pumps through a network of above ground 
piping.   Based on the equipment size and frequency of operation, it is estimated that 
snow making pumping system is the largest energy consumer at Cannon.  A significant 
amount of energy is required to transport a high volume of water up the mountain and 
maintain it at the minimum pressure required for supply. This is discussed in greater 
detail in subsequent sections. 

6.4.4.2 Domestic Water System 
A well pump house is located at next to the 
Notchview Base Lodge and includes five  Well-
X-Trol® pressurized tanks. Domestic water is 
supplied to all building from this location via 
underground distribution. The Tram Valley 
Station has three  Well-X-Trol® pressurized 
tanks. The facility does not contain a 
domestic water treatment system. 

Suggested water conservation measures 
include low-flow aerators on all faucets and 
low-flow flushometers on urinals and toilets.  
Other options include dual-flush toilets and 
waterless urinals.  In addition to reducing the 
energy required to operate well pumps, these 
measures will reduce loading of the on-site 
sanitary systems reducing pumping and 
cleaning frequency and extending the service 
life of the system(s).  

FIGURE 6-23 
Lavatory Sinks with 
High-Flow Fixtures 
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6.4.4.3 Domestic Hot Water Systems 
Domestic hot water (DHW) is provided by a 
variety of hot water heaters, tankless hot water 
heaters and boilers.  The Peabody Base Lodge 
and Brookside Learning Center are each 
provided DHW by a Rinnai® tankless hot water 
heater.  DHW for the Maintenance Garage, 
Headquarters facility, Notchview Base Lodge, 
Snow Making facility and Ski Headquarters is 
provided by tank units.  The Tram Valley Station 
DHW is provided through the two boilers. With 
the exception of the Peabody Base Lodge and 
Brookside Learning Center, domestic hot water 
capacity is expected to exceed demand 
requirements. The remaining tank units should 
be replaced with tankless demand units 
(electrical or propane gas fired). Water 
conservation is another method to reduce fuel for domestic hot water heating. Installing 
low-flow aerators on all sink faucets and kitchen spray-washers will reduce hot water 
and energy consumption.     

6.4.4.4 Hydronic Systems 
Hydronic systems at the Cannon Mountain facilities are limited to the Maintenance 
Garage, the Headquarters building, the Northview Lodge, the Tram Valley Station, and 
the Peabody Base Lodge. Most facilities are heated with electric radiant units and the 
Brookside Learning Center is heated with a forced hot air system.  

Much of the hydronic piping is uninsulated resulting in lost thermal energy and inefficient 
distribution. It is recommend that all exposed piping be insulated to reduce losses and 
improve distribution efficiencies. This can be installed by maintenance personnel at a 
reasonably low cost. 

The Peabody base lodge was recently renovated however the hydronic piping system is 
not insulated. This was also observed in the Headquarters building. The hydronic system 
in the Tram Valley Station was observed to be in poor condition. It is recommended that 
this system be evaluated and upgraded in the near future.  

6.4.5 Mechanical Systems 

6.4.5.1 Heating Systems 
Heating for the Brookside Learning Center is provided by a Weil-McLain® furnace.  The 
Maintenance Garage, the Headquarters facility, the Notchview Base Lodge, and the 
Peabody Base Lodge are heated with gas-fired Buderus® boiler units.  Heating in the 
Tram Valley Station is provided by two dated oil-fired HB Smith® boilers.  Heating 
supply systems and equipment are summarized in Table 6-17. 

FIGURE 6-24 
Domestic Hot Water Tank Heaters 



Section 6 Cannon Mountain Facility Audit Report Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  6-38 

TABLE 6-17 
Heating Supply Systems 

Location /Use 
Description Manufacturer 

Energy 
Source Model No. Qty. 

Capacity 
(MBH) 

Combustion 
Efficiency 

Brookside Learning 
Center Weil-McLain Propane EGH-115 1 500 80% 

Maintenance Garage Buderus Fuel Oil Logano G215 1 256 86% 

Headquarters Buderus Fuel Oil Logano G215 1 256 86% 

Notchview Lodge Buderus Fuel Oil Logano GE315 1 577 83% 

Peabody Base Lodge Buderus Propane Logano GA244 2 220 85% 

Tram Valley Station HB Smith Fuel Oil 2000L 1 300 70% (1) 

Tram Valley Station HB Smith Fuel Oil 200-201-2000 1 300 70% (1) 

Ernie’s Haus Various 
Electric 
Baseboard - - - 98% 

Lift Huts Various 
Electric Unit 
Heaters - - - 98% 

Summit Building Various 
Electric 
Baseboard - - - 98% 

Snow Making Garage Various 
Electric Unit 
Heater - - - 98% 

Well House Various 
Electric Unit 
Heater - - - 98% 

1Manufacturer data not available. Value is estimated based on equipment age, type, and condition. 

Heating systems for the Peabody Base Lodge, 
Notchview, Maintenance Garage, and Headquarters 
are modern units and appear to be in good condition. 
The furnace in the Brookside Learning Center is in fair 
condition and it is recommended for replacement with 
a high efficiency unit. The two dated steam boilers in 
the Tram Valley Station were observed to be in poor 
condition. It is recommended that these units be 
replaced with high-efficiency gas-fired boiler units.  
Alternative heating systems such as biomass furnaces 
or ground-source heat pumps should also be 
considered.  

The remaining buildings are heated with electrical 
radiant units.  Electrical heaters are not practical 
means of primary heating especially in poorly insulated buildings located in colder 
climates. Efficiencies for electric units are high since minimal energy is lost in 
distribution however the cost of energy to produce one BTU of electrical heat is higher 
than gas or oil.   

During the field audit, it was noted that the thermostats controlling the electrical 
baseboards in Ernie’s Haus are not working and occupants control heat manually by 
turning on the circuit breaker.  It was reported that heat typically remains on during 

FIGURE 6-25 
Boilers in Tram Valley Station 
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unoccupied periods in the building. Due to the location of the Summit Building and the 
difficulty of delivering liquid fuel to this location, this building is heating entirely by 
electrical resistance. It is recommended that alternative electric heating systems be 
evaluated including air-source and ground-source heat pump systems. 

6.4.5.2 Cooling Systems 
Cooling systems are limited to in-wall air-conditioning units in the gift shop (inside the 
Tram Valley Station) and a unit serving a portion of the Peabody Base Lodge.  The unit 
in the Tram gift shop is relatively new while the one in the Peabody Base Lodge is dated. 
Neither of the units are high efficiency ENERGY STAR® rated.   

6.4.5.3 Pumps 
There are six large pumps used for snowmaking 
on the Mountain. Four pumps are located in the 
Snowmaking Operations Building at the base of 
the Mountain. The pumps range from 200hp to 
500hp. The pumps are controlled according to 
the demand for water during snowmaking 
operations. There are two additional booster 
pumps located in the Pump House located three 
quarters of the way up the mountain. Where 
appropriate, it is recommended that variable 
frequency drive (VFD) controllers be installed on 
large motors. Programmable VFDs reduce energy 
consumption and reduce wear on electrical 
motors. 

6.4.5.4 Control Systems 
There is a mix of programmable, digital, and manual clock-faced thermostats throughout 
the Cannon Mountain facility.  Few of the thermostats are tamper-proofed (Figure 6-26) 
allowing occupants to adjust heating setpoints. It is recommended that all manual 
thermostats be replaced with seven-day programmable tamperproof thermostats.   

Currently there are no building automation control (BAC) systems or direct digital 
control (DDC) systems.  DDC systems provide web-based scheduled control of HVAC 
systems allowing the operator to schedule system operations according to occupancy, 
indoor air quality (IAQ), and outdoor ambient conditions.  Optimization of system 
operations reduces energy consumption and improves occupant comfort and IAQ.  Major 
renovations of buildings should include installation of DDC systems.  

FIGURE 6-26 
Tamperproof Manual Thermostat 
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6.4.5.5 Refrigeration 
Several walk-in refrigeration units are located in the 
facilities consuming a significant amount of energy 
annually. A single walk-in commercial refrigerator 
unit and walk-in freezer are located in the lower 
level of the Tram Valley Station.  Five  walk-in 
commercial refrigerator units are located in the 
Peabody Base Lodge.  Freezer chest units were also 
observed.  Many of the condensing units are fouled 
with debris and air circulation is physically blocked 
by storage items.  Interior lights were also observed 
to be on in several unoccupied units during the 
inspection. Some commercial refrigeration units are 
infrequently used or are filled to partial capacity 
(Figure 6-27).     

 

It is recommended that contents in all walk-in 
units be consolidated and unnecessary units be 
electrically disconnected.  Energy intensive freezer 
chests (Figure 6-28) can be removed and the 
contents can be consolidated into existing walk-in 
units.  Door seals should be inspected and 
replaced and all latching hardware should be 
inspected.   

Failed condensers should be replaced with high 
efficiency units (with economizers) All condensing 
units should be cleaned regularly.  Adequate space 
should be maintained around the units to provide 
sufficient air circulation and heat dissipation. Food sensing thermostats should be 
installed on all units to significantly reduce operating frequency of the condenser units. 

6.4.5.6 Mountain Operations 
There are ten chairlifts at Cannon Mountain 
which include a tow lift, carpet lift, double seat 
lift, three  triple seat lifts, three  quad lifts, and 
the aerial tramway.  All of the lifts are powered 
with energy intensive motors.  Alternating 
current (AC) is supplied to the lifts which must 
be converted into direct current (DC) power for 
the dated DC motors.  This AC/DC conversion 
results in an increased use due to inefficiencies 
in the transfer process. It is recommended that 
the dated or failing DC motors be phased-out 
with new AC premium efficiency NEMA rated 
units.  

In a typical ski season 160 to 170 inches of natural snow falls on Cannon Mountain. 
Snowmaking systems cover 97% of the Mountain.  Water is pumped from Echo Lake by 
four 500 horsepower pumps (Figure 6-29) at a rate of up to 3,800 gallons per minute. 

FIGURE 6-27 
Partially Filled Walk-In Freezer 

FIGURE 6-29 
Snowmaking Water Pumps 

FIGURE 6-28 
Energy Intensive Freezer Chest 
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In a typical season, 170 million gallons of water is pumped up the mountain and turned 
into snow. Cannon Mountain does not use any additives in the water to increase snow 
production at higher ambient temperatures. The Snowmaking Garage is equipped with 
three  large compressors, one 1,250 HP compressor and two 600 HP units. There is an 
additional 1,750 HP compressor in the Compressor Garage. The compressors are 
capable of producing 21,000 cubic feet of air per minute (CFM) at 100 pounds per 
square inch (psi). Compressed air and water is pumped up the mountain through a 
sixteen mile network of piping. Two additional 200 horsepower pumps located in a 
booster house at an elevation 3,400 feet provide increased pressure throughout the 
piping network.  All snowmaking equipment units operate frequently during the winter 
months consuming a significant amount of energy. Real-time electrical demand is 
monitored during snowmaking operations to limit demand charges.  When the Mountain 
is at full capacity (snowmaking and lifts) it reportedly draws eight megawatts of 
electricity.  

Three types of snowmaking guns are used at Cannon Mountain. Fan guns, tower guns, 
and land guns are used depending on the terrain that has to be covered. Fan guns are 
used in open areas such as Lower Cannon, Turnpike, Huckerbrook, and the Lift Areas. 
Fan guns are capable of producing an immense amount of snow and do not use 
compressed air but require a power source to operate. The power network is limited on 
the Mountain and there are plans to upgrade the system in the near future according to 
facilities staff.  On the remaining terrain, the land and tower guns are used. These units 
used compressed air to force the water through jets to produce snow. Depending on 
wind conditions, air temperature, wet bulb temperate, and trail width, various units and 
nozzles are selected. Mittersill does not have snowmaking capabilities (as of 2012), 
however there are plans to add snowmaking facilities in the future.  

Air compression accounts for an estimated 70% of the energy cost associated with 
snowmaking.  Modern snowmaking equipment that requires less or no compressed air to 
produce the same amount of snow is available. However, this equipment may require 
additional power sources on the Mountain. 

The four large compressors used for snowmaking produce a significant amount of energy 
in the form of heat. This by-product heat is removed by two mechanical systems which 
require energy to operate. The three compressors located in the snowmaking garage are 
connected to a water loop that circulates cool water from the Echo Lake to cool the 
compressors. The 1,750 horsepower compressor located in the compressor garage is 
connected to an air source cooler. This unit circulates glycol through cooling fins to 
remove excess heat. Other regional ski resorts (Mount Snow) have installed heat 
recovery systems to re-use the by-product heat with an air to water heat exchanger.  At 
Mount Snow this recovered energy provides 15% to 20% of the heating demand in the 
Main Base Lodge.  

6.4.5.7 Mechanical Equipment Energy Consumption 
The electrical energy consumption for mechanical equipment was estimated according to 
nameplate information and building function and occupancy schedules.  Table 6-18 
presents a summary of the mechanical equipment and annual energy usage.  A detailed 
inventory and the associated energy consumption for each piece of mechanical 
equipment is attached at the end of Section 6.  Total mechanical consumption per year 
is estimated to be 8,159,881 kWh per year compared to 446,085 kWh for plug loads and 
200,520 kWh for lighting.   
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TABLE 6-18 
Mechanical Equipment Energy Consumption 

Equipment Type Qty. Item Manufacturer(s) Consumption 
(kWh/yr) % of Total 

Snow Making Compressors 
Motors 4 Siemens, Louis Allis 2,496,942 33% 

Snow Making Pumps 11 Titan 2,437,491 32% 

Chair Lifts 10 Ansaldo, Bull 1,582,109 21% 

Unit / Baseboard Heaters 86 Various 916,500 12% 

Domestic Hot Water 5 State Select, Prestige, GE 26,071 <1% 

Circulation Pumps 12 Taco 14,644 <1% 

Well Pumps 2 Baldor 21,694 <1% 

Ventilation / ERV 2 RenewAire, Greenheck 11,940 <1% 

Air Compressor 1 Kellogg American 3,874 <1% 

Ski Tuning 1 Wintersteiger 2,012 <1% 

Total 7,513,277 100% 
 

6.4.6 Ventilation Systems 

6.4.6.1 Exhaust Ventilation Systems 
Exhaust fan units provide several functions including humidity control, odor control, 
venting of volatile organic compound (VOC) containing materials (e.g., cleaning 
solvents), and venting of cooking fumes.  Operation frequency and schedules for the fan 
units should be consistent with the use type and intensity of the vented space.  For 
example, lavatories may be demand ventilated (interlocked with light switch) or they 
may operate continuously at a low rate during occupied periods.  Spaces equipped with 
exhaust fans are commonly over-ventilated resulting in increased energy consumption.  
All exhaust controls and rates should be consistent with ASHRAE Standard 62.1.  Fan 
ducting should have pressure actuated dampers to restrict air flow and heat loss when 
the units are not operating.  

Exhaust systems at the Cannon Mountain Facilities are limited to lavatories and kitchen 
spaces. The kitchen hoods in the Summit Building and Peabody Base Lodge are 
continuously powered during the heating season (winter) resulting in conditioned air 
being exhausted from the building.  This observation was confirmed utilizing thermal 
imaging.  It is recommended that these units be connected to a VFD system that adjusts 
the exhaust ventilation rates based on temperature.  Installed units can also be 
equipped with energy recovery units to reduce heat loss.  

6.4.6.2 Exchange Air Ventilation Systems 
Exchange air ventilation systems exhaust interior air with elevated CO2 concentrations 
and humidity and replace it with fresh outdoor air.  Ventilation rates and system 
capacity should be designed consistent with the minimum prescribed code standards 
(ASHRAE 62.1).  Systems should be demand (CO2) controlled with energy recovery 
capacity (ASHRAE 90.1). 
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With the exception of the Brookside Learning Center, there are no mechanical exchange 
air ventilation systems in the Cannon Mountain facilities.  Air exchange is limited to 
passive exchange occurring by envelope air leakage and operating doors and windows.  
Recommendations include installing mechanical exchange air ventilation systems that 
comply with current code standards (ASHRAE 62.1 and 90.1) as part of any major 
renovations.  All systems should be demand (CO2) controlled to limit operating 
frequency and prevent over-ventilation.  They should include energy recovery units and 
DDC integration. 

6.4.6.3 Energy Recovery Ventilation Systems 
An energy recovery ventilation (ERV) system manufactured by RenewAire® is installed 
at the Brookside Learning Center.  This unit mixes the colder outdoor incoming air with 
the conditioned exhaust air to recover the energy.  It is recommended that energy 
recovery units are installed on all exchange air and exhaust air ventilation systems.   

6.5 Economic Analysis 
Based on the observations and measurements of the Cannon Mountain, several energy 
conservation measures (EEMs) are proposed for consideration (Tables 6-19 to 6-21).  
These recommendations are grouped into three tiers based on the cost and effort 
required to implement the EEM.  EEMs are ranked within each tier based on the capital 
cost for implementation versus the net estimated energy cost savings.   

The simple payback period is calculated for all the proposed EEMs. The cost to 
implement the measure is estimated based on current industry labor and equipment 
costs and the annual cost savings represents the reduced costs for energy savings. The 
net energy and cost savings for smaller EEMs is based on the estimated reduction of the 
associated energy consumption as defined in the model and equipment inventory.   
Using these costs, the payback period is then calculated as the number of years at which 
the capital cost of implementation equals the accumulated energy cost savings.  A 
savings to investment ratio (SIR) for each EEM is then calculated based on the cost of 
implementation, the estimated energy cost savings, and the estimated service life of the 
measure/equipment.  

Energy cost savings are based current cost of electricity at $0.127 per delivered kWh, 
the price of heating oil of $3.61 per gallon and price of propane of $3.22 per gallon 
(NHOEP June 11, 2012).  

Other qualitative considerations that do not influence the Simple Payback Method 
calculation but should be considered by the owner during the decision-making process 
include: 

• Occupant comfort. 

• Relative operation and maintenance requirements. 

• Remaining useful life of equipment and systems to be replaced. 

6.5.1 Operations and Maintenance Considerations 
Operation and maintenance (O&M) considerations are provided for existing systems and 
for proposed EEMs.  They are intended to provide best-value practices for the building 
manager and to identify any O&M requirements for the proposed EEMs.  Replacing dated 
equipment that has endured beyond its service life with modern equipment (heating, 
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motors, electrical) reduces maintenance and repair costs and improves system 
reliability.  Modern lighting fixture lamps provide significantly longer service life requiring 
less frequent replacement and reducing O&M costs (labor and material).   

The existing Facilities Maintenance organization has limited staffing resources 
considering the quantity and scale of equipment and systems at the Cannon Mountain 
facilities.  An evaluation of the Facilities Maintenance organization is recommended to 
determine if additional resources are necessary to provide adequate preventive 
maintenance services and repairs during all periods of operation.  This may include 
supplemental staffing during peak operation.  

6.6 Results of Evaluations 
Several energy efficiency measures (EEMs) are proposed for implementation based upon 
the observations and measurements obtained during the evaluation.  These 
recommendations are grouped into three tiers based on the cost to implement the EEM.  

Tier I EEMs are measures that can be quickly implemented for a cost between $0 and 
$2,500, often quickly and with little effort.  They include routine maintenance items that 
can often be completed by facility maintenance personnel and changes in occupant 
behavior or building operation.  Tier II items include items with a capital cost between 
$2,500 and $50,000 and generally require contracted tradesmen to complete.  EEMs 
that require large capital expenditure (greater than $50,000) and budgetary planning 
are categorized as Tier III measures.  

The energy cost savings and resulting payback are based upon each independent 
measure implemented for the building in its current condition and function.  There are 
interdependencies among measures that will affect the net realized energy savings.  For 
example, replacing lighting fixtures with lower energy units reduces heat load to the 
building thereby requiring more heating fuel to compensate for the loss in heat from the 
inefficient light fixtures.  Also, many of the larger capital Tier III EEM projects may 
include some of the smaller dependent Tier I and II EEMs.  The following sections 
provide specific information on the recommenced EEMs. 

Additionally, investment costs are provided for budgetary planning only.  They are 
estimated based on current industry pricing for materials and labor.  A detailed cost 
estimate should be developed prior to appropriating capital funds for the more costly 
measures. 

6.6.1 Tier I Energy Efficiency Measures 
Tier I EEMs are measures with an investment of less than $2,500 and often can be 
quickly implemented.  Table 6-19 presents the Tier I EEMs for the Cannon Mountain 
facility.  
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TABLE 6-19 
Tier I Energy Efficiency Measures 

EEM 
No. EEM Description Investment 

Annual 
Cost 

Savings 

Payback 
(yrs.) SIR 

T1-1 Consolidate all commercial refrigerator 
and freezer units for food service.  
Eliminate unnecessary equipment 
including freezer chests and consolidate 
contents in walk-in units. Disconnect 
unused units. Inspect door seals and 
latches and replace as needed. 

$0 $2,800 - - 

T1-2 Establish minimum energy efficiency 
standards for all food service equipment. 

$0 $2,000 - - 

T1-3 Power down electronic equipment when 
not in use. Consolidate printers and old 
computer equipment and remove from 
the building.  

$0  $1,200  - - 

T1-4 Consolidate and replace vending 
machines with fewer ENERGY STAR® 
rated units supplied by vendor. 

$0 $1,000 - - 

T1-5 Clean all commercial refrigeration 
condensing units.  Remove storage 
items and maintain adequate clearance 
around condensing units for heat 
dissipation. 

$0 $510 - - 

T1-6 Implement an on-campus public 
awareness campaign to reduce energy 
consumption.  

$2,500 $2,500 - - 

T1-7 Replace all manual thermostats with 
tamperproof programmable thermostats. 

$2,100  $2,501  0.8 12.0 

T1-8 Install time clocks controllers on arcade 
equipment in Peabody Base Lodge and 
Tram Valley Station 

$200 $140 1.4 8.4 

T1-9 Replace Peabody Traffic light with a 
solar powered LED unit. 

$1,200  $450  2.6 5.6 

T1-10 Install smart-strip time programmable 
controllers on photocopiers (2). 

$100  $70  1.4 4.9 

T1-11 Install low-flow aerators on all faucets 
and kitchen spray-nozzles to reduce 
domestic cold and hot water 
consumption (each). 

$301  $250  2.4 4.2 

T1-12 Replace lavatory faucets with motion 
activated faucets with low-flow aerators 
(each). 

$3001 $46 6.5 2.5 
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TABLE 6-19 
Tier I Energy Efficiency Measures 

EEM 
 

EEM Description Investment Annual 
 

 

Payback 
 

SIR 

T1-13 Replace walk-in freezer & refrigerator 
condenser units with high efficiency 
units (EER>14) (each).  

$1,2501  $300  4.1 2.4 

T1-14 Install low-flow flushometers on all 
urinals and dual-flushometers on toilets 
(each). 

$2781  $28  9.9 1.6 

T1-15 Install thermostat / VFD fan control on 
kitchen exhaust hoods (each). 

$1,2201  $117  10.4 1.5 

1Cost and saving calculated based on individual unit installed.  

Contents of refrigeration and freezer units should be consolidated into the walk-in units.  
Units that are not necessary should be emptied and disconnected.  Doors and seals on 
the walk-in units require inspection and maintenance to ensure they seal correctly. 

Energy efficiency standards for all appliances and food service equipment should be 
established.  Minimum requirements should include ENERGY STAR® rated equipment.  
All equipment should be reviewed and approved by the facility prior to purchase by the 
contracted vendor. 

Electric devices can consume a considerable amount of energy, even when left in a low-
powered state.  Powering down all devices when not in use and consolidating devices 
where possible, would limit energy use.  It is also recommended that the arcade 
systems and ATMs in the Peabody Base Lodge be placed on timed power strips to cut 
power after-hours. 

The numerous vending machines consume substantial amounts of energy and remain on 
year-round.  Machines should be consolidated and all existing units should be replaced 
with ENERGY STAR® rated units.   

Condensing units for the walk-in refrigeration units requires periodic cleaning to 
maintain efficiency.  Stored items should be removed from the vicinity to maintain 
adequate heat dissipation. 

An on-campus energy conservation awareness campaign would increase awareness 
among patrons and employees and define the State’s commitment to energy efficiency 
and sustainability.  The cost to implement this program would likely be offset by the 
energy savings.    

All thermostats should be seven-day programmable units with occupancy and seasonal 
scheduling.  Units should be locked to prevent access by employees and patrons.  The 
unit in Ernie’s Haus is broken and requires replacement.  

All arcade machines should be operated by time schedule controllers.  Units should be 
scheduled to operate only during occupied periods. 

In 2011, the Peabody traffic signal consumed 678 kWh of electricity at an annual cost of 
$283.  Installing a solar powered LED unit would eliminate this cost and would promote 
awareness of small-scale solar systems. 
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Photocopy machines consume a considerable amount of energy, even when left in a low 
powered state (approximately 40 to 50 watts).  Controlling units on a time scheduled 
smart-strip would disconnect power during non-occupied periods. 

Low-flow (0.5 gpm) aerators are a very economical method to reduce water 
consumption and heating fuel for domestic hot water.  They allow water to be supplied 
at the same pressure but at only a fraction of the usage, resulting in less water 
consumption and energy savings. 

Lavatory faucets are dated and should be replaced with motion activated single lever 
units.  In addition to improving accessibility and convenience for patrons, motion 
controlled faucets reduce water consumption and heating fuel for hot water. 

Walk-in refrigerators and freezers are equipped with standard efficiency compressors 
which operate frequently to maintain setpoint temperatures.  Replacing these with high 
efficiency compressors would reduce energy consumption. 

Lights throughout the facilities are controlled switch controlled, which can lead to lights 
being left on in unoccupied areas for extended periods of time.   Additionally lights 
output higher densities than necessary in areas such as those with large windows letting 
in ample light.  Installing additional controls on lights to limit their runtime and densities 
would limit the energy consumption of the units. 

Low-flow flushometers on urinals and dual-flush flushometers on toilets reduce water 
consumption and the energy required to pump and supply the water. They also 
significantly reduce the loading on on-site sanitary disposal systems resulting in lower 
maintenance costs and longer service life.  

Kitchen exhaust hoods currently operate at full speed and are manually controlled.  
Installing a thermostatic controller (heat activated) interlocked to a VFD for the fan 
motor will reduce the volume of conditioned air that is directly exhausted from the 
building and reduce the amount of energy required to operate the fan units.  

6.6.2 Tier II Energy Efficiency Measures 
Tier II items require an investment between $2,500 and $50,000 and generally require 
contracted tradesmen to complete.  Recommended Tier II EEMs are presented below in 
Table 6-20. 

TABLE 6-20 
Tier II Energy Efficiency Measures 

EEM 
No. EEM Description Investment 

Annual Cost 
Savings 

Payback 
(yrs.) SIR 

T2-1 Install eCube® thermostat controllers in 
walk-in refrigerators (3) and freezer (4) 
units. 

$6,065  $1,520  4.0 3.8 

T2-2 Phase-out DC motors (at failure) with 
premium efficiency AC motors with VFD 
controllers (cost is additional to a 
standard efficiency motor) (each). 

$18,5731  $2,100  8.8 2.8 

T2-3 Install destratification fans in Peabody 
Base Lodge (8), Notchview Lodge (8), 

$19,702  $2,870  6.9 2.6 
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TABLE 6-20 
Tier II Energy Efficiency Measures 

EEM 
No. EEM Description Investment 

Annual Cost 
Savings 

Payback 
(yrs.) SIR 

and the Maintenance Garage (8). 
Remove or de-energize all ceiling fan 
fixtures. 

T2-4 Install ERUs on all exhaust fans 
(lavatories, kitchens). 

$46,759  $5,230  8.9 1.9 

T2-5 Consolidate and replace food/beverage 
display refrigerators with fewer ENERGY 
STAR® rated units (each). 

$3,2001  $360  8.9 1.7 

T2-6 Inventory and analyze all food 
preparation/service equipment. Replace 
inefficient equipment with new efficient 
units.  Control operating frequency 
based on use. 

$30,000  $3,000  10.0 1.5 

T2-7 Replace domestic hot water tank units 
(2) with propane-fired or electric 
tankless demand units. Insulate all DHW 
piping. 

$7,786  $800  9.7 1.3 

T2-8 Complete feasibility study for heat 
recovery and re-use from snowmaking 
operations into lodges. 

$3,500 - - - 

T2-9 Complete an Engineering Study of the 
existing electrical distribution system 
(coordinate with PSNH).  Identify energy 
losses, faulty equipment, and code 
compliance issues. Present 
recommendations for improving grid 
infrastructure including submetering. 

$15,000  -  - - 

1Cost and saving calculated based on individual unit installed.  
 

Walk-in refrigerator and freezer units consume a considerable amount of energy to keep 
the unit tempered.  Each time the door is opened the thermostat senses an increase in 
air temperature and actuates the compressor.  Installing a mass sensing thermostat 
(eCube®) replicates the temperature of the contents in the unit which reduces 
compressor operation. 

Most of the chairlift motors are DC powered motors while the power is supplied through 
AC power which must be converted to DC power and energy is lost through this 
conversion.  It is most cost effective to replace these motors when they fail with NEMA 
premium rated AC motors with VFD controls for maximum efficiency. 

Many of the facilities have areas of high ceilings, such base lodges and maintenance 
garages.  In these spaces heat rises and stratifies resulting in higher setpoint heating 
temperatures at the floor/occupant level.  De-stratification fan units installed in these 
high ceiling areas would recirculate the warm air back to the floor level allowing lower 
setpoint temperatures. 



Section 6 Cannon Mountain Facility Audit Report Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  6-49 

Exhaust fans are necessary in kitchens and lavatories to provide proper ventilation for 
humidity and odor control but exhausts conditioned air at the same time which needs to 
be replaced leading to extended use of heating equipment.  An energy recovery unit 
(ERU) could be installed on exhaust fans to recover energy from the conditioned air and 
return it to the conditioned space. 

Dated food/beverage display refrigerators are energy intensive units.  Recommendations 
include consolidating units where possible and replacing units with ENERGY STAR® rated 
units. 

Tank domestic hot water units are installed at five of the facilities and the capacity 
exceeds demand resulting in wasted energy to maintain a larger volume of heated 
water.  Propane or electric fired tankless demand units provide hot water only when 
necessary.  The Peabody Base Lodge and Brookside Learning Center have already been 
equipped with tankless units. 

Currently, a large amount of by-product heat is generated by the snowmaking 
equipment including the large air compressors.  An engineering feasibility study is 
recommended to evaluate the potential to re-use this by-product heat to supplement 
heating systems in adjacent facilities. 

Electrical power for most of the facilities is supplied through a single meter at the 
Peabody Base Lodge and distributed for several miles throughout the Park with multiple 
transformers.  Based on the dated electrical infrastructure and equipment it is likely that 
a significant amount of energy is lost through distribution.  It is recommended an 
engineering study be completed to survey the infrastructure and equipment, measure 
and identify any losses, and to identify any code compliance issues.  The study should 
include a report with recommended measures for long-term improvement of the grid 
infrastructure.  The local utility grid owner should be consulted as part of the study.  

6.6.3 Tier III Energy Efficiency Measures 
EEMs that require large capital expenditure (greater than $50,000) and budgetary 
planning are categorized as Tier III measures.  Eight Tier III EEMs are provided in Table 
6-21 for the Cannon Mountain facility. 

TABLE 6-21 
Tier III Energy Efficiency Measures 

EEM 
No. EEM Description 

Investme
nt 

Annual Cost 
Savings 

Payback 
(yrs.) SIR 

T3-1 Replace all electrical transformers older 
than 15 years with high efficiency units 
(each).  

$17,5721  $2,560  6.9 2.9 

T3-2 Install DDC systems in four lodges and 
optimize HVAC systems operation. 

$427,800  $68,000  6.3 2.9 

T3-3 Install web-enabled EMS with networked 
submeters at all buildings and energy 
intensive systems. 

$314,272  $44,757  7.0 2.4 

T3-4 Install ground-source heat pump 
(geothermal) system for heating of 
Summit Building. 

$397,900  $37,000  10.8 2.3 
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TABLE 6-21 
Tier III Energy Efficiency Measures 

EEM 
 

EEM Description Investme
 

Annual Cost 
 

Payback 
 

SIR 

T3-5 Complete air-sealing of four lodges. Seal 
all entry door jambs, partings, headers, 
thresholds, and moldings (interior and 
exterior). Seal all envelope penetrations 
and gaps. 

$70,035  $15,600  4.5 2.0 

T3-6 Improve thermal integrity of Summit 
Lodge. 

$94,645  $5,700  16.6 1.8 

T3-7 Improve thermal integrity of Tram Valley 
Station. 

$125,925  $7,000  18.0 1.7 

T3-8 Replace the steam boilers with 
condensing propane units (2). Convert 
system to hot water supply and install 
new distribution equipment.  Insulate all 
distribution (supply and return) piping. 

$120,520  $8,800  13.7 1.6 

T3-9 Insulate the maintenance garage to 
reduce heat load (system undersized) 
Remove electrical heaters and replace 
with gas-fired IR heaters. 

$49,450  $2,500  19.8 1.1 

T3-
10 

Complete an interior lighting retrofit 
project. Install DLM system in lodges.  
Replace T-12 fixtures with low-wattage T-
8/T-5/LED fixtures and task lighting. 
Install recommended controllers by 
space. Balance illumination densities to 
IESNA standards. 

$228,870  $9,450  23.6 0.8 

T3-
11 

Install mechanical exchange air 
ventilation systems with energy recovery 
and demand controls in all lodges per 
building code (public assembly areas). 

$730,250  $11,100  65.8 0.3 

1Cost and saving calculated based on individual unit installed. 
 

Electrical transformers lose efficiency over time resulting in an increased energy use as 
high as 20%. Replacing dated units (over 15 years old) with new high efficiency units 
and consolidating smaller units with fewer larger units would improve system efficiency.  
It is noted that the recommended electrical distribution infrastructure engineering study 
should be completed prior to scheduling replacement of any transformer units. 

Heating throughout all facilities are controlled by manual thermostats which can be 
accessed by anyone. A direct digital controls (DDC) system in the lodges will optimize 
HVAC systems and improve occupant comfort.  This provides the facilities operators with 
improved control and allows them to identify system issues prior to receiving occupant 
complaints. 

Installing submeters at each building and on energy intensive equipment networked to a 
remote automatic metering system is recommended.  This will allow the State to 
monitor and trend high usage areas and to identify and address issues in real-time.  
Installing an energy management system (EMS) comprised of multiple web-connected 
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sub-meters that can be accessed from a centralized network using a commercially 
available software program is recommended.  Usage would be automatically tracked and 
recorded in a database which would reduce the potential for data entry errors, flag 
potential billing errors, and provide powerful tracking and comparison tools.  

The Summit Building is currently heated by electrical baseboard heaters which is rather 
inefficient. A geothermal ground-source heat pump (GSHP) system is a practical heating 
system given the remote location and setting.  Several bedrock wells and a closed-loop 
piping system connected to a GSHP and distribution equipment would provide heating 
and cooling for the building. 

Air sealing and weather-stripping are low cost measures that reduce heating loads and 
improve occupant comfort by mitigating nuisance drafts.  All doors, windows, and 
envelope penetrations should be routinely inspected and sealed.  

The thermal integrity of the older building envelopes are generally poor especially at the 
Summit Lodge and Tram Valley Station.  Insulating these buildings is recommended 
however an engineering review should be completed to determine the most economical 
means to improve the envelopes. Envelope insulation projects generally provide long 
payback periods and developing the best approach is critical. 

There are two dated oil-fired steam boilers at the Tram Valley Station which have an 
estimated combustion efficiency of 70% based on equipment age, type, and condition 
(manufacturer data is not available).  It is recommended that these units be replaced 
with condensing propane units which can achieve efficiencies of 96%.  Siting of a new 
propane tank is required.  All hot water piping should be insulated as well to reduce 
losses throughout the system. 

The maintenance garage is poorly uninsulated resulting in a significant amount of 
thermal transfer through the envelope. Heating is provided by a newer Buderus® boiler 
and dated inefficient electrical heaters.  Recommended measures include removing the 
existing fiberglass batt insulation in the roof and installing five inches of closed-cell 
polyurethane spray-foam insulation.  The electric heating units should be removed and 
replaced with gas-fired infra-red heaters for supplementary heat in the service bays. 

The majority of lighting consumption (est. 64%) is consumed by T12 fixtures which are 
inefficient lighting fixtures (T12 lamps will no longer be manufactured as of July 2012 
per EPA).  Replacing these with lower wattage fixtures such as T-8, T-5 or LED fixtures 
will reduce lighting energy consumption and improve lighting quality.  A digital lighting 
management (DLM) system is recommended in the assembly spaces of the lodges to 
control and optimize lighting schedules consistent with occupancy.  Other controls 
include photosensors, daylighting, and occupancy sensors. 

Current building code requires exchange air ventilation systems in public assembly 
spaces in compliance with ASHRAE Standards 62.1 and 90.1. With the exception of the 
Brookside Learning Center, none of the lodges are equipped with exchange air 
ventilation systems and passive air exchanges occur through thermal breaks in the 
envelope and door operation.  It is recommended mechanical exchange air ventilation 
systems be installed with energy recovery units to recapture heat from the conditioned 
air.   
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6.6.4 Other Considerations 

6.6.4.1 Alternative EEMs 
Improving the thermal integrity of building envelopes including window and door 
replacement and wall and roof insulation were considered for each of the buildings 
during the evaluation. However, envelope improvements are costly measures that yield 
a long payback period.  Renovations to existing buildings should consider improving the 
thermal values to comply with IECC 2009 code standards and the NH Stretch Energy 
Code requirement. 

6.6.4.2 Ski Resort Energy Efficiency Initiatives 
The National Ski Areas Association (NSAA) is in its eleventh year of promoting a 
Sustainable Slopes Grant Program. Grants for the 2011-2012 season were awarded in 
the form of high efficiency snowmaking guns to two resorts as well as cash grants for 
efficiency measures including a lighting retrofit, solar compactors, water bottle refilling 
station and an electric vehicle integration program. A Golden Eagle Award was initiated 
in 1993 and recognizes environmental excellence in the ski industry, presenting awards 
to a small, medium and large resort.  The NSAA is also in their second year of the 
Climate Challenge award which is designed to “give recognition to ski areas that are 
developing carbon inventories, setting goals for carbon reduction and measuring success 
in reducing their overall carbon footprint”.  Other programs endorsed by the NSAA 
include the Renewable Choice Energy, Sharing Warmth Around the Globe (SWAG), and 
the National Forest Foundation (NFF).  

Some New England ski resorts have taken measures over the past few years to improve 
efficiencies at their mountains.  Mount Snow in Dover, Vermont purchased 251 SMI 
Polecast® fan guns between 2007 and 2008 which are electrically powered with on-
board compressors.  Previously they had used diesel powered compressors which 
consumed 200,000 gallons of diesel each year.  In 2009, Mount Snow pumped 25% 
more water and used 21% less energy (3,484,964 kWh less) than in 2008.  Mount Snow 
also installed an air-to-water heat exchanger to extract by-product heat from the 
compressor cooling loop (typically wasted) and re-used it to offset the heating energy in 
the Main Base Lodge by 15% to 20%. 

Killington Mountain in Killington, Vermont also installed low energy snow guns to replace 
some of their equipment and reduced diesel consumption by more than 30% and 
electrical consumption by 25% between 2006 and 2009. The guns installed are most 
efficient at higher elevations and early in season due to climate conditions and can 
utilize up to 75% less energy than typical snow guns.  They also replaced older-diesel-
powered snowmaking compressors with Tier III low emissions machines and reduced air 
emissions by 50%. 

Sugarloaf Mountain in Franklin County, Maine was recently awarded a grant to aid in 
purchasing 300 HKD SV10 Impulse snow guns which are the most advanced energy-
efficient snow-making equipment currently available.  These units have the ability to use 
up to 90% less compressed air than older units. Sugarloaf has also developed a 10-year 
action plan Sugarloaf 2020) to improve all areas of the resort. 

6.6.4.3 Renewable Energy Considerations 
While renewable energy systems generally require a higher capital investment, they 
provide a significant reduction in the consumption of non-renewable fossil fuel energies.  
Other obvious benefits include a reduction in ozone depleting gas emissions (as 
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measured by CO2 equivalency), otherwise referred to as the “carbon footprint”.  
Renewable energy systems also reduce the reliance upon fossil fuels derived from 
foreign nations and mitigate pricing fluctuations in a volatile and unpredictable market. 

Table 6-22 below provides a summary description of several renewable energy 
technologies that were briefly considered for implementation at the Cannon Mountain 
facility.  A more rigorous engineering evaluation should be completed if the State is 
considering implementing any renewable energy system. 

TABLE 6-22 
Renewable Energy Considerations 

Renewable Energy 
System System Description & Site Feasibility 

Geothermal Heating 
& Cooling 

System Description: 
Geothermal heating systems utilize solar energy residing in the upper crust of 
the earth. Cooling is provided by transferring heat from the building to the 
ground.  There are a variety of heating/cooling transfer systems but the most 
common consists of a deep well and piping loop network.  All systems include 
a compressor and pumps which require electrical energy. Geothermal systems 
are a proven and accepted technology in the New England region.  Site 
constraints and building HVAC characteristics determine the practicality.   

 Site Feasibility: 
Although there is no cooling demand for the Cannon Mountain facilities, 
geothermal systems are a practical source of heating for buildings.  With 
shallow bedrock and expansive land areas, a large district geothermal heating 
system is a practical consideration for the base buildings. A shallow pond loop 
could also be installed in Echo Lake to recover rejected heat from snowmaking 
operations. A geothermal system for the Tram Summit Lodge would 
significantly reduce electric demand for heating. 
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TABLE 6-22 
Renewable Energy Considerations 

Renewable Energy 
System System Description & Site Feasibility 

Wind Turbine 
Generator 

System Description: 
Wind turbine generators (WTGs) convert wind energy into electrical energy via 
a turbine unit. WTGs may be pole mounted or rooftop mounted however 
system efficiency improves with increased elevation.  Due to cost and site 
related constraints, WTG technology in New England is only practical for select 
sites.  Constraints include local geographical and manmade features that alter 
wind direction, turbulence, or velocity.  Other technology constraints include 
local variability of wind patterns and velocity.  Additionally, WTGs require 
permitting (local, state, FAA) and local zoning that may restrict systems due 
to height limitations, and/or, visual detraction of the local landscape.   

 Site Feasibility: 
Cannon Mountain was considered as a potential site for a wind energy 
installation during Tier I and II of the analysis.  The site was not selected for 
further analysis due to the presence of wildlife habitat, steep slopes along a 
west-to-east ridgeline, and challenges with site access.    Small (<5kW) to 
medium-sized (10kW) pole-mounted or roof-mounted wind turbine units at 
the base may be practical considerations.  Determining if this is a cost 
practical technology would require additional site study.   

Combined Heat & 
Power (CHP) 

System Description: 
Combined heat and power (CHP) systems are reliant on non-renewable 
energies.  Systems are composed of a fossil-fuel powered combustion engine 
and electrical generator.  Electrical current is distributed to the building 
distribution system to reduce reliance on grid supplied electricity.  Byproduct 
thermal energy derived from the combustion engine is recovered and used to 
heat the building (this is generally considered to be renewable energy).  
Another benefit of CHP systems is that they provide electrical energy during 
power outages in buildings that do not have emergency power backup. Larger 
CHP units require a substantially large fuel supply and if natural gas is not 
available then a LPG tank must be sited. 

 Site Feasibility: 
Considering the relatively large electric and heating demand for the Cannon 
Mountain facilities, a CHP system may be cost practical.  A larger system 
would likely require additional propane gas storage on site.  Other benefits of 
CHP include reducing peak demand charges during winter operations. The 
biomass co-generation project at the Glencliff Home in Benton, NH should be 
evaluated as a potential model for consideration at Cannon Mountain.  
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TABLE 6-22 
Renewable Energy Considerations 

Renewable Energy 
System System Description & Site Feasibility 

Biomass Heating 
Systems 

System Description: 
Biomass heating systems include wood chip fueled furnaces and wood pellet 
fueled furnaces. For several reasons, wood chip systems are generally 
practical only in large scale applications.  Wood pellet systems can be practical 
in any size. Wood chip systems are maintenance intensive based on the 
market availability and procurement of woodchip feedstock and variability of 
woodchip characteristics (specie, size, moisture content, bark content, Btu 
value) which affect the operating efficiency of the furnace and heating output. 
They require a constant feed via a hopper and conveyor system and feed rates 
must vary according to feedstock Btu value and heating demand.  For these 
reasons they typically require full-time maintenance and are practical only in 
large scale applications. Wood pellet systems are much less maintenance 
intensive and feedstock availability and consistency is less of an issue. Both 
systems reduce the dependency on fossil-fuels and feedstock can be 
harvested locally. 

Score: 84% Site Feasibility: 
A district wood-chip fired biomass boiler system is a practical consideration for 
the Cannon Mountain facility. Feasibility studies should consider transporting 
of wood chips during winter months, feedstock storage, and system 
maintenance.  Smaller pellet boilers should be considered when planning the 
replacement of existing heating supply systems at all facilities. 
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IR of varying exterior finish systems of Peabody Base Lodge reveals a variety of thermal properties. The exposed concrete foundation has the highest thermal transfer (52.6°F), followed by horizontal beveled lapped siding (44.3°F) and wood trim (41.4°F).  These are typical insulating properties and many facilities at Cannon are similar.  Ambient outdoor temperature was approximately 46°F. Insulating exposed concrete on the interior may be cost beneficial for retaining energy.
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Exterior light fixture reveals high thermal temperature (112.4°F, ~66°F above ambient) indicating substantial energy is being dispersed through heat, resulting in increased energy to provide light and therefore an inefficient unit. In addition, all exterior lights were on at the Peabody Base Lodge after sunrise (but before direct sunlight) when lighting is already sufficient.  Recommend replacing these fixtures with more energy efficient units (e.g. LED) and placing all exterior lights on photocell control.
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IR of the exhaust vent on the exterior of the Notchview Lodge reveals a high thermal losses (71.0°F just inside vent, 55.5°F on exterior wall next to vent). The ambient temperature was approximately 46°F.  The fixed vent allows a constant loss between the interior and exterior allowing energy to be lost.  It is recommended all exhaust vents be pressure actuated to provide sufficient ventilation while minimizing this energy loss.  

Mike
Rectangle



Inspection Report

Report Date 3/22/2012

Company Acadia Engineers and 

Constructors

Customer Cannon Mountain, 

Franconia Notch State 

Park

Address 90 Main Street, 

Newmarket, NH 03857

Site Address 9 Franconia Notch State 

Park, Franconia, NH

Thermographer Hans Kuebler Contact Person

Image and Object Parameters Text Comments

B-CAM Western SCamera Model

3/22/2012 7:51:01 AMImage Date

IR_2628.jpgImage Name

0.96Emissivity

195.0 °FReflected apparent 

temperature

5.0 ftObject Distance

Description

4  (10)

Mike
Text Box
This electrical transformer is located in the Tram Valley Station and emits a high temperature (190.6°F, ~120°F above ambient).  A certain amount of energy needs to be produced to supply electricity and when that energy is dissipated as heat there is a higher energy demand.  This inefficiency increases with increased use and wear.  It is recommended older transformers and electrical panels be replaced with high efficiency units.
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Text Box
IR of under counter refrigerator reveals some thermal energy lost around the seal at the door (69.8°F).  Kitchen equipment is owned and operated by a private company, therefore increased energy use due to inefficient equipment is less of a concern to them.  It is recommended the Mountain incentivize the food preparation company to install Energy Star rated equipment and practice energy conservation techniques.
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Text Box
The rear door to the Peabody Base Lodge behind the kitchen reveals a poor seal around the door and window (~10°F differential between side of door and center of door).  There is a high amount of foot traffic in and out of many doors throughout the facilities which wear down the seals and allow thermal energy to be lost.  It is recommended all doors and windows be monitored and seals be replaced when necessary.  
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Text Box
Display refrigerator in the Peabody Base Lodge cafeteria  reveals a high temperature from the motor at the bottom (87.5°F) and areas of poor seals (dark spots, 55.7°F and 58.5°F). Poor seals allow energy to be lost from the unit and therefore an increase in energy produced to keep the products cold.  Kitchen equipment is owned and operated by a private company, therefore increased energy use due to inefficient equipment is less of a concern to them.  It is recommended the mountain incentivize the food preparation company to install Energy Star rated equipment and practice energy conservation techniques.
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Text Box
The rear door to the Peabody Base Lodge behind the kitchen reveals a poor seal around the door and window (62.5°F).  There is a high amount of foot traffic through many doors throughout the facilities which wear down the seals and allow thermal energy to be lost.  Some entrances such as this one are not equipped with a vestibule which acts as a barrier between the exterior and interior while other main doors are equipped with a vestibule.  It is recommended all doors and windows be monitored and seals be replaced when necessary.  
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IR a vent on the ceiling of the Notchview Lodge reveals a high thermal losses(61.4°F just inside vent, 70.9°F on ceiling next to vent). The ambient temperature was approximately 70°F.  The fixed vent allows a constant losses between the interior and exterior allowing energy to be lost.  It is recommended all exhaust vents be pressure actuated to provide sufficient ventilation while minimizing this energy loss.  
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There are a large number of motors located at Cannon Mountain which are used for ski operations.  This IR depicts a motor dissipating heat at 106.4°F (~60°F above ambient temperature). While this temperature is not extremely above typical observed motors, the dissipated heat is a form of energy loss from the motor, therefore requires increased energy to work and increased wear on the equipment.  It is recommended DC motors be replaced upon failure with AC motors with VFD controls to maximize efficiency.
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Attachment 2 
Indoor Metering Data 



Facility: Location: Date: Ambient Outdoor:

Cannon 03/22/2012 Temp= 45.8

RH= 46.6

CO2= 315

Location /Use Description Time Occupied Lighting Density Notes

Temp (°F) RH (%)  CO2 (ppm) Horiz (FC) Vert (FC)

1st fl hall 1203 N 70.3 30.7 620 20

Office 10 1206 N 42

Guest Services 1427 Y 137

Pub 1405 Y 14.2-33

INDOOR METERING DATA

Notchview Base Lodge

Peabody Base Lodge

Park Headquarters

Cannon mtn., NH

Air Quality

1
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Lighting Fixure Inventory 

 
 
 
 
 
 
 
 
 
 
 
 



Facility: Location: Date:

Cannon 03/22/2012

Location /Use Description Fixture Watts/fixture Qty Controls Total watts Est. Hr/Wk Est. wk/yr
Est. KWH 

Consumption/Yr

Ext Cfl flood 26 2 Switch 52 61 52 165

Main seating Small flood 40 12 Switch 480 70 30 1,008

Main seating Cfl flood 14 7 Switch 98 70 30 206

Main seating T12 l 150 1 Switch 150 70 30 315

Main seating Led 5 3 Switch 15 70 30 32

Bath T12 short single 40 9 Switch 360 70 30 756

Kitchen T12 long 150 2 Switch 300 70 30 630

Kitchen T8 64 1 Switch 64 70 30 134

Kitchen mech rm T12 s 80 1 Switch 80 70 30 168

Kitchen mech rm Cfl 34 1 Switch 34 70 30 71

Stair Cfl flood 14 2 Switch 28 70 30 59

Upstairs main Cfl flood 14 8 Switch 112 70 30 235

Upstairs offices T12 s 150 2 Switch 300 70 30 630

Upstairs offices T8 l 128 1 Switch 128 70 30 269

Upstairs offices T8s 64 1 Switch 64 70 30 134

Top Spot 75 2 Switch 150 70 30 315

First fl hall T12 96 5 Switch 480 50 52 1,248

Basement T12 s 96 3 Switch 288 50 52 749

Basement T12 l 192 3 Switch 576 50 52 1,498

Office 1 T12 96 5 Switch 480 45 52 1,123

Office 2 T12 96 3 Switch 288 45 52 674

Office 3 T12 96 1 Switch 96 45 52 225

Bath Short thin 13 1 Switch 13 10 52 7

Bath Cfl 17 1 Switch 17 10 52 9

Office 4 T12 96 1 Switch 96 45 52 225

Office 10 T12 96 1 Switch 96 45 52 225

Office T12 96 1 Switch 96 45 52 225

Manage T12 single 48 1 Switch 48 45 52 112

Meeting Cfl 42 2 Switch 84 45 52 197

Meeting Cfl 17 4 Switch 68 45 52 159

Ext Cfl 17 2 Switch 34 61 52 108

Ext Hps 150 1 Switch 150 61 52 476

Bath Cfl 13 1 Switch 13 10 52 7

Office T12 96 1 Switch 96 45 52 225

Office T12 96 1 Switch 96 45 52 225

High bay T12 l 192 30 Switch 5,760 56 52 16,773

High bay T12 s 96 4 Switch 384 56 52 1,118

High bay Led 5 3 Switch 15 168 52 131

High bay T12 l 192 6 Switch 1,152 56 52 3,355

LIGHTING FIXTURE INVENTORY

Cannon mtn., NH

Ernie's Haus

Park Headquarters

Maintenance Garage

Notchview Lodge



Exit Led 5 13 Switch 65 168 52 568

First aid T12 96 3 Switch 288 70 25 504

Locker rm T12 96 2 Switch 192 70 25 336

Bath T12 96 2 Switch 192 70 25 336

Bath men T12 96 4 Switch 384 70 25 672

Bath wmn T12 96 4 Switch 384 70 25 672

Hall T12 96 8 Switch 768 70 25 1,344

Hall T12 192 2 Switch 384 70 25 672

Hall Inc 60 1 Switch 60 70 25 105

Boiler Inc 60 2 Switch 120 70 25 210

Staff T12 96 2 Switch 192 70 25 336

Guest service T12s 192 22 Switch 4,224 70 25 7,392

Guest office T12s 192 2 Switch 384 70 25 672

Guest office T8 64 9 Switch 576 70 25 1,008

Guest office T12 144 7 Switch 1,008 70 25 1,764

Private T12s 192 4 Switch 768 70 25 1,344

Stairs Cfl 17 1 Switch 17 70 25 30

Gift shop T12s 96 24 Switch 2,304 70 25 4,032

Upstairs main T12s 96 32 Switch 3,072 70 25 5,376

Upstairs main Spot small 75 8 Switch 600 70 25 1,050

Upstairs main Inc 60 5 Switch 300 70 25 525

Cafe T12s 96 10 Switch 960 70 25 1,680

Office T12s 96 1 Switch 96 70 25 168

Medical T12s 192 2 Switch 384 70 25 672

Stairs T8 64 1 Switch 64 70 25 112

Exit Signs Led 5 8 Always on 40 168 52 349

Rental T12s 96 30 Switch 2,880 70 25 5,040

Main lodge Mh 400 20 Switch 8,000 84 25 16,800

Main lodge Inc 75 5 Switch 375 84 25 788

Main lodge Cfl 17 18 Switch 306 84 25 643

Main lodge Cfl flood 24 15 Switch 360 84 25 756

Main lodge T12s 96 8 Switch 768 84 25 1,613

Main lodge T12s 48 4 Switch 192 84 25 403

Bath T12s 96 8 Switch 768 84 25 1,613

Bath CFl flood 24 2 Switch 48 84 25 101

Pub CFL 39 44 Switch 1,716 80 25 3,432

Pub Food heating 250 8 Switch 2,000 80 25 4,000

Pub Inc 60 4 Switch 240 80 25 480

Kitchen/back serve T8 64 3 Switch 192 80 25 384

Kitchen/back serve T12s 96 35 Switch 3,360 80 25 6,720

Kitchen/back serve Food heat 250 8 Switch 2,000 80 25 4,000

Maintenance T12 l 192 24 Switch 4,608 60 52 14,377

Break rm T12 l 192 2 Switch 384 60 52 1,198

Office T8 64 1 Switch 64 60 52 200

Bathroom Inc 60 1 Switch 60 5 52 16

Pump room T12 l 192 3 Switch 576 60 52 1,797

Snow Making Facilities

Peabody Base Lodge



Pump room Led 13 2 Switch 26 60 52 81

Exterior Hps 400 1 Switch 400 60 52 1,248

Exterior Spot 150 2 Switch 300 60 52 936

Mech basement Hps 150 5 Switch 750 70 40 2,100

Mech basement Led 5 2 Always on 10 168 42 71

Mech basement Mh 150 5 Switch 750 70 40 2,100

Mech rm T12 192 1 Switch 192 70 40 538

Mech rm Hps 150 1 Switch 150 70 40 420

Gift shop Cfl 13 26 Switch 338 70 40 946

Gift shop Cfl 13 5 Switch 65 70 40 182

Kitchen T12 96 2 Switch 192 70 40 538

Kitchen Cfl 17 1 Switch 17 70 40 48

Walkin room T12 192 3 Switch 576 70 40 1,613

Walkin room T12 192 1 Switch 192 70 40 538

Walkin room Inc 60 1 Switch 60 70 40 168

Bath Cfl 17 1 Switch 17 70 40 48

Bath Inc 60 2 Switch 120 70 40 336

Bath Cfl 17 1 Switch 17 70 40 48

Bath T12 short 96 1 Switch 96 70 40 269

Work rm T12 long 192 2 Switch 384 70 40 1,075

Work rm T12 short 96 4 Switch 384 70 40 1,075

Work rm Inc 60 1 Switch 60 70 40 168

Hall T12 short 96 2 Switch 192 70 40 538

Storage T12 short 96 1 Switch 96 70 40 269

Storage Inc 60 3 Switch 180 70 40 504

Panel rm T12 short 96 1 Switch 96 70 40 269

Basement exit T12 short 96 2 Switch 192 70 40 538

Basement exit Cfl 17 2 Switch 34 70 40 95

First aid T12 short 96 4 Switch 384 70 40 1,075

Change room T12 short 96 3 Switch 288 70 40 806

Wrk rm T12 short 96 8 Switch 768 70 40 2,150

Wrk rm T12 long 192 2 Switch 384 70 40 1,075

Wrk rm Inc 60 4 Switch 240 70 40 672

Offices T12 short 96 2 Switch 192 70 40 538

Offices T12 long 192 2 Switch 384 70 40 1,075

Stairs Cfl 17 2 Switch 34 70 40 95

Lobby T12 short 96 12 Switch 1152 70 40 3,226

Lobby Cfl 17 6 Switch 102 70 40 286

Lobby Cfl flood 24 3 Switch 72 70 40 202

Rest T12 short 96 10 Switch 960 70 40 2,688

Lobby 2 Hps 150 3 Switch 450 70 40 1,260

Control booth tram T12 long 192 1 Switch 192 70 40 538

Tram loading Hps 150 4 Switch 600 70 40 1,680

Tram loading Led 12 4 Switch 48 70 40 134

Ext tram lodge Hal 200 6 Switch 1200 70 52 4,368

Ext tram lodge Cfl 17 1 Switch 17 70 52 62

Ext tram lodge Hps 500 1 Switch 500 70 52 1,820

Tram Base Lodge



Ext tram lodge Hps 250 3 Switch 750 70 52 2,730

Top exterior Hps 150 4 Switch 600 65 52 2,028

Top exterior Led 12 3 Switch 36 65 52 122

Boiler rm Cfl 17 3 Switch 51 65 40 133

Basement T12 short 96 21 Switch 2016 65 40 5,242

Basement Cfl 17 11 Switch 187 65 40 486

Basement Led 12 1 Switch 12 65 40 31

Bathrooms T12 short 96 8 Switch 768 65 40 1,997

Bathrooms Cfl 17 2 Switch 34 65 40 88

Cafe stor T12 short 96 1 Switch 96 65 40 250

Cafe main Led task 7.5 77 Switch 577.5 65 40 1,502

Cafe main Inc 60 3 Switch 180 65 40 468

Cafe main T12 short 96 17 Switch 1632 65 40 4,243

Cafe main Cfl 25 1 Switch 25 65 40 65

Cafe main T12 short 96 8 Switch 768 65 40 1,997

Side entrance Inc 60 1 Switch 60 65 40 156

Side entrance Hps 150 2 Switch 300 65 40 780

Ext Hps 150 10 Switch 1500 65 52 5,070

Obs tower Inc 60 8 Switch 480 5 52 125

Lodge bath T12short single 48 14 Switch 672 65 40 1,747

Lodge bath T12 short doub 96 1 Switch 96 65 40 250

Total 916 84,258 200,520

Mountain Station
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Facility: Location: Date:

Cannon

Location /Use Description Qty Affiliated System HP V phase Amp EER kWh/yr

Brookside / RenewAire ERV 1 HVAC 0.08 120 1 0.9 69% 550

Brookside / Intake blower 1 ERV 3 208 3 10.6 11,390

Snow Making Garage / Compressors 1 Snow Making 1250 460 3 1,672,059

Snow Making Garage / Compressors 3 Snow Making 600 460 3 2,407,766

Maintenance Garage / Air Compressor 1 Maintenance equipment 10 460 3 3,874

Snow Making Shed / Compressor 1 Snow Making 1750 4160 3 2,464,088

Snow Making Shed / Compressor 1 Snow Making 600 460 3 844,830

Tow lift / Motor 1 NA 60 460 3 56,322

Carpet lift / Motor 1 NA 60 460 3 56,322

Double lift / Motor 1 NA 75 460 3 70,403

Triple lift / Motor 3 NA - 500 3 323 305,235

Quad lift / Motor 3 NA 100 500 3 3.9 281,610

Tram lift Motor 1 NA 341kW 440 3 868,868

Throughout / Unit Heater 21 Heat 5kW 480 3 409,500

Throughout / Electric Baseboard Heaters 65 Heat 2kW 240 510,586

Peabody Base Lodge / Ski Tuning 1 NA 6.43 220 1 2,012

Total 9,965,414

MECHANICAL EQUIPMENT INVENTORY

Cannon mtn., NH 03/22/2012
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Facility: Location: Date:

Cannon Cannon mtn., NH 03/22/2012

Location /Use Description Qty HP kWh/yr

Snow Making pumps 3 400 1,689,660

Snow Making pumps 2 500 1,408,050

Mountain pumps 2 200 563,220

Well House well pumps 2 5 35,253

Snow Making Shed pumps 4 400 2,252,880

Maintenance garage / Circ pump 4 1/2 5,424

Headquarters / Circ pump 4 1/2 5,424

Notchview / Circ Pumps 2 2 10,847

Notchview / Circ Pumps 2 1/2 2,712

Total 5,973,470

PUMPS DATA SHEET
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Facility: Location: Date:

Cannon Cannon mtn., NH 03/22/2012

Location /Use Description Manufacturer Energy Source Model Number Qty Year 
Capacity 

(mbh)
Efficiency

Brookside furnace Weil-McLain Propane EGH-115 1 500 80%

Maintenance garage Buderus Fuel Oil Logano G215 1 2010 256 86%

Headquarters Buderus Fuel Oil Logano G215 1 2010 256 86%

Notchview Lodge Buderus Fuel Oil Logano GE315 1 577 83%

Peabody Base Lodge Buderus Propane Logano GA244 2 220 85%

Tram Base Lodge HB Smith Fuel Oil 2000L 1 300 70%

Tram Base Lodge HB Smith Fuel Oil 200-201-2000 1 300 70%

BOILER DATA SHEET
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Facility: Location: Date:

Cannon Cannon mtn., NH 03/22/2012

Location Qty Energy Source Capacity (gal) year Model kWh/yr

Brookside Learning Center 1 Propane tankless Rinnai

Maintenance Garage 1 106 state select 5,392

Headquarters 1 50 state select 5,000

Notchview Lodge 1 Electric 50 2009 GE - SE50M12AAH 4,879

Peabody Base Lodge 1 Propane Tankless 2008 Noritz

Peabody Base Lodge 2 Propane 2000

Ski Headquarters (top tram) 1 Electric 82 Prestige 5,400

Tram Base Lodge 1

Snow Making 1 small tank

Ernie's Haus 1 Electric 5,400

Total 26,071

DOMESTIC HOT WATER EQUIPMENT INVENTORY

1
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Facility: Location: Date:

Cannon 03/22/2012

Location /Use Description Unit Watts/fixture Qty Total watts Est. Hr/Wk Est. kWh/Yr

Main seating LCD tv 111 1 111 10 58

Main seating Microwave 1,000 1 1,000 5 260

Bath Hand dry 1,000 2 2,000 3 312

Kitchen Old side by side fridge 1,100 1 1,100 50 2,860

Kitchen Refrigerator 900 1 900 50 2,340

Kitchen Elect stove 1,500 1 1,500 2 156

Kitchen Coffee pot 1,100 1 1,100 3 172

Kitchen Keurig 1,500 1 1,500 3 234

Kitchen Toaster 900 1 900 3 140

Upstairs main Lcd tv 111 1 111 10 58

Upstairs main Desktop 110 1 110 40 229

Upstairs main Lcd 15 1 15 40 31

Upstairs main Copier 1,440 1 1,440 5 374

Upstairs main Mini fridge 150 1 150 50 390

Upstairs main Water cooler 85 1 85 30 133

Upstairs main Microwave 1,100 1 1,100 3 172

Upstairs main Printer 500 1 500 3 78

Top Stereo 75 1 75 20 78

Top Laptop 30 3 90 40 187

Top LCD monitor 15 1 15 40 31

Office 1 Printer xerox phaser 3300mfp 500 1 500 5 130

Office 1 Copier 1,440 1 1,440 5 374

Office 1 Electric punch 500 1 500 3 78

Office 1 Clock 15 1 15 168 131

Office 2 Desktop 110 1 110 40 229

Office 2 Lcd 15 1 15 40 31

Office 2 Desk jet 10 1 10 3 2

Office 2 Space heater 1,500 1 1,500 15 1,170

Office 2 Shredder 200 1 200 2 21

Server rm Servers 500 1 500 60 1,560

Office 3 Desktop 110 1 110 40 229

Office 3 Lcd 15 1 15 40 31

Office 3 Deskjet 10 1 10 3 2

Office 3 Laptop 30 1 30 40 62

Bathroom Fan tied to switch 25 1 25 5 7

Office 4 Desktop 110 1 110 40 229

Office 4 Lcd 15 1 15 40 31

Office 4 Radio 15 1 15 20 16

Office 4 Lamp 75 1 75 40 156

Main Fan 45 1 45 10 23

Office Desktop 110 1 110 40 229

Office Lcd 15 1 15 40 31

PLUG LOAD INVENTORY

Cannon mtn., NH

Ernie's Haus

Park Headquarters



Other Window AC 500 2 1,000 20 1,040

Maintenance Desktop 110 1 110 40 229

Maintenance Lcd 15 1 15 40 31

Maintenance Radio 15 1 15 30 23

Maintenance Radio charge 75 5 375 50 975

Maintenance Receiver 500 1 500 30 780

Kitchen Old fridge 200 1 200 60 624

Kitchen Old electric stove 1,500 1 1,500 3 234

Kitchen Toaster 900 1 900 3 140

Kitchen Old microwave 1,100 2 2,200 3 343

Kitchen Toaster oven 900 1 900 3 140

Kitchen Coffee pot 1,000 1 1,000 3 156

Kitchen Electric heater 1,500 5 7,500 10 3,900

Kitchen Ceiling fan 75 3 225 10 117

Kitchen Circ fan 75 3 225 10 117

Kitchen Misc tools 2,000 1 2,000 10 1,040

Bath Hand dry 1,500 4 6,000 10 3,120

Guest services Desktop 110 6 660 60 2,059

Guest services Lcd 15 6 90 60 281

Guest services Mini fridge 160 2 320 60 998

Guest services Laptop 30 2 60 60 187

Guest services Microwave 1,000 1 1,000 3 156

Guest services Keurig 1,500 1 1,500 3 234

Guest services Copier 1,440 1 1,440 10 749

Guest services Shredder 200 1 200 3 31

Office Desktop 110 3 330 60 1,030

Office Lcd 15 3 45 60 140

Shop Desktop 110 2 220 60 686

Shop Lcd 15 2 30 60 94

Shop Receipt 20 2 40 25 52

Shop Scanner 25 2 50 25 65

Upstairs main Electronic air cleaner 120 1 120 40 250

Upstairs main Glove warm 1,500 2 3,000 15 2,340

Upstairs main Radio 25 1 25 30 39

Upstairs main Vending 500 1 500 60 1,560

Upstairs main Overhead fan 75 1 75 60 234

Cafe Display double fridge 1,000 3 3,000 60 9,360

Cafe Microwave 1,000 2 2,000 10 1,040

Cafe Coffee 1,000 3 3,000 10 1,560

Cafe Hot pots 1,000 2 2,000 10 1,040

Cafe Commercial fridge 760 2 1,520 60 4,742

Cafe Chest freeze 600 1 600 60 1,872

Office Desktop 110 1 110 60 343

Office Crt 85 1 85 60 265

Rental Boot warmer 1,000 1 1,000 15 780

Maintenance Garage

Notchview Lodge

Peabody Base Lodge



Rental Desktop 110 15 1,650 50 4,290

Rental Lcd 15 15 225 50 585

Rental Scanner 35 5 175 3 27

Rental Microwave 1,000 1 1,000 5 260

Rental Desk jet 35 2 70 5 18

Rental Coffee pot 1,000 1 1,000 5 260

Rental Mini fridge 200 1 200 60 624

Rental Radio 15 1 15 50 39

Rental Receipt printer 10 4 40 25 52

Main lodge Atm 600 1 600 60 1,872

Main lodge Desktop 110 3 330 50 858

Main lodge Lcd 15 3 45 50 117

Main lodge LCD tv 110 2 220 50 572

Main lodge Ceiling fan 75 5 375 50 975

Main lodge CRT tv 130 1 130 50 338

Bath Hand dry 500 2 1,000 10 520

Pub Desktop 110 5 550 70 2,002

Pub Lcd 15 5 75 70 273

Pub Receipt 10 1 10 30 16

Pub Coffee dispense 1,000 1 1,000 25 1,300

Pub Sound system 600 1 600 70 2,184

Pub Display fridge 250 2 500 60 1,560

Pub Floor fridge 3 openings 900 2 1,800 60 5,616

Pub Small commercial dishwasher 1,400 2 2,800 20 2,912

Pub Hot coco 1,000 2 2,000 30 3,120

Pub Kegerator 240 3 720 80 2,995

Pub Small display fridge 240 1 240 60 749

Pub LCD tv 130 3 390 70 1,420

Kitchen and back cafe Double heat oven 1,200 4 4,800 40 9,984

Kitchen and back cafe Comm fridge 600 3 1,800 60 5,616

Kitchen and back cafe Fry 1,800 4 7,200 35 13,104

Kitchen and back cafe Fridge/storage 600 2 1,200 60 3,744

Kitchen and back cafe Small grill 350 1 350 35 637

Kitchen and back cafe Microwave 1,000 1 1,000 10 520

Kitchen and back cafe Ice box 4,000 1 4,000 40 8,320

Kitchen and back cafe Comm freeze 250 1 250 60 780

Kitchen and back cafe Comm dish 1,400 1 1,400 30 2,184

Kitchen and back cafe Commercial toaster 600 3 1,800 10 936

Kitchen and back cafe Display fridge 250 5 1,250 60 3,900

Kitchen and back cafe Soda dispense 1,200 3 3,600 50 9,360

Kitchen and back cafe Coco 600 3 1,800 50 4,680

Kitchen and back cafe Coffee maker for dispense 1,000 4 4,000 40 8,320

Kitchen and back cafe Heating rack 1,200 3 3,600 40 7,488

Kitchen and back cafe Nacho cheese 500 1 500 40 1,040

Kitchen and back cafe Flat grill 3 burn 1,500 2 3,000 30 4,680

Kitchen and back cafe Slicer 120 1 120 10 62

Kitchen and back cafe Floor fridge/produce holder 250 1 250 60 780

Kitchen and back cafe walk-in fridge 1,360 1 1,360 112 7,921



Kitchen and back cafe Walk-in freezer 4,160 1 4,160 126 27,256

Break room Old fridge 800 2 1,600 60 4,992

Break room Microwave 1,000 2 2,000 7 728

Break room Space heater 1,000 1 1,000 15 780

Break room Radio charge 120 14 1,680 40 3,494

Office Desktop 110 1 110 60 343

Office LCD monitor 15 1 15 60 47

Office Printer 35 1 35 5 9

Office Rad charge 120 2 240 30 374

Main room Fan 15 4 60 20 62

Main room Misc tools 1,000 1 1,000 5 260

Gift shop Cooler 600 1 600 60 1,872

Gift shop Heating tray 750 1 750 15 585

Gift shop Nacho cheese 500 1 500 15 390

Gift shop Warming tray 475 1 475 15 371

Gift shop Ice cream cooler 300 1 300 60 936

Gift shop Wall ac 900 1 900 5 234

Gift shop Fan 15 1 15 5 4

Gift shop Small cooler 500 1 500 60 1,560

Gift shop Tv 70 1 70 60 218

Gift shop Desktop 110 1 110 60 343

Gift shop Lcd 15 1 15 60 47

Gift shop Receipt 3 1 3 10 2

Gift shop Barcode scanner 5 1 5 10 3

Gift shop Radio 4 1 4 10 2

Gift shop Toaster 900 1 900 8 374

Gift shop Coffee pot double warmer top 1,700 1 1,700 15 1,326

Gift shop Microwave 1,000 1 1,000 10 520

Gift shop Pizza heater 475 1 475 50 1,235

Gift shop Refrigerator old 715 1 715 60 2,231

Gift shop Floor freezer 600 1 600 60 1,872

Walkin room walk-in fridge 1,360 1 1,360 112 7,921

Walkin room Walk-in freezer 4,160 1 4,160 126 27,256

Walkin room Old refrigerator 715 1 715 60 2,231

Walkin room Old microwave 1,100 1 1,100 8 458

Walkin room Toaster oven 1,100 2 2,200 8 915

Walkin room Coffee maker 1,000 1 1,000 8 416

Walkin room Electric skillet 1,000 1 1,000 8 416

Walkin room Boot dryer 1,000 1 1,000 10 520

Walkin room Electric heater 3,500 1 3,500 15 2,730

Walkin room Garage door 350 1 350 5 91

Work rm Radio 5 1 5 20 5

Work rm Misc eqp 1,000 1 1,000 5 260

Work rm Drill press 1,470 1 1,470 5 382

Change rm Electric heater 3,500 1 3,500 10 1,820

Change rm Boot dryer 2,000 1 2,000 10 1,040

Snow Making Facilities

Tram Base Lodge



Change rm Radio charger 5 15 75 40 156

Wrk rm Mini fridge 200 1 200 60 624

Wrk rm Microwave 1,000 2 2,000 8 832

Wrk rm Electric heater 3,500 1 3,500 15 2,730

Wrk rm Desktop 110 1 110 50 286

Wrk rm Lcd 15 1 15 50 39

Wrk rm Radio control 75 1 75 40 156

Wrk rm Radio charger 5 1 5 40 10

Offices Desktop 110 2 220 50 572

Offices Lcd 15 1 15 50 39

Offices Crt 85 1 85 50 221

Offices Printer 35 1 35 5 9

Rest Hand dry 1,200 4 4,800 10 2,496

Lobby Big tv 150 1 150 60 468

Lobby Water fountain 300 1 300 60 936

Lobby Unit heater 3,500 1 3,500 30 5,460

Lobby Atm 300 1 300 50 780

Lobby Boot dry 2,000 2 4,000 10 2,080

Lobby Desktop 110 2 220 50 572

Lobby Lcd 15 2 30 50 78

Lobby Receipt printer 5 1 5 5 1

Top boiler Electric heater 3,500 2 7,000 10 3,640

Top boiler Microwave 1,000 1 1,000 5 260

Top staff Old refrigerator 715 1 715 60 2,231

Top staff Coffee pot 1,000 1 1,000 5 260

Top staff Microwave 1,000 1 1,000 5 260

Top staff Keurig 1,500 1 1,500 5 390

Storage Inc 60 3 180 40 374

Bath Hand dry 1,200 2 2,400 5 624

Control booth Wall ac 900 1 900 10 468

Control booth Desktop 110 1 110 60 343

Control booth Crt 85 1 85 60 265

Control booth Printer 35 1 35 10 18

Control booth Freyag Stan's tram control 1,200 1 1,200 60 3,744

Control booth Radio charger 5 2 10 60 31

Cafe bath Hand dry 1,200 4 4,800 10 2,496

Cafe main LCD tv 135 2 270 60 842

Cafe main Cash reg 500 3 1,500 60 4,680

Cafe main Keg fridge 250 2 500 60 1,560

Cafe main Floor fridge 300 2 600 60 1,872

Cafe main Cablebox 20 1 20 60 62

Cafe main Single hot coco 1,000 2 2,000 25 2,600

Cafe main Triple coco 1,800 1 1,800 25 2,340

Cafe main Soda dispense 1,200 1 1,200 25 1,560

Cafe main Warm tray 1,000 3 3,000 40 6,240

Cafe main Panini press 1,500 5 7,500 20 7,800

Cafe main Display fridge 300 3 900 60 2,808

Mountain Station



Cafe main Floor fridge 300 1 300 60 936

Cafe main Double stand fridge 1,200 1 1,200 60 3,744

Cafe main Single stand freeze 600 1 600 60 1,872

Cafe main Comm small oven 1,440 1 1,440 40 2,995

Cafe main Radio 5 1 5 40 10

Cafe main Ice maker 7,900 1 7,900 30 12,324

Cafe main Big single coffee maker 1,200 1 1,200 20 1,248

Cafe main Water dispense energy stay 425 2 850 20 884

Obs tower Mcr dar plus transmitter 250 3 750 120 4,680

Obs tower Scm 4000 radio 250 3 750 120 4,680

Obs tower Prx pro 250 1 250 120 1,560

Obs tower Videotex dm-192 250 1 250 120 1,560

Obs tower 2 mini tv 250 1 250 120 1,560

Obs tower Its-830 250 1 250 120 1,560

Obs tower It's-832 250 1 250 120 1,560

Obs tower Mcr twin stream 250 3 750 120 4,680

Obs tower Mcr hot standby 250 3 750 120 4,680

Obs tower Ma com transmitter 250 3 750 120 4,680

Obs tower Motorola transmitter 250 3 750 120 4,680

Obs tower Ericsson 5ft tall 250 1 250 120 1,560

Obs tower Mds 250 6 1,500 120 9,360

Obs tower Motorola quantar amp 250 2 500 120 3,120

Obs tower Flashpack 1500 250 4 1,000 120 6,240

Obs tower Motorola cm6 hc series 250 3 750 120 4,680

Obs tower Premisys iMacs/800 250 2 500 120 3,120

Obs tower Ericsson CDma metro dr 24v 250 1 250 120 1,560

Obs tower Emerson net serve 800 250 1 250 120 1,560

Top basement Floor freezer 600 1 600 60 1,872

Total 259,499 446,085



Attachment 6 
Transformer Inventory 



Location Manufacturer Model KVA % Impedance H.V. L.V.

Eddies Haus Federal Pacific 37.5 5.2@150 480 208Y120

Garage Federal Pacific 36B 75 480 208Y120

Ski Headquarters Jefferson Electric 25 3.8@220 240 x 480 120/240

Ski Headquarters square D 75 5.5@220 480 208Y120

Ski Headquarters square D 75 5.5@220 480 208Y120

Ski Headquarters square D 75 5.5@220 480 208Y120

Ski Headquarters Siemens 45 4.9@170 480 208Y120

Ski Headquarters General Electric 25

Ski Headquarters General Electric 25

Mountain Operations General Electric 9125B 37.5 4.5

Notchview Federal Pacific 150 3.7@150 480 208Y120

Snowmaking Federal Pacific 50 3.13@150

Electrical Transformer Inventory
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Project Summary: Solar Photovoltaic at Hazen Drive 
 

Technology Evaluated: Solar 
Photovoltaic 

Site: Various Buildings, Hazen Drive  

Location: Concord, NH 

Agency: NH Department of 
Administrative Services  

Project Team: Borrego Solar Systems, 
Inc. 

Project is Technically Feasible? Yes 

Project is Economically Feasible? No 

Recommended for Implementation? No 

As part of the overall NH OEP RE and DG Feasibility Study, under contract to Tighe & Bond, Borrego 
Solar Systems, Inc. was tasked with identifying solar development opportunities on state owned 
facilities.  A comprehensive feasibility study was performed on six locations at Hazen Drive in order to 
identify the best three sites for continued evaluation and development.  The six initial study sites 
included the Division of Motor Vehicles (23 Hazen Drive), DOT Materials & Research (5 Hazen Drive), 
Fish & Game Wildlife Headquarters (11 Hazen Drive), Health & Human Services (29 Hazen Drive), 
Morton Building (7 Hazen Drive) and the Safety Building (33 Hazen Drive).   

An initial site visit was conducted to all six sites to assess site suitability for rooftop solar installation.  
The site evaluation evaluated each of the following characteristics: roof obstacles, ease of electrical 
connection access, and shading concerns.  Based on the results of the site evaluation, the following 
three sites were chosen: the Morton Building, the Department of Motor Vehicles Building, and the 
Department of Health and Human Services Building. A final system size, preliminary design and 
interconnection strategy were then determined based on the above factors.  Optimum system size was 
driven by the utility and NH Public Utility Commission interconnection standards and an incentive 
program system size limit of 100 kW. Preliminary system sizes were determined to be 121.7 kW(DC) for 
the Health & Human Services Building, 127.9 kW(DC) for the Division of Motor Vehicles Building, and 
131 kW(DC) for the Morton Building.  The cumulative system size is 380.7 kW(DC).    

The PV systems considered at the Hazen Drive Complex were determined to be technically feasible 
and there is significant available space for the development of over 100 kW on each of the three sites 
evaluated. There is significant usage on the meter and within each of the three buildings evaluated 
such that there are no usage limits or constraints to developing each building or the entire complex to 
its maximum capacity. The cost of installation and system production are both within industry norms 
for feasibility. Potential structural deficiencies should be addressed first as they may be limiting factors 
to installation. 

Following the determination of technical feasibility, an economic analysis accounting for system costs 
and revenue was conducted for two scenarios: a State-ownership scenario and a Power Purchase 
Agreement (PPA) scenario where a third party owns and operates the PV system and sells the 
electricity that is generated to the State.  

In the third-party ownership scenario, the lack of available revenue streams in the form of a viable 
SREC market preclude an investor from providing a favorable price per kWh. The resulting PPA price 
($0.225 per kWh) is more than double the total cost per kWh currently paid by the State of New 
Hampshire for electricity and delivery. For a tax exempt entity, the ability of a private third party to 
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monetize the 30% federal investment tax credit (ITC) is often the best case scenario, providing solar 
electricity at a competitive rate with little upfront cost.  In this case, however, the lack of SREC 
revenue does not allow the private entity to provide a kWh rate that would be attractive to the State.  
However, if SREC’s were trading in the $200 to $500 range, and there were a mechanism to increase 
the certainty of those cash flows in the form of mandated long-term contract requirements, or a 
clearinghouse with a price floor, a financier may be able to provide a price per kWh that would make 
financial sense to the State. 

In a direct ownership scenario, if the State procured a grant in the amount of 30% to mimic the 
Federal ITC there is a possibility for solar development. Similarly, if a grant in an amount significant 
enough to replace the revenue stream from an active SREC market were procured so that a third-
party provider could meet its requirements for economic return and provide a cost per kWh that is 
competitive with the electricity rates paid by the State, there is a possibility for solar development. 
Outside of those two scenarios, these projects are not economically feasible. 
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Section 7    
Hazen Drive Solar PV Evaluation 

7.1 Introduction 
Borrego Solar Systems, Inc. a leading installer of solar photovoltaic (PV) projects in the 
United States, partnered with Tighe & Bond to perform a two part analysis for the NH 
OEP to identify solar development opportunities on State owned facilities. Borrego Solar 
has engineered and installed over 40 MW of solar PV, the majority of which are rooftop 
commercial systems.  

The first part of the study (identified as Tier 2 in this report) was conducted in the fall of 
2011, wherein a scoring metric was developed and used to evaluate PV project 
feasibility for over one hundred (100) State facilities.  Of these, six Hazen Drive 
properties (Table 7-1) were selected for further analysis in the second part of the study 
(Tier 3).  Tier 3 identified the three top prospects and analyzed them in depth (indicated 
by an asterisk in Table 7-1).  

TABLE 7-1 
Hazen Drive Comprehensive Feasibility Study Sites 

Project Site Location Agency 

Division of Motor Vehicles* 23 Hazen Drive, Concord, NH Administrative Services 

DOT-Materials & Research 5 Hazen Drive, Concord, NH Administrative Services 

Fish & Game Headquarters 11 Hazen Drive, Concord, NH Administrative Services 

Health & Human Services* 29 Hazen Drive, Concord, NH Administrative Services 

The Morton Building* 7 Hazen Drive, Concord, NH Administrative Services 

Safety Building 33 Hazen Drive, Concord, NH Administrative Services 

 

An initial site visit was conducted to all six sites to assess site suitability for rooftop solar 
installation. The information gathered as a part of this evaluation included specifications 
and ratings of existing electrical infrastructure, consideration of interconnection 
strategies, site usage, available roof space, shading obstacles (such as equipment on the 
roof and surrounding trees), location of electrical equipment relative to likely system 
location, and anecdotal information obtained from speaking with State employees. 

In Tier 3, three sites were chosen for in-depth analysis based on the results of the 
desktop and site evaluation.  For each of these three sites, a preliminary roof-top solar 
layout was designed to determine the maximum amount of PV capacity that could be 
installed on each site. The location of interconnection equipment and the probable 
impacts to the electrical infrastructure were also considered for each system. Review of 
electrical plans and discussions with the local utility and City of Concord building 
inspectors were also conducted in order to assess the most effective interconnection 
strategy and general system approach. All three buildings were analyzed with regard to 
the structural capacity of the roof based on the available plans provided by the State.  
The final system size, preliminary design and interconnection strategy were then 
determined based on the concurrent and cumulative analysis of the above factors. 
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Based on the resulting system size and preliminary layout, estimated system costs, 
operation & maintenance costs, and system production reports were generated. 
Concurrent with the system cost and production study, Unitil (the site’s electric utility 
provider), and the New Hampshire Public Utilities Commission (NH PUC) were contacted 
regarding interconnection standards and available incentives. Using information obtained 
from these conversations and additional research of the utility and NH PUC regulations, 
the general system approach was further developed in order to maximize the benefit of 
incentives for the most favorable impact on the payback of the system.  As part of this 
determination, more weight was given to incentives that are not awarded based on a 
competitive solicitation. 

With system costs, system production and available system incentives fully evaluated, 
an analysis of financing options and strategies was then completed. First, a straight cash 
purchase model was conducted resulting in a pro forma that depicts the Net Present 
Value (NPV) and Internal Rate of Return for the State as if the State were the owner of 
the system on a cash basis. Once this model was run, a financing option was selected 
based on Borrego Solar’s knowledge of the national and local market, and experience 
deploying these resources with other tax-exempt entities. A financial analyst modeled a 
financing option accounting for the system costs and production estimates as well as the 
available incentives. The goal of this process was to determine a viable financing option 
for the State that would offset usage at State facilities and would lower the upfront cost 
of solar electricity procurement.    

While the analysis included in this section of the report focuses on rooftop PV, the 
potential for a ground-mount solar installation at the Hazen Drive complex was 
evaluated during the Tier 2 analysis.  Please refer to the Tier 2 spreadsheet in Appendix 
B.  The results of the preliminary analysis indicate that there are some environmental 
and spatial constraints to a ground-mount project at the complex, however given the 
large energy load at the site; the State may want to further evaluate opportunities for 
additional PV at Hazen Drive.  

7.2 Existing Conditions Assessment 

7.2.1 Resources and Contacts 
Borrego Solar utilized various resources and various key State contacts while completing 
the initial evaluation of the six sites identified at the Hazen Drive Complex. Mary 
Downes, the Energy Efficiency Specialist from the NH OEP, was the main point of contact 
and ultimately provided the appropriate introductions and connections to the additional 
key State contacts mentioned below.  

Prior to performing the site visits, basic satellite imagery of the Hazen Drive Complex 
depicting the initial six (6) sites considered for evaluation were sent to Ron White, the 
main facilities contact from the Department of Administrative Services (DAS), Bureau of 
General Services. Mr. White confirmed the building names, corresponding addresses and 
basic access information. Based on that confirmation scaled aerial images of each 
building were prepared to assist in the subsequent site evaluation. 

Representatives from Borrego Solar also met with Ron White and Clinton Ham, 
Electrician Supervisor from the DAS Bureau of General Services, to obtain any 
information related to the six (6) sites that may have an impact on the analysis, such as 
future planned renovations or upgrades.  
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Clinton Ham proved to be a valuable State contact as he has a good understanding of all 
six (6) sites and operations and was able to provide appropriate access to all portions of 
each building. Mr. Ham was also able to locate the most recent set of building plans 
available for the Morton Building. Attachment 4 at the end of Section 7 contains a 
complete list of sheets obtained. 

Mark Nogueira and Jonathan Fudala, both from the DAS Bureau of Public Works, Design 
and Construction (BPW), provided assistance in obtaining plans for four (4) of the six (6) 
buildings and provided information on local design considerations. Mr. Fudala provided 
access to the plan room located in the Morton Building which housed various portions of 
plan sheets for the buildings in question. See Attachment 4 at the end of Section 7 for a 
complete list of sheets obtained. Mr. Fudala also searched for any and all relevant plans 
that were available electronically and transmitted them to the project team for review.  
It should be noted that while certain portions of each building’s plan sets were obtained, 
certain sheets and details were not found.  This is most likely due to both the age and 
number of renovations associated with the buildings and/or due to a very specific as-
built specification component sheet not typically archived electronically. 

After the on-site portion of the evaluation was completed, additional contact was made 
with Karen Rantamaki, the State Energy Manager from the Department of Administrative 
Services.  Ms. Rantamaki provided the Unitil utility bills and the corresponding internal 
billing worksheets for the Hazen Drive Complex covering the previous 18 months. Craig 
Billingham, the Electrical Inspector from the City of Concord, also provided insight into 
the City’s expectations and requirements for PV systems. 

In all cases the key State personnel mentioned above as well as the State personnel we 
interacted with on a more peripheral basis were extremely helpful, cooperative and 
generally eager to hear about and participate in this renewable energy project feasibility 
study.  

7.2.2 Site Observations 
As part of the site evaluation process all six buildings were analyzed from both a stand-
alone project perspective as well as a part of a portfolio of projects.  As a stand-alone 
project none of the six sites proved to be completely unsuitable for PV but the best three 
were relatively easy to identify based on the basic parameters of roof obstacles, ease of 
electrical connection access and shading concerns; as described below. The top three 
sites are the Morton Building, the Division of Motor Vehicles Building, and the 
Department of Health and Human Services Building. 

As noted above, both Ron White and Clinton Ham from General Services provided insight 
on future planned renovations or upgrades to the project sites.  Only two building 
upgrades are planned for the near future, a window renovation project at the Health and 
Human Services Building and installation of a new generator at the Safety Building. 
Neither project would impact suitability of PV, nor does either project have an 
anticipated impact on the load profile of the buildings of a magnitude that would affect 
system size. The window upgrade is for a relatively small portion of the building and 
intended to address water intrusion issues more than energy efficiency. The new 
generator is used as a back-up power system only and the anticipated electrical 
infrastructure upgrades associated with this renovation would not impact our review for 
a PV system point of connection.  Following is a site by site discussion of each building 
from a site suitability perspective based on the field evaluation process.  
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The following three sites, DOT Materials & Research, the Fish & Game Headquarters, and 
the Safety Building, were eliminated from further analysis based on limiting factors to 
development that were identified during the site assessment. The results of these site 
assessments are detailed below. 

7.2.2.1 DOT - Materials and Research 
The DOT-Materials and Research (DOT-M&R) site has two main site suitability issues 
that were determined to be limiting factors to a cost-effective installation of a PV 
system. One factor is the amount and relative size of obstacles on the roof and the other 
is the degree of difficulty of the access to the electrical room for interconnection. While 
the roof does present several areas available for small arrays of modules there are 
several large pieces of HVAC equipment as well as a 7’ tall shade/wind screen on the 
southeastern facing edge of the building. The already somewhat limited space and 
additional shading concerns would dictate a system layout of many small arrays spread 
out over the roof in an inefficient manner that would ultimately  increase the cost of 
installation. The second limiting factor is the cost associated with providing access to the 
electrical room. The DOT-M&R building electrical room is centrally located in the building 
thus creating the need to not only find a conduit route down the building but also across 
and into the electrical room. Most PV systems of this scale require a central inverter 
which is typically installed outdoors and it is anticipated that the utility and/or City of 
Concord would require an external means for disconnect. These two conditions dictate 
the need for an external conduit run, and an inverter location adjacent to the building 
that is also close to the electric room for interconnection. Installation would require an 
external conduit that would run through the loading dock and dock roof. In addition 
there are no readily available locations for an inverter to be installed that allows for a 
straightforward conduit run down the building face and then back into the building. All 
three of these conditions present logistical challenges that, when combined with the 
aforementioned roof obstacle issue, make this site less desirable; thus it was eliminated 
from further consideration. 

7.2.2.2 Fish & Game Headquarters 
The Fish & Game (F&G) Headquarters site has three main site suitability issues that 
were determined to be limiting factors. The site has a fair amount of shade created by 
several large and mature trees on the south, west, and east sides of the building. The 
majority of these trees are located within the shoreland protection area buffer zone of 
the Merrimack River and site disturbance within this area may require a Shoreland 
Impact Permit.  

The second limiting factor is the concern for the structural integrity of the roof. While not 
a definitive measure of structural integrity, the roof was observed to be very pliable. In 
addition, facility staff mentioned the regular practice of manually shoveling snow off the 
roof out of concern for structural damage due to weight. While anecdotal, both of these 
observations serve as an indication that structural reinforcement and/or a custom 
racking solution would be required, each with potentially substantial cost impacts. The 
third limiting factor is the degree of difficulty of the access to the electrical room, which 
is in a centrally located room at the basement level. This poses the challenges of 
penetrating into the building, descending one floor and traversing across and through to 
the electrical room. While this is not insurmountable, it would increase the cost of the 
project and impact the building occupants. Based on these three limiting factors, the 
Fish & Game Building was determined to be a less desirable site for development and 
was eliminated from further consideration. 
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7.2.2.3 Safety Building 
The Safety Building site has two main site suitability issues that were determined to be 
limiting factors. The most significant limiting factor is the amount and size of the 
obstacles on the roof. Similar to the issues described for the DOT-M&R site, this 
building’s roof does not offer very many large open roof areas for the efficient and cost-
effective installation of arrays.  In order to achieve a significant system size there would 
have to be many small arrays installed throughout the roof which would increase the 
material and labor costs associated with racking and the DC electrical portion.  The 
second factor is associated with the degree of difficulty of the access to the electrical 
room for interconnection. While the access to this electrical room is not as much of an 
obstacle to development as the preceding sites, it is more difficult in comparison to the 
three sites selected for further analysis. The electric room does not have a wall adjacent 
to the outside of the building and it is also located on the basement level. Compounding 
this issue, there is an equipment-well and equipment room between what would be the 
logical point of building penetration in order to reach the electric room. The likely 
solution to overcome these challenges would negatively impact the cost of the project. 
Due to these limiting factors this site was eliminated from further consideration.  

The following three sites, the Division of Motor Vehicles, Health & Human Services, and 
the Morton Building, were selected for further analysis. The results of the site 
assessments are detailed below. 

7.2.2.4 Division of Motor Vehicles 
The Division of Motor Vehicles Building (DMV) was observed to have a very wide open 
6:12 pitched roof with only two noteworthy obstacles. These obstacles are located on 
only one of the roof faces eligible for development. Despite the varying orientation of its 
roofs the DMV building offers 5 viable roof faces for PV installation, with open areas for 
the cost effective installation of arrays and solid production factors due to the orientation 
of the building. The pitched roof also allows for a flush mounted solution which results in 
a more affordable racking solution. The access to the electrical room at the DMV Building 
is not ideal as it is located in the basement level of the building. However, this obstacle 
is not as much of a limiting factor as the locations in the three sites not selected for 
further evaluation. The suggested inverter location and corresponding location of entry 
into the building does offer various options of a pathway to the basement level. 
Likewise, the path to the electrical room is not through any permanent offices or 
otherwise high-use areas and thus should not present any significant challenges. On the 
basis of available contiguous roof space, favorable orientation of the building for kWh 
production, along with no significant limiting factors, the Department of Motor Vehicles 
was selected for further analysis. 

7.2.2.5 Health and Human Services 
The Health and Human Services (HHS) Building offers a variety of open roof areas as 
well as several areas affected by obstacles and/or shade due to the multi-level nature of 
the building. The entire “Lab” section of the building to the southeast was determined to 
be mostly unsuitable due to the amount of equipment already installed on the roof area. 
The northwestern area of the “Core” section of the building was also determined to be 
unsuitable due to it having both existing equipment obstacles and being shaded by taller 
portions/structures to the south and southeast of any open roof areas. Despite these 
unsuitable areas, the HHS Building still offers open areas for PV installation. These 
include the southeastern portion of the “Core” including the two wings and the entire 
roof of the Central Data Processing (CDP) section, and the single story section in the 
northeastern area of the “Core”. Due to the multiple renovations associated with this 
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building it was determined to have multiple main electrical feeds, each with its own 
meter. Thus, each main feed is eligible to be considered for interconnection. Therefore, 
there is a flexibility to choose the best location for interconnection in terms of cost and 
ease of access. All but one of these electrical rooms would present some difficulty to 
access for interconnection. The electrical room identified for easiest access is associated 
with the CDP section. This room is located just inside the northeastern most portion of 
the building with room for an inverter beside this access point and relatively easy access 
into the building. Due to the availability of contiguous roof space which is located in 
close proximity to a point of interconnection, the HHS Building was selected for further 
analysis. 

7.2.2.6 Morton Building 
The Morton Building was observed to offer the best mix of open roof area and ease of 
access to the electrical room. The building has large open areas all around the center 
skylight structure, with the majority of the roof obstacles located beside it. There are 
several trees located to the southeast and east of the building which, if left unaddressed, 
would have a shade impact on the proposed layout. The electrical room is located in the 
northwest portion of the building on the ground floor with an available open area for an 
inverter beside an adjacent wall. Due to its contiguous open space, the available space 
for the inverter located directly adjacent to the main electrical service, and the ease with 
which the conduit could be run from the array to the inverter location, the Morton 
Building was determined to be the most attractive site for solar development. 

7.2.3 Site Opportunities 
The Hazen Drive Complex is a master metered site wherein all 10 structures are fed 
from a single utility meter. The Hazen site is connected to a master meter located on the 
undeveloped side of Hazen Drive directly across from the DMV.  This is a unique 
situation as one of the main facets of feasibility for a solar electricity project is the ability 
for the solar energy generated to offset a load through a system called net metering.  

The NH PUC requires all utilities selling electricity in the State to offer net metering to 
homeowners and small businesses that generate electricity using renewable-energy 
systems up to one megawatt (MW) in capacity. A bi-directional meter measures both the 
kilowatt hours of electricity (kWh) leaving the site onto the electrical grid as well as the 
kWh that are being drawn from the electrical grid.  If the customer is generating behind-
the-meter, the generation reduces the electricity consumed on site, reducing the 
electricity drawn from the grid, and reducing the electricity bill.  If, at the end of a billing 
period, there was more electricity leaving the site than drawn from the grid, this is 
considered net excess generation (NEG) and a credit for the electricity is added to the 
customer's next bill. Typically, NEG does not roll over each calendar year but only on a 
month to month basis. Therefore, it is important that the systems are sized 
appropriately to eliminate excess generation that would not provide a credit to the 
customer. It is this credit from net metering that is part of the financial payback for the 
system, as each kilowatt hour produced is set against each used to determine a net 
energy usage of kilowatt hours. That net usage number in kWh is then used to bill the 
ratepayer.  

According to electricity bills provided by the state, the master meter for the Hazen Drive 
complex registers a usage of approximately 17.5 Million kWh per year; averaging over 
1.4 Million kWh per month. This usage provides a unique opportunity for PV, because 
the sizes of the systems are not limited by the usage of kWh at each site. With this in 
mind, the clear choice was to maximize all of the developable space on top of the sites 
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selected for analysis, while respecting the net metering limit and interconnection 
guidelines from Unitil. This decision was burnished by the fact that the top three sites 
selected were all in the top four electricity users on the Hazen Drive campus.     

7.3 Results of Evaluation 
As noted above, based on the results of the desktop and on-site evaluation, the Morton 
Building, Division of Motor Vehicles, and the Health and Human Services building were 
chosen to proceed through the evaluation.  For each of the sites selected for further 
analysis, a preliminary solar layout was designed and the location of interconnection 
equipment and the solar PV system’s probable impacts to the electrical infrastructure 
were determined. All three buildings were also analyzed with regard to the structural 
capacity of the roof based on the available plans provided by the State. A final system 
size, preliminary design and interconnection strategy were then determined based on 
the concurrent and cumulative analysis of the above factors.  The following sections 
provide additional detail on the assumptions made throughout the evaluations and how 
the site-specific analyses were conducted. 

7.3.1 Technology Evaluated 
The specific technology analyzed for this study consists of a grid-connected solar 
photovoltaic (PV) system. These systems are comprised of multi-crystalline PV modules, 
central inverters and roof mounted racking solutions. For all systems a 240-Watt rated 
Sharp module, model #ND-240QCJ, was used for system sizing, layout, cost estimation 
and production estimation purposes. For all systems a 100kW rated PV-Powered 
inverter, model #PVP-100KW, was used to determine system sizing, layout, cost 
estimation and production estimation purposes. For the two flat roof buildings (Morton 
and HHS) the racking solution contemplated is the Sunlink Roof Mounted System, and 
for the pitched roof (DMV) the racking solution contemplated is the Unirac SolarMount 
solution. In all cases the specific products used for this evaluation represent industry 
standard products with multiple equivalent options available.  Specification sheets are 
attached at the end of Section 7. 
 

7.3.2 Methodology and Assumptions 
Once the Morton Building, DMV, and HHS buildings were selected for further analysis, 
the next step was to determine the optimum system size based on three main 
determining factors: 1) roof structural capacity, 2) electrical interconnection impacts and 
capacity, and 3) any utility or NH PUC requirements and/or constraints. Typically a 
building’s electrical usage would be included in this determination in order to avoid 
overproduction by a PV system.  However, the master meter condition and the large 
kWh usage relative to the maximum available roof space eliminates electrical usage as a 
determining factor of system size. Each one of the other factors mentioned can play a 
determinant role and therefore are contemplated individually and finally as a whole 
below. 

The utility that serves these buildings, Unitil, offers several methods of integrating PV 
into their grid system per the NH PUC standards. The NH PUC limit of a 1MW maximum 
system size per a single meter applies here. However, it was determined to likely be a 
cumbersome and costly process to exceed a 100kW system due to Unitil’s 
interconnection processes, which are discussed in more detail in Section 7.3.5. Unitil 
offers three types of interconnection application processes: 1) the simple process for 
system sizes equal to or below 10kW, 2) the simple process with supplemental review 
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for system sizes equal to or below 100kW, and 3) the standard process for all systems 
over 100kW. The standard process appears to exist mainly for the installation of large 
scale generating facilities and opens the system to an impact study at the discretion of 
the utility, as well as an additional detailed study and system modifications. All of these 
are at the expense of the applicant and may be potentially both costly and time 
consuming. 

In conjunction with Unitil’s interconnection processes, limitations related to the available 
incentive programs were also considered. The determination of the optimum system size 
included the contemplation of incentives available at the time of the study. The NH PUC 
Commercial & Industrial incentive (C&I Incentive), which is discussed in more detail in 
section 7.4.2.2, was selected for these projects. The C&I Incentive requires a 100 kW 
cap on each individual system.  The requirements also include that each system be 
individually metered.  As such the cost of these meters was included in the system cost 
for financial analysis. The incentive system cap of 100 kW, together with Unitil’s 
regulations made a system size target of 100 kW the most sensible approach. 

While a 100 kW system size target is the most sensible approach, the way that both 
Unitil and the NH PUC define 100 kW differs slightly. Unitil clearly defines this maximum 
size as the nameplate capacity of the inverter while the NH PUC only uses the term 
system size. This is important as a PV system can be quantified in several different 
ways; the DC rating, the AC rating and the nameplate rating of the interconnected 
generator. The NH PUC has conflicting documentation as to how it calculates the 100 kW 
cap, and in their clarifying language specifying kWdc, opens yet another area of 
interpretation between PTC (PV USA Test Conditions) and STC (Standard Test 
Conditions). The lack of specificity in NH PUC’s definition is in direct contrast with the 
specificity in Unitil’s definition. Unitil’s definition also dovetails with Borrego’s 
understanding of AC system ratings and how the inverter limits the amount of energy it 
feeds onto the grid to its’ own nameplate rating. Given these factors, the 100 kW cap 
was carried throughout this analysis. Additional discussion of these factors is included in 
Section 7.3.5 of this report.  

7.3.3 Electrical Interconnection Evaluation 
The evaluation for electrical interconnection, as well as the corresponding impacts to the 
building infrastructure, considered the following factors: physical location of the inverter; 
the AC side of the system, which interconnects with the buildings' electrical system; and 
any related equipment. With regards to available space, two major pieces of equipment 
need to be considered: These are the inverter and the disconnects which are mandated 
by the utility. All three systems specify the use of a 100kW inverter. The approximate 
footprint of a 100kW inverter is 60"W x 92"H x 27"D. Both the Morton and HHS sites 
would require a 200A rated disconnect with an approximate dimension of 15"W x 30"H x 
10"D. The DMV site would require a 400A rated disconnect with an approximate 
dimension of 25"W x 56"H x 10"D. This larger disconnect is required due to the lower 
site voltage as discussed in section 7.3.3.2 Following is a detailed summary of the 
electrical interconnection evaluation and any potential impacts to the building 
infrastructure. 

7.3.3.1 Health and Human Services  
At the HHS building, the ideal location identified for interconnection is the electrical room 
located in the Central Data Processing (CDP) portion of the building (the single story 
section furthest northwest). This room and the section of gear are conveniently located 
beside an equipment-well and just inside a doorway at the northeastern corner of the 
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lower CDP section. There appears to be sufficient space to install the inverter and utility-
required disconnect within this well, and thus close to the building. The utility-required 
disconnect could be wall mounted between the inverter and the entry into the electrical 
room and would be rated at 200A. From this disconnect there would be a conduit 
entering the building and extended into the top of the main electrical section for 
interconnection. 

The main service for the CDP portion of the HHS building is rated at 1200A and is fed by 
a 480V 3-phase 4-wire service. Current code allows for up to 192A of PV to back-feed 
onto this section via a breaker rated up to 240A, a 100kW inverter at 480V requires a 
minimum of 155A of OCPD typically designed to feed through a 200A rated breaker. In 
this instance a breaker connection is possible and recommended as the preferred 
solution. Current code also stipulates that the PV breaker be located at the far end of the 
main section's bus relative to the location of the main breaker. In this instance there is 
sufficient spare breaker space to meet this requirement. With regards to the electrical 
interconnection, the impacts to the building infrastructure are the physical installation of 
the inverter, AC disconnect, and the related conduit system and breaker. 

No upgrades to the electrical system are anticipated to accommodate this 
interconnection; however, a short (3-4 hours) shutdown of this section of gear would 
likely be needed for a contractor to safely complete this work. There is a spare breaker 
location on the main service gear which is an older unit (Atlantic Switchboard & 
Engineering Corp circa 1978). Should locating a 200A rated breaker suited for this gear 
prove to be difficult, there is an alternate method of interconnection. This supply side 
connection is described in more detail in Section 7.3.3.2. While a breaker is the 
preferred solution, the supply side connection could be employed at this location as 
there appears to be sufficient room on the "line" side of the main breaker. 

7.3.3.2 Division of Motor Vehicles 
The preliminary system design for the DMV Building includes a 100kW rated inverter. 
The probable location identified for interconnection is the electrical room at the 
southwestern portion of the building. This room is in the basement level of the building 
and is not directly adjacent to an outside wall. There is a good location for the inverter 
beside the northern facing portion of the building with sufficient wall space to install the 
utility-required disconnect. As there are other systems entering the building near this 
location, including an equipment well on the basement level, the entry and conduit path 
to the electrical room may vary, depending on the contractor’s preferred method and 
the State's preferred path. It should be noted that, unlike the other buildings, this 
conduit will travel through multiple portions of the building in order to reach  the 
electrical room but impacts to any office or otherwise regularly used space are not 
anticipated. 

The main service for the Division of Motor Vehicles is rated at 1200A and is fed by a 
208V 3-phase 4-wire service. Current code allows for up to 192A of PV to back-feed onto 
this section via a breaker rated up to 240A, a 100kW inverter at 208V requires a 
minimum of 350A of OCPD and thus cannot be interconnected via a breaker connection. 
In this instance a supply side connection via bus-tap or feeder-tap is recommended as 
the preferred solution. Current code allows for this type of connection and there appears 
to be sufficient space inside the electrical gear to complete this type of connection. It 
should be noted that in order to fully confirm this connection, the section of gear in 
question will need to be opened up and evaluated by a professional engineer and 
licensed contractor to determine the exact location, the size and style of tap kit, and if 
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bus flags or other bus extensions are required. This analysis only allows for the 
identification of the need for this solution and the confirmation that the existing 
electrical gear is installed in such a way. Based on the visual inspection of the outside of 
the gear, it has the appropriate section to employ this solution. 

The impacts to the building infrastructure related to the electrical interconnection are the 
physical installation of the inverter, AC disconnect, related conduit system and supply 
side connection. It should be noted that this type of interconnection would require a 
400A rated disconnect due to the lower site voltage of 208V. This 400A disconnect would 
need to be installed beside the inverter or at the point of entry into the building as well 
as in the electrical room before the point of physical connection to the existing gear. No 
major electrical upgrades are anticipated to support the proposed PV system. However, 
should it be determined upon opening up the gear for the supply side connection that 
there is insufficient space, there may be additional cost associated with adding or 
extending a section of bussing or gear in order to meet code requirements. It should be 
noted that the electrical gear in question is relatively new and thus tap kits, bus 
extensions and/or section extensions should be readily available. Since this method of 
interconnection is more complicated than those required at Health & Human Services 
and the Morton Building, it is difficult to adequately estimate the shutdown time 
necessary to perform the work. A conservative assumption is that it would take more 
than the three to four hour shutdown specified for the installation of a breaker at those 
two buildings. 

7.3.3.3 Morton Building 
The preliminary system design for the Morton Building also includes a 100kW rated 
inverter. The location identified for likely interconnection is the main electrical room 
located in the northeastern portion of the building. This room and the section of gear are 
adjacent to an outside wall, and an area ideally suited for an inverter to be located. 
There is more than sufficient space to locate the inverter adjacent to the building as well 
as sufficient wall space to install the utility required disconnect. Alternatively, the 
inverter and disconnect can both be housed on an equipment pad slightly offset from the 
building and enclosed in a fence should it be preferred. Regardless, there would be a 
conduit entry into the building at this point which would extend through the electrical 
room and to the top of the main electrical section for the interconnection. 

The main service for the Morton Building is rated at 2500A and is fed by a 480V 3-phase 
4-wire service. Current code allows for up to 400A of PV to back-feed onto this section 
via a breaker rated up to 500A, a 100kW inverter at 480V requires a minimum of 155A 
of an overcurrent protection device (OCPD) typically designed to feed through a 200A 
rated breaker. A breaker connection is possible and recommended as the preferred 
solution. Current code also stipulates that the PV breaker be located at the far end of the 
main section's bus relative to the location of the main breaker. There is sufficient spare 
breaker space to meet this requirement. Based on this analysis and proposed solution as 
they relate to electrical interconnection the impacts to the building infrastructure are the 
physical installation of the inverter, AC disconnect, and related conduit system and 
breaker. 

No upgrades to the electrical system are anticipated; however, a short (3-4 hours) 
shutdown of this section of gear would likely be required for a contractor to safely 
complete this work. Also, unlike the HHS equipment, the electrical gear at the Morton 
Building is not noticeably old and locating the appropriate breaker should not pose any 
problem. 
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7.3.4 Structural Evaluation 
A preliminary structural analysis regarding the capacity of the existing roof framing of 
each site was conducted to determine its ability to support a solar PV system.  
Memorandums regarding each site’s ability to support a proposed ballasted and/or 
attached solar PV system are attached as Appendix A; however highlights of the roof 
structural capacity findings are also provided below. The structural evaluation 
determines if a building is capable of supporting a PV system in its current state or 
whether structural reinforcement or other action is necessary. As discussed below, the 
lack of specific information for all three buildings requires a structural engineer to make 
certain assumptions and utilize certain safety factors when determining the capacity of a 
roof to support additional weight. In addition, a structural engineer is required to 
observe current code requirements which often exceed those recognized at the time 
older buildings were designed and installed. Both roof capacity and PV system load 
(weight) are expressed in terms of pounds per square foot (PSF). Generally, when the 
PV system load coupled with the code required live and dead load requirements do not 
exceed the roof capacity, a PV system is determined to be safe for installation. Typical 
PV system loads of 3-4 PSF for connected systems and 6-10 PSF for ballasted systems 
were contemplated for this analysis. Given all of these sites’ strong potential for solar PV 
feasibility, this analysis has been completed without full structural capacity information, 
based on the assumption that any existing structural capacity issues could be overcome.  

A notable theme common to both the Morton and HHS buildings is their age and change 
in structural code requirements since their design and construction. In both cases the 
section of the roofs identified for PV installation were designed and built prior to a 
significant change in roof structural capacity code; specifically the change driven by the 
blizzard of 1978. The damage caused by snow drift on roofs throughout New England 
caused a re-evaluation of snow load requirements which are required to be used in the 
evaluation of a roof top PV installation. This by no means indicates an eminent failure of 
these older roofs during the next snow storm. This is, however, a factor to consider 
when any renovation is planned due to enforcement of new code requirements. 

A related theme also persists for these two older buildings in that due to their age and 
the various renovations building plans are often misplaced, inadvertently destroyed or 
otherwise not readily available. The State’s search for and ability to provide the building 
plans were exceptional. Given the age of these buildings it is not uncommon to be 
without some of the specific details mentioned in the memorandums provided. 

Another theme common to all three buildings is the lack of specific manufacturer 
specification sheets for the pre-engineered structural members in question. In all three 
cases, obtaining more complete and accurate information about these facilities’ 
structural systems will better inform solar PV system design for their roofs, and a final 
assessment of project feasibility.  For the current evaluation, the design loads used were 
either the minimum design loads as required by code at the time and noted by the 
engineer of record or an assumed range based on the basic descriptions of the 
members, as is the case for the Morton Building.   

7.3.4.1 Health and Human Services 
The design strength of the roof system for this building is listed as 40 psf on old building 
plans; however this is the load specified by the engineer as a specification to be met by 
the contractor installing the waffle slab and ultimately met by the manufacturer of this 
product. It is plausible that the characteristics of the waffle slab manufactured and 
installed may exceed this minimum specification and thus be able to support the PV. It 
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may also be worth investigating the replacement of the current roof design, which is a 
ballasted membrane. The stone ballast material currently used to hold down the roof 
membrane potentially consumes enough capacity that if removed may allow the roof to 
support the PV. This roof replacement could be limited to only the areas where PV is 
contemplated and is typically replaced with a fully adhered membrane design. It should 
be noted that structurally reinforcing concrete cast members has proven to be 
challenging from an engineering perspective and often too costly to implement within 
the purely economic analysis constraints of an energy project. 

7.3.4.2 Division of Motor Vehicles 
The lack of the manufactured pre-engineered truss detail for this site is likely to be the 
easiest to overcome as this building is less than 10 years old and this plan sheet may be 
located in the future. While the exact manufacturer used could not be identified it is 
worth noting that through work on similar wood truss structures in the New England 
area Borrego has discovered that the major supplier of pre-engineered trusses for the 
area recently went out of business, thus making information about old designs a 
challenge to locate. If it is ultimately determined to be necessary, structurally reinforcing 
this type of wood truss structure is well within reason and often plausible from a cost 
perspective. 

7.3.4.3 Morton Building 
As noted in the attached memorandum, the most recent engineer, Foley & Buhl, did 
make an attempt to determine the characteristics of the precast structural member 
system in question. It may still be possible to either find the specific detail or employ 
more recently improved technologies like ground-penetrating radar and building x-ray 
solutions for additional discovery purposes. Secondly, while the estimated range of 
capacity was Stated as 33 to 129 PSF it is important to understand that the estimated 
required capacity for the proposed PV system is approximately 69 PSF. This represents a 
very realistic capacity based on typical precast double tee characteristics and is not the 
upper end of the assumed range. As described with regards to Health & Human 
Services, structural reinforcement may be challenging and costly. 

7.3.5 System Size 
The size of each PV system was determined with regards to available roof space, the 
requirements of the interconnecting utility, and available incentives. Since the roof 
structural analysis was inconclusive, it was assumed that structural capacity issues could 
be overcome. In addition, no costs were included for structural reinforcement, or the 
cost of further engineering studies. This decision was made in order to provide a report 
that could be of use to the State in further analyses of other buildings, and provide a 
clear path to the development of these projects in the event that missing details were 
located. The optimum system size calculated for these projects was driven by the 
utility/PUC interconnection standards and incentive program eligibility limit of 100kW. 
Based on this, the methodology employed was to maximize the installation using a 
100kW rated inverters. This methodology requires an explanation of system size rating 
methods and the concept of “loading” an inverter. A common metric for describing the 
size of a PV system is the DC-rating, simply the quantity of modules multiplied by the 
Standard Test Condition (STC) rating of the module. For example, at the Morton building 
we determined the ability to fit 533 240-watt modules or 127,920 DC-STC watts. An 
alternate PV sizing metric is the AC-CEC rating, which involves using a module’s PV Test 
Condition (PTC) rating as well as the California Energy Commission (CEC) efficiency 
rating of the inverter. As opposed to the STC number which emulates optimum lab 
conditions, the PTC rating reflects a more real world condition. Similarly, the use of the 
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CEC efficiency rating reflects the actual conversion efficiency of the inverter in use. 
Using the same example, the Morton building’s 533 240-watt modules are PTC rated at 
216.4 watts and the inverter has a 96% efficiency rating thus equaling a 110,151 AC-
CEC watt system size. Both of these system sizes are provided for all three systems on 
their respective layouts in Appendix-A and the DC-STC system size is used going 
forward in this report. 

The concept of “loading” an inverter takes the system size rating discussion above to an 
additional level of understanding that is important to this analysis. As stated above, both 
the utility and NH PUC system size standard was interpreted to be determined by the 
nameplate capacity of the inverter. In this case all three systems utilize an inverter with 
a 100kW nameplate capacity. This can be understood to generally mean the inverter is 
capable of feeding the grid with no more than 100kW regardless of the amount of DC 
watts of installed PV connected to it. It should then be understood that even the AC-CEC 
system size, as described above, will only be realized under the most ideal conditions 
and only during certain hours of day and during certain months of the year, i.e. mid-day 
of summer months. A more detailed description of the energy production estimation 
methodology can be found below but for this section it is important to understand that 
by “loading” an inverter with up to 130% of its capacity (depending on the orientation(s) 
of the array and site location) the annual system production is optimized and the 
inverter capacity is better utilized more often throughout the year. 

The preliminary system layouts are attached at the end of Section 7 and represent an 
optimal system size utilizing the best roof areas for the most cost effective installation. 
These layouts were used for the pricing, production and financial analysis below.  The 
system sizes on the layouts are summarized in Table 7-2 below. In all cases there are 
additional areas open for module installation but these areas often result in undesirable 
cost impacts, undesirable production impacts or present costly construction challenges. 
All of the layouts show shade zones due to existing roof obstacles, OSHA required 
setbacks and CALFIRE standards for setbacks and spacing for Fire Department 
requirements. 

7.3.6 Annual Energy Production Estimate 
The estimated energy production for each system was calculated using the PVsyst 
modeling software. PVsyst is an industry leading production estimation tool that allows 
the user to model production based on the specific system component specifications, the 
exact pitch and orientation of each array, local weather data and user determined loss 
factors. For this production analysis, NREL’s TMY3 weather data from the Concord 
Municipal Airport was used. Of the many and often esoteric loss factors contemplated 
within the PVsyst software there are several essential factors to understand when 
evaluating the annual production estimations of these systems. The latitude and 
longitude combined with local weather data will first determine the available horizontal 
irradiation or solar energy available. Then, each array’s orientation and pitch will create 
a factor of loss (or gain) relative to that available energy. The system component 
efficiency factors are then considered based on the lab tested and certified efficiencies of 
the modules and inverters specified. At this point the value of quality field data plays a 
role in the ability to properly account for any local shade factors such as neighboring 
buildings or structures, pipes or vents on the roof and any trees or other vegetation. 
Finally, certain assumptions are made based on the expected soiling of the modules, 
expected rainfall and cleanings per year. In this case the effect of snow is also 
contemplated as the system production will decrease when covered during significant 
snow events. In most cases snow build-up on the modules is relatively short-lived. This 
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is due to the tilt of the modules and their conductive property, which creates heat that 
melts the snow. The combined analysis of these loss factors allows for a proper 
estimation of annual system production with a very high and conservative degree of 
certainty.   

Table 7-2, below, depicts the estimated annual energy production (AEP) of each system 
based on the PVsyst modeling software.  This information is also contained in 
Attachment A. 

TABLE 7-2 
System Size and AEP 

Site Name System Size (kW) 1st Year kWh Production 

Health & Human Services 121.7 kW 142,119 kWh 

Division of Motor Vehicles 127.9 kW 146,471 kWh 

Morton Building 131 kW 142,467 kWh 

Total 380.7 kW 431,058 kWh 

 

7.3.7 Evaluation Conclusion 
There are several technical issues to consider prior to implementation, most of which 
were addressed in the methodology and assumptions section above. The single most 
important technical issue is the determination of structural capacity. Besides deploying 
additional resources to obtain the missing details and/or specification sheets several 
other recommendations were provided above. In all three cases it is anticipated 
relatively low cost options are available to obtain a more accurate structural capacity 
determination. Likewise, alternative installation techniques or solutions could be 
explored in order to overcome structural concerns. 

Another technical issue raised in the above section is the interconnection solution 
identified for the DMV building in Section 7.3.3.2. While the supply side connection 
strategy described is code compliant and widely utilized throughout the industry it does 
involve an additional level of discovery and engineering before it can be fully vetted. In 
all three cases it was assumed that a new utility meter would be required at each 
building in order to fully qualify for the previously discussed incentive program. An 
approximate cost was assumed for this work based on the existing gear’s apparent 
ability to house this meter. It will ultimately require the utility’s inspection and approval 
for this meter’s installation and this issue should be addressed prior to investment of 
significant effort. 

A technical issue that offers an opportunity for implementation is the existence of the 
aforementioned master meter configuration. As explained in Section 7.2.3, the usage at 
the master meter justifies a system size up to the 1 MW per meter cap that is allowable 
for net-metering customers. As stated above, Unitil requires a standard application 
process for any interconnected system over 100kW which may require the preparation 
of impact studies, detailed studies and system modification costs. The technical issue of 
interconnecting multiple systems to the single existing meter and the calculation of 
combined system size with respect to the net metering regulations should be 
considered. Additionally, the Unitil interconnection process should be more deeply 
evaluated prior to implementing the next level of analysis for the remaining structures. 
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7.4 Economic Evaluation 

7.4.1 Potential Cost Estimate 

7.4.1.1 Equipment Costs 
Using layouts resulting from the site visits, determinations of interconnection strategy 
based on discussions with Unitil, an investigation of available equipment onsite, and 
discussions with the NH PUC, project costs were determined using Borrego’s own 
internal estimating tool. This tool is a living document that is consistently improved with 
information from recently installed projects, which also takes into account local labor 
and installation factors. In addition to leveraging this tool, internal resources who 
manage projects and local contractors in New Hampshire and Massachusetts were 
consulted to further inform the analysis.  These system costs represent pricing currently 
available in the marketplace for projects of this size from reputable, established 
contractors with bulk supply agreements for Q2 of 2012.  In addition to the obvious 
benefits associated with hiring an experienced contractor, bulk supply agreements 
function to drive down the cost on a system by system basis as major equipment makes 
up approximately 50% of the project cost. 

Table 7-3, below, contains a summary of each project cost on a lump sum basis along 
with 1st year estimated production. These will be summarized below per project, with a 
system breakdown page, a pro forma and a system layout included as Appendix A. 

TABLE 7-3 
Project Cost 

Site Name System Size Lump Sum Cost Cost per dcWatt 

Health & Human Services 121.7 kW $433,119 $3.56 

Division of Motor Vehicles 127.9 kW $447,286 $3.50 

Morton Building 131 kW $436,797 $3.33 

Total 380.7 kW $1,317,201.91 -  
 

From a cost perspective these sites are cost-effective based on many of the same 
factors that led to their selection as the sites for further analysis: available contiguous 
space, ease of interconnection and the possibility for an inverter location close to the 
main service. The Morton Building, a flat roof with open contiguous space represents the 
most desirable and cost effective option, while the Health & Human Services building, 
with multiple arrays spread out over various roof faces is the most expensive. The 
Division of Motor Vehicles has all of the positive attributes that the Morton Building has, 
except for its pitched roof. The work associated with installation a solar array on a 
pitched roof has been represented in the above cost estimate. Overall, from a cost 
perspective these are viable projects, and by bundling these projects together for bid 
with one contractor it is possible that the State could receive an additional 3-4% cost 
reduction. In terms of feasibility, system cost is not the limiting factor to the 
development of these projects. 

7.4.1.2 Operation and Maintenance 
Overall, PV systems require minimal maintenance.  PV systems are generally designed 
for a 30-year lifetime, and all mechanical and electrical components are chosen using 
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this criterion. Long term Operation and Maintenance (O&M) costs consist of system 
checks and periodic cleaning of the modules.  There are no owner serviceable 
components to these systems and therefore only periodic rinsing of the modules is 
required.  Due to the amount of rainfall estimated at these sites we predict that no 
module washing will be necessary. With no moving parts, this system will likely not need 
service calls, however an annual system checkup is recommended to ensure peak 
production. 

Soiling of the modules can be a concern and should be analyzed on an ongoing basis.  
Soiling of the modules is a natural phenomenon which is more or less significant 
dependent on the causes of the soiling and the amount and frequency of rainfall cleaning 
the arrays naturally. Soiling typically reflects the build-up of atmospheric dirt on the flat 
surface of the photovoltaic module, but can also result from seasonal events such as 
pollen; from site specific situations, such as in a concrete yard; from wildlife such as 
birds. Typically soiling is only going to be a problem in the south-west region of the 
United States due to the seasonal lack of rain; however with electricity value being the 
main asset of a system it is recommended that it be evaluated on a site specific basis.  

Soiling can be analyzed by reviewing each month’s actual energy production and plane 
of array (POA) irradiance in conjunction with the system specifications and hence known 
losses in the system to determine how much energy has been lost due to soiling. If 
actual POA irradiance is not available due to a lack of an irradiance sensor, then the 
value will be taken from the production estimate performed before the system is 
commissioned, however some accuracy will be lost with this approach.   

The soiling calculated to the previous month can be applied to the coming month’s 
production estimates in order to value the loss of energy in financial terms. This can 
then be compared to the cost of cleaning the system and a decision made on whether to 
clean the array.  Potential rainfall on the array and its impact on soiling is considered by 
reviewing the average rainfall per calendar month at the site. If the rainfall is greater 
than 1.2” over the month, it is considered sufficient to have removed soiling from the 
array. The average monthly rainfall in Concord, NH is estimated to be 3.13 inches which 
would exceed this minimum; eliminating soiling of the array as a significant concern. 

With that in mind, Operation & Maintenance (O&M) costs were evaluated assuming one 
washing per year by a qualified third-party provider, over 30 years with an annual 
escalation factor of 3.5%. This work needs to be done by a licensed electrician and 
someone who specializes in solar PV and inverters in order to eliminate voiding 
equipment warranties. Additionally, each project was modeled with an inverter 
replacement in year 15, which is a conservative approach that is common industry 
practice. While it is unlikely that an entire inverter needs to be replaced due to the 
modular construction of central inverters, modeling 20 cents per watt for an inverter 
replacement reserves an amount that will likely cover any expected maintenance. This 
practice is recommended because if the inverter should not require replacement the 
costs modeled will more than cover any anticipated maintenance cost over the life of the 
system.  
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Table 7-4 below summarizes the O&M costs that are anticipated for the first year and 
the O&M budget over the thirty-year life of the project. 

TABLE 7-4 
Anticipated Operation and Maintenance Costs 

Site Name System Size 1st Year O&M Cost 
Overall 30 Year 

Budget 

Health & Human Services 121.7 kW $1,754 $114,869 

Division of Motor Vehicles 127.9 kW $1,803 $119,258 

Morton Building 131 KW $1,786 $117,795 

Total 380.7 kW $5,343 $351,922 
Assumptions: One cleaning per year, 30 year contract, 3.5% escalation factor, Inverter 
replacement at year 15.  For more detail see Attachment 1 at the end of Section 7 which 
contains individual project pro forma. 

7.4.2 Potential Revenue 

7.4.2.1 Energy Savings 
The energy savings generated by these systems is defined by the net metering policy 
mandated by the NH PUC. A bi-directional meter registers both energy entering and 
leaving the Hazen Drive facility, resulting in a net usage of kilowatt hours (kWh) that is 
reduced by the addition of on-site generation. There is a savings generated by the 
reduction of the net electricity usage, equal to the charge that would have been incurred 
for each. The kWh rate charged to the State under the current contract with a 
commodities provider ($0.0757) was the first component used to determine the energy 
savings generated by these projects. While these rates may be renegotiated on a bi-
yearly basis, it is prudent to use the rates as they are likely to continue to increase.  
Another benefit of net metering in New Hampshire is the additional offset of kWh 
charges imposed by the delivering utility. There is variability to these costs, but they are 
also a driver in the energy savings component of a solar PV system. While the variability 
is a concern, it is a near certainty that utilities will always levy these charges for the use 
of their grid. The modeled rate for the balance of these charges was $0.02041 per kWh 
and a more detailed description of the analysis of these charges is provided following 
Table 7-5. In total, the savings generated by kWh produced by the PV system was 
modeled at $0.09611 per kWh.   

Table 7-5 below summarizes the estimated first year energy savings.  We note there is 
sometimes the ancillary benefit in the reduction of demand charges, but due to the 
difficulty of projecting demand across the entire grid, these savings cannot be 
quantified. 
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TABLE 7-5 
Estimated First Year Savings 

Site Name System Size Estimated 1st Year Savings 

Health & Human Services 121.7 kW $13,660 

Division of Motor Vehicles 127.9 kW $14,079 

Morton Building 131 KW $13,694 

Total 380.7 kW $41,433 

 

Unitil levies kWh based charges for the use of their grid for the transmission of kWh to 
the end user. These charges are as follows: a delivery charge, a system benefits charge, 
a stranded cost charge, and an electricity consumption tax. The most impactful of these 
is the delivery charge which is roughly two cents per kWh. This charge covers the cost of 
transmission as well as maintenance of the electric grid. Over the 18 month span that 
covers the bills provided by the State (Bill Date 7/30/2010 to 12/30/2011), the delivery 
charge fluctuated from $0.01781 up to $0.02126 and back down to $0.01609. While this 
delta of $0.00517 does not seem significant it can swing energy savings on a 100 kW 
system roughly $600 per year which can amount to over $30,000 over 30 years 
considering a 4% utility escalation rate. The current delivery charge listed on the 
website is listed as $0.01479 effective May 1st, 2012, which is lower than the range 
observed on the bills provided. An additional kWh charge called a storm recovery 
adjustment factor is listed on the website as a charge of $0.00178. Although this charge 
is not listed on any of the bills provided, a call with Gary Miller of Unitil confirmed that 
this charge is folded into the delivery charge on the bills and is now being listed 
separately on the website as a matter of formality. The storm recovery adjustment 
factor allows for Unitil to respond quickly and adequately to extraordinary storms and 
covers the cost of these expenditures. In the future there will be a yearly reconciliation 
with the NH PUC regarding this charge as it relates to the costs of responding to storm 
related outages and repairs. This cost is passed onto the ratepayer and is folded into the 
delivery charge and not listed separately on any bill.  

Additional kWh charges such as the system benefits charge, levied to cover the costs of 
energy efficiency and low income assistance programs, and an electricity consumption 
tax remain constant over the span of the bills provided. Together, they amount to 
$0.00385, seemingly insignificant but over a system’s 30 year life could amount to an 
additional $25,000 savings. Both the system benefits charge and the electricity 
consumption cost remained constant across the bills provided as well as on the Unitil 
Website rates listed effective May 1st, 2012.  

Another charge, the stranded cost charge, is shown at $0.00041 per kWh on bills 
provided through August, 2011 when it dipped to $0.00006 and then finally to a credit 
of $0.00001 per kWh the following month. The stranded cost charge was listed as a 
$0.00001 credit on the Unitil Website effective May 1st, 2012. 

Based on an analysis of all-in kWh charges, these fluctuations in the delivery charge are 
the primary contributor to the overall fluctuation in Unitil kWh charges. The total charges 
on the bills provided range from $0.02313, up to $0.02552 and back down to $0.01993 
in December of 2011. Given the variability of these kWh charges, we have chosen to 
model the sum of charges currently listed on the Unitil Website effective May, 1st, 2012, 
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which total $0.02041. This amount is less than the average charges listed on the bills 
provided. A summary is provided in Table 7-6, below. 

TABLE 7-6 
Summary of kWh Charges 

Type of Unitil kWh 
Charge 

Average kWh Charge: 7/30/10-
12/30/11 

Modeled kWh 
Charge 

Delivery Charge $0.01914 $0.01657 

Stranded Cost Charge $0.00037 -$0.00001 

System Benefits Charge $0.00330 $0.00330 

Electricity Consumption 
Tax 

$0.00055 $0.00055 

Total $0.02336 $0.02041 

 

7.4.2.2 Incentives 
While there are incentives available in the State of New Hampshire, they are not as 
impactful on system financials as other established markets such as California, Colorado, 
New Jersey and Massachusetts, as well as several other States. As discussed in greater 
detail below, the NH PUC Grant represents an intriguing option for the State, but the 
competitive nature of the process prohibits the use of these funds in modeling system 
payback or financing. The 30% Investment Tax Credit (ITC) from the Federal 
Government is for systems placed in service before December 31st, 2016, and is the 
most impactful of these incentives. Unfortunately, the ITC is not available to the State 
as a tax-exempt entity, but could be used by a taxable entity in a financing scenario to 
improve the chances of the project being financially viable. While the ITC will be 
available through 2016, and has been extended many times, it currently is set to expire. 
Overall, the current incentive climate in New Hampshire is not favorable for solar PV as 
explained in greater detail below. 

NH PUC Grant 
The NH PUC conducts a competitive RFP to distribute grant money for capital 
investments in new electrical renewable energy projects in New Hampshire. The NH PUC 
grant is funded by the Renewable Energy Fund which receives its funds from the 
Alternative Compliance Payments (ACP) paid by utilities to comply with the State 
Renewable Portfolio Standard (RPS).  The State would be eligible for this grant, provided 
that  each individual project is considered a sub-array of a larger system that feeds into 
a single meter, resulting in a project with a gross capacity greater than 100 kW DC.  
This is an important consideration as projects that have a capacity of less than 100 kW 
DC are ineligible for funding under this NH PUC Grant program.  

Funds for this grant program are dispersed based on invoicing of the capital costs of the 
system and are contingent on reporting the energy production for up to 10 years. The 
RFP process for grants awarded in 2012 was concluded on March, 1st, 2012 however the 
next funding process is slated for early 2013.  Proposed projects are evaluated using a 
weighted scoring metric taking the following into account (in order of importance): 
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The extent to which the project is likely to expand or support the production capacity of 
renewable energy facilities located in New Hampshire 

• Ability to successfully complete the project  

• Likely cost effectiveness  

• The significance of grant money in making the project viable 

• Economic development and job creation 

• Environmental benefits 

• Ability of the project to reduce New Hampshire’s peak load, increase diversity in 
the energy mix 

While it is likely that the “sub-arrays” bundled together as one project would score 
highly on these metrics, there is no guarantee of receiving grant funding or quantifying 
the amount that would be awarded.  Based on discussions with NH PUC, there were 18 
respondents to the RFP, of which only 5 received grants.  It is difficult to quantify 
exactly how or why the 13 applicants were rejected and, therefore, difficult to gauge the 
likelihood of the State receiving funding for this project.  Expressed as a straight 
percentage, there is a 28% likelihood of receiving a grant.  As such, a grant from this 
program was not included in the financial analysis given the uncertainty surrounding the 
competitive process. 

NH PUC Commercial & Industrial (C&I) Incentive 
The Hazen Drive solar systems at Morton, DMV and Health and Human Services are all 
eligible for the NH PUC’s Commercial and Industrial (C&I) solar rebate program which 
provides incentives for projects 100 kW D/C (or equivalent) or smaller in size within New 
Hampshire.  For each project to remain at the 100 kW D/C capacity to be eligible for this 
incentive, each sub-array would need to be separately metered and treated as a stand-
alone system.    In the initial Tier 1 analysis higher scoring was given to those projects 
that fit within the 50 kW to 100 kW range of likely capacity to encourage projects that 
would remain eligible for this funding source. These projects have the ability to 
maximize offset while fitting within the rebate guidelines and maximizing the available 
C&I rebate.  These incentives are available to State government and local government 
and many other sectors. For solar PV the available incentive is $0.80 per DC watt up to 
25% of the total cost of the system or $50,000, whichever is less. As of February 2012, 
a total of $1.428 Million was available for disbursement through this program which will 
remain available until the funding is exhausted.  

There is also a cap of $200,000 per installer stipulating that no installer may have 
rebates or projects reserved in the queue in any given year. A single installer could 
install all three projects at the Hazen Drive Complex providing they did not already have 
more than $50,000 in incentives reserved in the queue.  

Reservation of funds is contingent upon a professional energy audit on the structures 
served within the previous 5 years of the submission date. This requirement may be 
waived if the applicant can prove that “significant” investment in energy efficiency 
measures on the structures served by the PV system that were installed within 5 years 
of the submission date.  Since the projects are eligible for this incentive and this 
program represents a clear path to award of funding this incentive was included in the 
financial analysis of the cash purchase and financing option. 
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Renewable Portfolio Standards (RPS) 
The New Hampshire solar market has many challenges to solar development. This 
section of the report provides a brief overview of market challenges and offers some 
observations based on experience with other States’ renewable energy markets.  It 
should be noted that none of the recommendations will solve the current issues facing 
the solar market alone, but should be considered in combination and with other factors.  
Among the challenges to the NH solar market is a limited solar carve-out in the States 
Renewable Portfolio Standard (RPS). A Renewable Portfolio Standard (RPS) is a 
regulation enforced by State government that requires utilities that operate in the State 
to provide a certain percentage of renewable electricity (solar, wind, biomass etc.) in 
their overall retail sales. The current RPS set by the New Hampshire Public Utilities 
Commission has a small solar carve out relative to other States. The percentage of Class 
II resources, which are described as new solar generation installed after 2006, is set at 
0.15% of retail sales in 2012 and increasing to 0.3% by 2025. Other successful 
renewable markets such as Colorado, Pennsylvania, Massachusetts, New Jersey, and 
Arizona, have targets of between 1% and 5% by 2020. One way that the State could 
help create a healthy and stable solar market would be to increase the RPS to include a 
larger solar carve out, and to increase the overall RPS more aggressively by either 
increasing the goal or moving up the date by which the goals need to be realized. A 
strong RPS is essential in order for the State to receive the benefits of the economic 
growth and jobs that follow with a growing solar market. 

Solar Renewable Energy Credits (SRECS) 
The New Hampshire PUC has established a Renewable Energy Certificate (REC) program 
utilizing the regional generation information system of energy certificates administered 
by ISO-New England and the New England Power Pool (NEPOOL). One REC for each 
MWh of behind-the-meter generation located in New Hampshire is assigned to the 
system owners who successfully apply. Electric utilities may request to enter into multi-
year contracts for RECs or electricity bundled with RECs to meet the RPS. Renewable 
Energy Credits that are produced by solar electricity systems, or NH Class II RECs, are 
referred to in this report as SRECs. SRECs allow developers and/or system owners to 
finance their investment in solar electricity by selling the renewable energy credits to 
utilities and other purchasers who are looking to either comply with the RPS or to offset 
their carbon footprint.  While NH has implemented an important first step in developing 
a vital SREC market to drive the installation of solar and other renewables, current new 
solar development in New Hampshire is slow because the regional SREC market is 
dominated by states with more favorable regulations where investors can sell their 
SRECs for higher prices. While trading exists in New Hampshire there is little money 
changing hands. The REC market in New Hampshire is not producing the desired effect 
of creating a vital and balanced solar market mainly due to a low Alternative Compliance 
Payment and low Renewable Portfolio Standard. 

The New Hampshire SREC market is a challenging environment in which to finance solar 
projects for a number of reasons.  One of these reasons is the relatively low ACP for 
solar generation. An ACP allows for utilities to comply with renewable portfolio standards 
in lieu of purchasing or developing MWh of renewable generation through a SREC 
market. In New Hampshire this payment is set at $168.13/MWh for 2012 – significantly 
lower than the ACP in States that have successful SREC programs. Combined with the 
low RPS, the low ACP has resulted in little incentive for third party financiers, or 
commercial entities with tax equity to build solar projects in the State. Additionally, the 
lack of mandated long-term SREC procurement contracts creates uncertainty with 
regards to long-term system revenues. These two factors result in a scenario where 
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there is a lot of risk (no price floor, no long-term contracts) with little reward (low SREC 
values). These factors also preclude any financier from modeling any significant value 
for SRECs when making a solar investment decision. Therefore, these potential 
incentives actually create little to no positive impact to incentivizing investment in the 
New Hampshire solar market.    

Compounding these issues is the requirement that an independent monitor verify meter 
readings on-site in order to verify generation. This requirement adds a costly charge 
onto what is already a challenging environment, making it economically infeasible for a 
residential solar facility or small commercial facility to participate in this program. 
Generally, other States allow solar owners to self-report generation and use the Natural 
Renewable Energy Laboratory’s PV Watts solar energy production calculator to flag 
readings that deviate significantly from the estimates. As a result of these various 
factors, no value for SRECS was included in the financial analysis for this project.  A 
healthy SREC market is difficult to balance. Suggestions to help create a healthier 
market include an increase to the ACP, removal of the third-party verification 
requirement, and requirements for long-term contracts. Healthy and growing SREC 
markets have ACPs in the range of $300 to $600.  If restructured, the NH REC market 
could efficiently deliver the minimum incentive dollars needed to bring solar projects to 
fruition in NH, attracting new investment to the State and allowing NH to meet its solar 
goals. 

In summary, SREC’s have no monetary value in the pro forma for these projects due to 
the following factors:  low RPS solar carve-out, low ACP, lack of mandated long-term 
SREC procurement contracts, no floor set for the SREC prices, no auction mechanism, 
and difficult long-term reporting requirements.   

7.4.3 Ownership Structures and Financial Analysis 
In a State ownership scenario the State would be responsible for the cost of the design, 
construction, operation, and maintenance of the project.  As a tax-exempt entity, the NH 
OEP cannot take advantage of the primary federal incentives either in the form of an 
Investment Tax Credit (ITC) of 30% of the system cost or MACRS accelerated 
depreciation. This incentive is capable of considerably driving down the payback on 
direct ownership of the asset on a cash basis. Though the State is unable to monetize 
these tax credits, there are two ownership scenarios which allow for a third-party to take 
advantage of these incentives and pass those savings onto the State. These ownership 
scenarios take the form of a Power Purchase Agreement (PPA) and a capital lease.  All 
three ownership scenarios are described in below in greater detail. 

7.4.3.1 State-Owned Project 
As noted above, the State could take responsibility for the cost of design, construction, 
operation, and maintenance of the project. In this scenario, the State would manage 
electricity generation and retain all revenue from energy generation. Revenue would be 
driven by the performance of the system and the sale of any available SRECs; to remain 
conservative; revenue from SRECs was not considered in the financial analysis.   

Table 7-7 below provides a summary of the Financial Return Metrics for a State-owned 
project at each location at Hazen Drive.  Note that a more detailed pro forma showing 
30 year cash flow is attached at the end of Section 7. 
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TABLE 7-7 
Financial Return Metrics: Cash Purchase 

 Health & Human 
Services 

Division of 
Motor Vehicles 

Morton 
Building 

Simple Payback (years) 23 23 24 

30 Year Return on Investment (ROI) 183% 187% 177% 

30 Year Internal Rate of Return (IRR) 2.5% 2.6% 2.3% 

Net Present Value of Investment at 5% 
Discount Rate 

-$117,375 -$113,339 -
$132,122 

30 Year Cumulative Cash Flow $204,885 $218,384 $189,514 

 

The Internal Rate of Return (IRR) shows the rate at which the project costs are 
recovered from the initial capital expenditure considering the net cash flow.  A project is 
generally acceptable if the IRR is greater than the cost of capital throughout the 
project.  IRR measures the quality of an investment (good or bad), but does not give 
direct information about the magnitude of good or bad the investment represents.  The 
Net Present Value (NPV) is one way to compare the potential profitability of each 
scenario.  It is the present value of all costs and revenues throughout the project’s 
lifetime.  If the NPV is greater than zero, the project is expected to earn a profit for the 
project owner.  The Payback Period represents the amount of years it will take for the 
cumulative revenue of the project to exceed the cumulative costs of the project.  The 
Payback Period is an indicator of the timeline on which a project will become profitable.  
Generally, the payback period requirement depends on the developer.  If the project 
indicators are favorable, the project is anticipated to have a beneficial financial impact.  
As noted above, based on a NPV that is less than zero and with 30 year IRR’s of 2.6% 
for Health & Human Services, 2.6% for Division of Motor Vehicles and 2.3% at the 
Morton Building, it is not recommended that the State own the systems outright. 

7.4.3.2 Basic Capital Lease 
In a basic capital lease scenario a monthly fee is charged to a third party for leasing the 
system equipment to the host customer (the State). These leases require upfront 
payment for the rental of the system for that given month and possibly a small up-front 
deposit (similar to “first and last”), and during the month the host customer receives the 
benefit of any directly offsetting energy produced by the system. The benefit of this 
scenario is that the host customer keeps the “green attributes” of the power generated 
by the system, meaning that the host customer would be able to value the carbon offset 
of the system, by either applying the offset to its own internal goals to become carbon 
neutral or to monetize these attributes through an SREC market. The main downside 
here is that there is significant production risk. If a system ceases to operate there is no 
compensation for the energy lost, however, the structured lease payments must 
continue. Operation & Maintenance structures for these leases vary, but if the lessor is 
also the O&M provider there is no mechanism in place to incentivize said lessor to fix the 
system quickly. It is typical that the lessor will first have to confirm that the issue is 
caused by its own work and not equipment failure which requires correspondence with 
the manufacturer. If the lessee is responsible for O&M then the burden would fall upon 
the State to allocate resources immediately, which may not only be infeasible, but also 
creates a strain the State’s resources which may be needed for more immediate issues 
(i.e. power outages, etc.). Additionally, it is highly recommended that maintenance be 
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performed by a licensed electrician who is familiar with PV and/or trained for the specific 
equipment in order to avoid voiding manufacturer’s warranties. In both of these cases, 
significant downtime can occur which eliminates the sole benefit of the system to the 
State. 

7.4.3.3 Power Purchase Agreement 
Under a PPA, a third party  owns and operates the system in exchange for a long-term 
purchase agreement with the host customer (the State) for the electricity generated by 
the system. Unlike a lease scenario, the “green attributes” of the solar power are kept 
by the owner of the system (the third party/seller of electricity). The owner then seeks 
to monetize those attributes and pass the savings on to the customer (the State) in 
order to reduce the rate per kWh and meet its internal investment hurdles.  One of the 
main positives of a PPA is that aside from legal and administrative costs for a review and 
ratification of the agreement, there are no upfront costs required of the host customer.  
Also, since the system is owned by the PPA provider, all maintenance is left up to the 
entity providing the PPA. Since the value of the investment for that PPA provider is tied 
to the system’s generation, they are incentivized to keep the system in good working 
order and producing electricity at all times. In the case of total system failure, a typical 
clause in a PPA is to guarantee up to 75% of the system’s production. This ensures that 
if the system is shut down, the host entity would be made whole by a payment equal to 
the value of 75% of the guaranteed production for that time period. 

Below is an estimate of what financing entities would require for a price per kWh in 
order to own and operate the three systems at the Hazen Drive Complex. Borrego Solar 
has financed over $100 Million of solar PV projects and has a solid sense of the current 
market. A Borrego Solar Project Finance Manager approached these systems as a third-
party financier of solar projects working with a bank to secure financing for all three 
systems together. Considering the return hurdles required by tax equity and debt 
investors, and using industry standard assumptions listed below such as an 8% 
development fee, the operating costs of the system, the cost of installation and 
production estimates, we calculated a per kWh PPA rate that would result in successful 
project financing.   

The rate of $0.225 per kWh with a 3% escalator per year on those kWh charges for a 25 
year term results from these assumptions. We believe that this price is generally on the 
lower end of the spectrum from what the State would find on the open market.  We note 
that prices ranging from $0.21 per kWh to $0.27 per kWh are possible depending on the 
return required by the financing entity; however we note the resulting PPA ($0.225 per 
kWh) as shown in the PPA pro forma (attached at the end of this Section) is more than 
double the total cost per kWh currently paid by the State of New Hampshire for 
electricity to an energy provider and the costs for delivery charged by Unitil to deliver 
those kWh.  

The PPA price is based on the following assumptions: 

• 25 Year Term 

• 3% escalator 

• $50,000 Rebate per System 

• 30% Investment Tax Credit 

• No SRECs 
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• No Decommissioning Security 

• No Sales or Property Tax 

• No ineligible costs for Treasury Grant 

• 6% debt with 15 amortization 

• 43% Tax Equity 

• 8% Developer Fee 

7.5 Conclusions and Recommendations 
The PV systems considered at the Hazen Drive Complex are technically feasible and 
there is significant available space for the development of over 100 kW on each of the 
three sites evaluated. There is significant usage on the meter and within each of the 
three buildings evaluated such that there are no usage limits or constraints to 
developing each building or the entire complex to its maximum capacity. The area’s 
solar resources utilized by these or similarly deployed PV systems are estimated to 
produce 1,200 kWh for every 1 kW of PV installed which is a favorable production factor 
for the region. 

From a construction cost and production perspective we would recommend PV be 
deployed on these sites. However, we recommend first addressing the potential 
structural deficiencies as they may be limiting factors to installation. We recommend 
exhausting any and all resources available to locate the missing details mentioned in the 
structural capacity analysis above.  For the Division of Motor Vehicles building, structural 
upgrades are within a reasonable cost that would not preclude the development of PV. 

From an economic perspective these projects are not feasible due to varying issues, 
summarized below. From a cash purchase perspective, with 30 year IRR’s of 2.5% for 
Health & Human Services, 2.6% for Division of Motor Vehicles and 2.3% at the Morton 
Building, it is not recommended that the State own the systems outright. In this 
particular case, the inability of the State to monetize the Federal Investment Tax Credit 
(ITC) of 30% of the system cost, along with the rebate cap makes these projects 
financially prohibitive. Similarly, with regards to a PPA, the lack of a more active SREC 
market along with other limits on system revenues, do not allow for a competitive price 
per kilowatt hour to be generated even with the ability of a private developer to take 
advantage of the 30% Federal ITC.  The resulting PPA at $0.225 cents per kWh, which is 
more than double the total cost per kWh currently paid by the State for electricity to an 
energy provider, and the costs for delivery charged by Unitil to deliver those kWh, does 
not compare favorably on a strict cost perspective. However, if SREC’s were trading in 
the $200 to $500 range, and there were a mechanism to increase the certainty of those 
cash flows in the form of mandated long-term contract requirements, or a clearinghouse 
with a price floor, a financier may be able to provide a price per kWh that would make 
financial sense to the State. 

The availability of grant funds from the NH PUC, and the likelihood that these projects 
may score well on the metrics of evaluation established for the competitive RFP, creates 
an interesting possibility for the State. Aggregating these projects under a Power 
Purchase Agreement is the most promising approach. In discussions with the NH PUC, it 
was determined that grant funds could be used to drive down the cost of a PPA on a 
kWh basis. The next step would be for the State to determine what price per kilowatt 
hour would be feasible for it to pay for clean solar power factoring in the value of offset, 
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and then finding the amount of money that would be required from a grant in order to 
meet that threshold. If that amount is reasonable, for example within the parameters of 
grant funds allocated for 2013, the State may want to consider applying for that grant 
amount. The ability of a third party to both monetize the tax credit and receive the grant 
would allow the State the best chance to receive a competitive price per kilowatt hour as 
well as develop a solar project for limited upfront cost. If ownership of the asset is the 
State’s preference, then applying for 30% of the project cost through the grant program 
to mimic the Federal ITC, would have the greatest positive effect on the system 
financials. That said, the Power Purchase Agreement option limits liability for the State 
as well as provides the benefit of cost certainty for the long-term. 

Outside of receiving an amount in the form of a grant that could lower the price per 
kilowatt hour for a PPA significantly or mimic the Federal ITC, or a radical change in the 
current SREC market these projects are currently not financially viable on either a cash 
purchase or a PPA basis.  
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Borrego Solar Systems, Inc.
205 Industrial Ave East, Lowell, MA 01852
Tel - 888-898-6273 Fax - 888-843-6778
MA License #97365
05/24/12

Approx. Total System Square Footage:

PV Panels:
Inverters:
Racking System:

Estimated Annual Production:
% of Current Annual kWh Usage Offset:

Manufacturer Warranty - PV Panels
Manufacturer Warranty - Inverter
Borrego Solar Warranty - Full System

Contract Price $3.56/ DC Watt

State Rebate Payment(s) Issued to Customer
Federal Renewable Energy Grant/Credit Issued to Customer
Renewable Energy Credit Payment Issued to Customer
Total General Incentives

Tax Savings from Accelerated Depreciation (Fed & State)
Tax Credit (State)
Tax Due on State Rebate Payment(s) (Fed)
Tax Due on SREC Payments (Fed & State)

Total Income Tax Incentives

SYSTEM COST AFTER ALL INCENTIVES

1st Year Est. Utility Savings
30 Year Est. Utility Savings at 4% Annual Rate Escalation

30 Year Cumulative Cash Flow of Investment
30 Year Net Present Value of Investment at 5%
30 Year Internal Rate of Return (IRR)

These costs are estimated and do not represent a proposal or bid cost.

Borrego Solar makes no guarantee in regards to system performance or incentive amounts.

5 Years
10 Years

104.8 kW AC-CEC

(507) Sharp NU-U240F2
(1) PV Powered PVP100KW-480

SUNLINK @ 10⁰

$0
$50,000

$433,119

SYSTEM COST

1%
142,119 kWh

$50,000

$0

PHOTOVOLTAIC SYSTEM SUMMARY FOR HEALTH & HUMAN SERVICES
Includes all Design, Installation and Materials

Total System Size:
121.7 kW DC

SYSTEM OVERVIEW

12,168 SF

$383,119

$204,885

2.5%
($117,375)

25 Years

$13,660
$702,874

$0
$0

$0

$0

FINANCIAL RETURN OF INVESTMENT

$0
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BORREGO SOLAR 
ANNUAL CASHFLOW OF PV INVESTMENT 
CASH PURCHASE SCENARIO
Health & Human Services

System Assumptions Year System Costs

Operation & 
Maintenance 

Costs
Rebate 

Payment

Solar 
Renewable 

Energy Credits
Federal 

Grant/Credit
Tax on Rebate 

Payment

Tax on Solar 
Renewable 

Energy Credits

Accelerated 
Depreciation 
Tax Savings

Avoided 
Utility Bill

Annual Cash 
Flow

Cumulative 
Cash Flow IRR

System Size (DC) 121.68 kW 0 ($433,119) $0 $50,000 $0 $0 $0 $0 $0 $0 ($383,119) ($383,119)
System Size (AC) 104.83 kW 1 $0 ($1,754) $0 $0 $0 $0 $0 $0 $13,660 $11,907 ($371,213)
Year 1 Production 142,119 kWh 2 $0 ($1,815) $0 $0 $0 $0 $0 $0 $14,136 $12,321 ($358,892)
Annual System Degradation Factor 0.50% 3 $0 ($1,879) $0 $0 $0 $0 $0 $0 $14,628 $12,749 ($346,143)

4 $0 ($1,944) $0 $0 $0 $0 $0 $0 $15,137 $13,192 ($332,950)
Cost Per DC Watt $3.56 5 $0 ($2,012) $0 $0 $0 $0 $0 $0 $15,664 $13,651 ($319,299)
Cost Per AC Watt $4.13 6 $0 ($2,083) $0 $0 $0 $0 $0 $0 $16,209 $14,126 ($305,173)

7 $0 ($2,156) $0 $0 $0 $0 $0 $0 $16,773 $14,617 ($290,556)
8 $0 ($2,231) $0 $0 $0 $0 $0 $0 $17,356 $15,125 ($275,431)

Utility Assumptions 9 $0 ($2,309) $0 $0 $0 $0 $0 $0 $17,960 $15,651 ($259,780)
Rebate Program 10 $0 ($2,390) $0 $0 $0 $0 $0 $0 $18,585 $16,195 ($243,585) -14.6%
Annual Utility Escalation Rate 4.0% 11 $0 ($2,474) $0 $0 $0 $0 $0 $0 $19,232 $16,758 ($226,826)

12 $0 ($2,560) $0 $0 $0 $0 $0 $0 $19,902 $17,341 ($209,485)
13 $0 ($2,650) $0 $0 $0 $0 $0 $0 $20,594 $17,944 ($191,541)

Tax Assumptions 14 $0 ($2,743) $0 $0 $0 $0 $0 $0 $21,311 $18,568 ($172,973)
Assumed Federal Tax Rate N/A 15 $0 ($27,175) $0 $0 $0 $0 $0 $0 $22,052 ($5,122) ($178,096) -7.1%
Assumed State Tax Rate N/A 16 $0 ($2,938) $0 $0 $0 $0 $0 $0 $22,820 $19,882 ($158,214)
Federal Depreciation Basis $0 17 $0 ($3,041) $0 $0 $0 $0 $0 $0 $23,614 $20,573 ($137,641)
State Depreciation Basis $0 18 $0 ($3,147) $0 $0 $0 $0 $0 $0 $24,436 $21,288 ($116,353)

19 $0 ($3,258) $0 $0 $0 $0 $0 $0 $25,286 $22,029 ($94,324)
20 $0 ($3,372) $0 $0 $0 $0 $0 $0 $26,166 $22,794 ($71,530) -1.8%

Financial Return Health & Human Services 21 $0 ($3,490) $0 $0 $0 $0 $0 $0 $27,077 $23,587 ($47,943)
Simple Payback (years) 23 22 $0 ($3,612) $0 $0 $0 $0 $0 $0 $28,019 $24,407 ($23,536)
30 yr Return on Investment (ROI)* 183% 23 $0 ($3,738) $0 $0 $0 $0 $0 $0 $28,994 $25,256 $1,720
30 yr Internal Rate of Return (IRR) 2.5% 24 $0 ($3,869) $0 $0 $0 $0 $0 $0 $30,003 $26,134 $27,854

25 $0 ($4,004) $0 $0 $0 $0 $0 $0 $31,047 $27,043 $54,897 0.9%
Net Present Value of Investment at 5% -$117,375 26 $0 ($4,145) $0 $0 $0 $0 $0 $0 $32,127 $27,983 $82,880
30 Year Cumulative Cash Flow $204,885 27 $0 ($4,290) $0 $0 $0 $0 $0 $0 $33,245 $28,956 $111,836
*ROI Based on System Cost After All Incentives 28 $0 ($4,440) $0 $0 $0 $0 $0 $0 $34,402 $29,963 $141,798
*Inverter Replacement Cost Shown (Estimated Yr 15) 29 $0 ($4,595) $0 $0 $0 $0 $0 $0 $35,600 $31,005 $172,803

30 $0 ($4,756) $0 $0 $0 $0 $0 $0 $36,839 $32,083 $204,885 2.5%
Ave 1st Yr Utility Savings per kWh Produced $0.096 Totals ($433,119) ($114,869) $50,000 $0 $0 $0 $0 $0 $702,874 $204,885 $204,885 2.5%

All numbers are for discussion purposes only. Borrego Solar makes no guarantee in regards to system performance or incentive amounts. Please consult your CPA or lawyer in order to verify how the tax savings will affect you.

NHPUC C&I Rebate

Tax Implications

$0

$50,000

$100,000

$150,000

$200,000

$250,000

$300,000

$350,000

$400,000

$450,000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

An
nu

al
 C

os
t 

Annual Cost:  Solar vs. No Solar 

No Solar Solar

-$500,000

-$400,000

-$300,000

-$200,000

-$100,000

$0

$100,000

$200,000

$300,000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

An
nu

al
 S

av
in

gs
 

Cumulative Annual Savings 





Generate Change. Choose Solar. Confidential

Borrego Solar Systems, Inc.
205 Industrial Ave East, Lowell, MA 01852
Tel - 888-898-6273 Fax - 888-843-6778
MA License #97365
05/24/12

Approx. Total System Square Footage:

PV Panels:
Inverters:
Racking System:

Estimated Annual Production:
% of Current Annual kWh Usage Offset:

Manufacturer Warranty - PV Panels
Manufacturer Warranty - Inverter
Borrego Solar Warranty - Full System

Contract Price $3.33/ DC Watt

State Rebate Payment(s) Issued to Customer
Federal Renewable Energy Grant/Credit Issued to Customer
Renewable Energy Credit Payment Issued to Customer
Total General Incentives

Tax Savings from Accelerated Depreciation (Fed & State)
Tax Credit (State)
Tax Due on State Rebate Payment(s) (Fed)
Tax Due on SREC Payments (Fed & State)

Total Income Tax Incentives

SYSTEM COST AFTER ALL INCENTIVES

1st Year Est. Utility Savings
30 Year Est. Utility Savings at 4% Annual Rate Escalation

30 Year Cumulative Cash Flow of Investment
30 Year Net Present Value of Investment at 5%
30 Year Internal Rate of Return (IRR)

These costs are estimated and do not represent a proposal or bid cost.

Borrego Solar makes no guarantee in regards to system performance or incentive amounts.

5 Years
10 Years

112.9 kW AC-CEC

(546) Sharp NU-U240F2
(1) PV Powered PVP100KW-480

FLUSHMOUNT @ 27⁰

$0
$50,000

$436,797

SYSTEM COST

27%
146,472 kWh

$50,000

$0

PHOTOVOLTAIC SYSTEM SUMMARY FOR DIVISION OF MOTOR VEHICLES
Includes all Design, Installation and Materials

Total System Size:
131.0 kW DC

SYSTEM OVERVIEW

13,104 SF

$386,797

$218,348

2.6%
($113,339)

25 Years

$14,079
$724,402

$0
$0

$0

$0

FINANCIAL RETURN OF INVESTMENT

$0



Generate Change. Choose Solar. Confidential

BORREGO SOLAR 
ANNUAL CASHFLOW OF PV INVESTMENT 
CASH PURCHASE SCENARIO
Division of Motor Vehicles

System Assumptions Year System Costs

Operation & 
Maintenance 

Costs
Rebate 

Payment

Solar 
Renewable 

Energy Credits
Federal 

Grant/Credit
Tax on Rebate 

Payment

Tax on Solar 
Renewable 

Energy Credits

Accelerated 
Depreciation 
Tax Savings

Avoided 
Utility Bill

Annual Cash 
Flow

Cumulative 
Cash Flow IRR

System Size (DC) 131.04 kW 0 ($436,797) $0 $50,000 $0 $0 $0 $0 $0 $0 ($386,797) ($386,797)
System Size (AC) 112.89 kW 1 $0 ($1,803) $0 $0 $0 $0 $0 $0 $14,079 $12,276 ($374,520)
Year 1 Production 146,472 kWh 2 $0 ($1,866) $0 $0 $0 $0 $0 $0 $14,569 $12,703 ($361,817)
Annual System Degradation Factor 0.50% 3 $0 ($1,931) $0 $0 $0 $0 $0 $0 $15,076 $13,145 ($348,672)

4 $0 ($1,998) $0 $0 $0 $0 $0 $0 $15,600 $13,602 ($335,070)
Cost Per DC Watt $3.33 5 $0 ($2,068) $0 $0 $0 $0 $0 $0 $16,143 $14,075 ($320,995)
Cost Per AC Watt $3.87 6 $0 ($2,141) $0 $0 $0 $0 $0 $0 $16,705 $14,564 ($306,431)

7 $0 ($2,216) $0 $0 $0 $0 $0 $0 $17,286 $15,071 ($291,360)
8 $0 ($2,293) $0 $0 $0 $0 $0 $0 $17,888 $15,595 ($275,765)

Utility Assumptions 9 $0 ($2,374) $0 $0 $0 $0 $0 $0 $18,511 $16,137 ($259,628)
Rebate Program 10 $0 ($2,457) $0 $0 $0 $0 $0 $0 $19,155 $16,698 ($242,930) -14.3%
Annual Utility Escalation Rate 4.0% 11 $0 ($2,543) $0 $0 $0 $0 $0 $0 $19,821 $17,279 ($225,651)

12 $0 ($2,632) $0 $0 $0 $0 $0 $0 $20,511 $17,880 ($207,772)
13 $0 ($2,724) $0 $0 $0 $0 $0 $0 $21,225 $18,501 ($189,271)

Tax Assumptions 14 $0 ($2,819) $0 $0 $0 $0 $0 $0 $21,964 $19,144 ($170,126)
Assumed Federal Tax Rate N/A 15 $0 ($29,126) $0 $0 $0 $0 $0 $0 $22,728 ($6,398) ($176,524) -7.0%
Assumed State Tax Rate N/A 16 $0 ($3,020) $0 $0 $0 $0 $0 $0 $23,519 $20,499 ($156,025)
Federal Depreciation Basis $0 17 $0 ($3,126) $0 $0 $0 $0 $0 $0 $24,337 $21,212 ($134,813)
State Depreciation Basis $0 18 $0 ($3,235) $0 $0 $0 $0 $0 $0 $25,184 $21,949 ($112,864)

19 $0 ($3,348) $0 $0 $0 $0 $0 $0 $26,061 $22,712 ($90,152)
20 $0 ($3,465) $0 $0 $0 $0 $0 $0 $26,967 $23,502 ($66,649) -1.6%

Financial Return Division of Motor Vehicles 21 $0 ($3,587) $0 $0 $0 $0 $0 $0 $27,906 $24,319 ($42,330)
Simple Payback (years) 23 22 $0 ($3,712) $0 $0 $0 $0 $0 $0 $28,877 $25,165 ($17,165)
30 yr Return on Investment (ROI)* 187% 23 $0 ($3,842) $0 $0 $0 $0 $0 $0 $29,882 $26,040 $8,875
30 yr Internal Rate of Return (IRR) 2.6% 24 $0 ($3,977) $0 $0 $0 $0 $0 $0 $30,922 $26,945 $35,820

25 $0 ($4,116) $0 $0 $0 $0 $0 $0 $31,998 $27,882 $63,703 1.1%
Net Present Value of Investment at 5% -$113,339 26 $0 ($4,260) $0 $0 $0 $0 $0 $0 $33,112 $28,852 $92,554
30 Year Cumulative Cash Flow $218,348 27 $0 ($4,409) $0 $0 $0 $0 $0 $0 $34,264 $29,855 $122,409
*ROI Based on System Cost After All Incentives 28 $0 ($4,563) $0 $0 $0 $0 $0 $0 $35,456 $30,893 $153,302
*Inverter Replacement Cost Shown (Estimated Yr 15) 29 $0 ($4,723) $0 $0 $0 $0 $0 $0 $36,690 $31,967 $185,269

30 $0 ($4,888) $0 $0 $0 $0 $0 $0 $37,967 $33,079 $218,348 2.6%
Ave 1st Yr Utility Savings per kWh Produced $0.096 Totals ($436,797) ($119,258) $50,000 $0 $0 $0 $0 $0 $724,402 $218,348 $218,348 2.6%

All numbers are for discussion purposes only. Borrego Solar makes no guarantee in regards to system performance or incentive amounts. Please consult your CPA or lawyer in order to verify how the tax savings will affect you.

NHPUC C&I Rebate

Tax Implications
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Generate Change. Choose Solar. Confidential

Borrego Solar Systems, Inc.
205 Industrial Ave East, Lowell, MA 01852
Tel - 888-898-6273 Fax - 888-843-6778
MA License #97365
05/24/12

Approx. Total System Square Footage:

PV Panels:
Inverters:
Racking System:

Estimated Annual Production:
% of Current Annual kWh Usage Offset:

Manufacturer Warranty - PV Panels
Manufacturer Warranty - Inverter
Borrego Solar Warranty - Full System

Contract Price $3.50/ DC Watt

State Rebate Payment(s) Issued to Customer
Federal Renewable Energy Grant/Credit Issued to Customer
Renewable Energy Credit Payment Issued to Customer
Total General Incentives

Tax Savings from Accelerated Depreciation (Fed & State)
Tax Credit (State)
Tax Due on State Rebate Payment(s) (Fed)
Tax Due on SREC Payments (Fed & State)

Total Income Tax Incentives

SYSTEM COST AFTER ALL INCENTIVES

1st Year Est. Utility Savings
30 Year Est. Utility Savings at 4% Annual Rate Escalation

30 Year Cumulative Cash Flow of Investment
30 Year Net Present Value of Investment at 5%
30 Year Internal Rate of Return (IRR)

These costs are estimated and do not represent a proposal or bid cost.

Borrego Solar makes no guarantee in regards to system performance or incentive amounts.

5 Years
10 Years

110.2 kW AC-CEC

(533) Sharp NU-U240F2
(1) PV Powered PVP100KW-480

SUNLINK @ 5⁰

$0
$50,000

$447,286

SYSTEM COST

6%
142,467 kWh

$50,000

$0

PHOTOVOLTAIC SYSTEM SUMMARY FOR MORTON BUILDING
Includes all Design, Installation and Materials

Total System Size:
127.9 kW DC

SYSTEM OVERVIEW

12,792 SF

$397,286

$189,514

2.3%
($132,122)

25 Years

$13,694
$704,595

$0
$0

$0

$0

FINANCIAL RETURN OF INVESTMENT

$0



Generate Change. Choose Solar. Confidential

BORREGO SOLAR 
ANNUAL CASHFLOW OF PV INVESTMENT 
CASH PURCHASE SCENARIO
Morton Building

System Assumptions Year System Costs

Operation & 
Maintenance 

Costs
Rebate 

Payment

Solar 
Renewable 

Energy Credits
Federal 

Grant/Credit
Tax on Rebate 

Payment

Tax on Solar 
Renewable 

Energy Credits

Accelerated 
Depreciation 
Tax Savings

Avoided 
Utility Bill

Annual Cash 
Flow

Cumulative 
Cash Flow IRR

System Size (DC) 127.92 kW 0 ($447,286) $0 $50,000 $0 $0 $0 $0 $0 $0 ($397,286) ($397,286)
System Size (AC) 110.20 kW 1 $0 ($1,786) $0 $0 $0 $0 $0 $0 $13,694 $11,908 ($385,378)
Year 1 Production 142,467 kWh 2 $0 ($1,849) $0 $0 $0 $0 $0 $0 $14,170 $12,322 ($373,057)
Annual System Degradation Factor 0.50% 3 $0 ($1,913) $0 $0 $0 $0 $0 $0 $14,664 $12,750 ($360,307)

4 $0 ($1,980) $0 $0 $0 $0 $0 $0 $15,174 $13,193 ($347,113)
Cost Per DC Watt $3.50 5 $0 ($2,050) $0 $0 $0 $0 $0 $0 $15,702 $13,652 ($333,461)
Cost Per AC Watt $4.06 6 $0 ($2,122) $0 $0 $0 $0 $0 $0 $16,248 $14,127 ($319,334)

7 $0 ($2,196) $0 $0 $0 $0 $0 $0 $16,814 $14,618 ($304,716)
8 $0 ($2,273) $0 $0 $0 $0 $0 $0 $17,399 $15,126 ($289,590)

Utility Assumptions 9 $0 ($2,352) $0 $0 $0 $0 $0 $0 $18,004 $15,652 ($273,937)
Rebate Program 10 $0 ($2,434) $0 $0 $0 $0 $0 $0 $18,631 $16,197 ($257,741) -15.0%
Annual Utility Escalation Rate 4.0% 11 $0 ($2,520) $0 $0 $0 $0 $0 $0 $19,279 $16,760 ($240,981)

12 $0 ($2,608) $0 $0 $0 $0 $0 $0 $19,950 $17,342 ($223,639)
13 $0 ($2,699) $0 $0 $0 $0 $0 $0 $20,645 $17,945 ($205,693)

Tax Assumptions 14 $0 ($2,794) $0 $0 $0 $0 $0 $0 $21,363 $18,569 ($187,124)
Assumed Federal Tax Rate N/A 15 $0 ($28,475) $0 $0 $0 $0 $0 $0 $22,106 ($6,369) ($193,493) -7.6%
Assumed State Tax Rate N/A 16 $0 ($2,993) $0 $0 $0 $0 $0 $0 $22,876 $19,883 ($173,610)
Federal Depreciation Basis $0 17 $0 ($3,097) $0 $0 $0 $0 $0 $0 $23,672 $20,574 ($153,036)
State Depreciation Basis $0 18 $0 ($3,206) $0 $0 $0 $0 $0 $0 $24,496 $21,290 ($131,746)

19 $0 ($3,318) $0 $0 $0 $0 $0 $0 $25,348 $22,030 ($109,716)
20 $0 ($3,434) $0 $0 $0 $0 $0 $0 $26,230 $22,796 ($86,920) -2.1%

Financial Return Morton Building 21 $0 ($3,554) $0 $0 $0 $0 $0 $0 $27,143 $23,589 ($63,331)
Simple Payback (years) 24 22 $0 ($3,679) $0 $0 $0 $0 $0 $0 $28,087 $24,409 ($38,922)
30 yr Return on Investment (ROI)* 177% 23 $0 ($3,807) $0 $0 $0 $0 $0 $0 $29,065 $25,258 ($13,665)
30 yr Internal Rate of Return (IRR) 2.3% 24 $0 ($3,941) $0 $0 $0 $0 $0 $0 $30,076 $26,136 $12,471

25 $0 ($4,079) $0 $0 $0 $0 $0 $0 $31,123 $27,044 $39,516 0.7%
Net Present Value of Investment at 5% -$132,122 26 $0 ($4,221) $0 $0 $0 $0 $0 $0 $32,206 $27,985 $67,500
30 Year Cumulative Cash Flow $189,514 27 $0 ($4,369) $0 $0 $0 $0 $0 $0 $33,327 $28,958 $96,458
*ROI Based on System Cost After All Incentives 28 $0 ($4,522) $0 $0 $0 $0 $0 $0 $34,487 $29,965 $126,423
*Inverter Replacement Cost Shown (Estimated Yr 15) 29 $0 ($4,680) $0 $0 $0 $0 $0 $0 $35,687 $31,007 $157,429

30 $0 ($4,844) $0 $0 $0 $0 $0 $0 $36,929 $32,085 $189,514 2.3%
Ave 1st Yr Utility Savings per kWh Produced $0.096 Totals ($447,286) ($117,795) $50,000 $0 $0 $0 $0 $0 $704,595 $189,514 $189,514 2.3%

All numbers are for discussion purposes only. Borrego Solar makes no guarantee in regards to system performance or incentive amounts. Please consult your CPA or lawyer in order to verify how the tax savings will affect you.

NHPUC C&I Rebate

Tax Implications

$0

$50,000

$100,000

$150,000

$200,000

$250,000

$300,000

$350,000

$400,000

$450,000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

An
nu

al
 C

os
t 

Annual Cost:  Solar vs. No Solar 
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Generate Change. Choose Solar. Confidential

BORREGO SOLAR 
ANNUAL CASHFLOW OF PV INVESTMENT 
POWER PURCHASE AGREEMENT (PPA) SCENARIO
HAZEN DRIVE- MORTON, HHS, & DMV

System Assumptions Year PPA Bills
Avoided 

Utility Bills
Annual 

Cash Flow
Cumulative 
Cash Flow

System Size (DC) 380.64 kW 0 $0 $0 $0 $0 
System Size (AC) 327.92 kW 1 ($97,011) $41,443 ($55,568) ($55,568)
Year 1 Production 431,158 kWh 2 ($99,421) $42,885 ($56,536) ($112,104)
Annual System Degradation Factor 0.50% 3 ($101,892) $44,378 ($57,514) ($169,618)

4 ($104,424) $45,922 ($58,502) ($228,120)
Utility Assumptions 5 ($107,019) $47,520 ($59,499) ($287,619)
Annual Utility Escalation Rate 4.0% 6 ($109,678) $49,174 ($60,505) ($348,124)

7 ($112,404) $50,885 ($61,519) ($409,643)
PPA Terms 8 ($115,197) $52,656 ($62,541) ($472,184)
PPA Starting Rate $0.225 9 ($118,060) $54,488 ($63,572) ($535,755)
PPA Annual Escalation Rate 3.00% 10 ($120,993) $56,384 ($64,609) ($600,365)
PPA Agreement Term 25 11 ($124,000) $58,346 ($65,654) ($666,018)
Estimated System Buyout - % of Original System Cost* 0% 12 ($127,081) $60,377 ($66,705) ($732,723)

13 ($130,239) $62,478 ($67,761) ($800,484)
Ave 1st Year Utility Savings per PPA kWh Produced $0.096 14 ($133,476) $64,652 ($68,824) ($869,308)

15 ($136,793) $66,902 ($69,891) ($939,199)
Financial Return 16 ($140,192) $69,230 ($70,962) ($1,010,160)
Net Present Value of Investment at 5% ($920,305) 17 ($143,676) $71,640 ($72,036) ($1,082,197)
30 Year Cumulative Cash Flow ($1,697,325) 18 ($147,246) $74,133 ($73,114) ($1,155,310)

19 ($150,905) $76,712 ($74,193) ($1,229,503)
20 ($154,655) $79,382 ($75,273) ($1,304,776)
21 ($158,498) $82,145 ($76,354) ($1,381,130)
22 ($162,437) $85,003 ($77,434) ($1,458,564)
23 ($166,474) $87,961 ($78,512) ($1,537,077)
24 ($170,611) $91,022 ($79,588) ($1,616,665)
25 ($174,850) $94,190 ($80,660) ($1,697,325)

Totals ($3,307,233) $1,609,908 ($1,697,325) ($1,697,325)

All numbers are for discussion purposes only. Borrego Solar makes no guarantee in regards to system performance.
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240 WATT
multi-purpose moDule

Sharp multi-purpose modules offer
industry-leading performance for
a variety of applications.

Tempered glass, EVA lamination and
weatherproof backskin provide long-life 
and enhanced cell performance.

Business leaders install this module 
in large commercial applications, 
demonstrating financial astuteness 
and environmental stewardship. 

EnginEEring ExcEllEncE
High module efficiency for an outstanding balance 
of size and weight to power and performance. 
     
5% POSiTiVE POWEr TOlErAncE
Count on Sharp to deliver all the watts you pay for
with a guaranteed minimum peak power rating of
240 W. Individual modules could test up to 5% higher.

rEliABlE
25-year limited warranty on power output
and 10-year limited warranty on materials or
workmanship.

HigH PErfOrmAncE
This module uses an advanced surface  
texturing process to increase light absorption  
and improve efficiency.

“BUY AmEricAn”
Proudly manufactured in Memphis, TN from 
imported and domestic parts.

BEcOmE POWErfUl

SHArP: THE nAmE TO TrUST
The Sharp ND-240QCJ module is covered by Sharp’s 
10-year limited warranty on materials or workmanship. 
When you choose Sharp, you get more than well-
engineered products. You also get Sharp’s proven 
reliability, outstanding customer service and the 
assurance of our 25-year limited warranty on power 
output. With over 50 years experience in solar and 
over 4.3 GW of installed capacity, Sharp has a proven 
legacy as a trusted name in solar. 

mulTi-purpose 240 WATT  
module from The World’s 
TrusTed source for solAr.

using breakthrough technology, made possible 
by nearly 50 years of proprietary research 
and development, sharp’s Nd-240QcJ solar 
module incorporates an advanced surface 
texturing process to increase light absorption 
and improve efficiency. common applications 
include commercial and residential grid-tied 
roof systems as well as ground mounted arrays. 
designed to withstand rigorous operating 
conditions, this module offers high power 
output per square foot of solar array.

ND-240QCJ



SHARP ELECTRONICS CORPORATION
5700 NW Pacifi c Rim Boulevard, Camas, WA 98607
1-800-SOLAR-06 • Email: sharpsolar@sharpusa.com
www.sharpusa.com/solar

11L-105 • PC-03-12© 2012 Sharp Electronics Corporation. All rights reserved.

240 WATT
ND-240QCJ
module output cables: 12 AWG pV Wire

Design and specifi cations are subject to change without notice.
Sharp is a registered trademark of Sharp Corporation. All other trademarks are property 
of their respective owners. Cover photo: Solar installation by Pacifi c Power Management, 
Auburn CA.

ElEcTricAl cHArAcTEriSTicS
Maximum Power (Pmax)*  240 W

Tolerance of Pmax +5%/-0%

PTC Rating 216.4 W

Type of Cell  Polycrystalline silicon

Cell Confi guration 60 in series

Open Circuit Voltage (Voc) 37.5 V

Maximum Power Voltage (Vpm) 29.3 V

Short Circuit Current (Isc) 8.75 A

Maximum Power Current (Ipm) 8.19 A

Module Effi  ciency (%)  14.7%

Maximum System (DC) Voltage 600 V

Series Fuse Rating 15 A

NOCT 47.5°C

Temperature Coeffi  cient (Pmax) -0.485%/°C

Temperature Coeffi  cient (Voc) -0.36%/°C

Temperature Coeffi  cient (lsc) 0.053%/°C

* Illumination of 1 kW/m2 (1 sun) at spectral distribution of AM 1.5 (ASTM E892 
global spectral irradiance) at a cell temperature of 25°C.

WArrAnTY
25-year limited warranty on power output
Contact Sharp for complete warranty information

QUAlificATiOnS
UL Listed  UL 1703

Fire Rating  Class C

Contact Sharp for tolerance specifi cations

DimEnSiOnS

 A B C D e 
 39.1”/994 mm 64.6”/1640 mm 1.8”/46 mm 14.4”/365 mm 3.9”/100 mm

 
 F G
 37.7”/958 mm 43.3”/1100 mm

BACK VieW
siDe V ieWA
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B

e

e
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F C

“BUY AmEricAn”

Sharp solar modules are manufactured in the United 

States and Japan, and qualify as “American” goods 

under the “Buy American” clause of the American 

Recovery and Reinvestment Act (ARRA).

mEcHAnicAl cHArAcTEriSTicS
Dimensions (A x B x C to the right)   39.1” x 64.6” x 1.8”/994 x 1640 x 46 mm

Cable Length (G) 43.3”/1100 mm

Output Interconnect Cable 12 AWG with SMK Locking Connector

Weight  41.9 lbs / 19.0 kg

Max Load 50 psf (2400 Pascals)

Operating Temperature (cell) -40 to 194°F / -40 to 90°C

**PV Wire per UL Subject 4703



PVP75kW and PVP100kW
The industry standard for  
reliability and ease of installation

The PV Powered 75kW and 100kW inverters set the 
industry standard for high reliability, ease of installation, 
and lifetime maintainability. Their 20-plus year design-life 
is enabled by an array of market-leading reliability features 
including bus bars for all power connections, a sealed 
electronics module, and an instrumented cooling system 
resulting in a track record of 99+% uptime. With a best-
in-class efficiency of 96%, the highly integrated system 
is designed to save installers time and money with load 
break rated AC & DC service disconnects, certification 
for installation without a neutral conductor, and exterior 
mounting flanges for fast and easy anchoring with no 
pre-drilling. The wide 295-595V voltage window provides 
exceptional flexibility and stringing capability with all PV 
modules including thin film. 

New features include remote disable inputs and an 
expanded array of monitored subcombiner fusing 
options. A 24V auxiliary power supply, revenue grade 
meter, and performance monitoring gateway can also 
be added for a completely integrated inverter solution. 
Advanced power controls provide essential utility support 
functions including power factor, curtailment, and 
controlled ramp rate.

Advanced Energy backs all of its commercial inverters with 
an industry-leading 10-year nationwide warranty and a 
comprehensive optional 20-year warranty; plus the best 
service and support team in the business.

Superior Reliability
•	Engineered	power	connections	eliminate	failure	points	

•	Advanced,	high-reliability	circuit	board	system	

•	Redundant	cooling	system	with	Smart	Air	Management™

•	Redundant	industrial	grade	power	supply	for	long-life	and	high	quality	

control	power

Exceptional Installability & Maintainability
•	Bottom,	and	side	cable	entry	

•	Generous	cable	bending	area

•	Complete	range	of	fused	DC	sub-combiner	options

•	Exterior	mounting	flange	for	fast	and	easy	anchoring

•	Error-free	AC	auto-phasing

Easy to Maintain
•	All	maintenance	and	service	via	front	and	side	access		

•	Load	break	rated	AC	and	DC	service	disconnects

•	Positive-locking,	tool-free	circuit	board	cage	

•	Optional	preventative	maintenance	program	and	extended	warranty

PV	Powered	and	Solaron	products	built	in	the	U.S.	are	fully	
compliant	with	the	Buy	American	Act	and	qualify	for	projects	
funded	by	the	federal	stimulus	package.
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Electrical Specifications
Model PVP75kW Model PVP100kW

Continuous Output Power 75kW 100kW

Weighted CEC Efficiency
208 95.5% 95.5%

480 95.5% 96.0%

600 96.0% 96.0%

Maximum DC Input Voltage 600 Voc 600 Voc

DC Peak Power Tracking Range 295-595 V 295-595V

Maximum Operating Input Current 267 A 356A

AC Nominal Voltage 208V Y, 480V Y, 600V Y 208V Y, 480V Y, 600V Y

AC Operating Range
208 183-228 V 183-228 V

480 423-528 V 423-528 V

600 528-660 V 528-660 V

AC Frequency Range 59.3-60.5 Hz 59.3 - 60.5 Hz

AC Maximum Continuous Current
208 208 A 278 A

480 91 A 120 A

600 72 A 96 A

Standby Losses 42 W 42 W

Harmonic Distortion <3% THD <3% THD

Power Factor >.99 >.99

Mechanical Specifications
Model PVP75kW Model PVP100kW

Enclosure NEMA 4 NEMA 4

Construction Powder Coated Steel Powder Coated Steel
Optional Stainless Steel Optional Stainless Steel

Mounting Pad Mount Pad Mount

Weight (lbs) 2750 3000

Cooling Forced Convection Forced Convection

Operating Ambient Temperature Range -30 to 50 °C -30 to 50 °C

Standby/Storage Ambient Temperature Range -40 to 60 °C -40 to 60 °C

Isolation Transformer Yes Yes

Noise Emission (typical at full load) <61dBA at 8ft <61dBA at 8ft

Performance Monitoring
Increase	uptime	and	reduce	maintenance	costs	with	integrated	performance	monitoring	hardware	that	enables	

connectivity	to	a	variety	of	software	solutions	from	industry	leading	monitoring	partners.	The	tight	integration	between	

Advanced	Energy	and	our	monitoring	partners	creates	a	superior	service	and	support	experience	while	seamlessly	

delivering	meaningful	data.	Factory	integration	and	testing	of	our	UL	listed	monitoring	solution	ensures	high	reliability	

and	significantly	reduces	field	installation	costs.		

Advanced power 
Controls:
•	Power	factor

•	Curtailment

•	Controlled	ramp	rate

•	Remote	enable/disable

Options
•	Integrated	fused	subcombiner:	 

up	to	9	inputs	of	70A-600A	 

(max	total	of	675A)

•	Integrated	fused	subcombiner	

with	monitoring:	Up	to	6	inputs	

of	70A-100A	or	up	to	5	inputs	 

of	70A	-	200A	(max	total	 

of	675A)

•	Integrated	revenue	grade	meter

•	Integrated	data	monitoring

•	24V	auxiliary	power	supply	

•	Stainless	steel

•	20-year	extended	warranty

Agency Approvals
UL 1741, IEEE519, IEEE929, 
IEEE1547, CSA 107.1-1 
FCC Class A for conducted  
and radiated



With more than 200 MW of installations across 26 states and Canada, 

the SunLink® RMS is the most trusted commercial rooftop mounting 

system in North America. Designed for fast assembly and to be 

exceptionally roof-friendly, the non-penetrating RMS reduces installation 

time and lowers costs.

Integrated Wire Management
SunLink RMS wire management trays and clips fit 
seamlessly with existing SunLink RMS hardware. 
This integrated approach enhances performance, 
durability, installation efficiency and aesthetics. 
Customers who have used SunLink RMS wire 
management report saving an average of 40% in 
on-roof time compared with other wire management 
strategies. 

Roof-friendly
The SunLink RMS is engineered to require zero 
penetrations whenever possible. The Tilt-Access™ 
feature permits easy roof maintenance, and the 
open layout allows for unimpeded roof drainage. 

Permitting Support
Through rigorous wind tunnel testing, our 
engineers have developed proprietary data-based 
models that help ensure SunLink commercial 
rooftop projects are able to secure permits in 
virtually every wind, snow and seismic zone in 
North America. 

Prepanelization
Save more than 50% in on-roof labor time by 
letting SunLink preassemble your modules with 
SunLink RMS racking and components in our 
warehouse. Ready-to-install panel assemblies 
are delivered to the worksite in 3x1 or 4x1 
configurations. 

SunLink RMS    

SunLink.  Install Confidence. RMS0911



SunLink Corporation 
San Rafael, CA

(t) 415.925.9650

(f) 415.925.9636

(e) info@sunlink.com

Sunlink.  Install Confidence.
  

SunLink Corporation provides scalable PV mounting solutions and integrated balance of system components that 

reduce total installed costs and improve design flexibility. Leading integrators and installers have chosen SunLink’s 

commercial rooftop and ground-mounted systems for more than 200 MW of projects at 1000+ sites across North 

America. SunLink’s experienced engineering and customer support teams provide comprehensive service for each 

installation. Our fully customizable racking systems support modules from nearly every manufacturer. 

Simple Quoting and Shipping Process
Through our online quote tool, or after a brief 
consultation with our dedicated sales team, we can 
provide you with anything from a free array design to 
help you price your bid to wind load reports for use in 
the permitting process. 

All SunLink parts arrive in one shipment, simplifying 
your on-site coordination.

Optimized Solutions 
Our dedicated sales and project management 
departments will optimize the system layout to your 
site conditions and choice of module, offering the 
most competitive price possible. 

TECHNICAL SPECIFICATIONS

Avg. distributed weight 2.1 - 3.2 PSF (connected)

 3.5 - 5.5 PSF (ballasted, ASCE 7, 90 mph)

Tilt angles 5°, 10°, 15°, 20°

Roof applications BUR; PVC; TPO; SMS; most low slope roofs

Materials Aluminum (5052-H32; 6005A-T61) and  

 stainless steel

Grounding Spars ETL-listed for many modules

Module compatibility All major brands

Installation Rates A four-person crew working a 7.5 hour day

 can install up to 180 modules / day.

Testing The SunLink RMS has undergone extensive 

 testing including: boundary layer wind tunnel 

 tests; advanced structural analysis; UL testing; 

 and seismic testing and analysis.

Warranty 15 years

Manufacturing ARRA and Ontario FIT compliant

RMS Fast Facts:

• 5°, 10°, 15°, 20° tilt angles

• Non-penetrating in most situations

• Flexible assembly, installation and 

mounting options

• Integrated wire management and 

prepanelization options

• Made in the USA 
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MEMORANDUM 

Date: 4/23/2012 

 

To: Max Sugihara 

 

From: Jim Trant 

 

Re: Health & Human Services Office Building 

 Concord, NH 

 

As requested, I performed some preliminary structural analyses regarding the capability of the 

existing roof framing at the above location to support a proposed ballasted and/or attached solar 

PV system similar to Sunlink based on the plans that you provided. The plans consisted of 

structural drawings of a two phased building development as described hereinafter 

 

 Dwg No Date  Title     Prepared by A or E 

Laboratory Building for the Department of Health & Welfare  Fleck & Lewis Arch’s 

 S-2  7-31-70 First Floor Framing Plan  Fleck & Lewis Arch’s 

 S-4  7-31-70 Waffle Slab 1
st
 Fl Reinf Steel  Fleck & Lewis Arch’s 

 S-5  7-31-70 2
nd

 Fl, 3
rd

 Fl & Roof Reinf Steel Fleck & Lewis Arch’s 

 S-6  7-31-70 Column Schedule, Slab Details Fleck & Lewis Arch’s 

S-7  7-31-70 Penthouse Framing Plan & Details Fleck & Lewis Arch’s 

 

Re-Roofing of the Health & Welfare Building and Centralized Data Processing 

 1  8-22-83 Roof Plan    uncertain 

 2  8-22-83 Roofing Details   uncertain 

 

Health & Welfare Office Building Phase II / C.D.P. 

 S1-24  7-30-76 Structural Plans   Fleck & Lewis Arch’s 

 

The above described drawings apply to a two phased building development. An incomplete set 

of plans for the initial phase was provided, however no PV system is currently proposed for this 

portion of the building. A complete set of structural plans is included for the second phase of the 

building. A pair of drawings was also included regarding a full building re-roofing program 

which was performed in 1983. The design professional firm is not readily apparent from these 

drawings. It has been confirmed that the existing roofing is a fully ballasted membrane, so there 

will be no allowed increase in capacity as a result of stone ballast removal during the re-roof 

activity. 

 

The roof structure is composed of a cast-in-place concrete waffle slab which was an economical 

type of concrete system at the time of design. The design strength of the roof system is listed on 
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Drawing S-21 as 40 psf which is conceivably the design snow load at the time of design. The 

current design ground snow load is 70 psf which translates to a roof design load of at least 49 psf 

and a PV design snow load of 59 psf. Given the increase in design snow conditions due to the PV 

with the added weight of the PV, it is not considered practical to safely support the proposed PV 

system on the existing structure. 

 

I do not recommend installing a ballasted or connected PV system at this location. 
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MEMORANDUM 

Date: 4/20/2012 

 

To: Max Sugihara 

 

From: Jim Trant 

 

Re: Dept of Motor Vehicles Building 

 Concord, NH 

 

As requested, I performed some preliminary structural analyses regarding the capability of the 

existing roof framing at the above location to support a proposed “flush-mounted” solar PV 

system based on the plans that you provided. The plans consisted of structural drawings as 

described hereinafter 

 

 Dwg No Date  Title     Prepared by A or E 

 

 S-1  7/12/02 “Foundation Plan”   Yeaton 

 S-2  7/22/02 “Elevation & Details”   Yeaton 

 S-3  7/22/02 “Framing Plans”   Yeaton 

 S-1  3/31/04 Foundation Plan, Details and Notes S W & C Engineering 

 S-2  3/31/04 First Floor Framing Plan  S W & C Engineering 

     Slab Joint Plan 

     Foundation Sections 

 S-3  3/31/04 Second Floor Framing  S W & C Engineering 

     Plan, Details and Notes 

 S-4  3/31/04 Roof Framing Plan and Notes  S W & C Engineering 

     Brace Line Elevations 

 

The 2002 drawings apply to the initial portion of the building. The 2004 drawings apply to the 

Phase II design of the building development. The roof framing was constructed of Pre-

engineered Trusses spaced at 24” on center designed by the manufacturer. No design loading 

was provided by Yeaton; S W & C Engineering stipulated design dead loads, snow loads, wind 

speed and other loading associated with connections and allowable stresses of materials. 

 

Based solely on the S W & C stated loading, I performed a comparative loading analysis. The 

proposed flush-mounted PV system will alter the Ct for the original roof design from 1.0 to 1.1 

slightly increasing the effective snow load from 49 psf to 54 psf. Adding the weight of the PV, 

estimated at approximately 4 psf, the resulting loads indicate an overstress condition of between 

6 and 13%. Without sufficient information to perform a detailed truss analysis which would 

include the original truss shop drawings for each of the phased construction activities, it is my 
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opinion that the potential overstress is more that would adequately be tolerated by the existing 

roof framing components. 

 

I do not recommend installing a flush mounted PV system at this location. 
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MEMORANDUM 

Date: 4/20/2012 

 

To: Max Sugihara 

 

From: Jim Trant 

 

Re: John O. Morton Building 

 Concord, NH 

 

As requested, I performed some preliminary structural analyses regarding the capability of the 

existing roof framing at the above location to support a proposed ballasted and/or attached solar 

PV system similar to Sunlink based on the plans that you provided. The plans consisted of 

structural drawings of an Addition and Renovations to the original building as described 

hereinafter 

 

 Dwg No Date  Title     Prepared by A or E 

 

 S1.0  11/29/99 General Notes and Typical Details Foley & Buhl Eng’g 

 S2.5  11/29/99 Roof Framing Plan   Foley & Buhl Eng’g 

 S4.3  11/29/99 Steel Sections and Details  Foley & Buhl Eng’g 

  

 

The above described drawings apply only to a small addition at one end of the original building 

and the covering of an existing open courtyard by a Kalwall skylight system. The roof structure 

for the original building consists of precast double tees spanning approximately 24’ supported by 

structural steel beams spanning 25’ further supported by steel columns. No information 

regarding the original design loads are indicated. There is a conflict on the plans regarding the 

design loads for the addition (either 46 psf or 56 psf flat roof snow load). Current design ground 

snow load at this location is 70 psf which reduces to a flat roof snow load of approximately 49 

psf depending on some assumptions regarding exposure and temperature coefficients.  

 

The renovation plans called for a structural investigation to evaluate the existing precast double 

tees. Borrego spoke with the design Structural Engineer who confirmed that the investigation 

was not undertaken due to complications regarding exposing the pre-stressing strands. The 

original roofing was a multi-ply built up membrane with gravel. Borrego spoke with the 

renovation Architect who confirmed that the original roofing was completely removed and 

replaced with a fully adhered membrane material. The renovation Structural Engineer stated that 

efforts were made to find/discover plans or details regarding the manufacturer designed precast 

double tees without success. Due to the lack of ability to confirm the existing capacity of the 

existing structure significant efforts were also employed to avoid applying any additional loads 
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to the existing precast tees, including spanning over the existing structure and supporting directly 

to the existing steel columns. The weight of the roof structure was estimated at approximately 75 

to 80 psf. Based on the size of steel framing and spans from the renovation plans, the roof live 

load capacity was estimated between 33 and 129 psf. This is too disparate a range from which to 

make any worthwhile decisions. 

 

Considering the lack of information available regarding the original design or the structural 

elements of the roof support, I cannot reasonable conclude that sufficient capacity exists to 

adequately support the proposed ballasted or even fully attached PV system.  

 

I do not recommend installing a ballasted or connected PV system at this location. 
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Appendix D – Plans Provided by Client 
 
DMV Building 
Dwg No(s)  Date  Title     Prepared by A or E 
 
Sheets 1 thru 11 09/05/01 Proposed DMV and Testing Facility Burd Eng’g 
Sheets A1 thru A9 06/24/02 State of NH – DMV Testing Facitlity A.H. Yeaton Arch. 
Sheets S1 thru S3 06/24/02 State of NH – DMV Testing Facitlity A.H. Yeaton Arch. 
Sheets E1 thru E11 10/22/02 DMV Testing Facility   Ackroyd Eng’g 
Sheets S1 thru S4 03/31/04 State of NH – DMV Phase II  SW&C Eng’g 
Sheets E0 thru E5 05/19/04 State of NH – DMV Phase II  Udelsman Assoc Arch. 
 
DHHS Building 
Dwg No (s)  Date  Title     Prepared by A or E 
 
Sheets S2, S4-S7 07/31/70 Lab Bldg for Dept of H&W  Fleck & Lewis Arch. 
Sheet E1  07/31/70 Lab Bldg for Dept of H&W  Fleck & Lewis Arch. 
Sheets S1 thru S24 07/30/76 H&W Bldg Phase II/CDP   Fleck & Lewis Arch. 
Sheets E1 thru E35 07/30/76 H&W Bldg Phase II/CDP   Fleck & Lewis Arch. 
Sheets S1 and S2 07/15/88 Re-Roof of H&W Bldg and CDP  BR+A Eng’g 
Sheets E1 thru E6 07/15/88 Re-Roof of H&W Bldg and CDP  BR+A Eng’g 
 
 
Morton Building 
Dwg No (s)  Date  Title     Prepared by A or E 
 
Cover Sheet  11/22/99 Additions & Renovations - Morton Dennis Mires Arch. 
Sheet ESP   11/22/99 Additions & Renovations - Morton Dennis Mires Arch. 
Sheets E1, E13-E15 11/22/99 Additions & Renovations - Morton Dennis Mires Arch. 
Sheets S1, S2.5, S4.3 11/22/99 Additions & Renovations - Morton Dennis Mires Arch. 
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Executive Summary Tighe&Bond 
 

Project Summary: Biogas Cogeneration at DES Franklin 
Wastewater Treatment Plant 

Technology Evaluated: Biogas Cogeneration 

Site: WRBP Wastewater Treatment Plant 

Location: Franklin, NH 

Agency: NH Department of Environmental 
Services 

Project Team: Tighe & Bond 

Project is Technically Feasible? Yes 

Project is Economically Feasible? For a 
Private Developer 

Recommended for Implementation? Yes, if 
the State partners with a Private Developer 
and conducts further evaluation regarding 
heating requirements at the Admin/Operations 
building. 

The Winnipesaukee River Basin Program (WRBP) is the state-owned sewer system serving portions of 
the New Hampshire Lakes Region communities of Center Harbor, Moultonboro, Gilford, Meredith, 
Laconia, Belmont, Sanbornton, Northfield, Tilton, and Franklin. The WRBP's Franklin Wastewater 
Treatment Facility (WWTP) is operated by staff from the New Hampshire Department of Environmental 
Services (DES).  As part of the overall NH OEP RE and DG Feasibility Study, Tighe & Bond completed 
an evaluation of the technical and economic feasibility of a biogas cogeneration project at the WWTP.   

Currently, biogas produced during anaerobic digestion is used to heat the digesters and the facility’s 
operations buildings with supplemental fuel oil required in colder months.  In the summer, when the 
digesters and buildings require less heat, a large portion of the biogas is currently flared off.  There is 
an opportunity to use the biogas to generate electricity, a higher value energy than heat, and recover 
heat from the generation process to serve the existing heating load.  This would add value to the 
biogas used in the existing system and also reduce the amount of biogas that is flared, representing 
an overall benefit to the facility.  

Biogas quantity and quality data from a previous study was utilized to determine the amount of 
available biogas.  Based on the biogas data, a 140 kW packaged cogeneration system by Tech 3 was 
evaluated to maximize the utilization of the available biogas.  The likely site of the reciprocating 
engines was determined to be above-ground and adjacent to the digesters; due to the limited space 
and constrained entry-ways in the existing underground building.  A gas conditioning unit to treat the 
gas will also be required and will likely be located in the same area.  New thickened sludge piping and 
valves will be required to transport the thickened sludge through the new heat exchanger.  Other 
infrastructure modifications include new biogas piping and valves to transport the gas tot the 
reciprocating engines. 

System output calculations were performed based on the total biogas production data, taking a part-
load percentage (actual fuel flow rate/design fuel flow rate) into consideration.  Based on this, it was 
estimated that the 140 kW system will generate approximately 86,300 kWh of electricity per month, 
or 1,035,800 kWh annually.  As the average monthly electricity use (232,500 kWh) is significantly 
higher than estimated monthly energy generation, it is not anticipated that there will be any net 
excess generation from the facility in any billing period or annual basis under net metering. 
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The excess heat from the electricity generation (approximately 0.61 mmBTU/hr) would be used to 
heat the thickened sludge.  However, this is less than the average heating that is being supplied by 
the current system (approximately 1.03 mmBTU/hr) and the Facility would require year round 
supplemental heating, particularly in the winter.  The total annual supplemental heating requirement 
is approximately 3,626 mmBTU or 33,000 gallons of oil.  However, it is worth noting that the 
cogeneration system would provide the majority of the heating requirements for the Digesters and the 
Digester Building.   

Prior to performing an economic analysis, a cost estimate was prepared for the cogeneration system 
based on the packaged system from Tech 3 with a Biospark gas conditioning unit, estimated electrical 
costs, and estimated wastewater process modification costs.  A 20% contingency was added for 
design and engineering and a 15% contingency was added for system installation.  The total installed 
cost of the system is estimated to be approximately $965,250.  Operation and Maintenance costs were 
estimated to be $0.025 per kWh, as recommended by an equipment vendor for the Tech 3 unit.  

An economic analysis accounting for system costs and revenue was performed for the project for two 
ownership scenarios; a project owned by DES and a project under private ownership.  As DES 
indicated there is no capital available to implement the project a privately-owned project where the 
State participates in a lease and/or PPA with the developer was evaluated.   The PPA is typically a 20 
year long-term contract between the State and the developer for the purchase of power or net 
metering credits.  Under this model, the capital cost of the project, as well as operation and 
maintenance would be assumed by the developer.  Revenue to the State would be recognized as the 
savings, or cost difference between the current per kWh rate (credited to the electricity bill) and the 
PPA rate (paid to the developer).  A publically owned project was also evaluated to provide a 
comparison of costs and revenue.  Under this ownership scenario, the costs of operation, 
maintenance, and the capital cost of the project would be assumed by the State.  The economic 
analysis integrated cost and revenue assumptions into a 20-year cash flow analysis to determine 
critical financial indicators and to calculate the cost and revenues for every year, taking value 
escalation and debt payments into account. Please see the Economic Analysis Summary Table on the 
following page for the revenue sources, incentives, and financing options that were assumed in each 
project ownership scenario. 

Though technically feasible, the economic evaluation determined that installation of a cogeneration 
system at the Franklin WWTP is not economically feasible and would not result in energy cost savings 
for the facility.  In part this is due to the relatively inexpensive cost of electricity at the plant as 
compared to the cost of heating oil.  From a private developer’s perspective, the project is viable and 
does not constitute a high level of risk as the facility and fuel are stable and the cost of the project is 
relatively low.  However, considering the State will need to pay for the additional heating oil, the 
viability of the project is changed.  After heating oil purchase, the WWTP would not benefit from any 
annual energy cost savings from the project.  Economic viability of the project may be significantly 
improved through a combination of this project with other WWTP improvements to reduce the heating 
requirement at the Admin/Operations building. 

  



Tighe&BondEconomic Analysis Summary

Franklin WWTP Economic Analysis Summary

DES Ownership Private Developer Ownership

System Rated Capacity (kW) 140 140

Ownership State of NH, DES Private Developer Ownership

Revenue Sources 100% Net Metered 100% Net Metered to WWTF; PPA 
with developer

Local and Federal Tax Requirements N/A 30% Federal

Incentives Utilized REC Sales REC Sales; ITC; Depreciation

Financing 20 year loan at 2.0% on 100% of 
Total Project Cost

20 year loan at 6.8% on 70% of 
Total Project Cost

Total Estimated Project Cost ($965,200) ($965,200)

Pro Forma Results

Annual Energy Production (MWh) 1,036 1,036

Net Present Value (Leveraged) ($395,817) $84,115 

Payback Period Base (Unleveraged) 21.3 9.4

Payback Period (Leveraged) 25.6 0.8

Project Annual Cash Flow (Year 1, Leveraged) ($37,076) $37,647 

Project Annual Cash Flow (20-year Average, Leveraged) ($14,473) $23,084 

Potential Annual Energy Cost Savings to the WWTP 
through PPA

- $47,159 

Fuel Oil Purchase Cost to the WWTP1 - ($82,187)

Total Estimated Cash Flow to the WWTP ($14,473) ($35,028)

1  Fuel oil purchase is included in the annual cash flow as an operations expense for State-owned scenarios. Based on purchase of 
33,000 gallons/year. 

J:\N\N0910 NH OEP Renewables Feasibility Study\REPORT\WWTP\Pro Forma\Pro Forma_6.18.12.xls
6/28/2012
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Section 8    
Biogas Cogeneration at Franklin WWTP 

8.1 Introduction 
The Winnipesaukee River Basin Program (WRBP) is the State-owned sewer system 
serving portions of the New Hampshire Lakes Region communities of Center Harbor, 
Moultonboro, Gilford, Meredith, Laconia, Belmont, Sanbornton, Northfield, Tilton, and 
Franklin. The WRBP's Franklin Wastewater Treatment Plant(WWTP) is operated by staff 
from the New Hampshire Department of Environmental Services (DES).  DES staff at the 
WWTP has interest in utilizing the biogas produced from the anaerobic digestion process 
at the Franklin WWTP more efficiently.  Currently, biogas produced during anaerobic 
digestion is used to heat the digesters and the facility’s Admin/Operations building.  Fuel 
oil is used as a supplemental fuel when there is not enough digester biogas to heat the 
digesters and the Admin/Operations building.  However, in the summer when the 
digesters and buildings require less heat, a large portion of the biogas is currently flared 
off, approximately 9% of the annual biogas produced.   

An initial evaluation of the feasibility of a biogas cogeneration project at the WWTP was 
completed by CDM Smith (CDM) and was summarized in Design Memorandum W-9/W-
10 Digester Gas Evaluation and Cogeneration Alternatives Evaluation (CDM Memo), 
dated November 13, 2009 and attached at the end of Section 8 as Attachment 1.  The 
Memorandum summarized biogas production based on plant solids processing data; 
discussed biogas quality based on laboratory analysis of samples; and evaluated various 
cogeneration technologies suitable for wastewater applications.  The evaluation made 
several recommendations to DES to assist in future equipment sizing and design of a 
cogeneration system.  Since then, DES has installed gas meters and monitored gas 
production at Primary Digesters #1 and #2 as well as at the waste gas flare-line.  
Furthermore, DES has been monitoring fuel oil use at the Admin/Operations Building. 

As part of the overall NH OEP Study of RE and DG at State Facilities, Tighe & Bond was 
tasked with building upon the CDM study using the newly collected data and with  
completing a study of the economic feasibility of biogas cogeneration at the Franklin 
WWTP.  Specifically, NH OEP and DES were interested in project economics including 
capital investment, ongoing maintenance costs and the impact of various 
ownership/development models. 

This study includes an analysis of technical and economic feasibility of a biogas 
cogeneration project at the WWTP, including a discussion of various ownership models 
under which the project may be developed and the related costs and revenues for the 
project.  While this evaluation has advanced the evaluations completed by CDM and 
provides an updated analysis of project economics for the recommended scenario, it 
should be noted that the scope for the study is still conceptual.   

8.2 Existing Conditions Assessment 
The Franklin WWTP is located on River Street in Franklin, NH.  The facility currently 
serves ten communities in the Lakes Region of New Hampshire treating approximately 
6.6 million gallons per day (MGD) of wastewater.  The treatment process consists of 
primary clarification, wastewater aeration, secondary clarification and disinfection.  The 
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solids resulting from clarification are processed into Class B Biosolids by anaerobic 
digestion.    

Currently, solids from the primary and secondary clarifiers and septage receiving station 
are thickened in gravity thickeners before the thickened sludge is pumped from each 
thickener to a common header which feeds the anaerobic digesters.  Prior to anaerobic 
digestion, the thickened sludge is pumped through the biogas boiler/heat exchanger 
equipment to raise the temperature as required.  Sludge is also continuously recirculated 
through the heat exchanger.  The WWTP has two parallel digester trains, each 
containing a primary and secondary digester.  The primary digesters are where 
anaerobic digestion occurs.  Each primary digester is equipped with a floating cover and 
gas collection system.  The secondary digesters are utilized to store biogas and digested 
biosolids prior to dewatering. Both digester trains are utilized during times of increased 
septage volume (May - November) while only one digester train is utilized during times 
of decreased septage volume (December - April).   

8.2.1 Resources and Information 
Key state personnel that assisted with the implementation of the Feasibility Study 
include David Goulet, NH Bureau of Public Works; Sharon McMillin, WWTP Administrator; 
Steven Dolloff, WWTP Superintendent; Kenneth Noyes, WWTP Chief Operator; Stan 
Mitchell, WWTP Electrical Manager; Craig Shippee, WWTP Maintenance Manager; and 
Mary Downes, Energy Efficiency Specialist, NH Office of Energy and Planning. 

Tighe & Bond reviewed existing information prior to visiting to the site to better 
understand the discussion on cogeneration at the treatment plant that has occurred in 
recent years and the critical factors that need resolution for a project to be developed.  
This information included the Design Memorandum W-9/W-10 Digester Gas Evaluation 
and Cogeneration Alternatives Evaluation (11/13/09) by CDM.  This study was 
completed before gas monitoring equipment was installed at the WWTP and, therefore, 
had a conclusion with a significant amount of uncertainty.       

To gain a better understanding of facility layout and associated constraints the following 
information was provided by the above key personnel and reviewed by Tighe & Bond:  
electrical drawings, a process flow diagram of the treatment process with anaerobic 
digestion, and building/site engineering drawings from the recent UV Disinfection 
project.   

The following information was reviewed to assist in evaluating biogas generation and 
system sizing: biogas production data from digester meters (attached at the end of this 
Section as Attachment 3), biogas discard data from the flare-line, and treatment plant 
load data.  It was also confirmed that the biogas quality data provided with the 
aforementioned CDM Memo is the most recent gas quality information.   

Detailed information about electricity use for the WWTP was provided for Fiscal Year 11 
and the majority of Fiscal Year 2012.  The data provided is from the Electrical Energy 
Tracking system, an effort managed by the Winnipesaukee River Basin Program.  Fuel 
use data was also obtained for the boiler/heat exchanger units.  This included a 
description of the current system used to heat the digesters and existing buildings from 
digester-gas fired boilers, including the number and capacity of boilers, location and end 
use of heat.  
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8.2.2 Energy Profile 

8.2.2.1 Electricity Load 
Currently, the WWTP consumes approximately 2,833,500 kWh of electricity per year 
(Average of Fiscal Years 2009 - 2011).  In these years the average monthly 
consumption was approximately 236,125 kWh, with a minimum and maximum monthly 
consumption of 207,000 kWh and 258,000 kWh, respectively.  Refer to Figure 8-1, a 
graph of monthly consumption. 

 
FIGURE 8-1 

Total WWTP Electricity Usage 

The average electricity demand at the WWTP is approximately 320 kW, with small 
seasonal variation.  Refer to Figure 8-2, a graph of average and peak demand for Fiscal 
Years 2009 - 2011.  Note that there is an increase in the average demand in the 
summer months.  The peak demand indicates the capacity of the existing infrastructure 
that must be maintained for facility operations in addition to the capacity of the 
generating equipment installed.  Comparison of the average demand to the peak 
demand also shows that the facility has a relatively stable and high demand, particularly 
in the winter months.   
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FIGURE 8-2 

Average and Average Peak Electricity Demand 

8.2.2.2 Electricity Infrastructure 
A Tighe & Bond electrical engineer visited the site to observe the location of major 
electrical infrastructure and the condition of electrical infrastructure required for 
interconnection of biogas generation equipment.  Major electrical infrastructure on the 
site included the main switchgear, generators and generator switchgear, and several 
motor control centers (MCC).   

The existing electrical infrastructure, which is approximately 30 years old, was well 
maintained and in suitable condition for interconnection of cogeneration.  Refer to 
Section 8.3.4.2 for a detailed discussion of the potential interconnection location with 
respect to the existing infrastructure. 

The facility incoming service line has a 4,000 Ampere (A) capacity.  The incoming 
service line and main switchgear are located in the main Admin/Operations building.  
From this switchgear, there is a service line to the back-up generators (3,000 A breaker) 
and associated switchgear and ten MCC feeders.  The MCC feeders, generally rated for 
600 A, power the following MCCs:  

1. Dewatering MCC 

2. Admin/Operations Building MCC 

3. Headworks Building MCC 

4. Primary Sludge MCC 

5. Return Sludge MCC 

6. Thickened Sludge MCC 

7. Sludge Digester MCC 
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8. Plant Water Power Panel 

9. BL (Blower) MCC 

10. UV (disinfection) MCC 

The “Operations Building Main Distribution Panel “MDP” Modifications One Line Diagram” 
attached at the end of Section 8 as Attachment 2 shows the above described electrical 
infrastructure.  This diagram is from the Ultraviolet (UV) Disinfection System Plan Set, 
developed for the UV project that is currently being constructed at the WWTP. 

In general, there is excess electrical capacity at the WWTP.  The facility was built with 
room for expansion and the anticipation of increased electrical loads.  However, 
electrical loads are not currently anticipated to increase significantly, as wastewater 
flows and loads are relatively stable.  Furthermore, the WWTP has undertaken many 
projects to reduce electrical loads at the site, such as installation of highly efficient 
aeration blowers and the upgrade of most motors to high efficiency models which were 
not available at the time of WWTP construction. 

8.2.2.3 Heating Load and Infrastructure 
The WWTP heating load is currently met through the use of biogas supplemented with 
#2 fuel oil.  Two boiler/heat exchanger units are used to heat the anaerobic digestion 
process and a furnace is used to heat the Admin/Operations building.   

According to the requirements for the production of Class B Biosolids, the digester 
temperature must be maintained at 95° Fahrenheit.  This is accomplished mainly 
through the use of the biogas, which is burned in a boiler/heat exchanger system to 
increase the temperature of thickened and recirculating digester sludge.  Some biogas is 
also transferred to the main Admin/Operations building where it is burned in a hot water 
boiler for heating the building.  Excess biogas is flared, primarily in summer when 
building heating requirements decrease and septage volumes increase. 

The main heating infrastructure related to the biogas operation includes the following 
boiler/heat exchanger units: 

• 1.125 mmBTU/hr Envirex Digester Heat Exchanger #1, Methane and Fuel Oil 

• 1.125  mmBTU/hr Envirex Digester Heat Exchanger #2, Methane and Fuel Oil 

• 1.820 mmBTU/hr Weil McLain Admin/Operations Building Boiler, Methane and 
Fuel Oil 

Each of these units are approximately 30 years old, installed in 1977 at the time of 
construction of the anaerobic digestion system.  The boiler units appear to be well 
maintained and are operating in good condition.  The units are tested regularly and the 
burners have been replaced.    Piping, pumps and related equipment appear to be well 
maintained.  The heating infrastructure also includes air handlers in the tunnels.  

The total capacity of the current heating infrastructure is 4.07 mmBTU/hr.  The existing 
digester and digester building heating capacity is 2.25 mmBTU/hr and the 
Admin/Operations building heating capacity is 1.820 mmBTU/hr. 

Tighe & Bond was provided with run-time data for the heating equipment from April 
2010 – September 2010 and April 2011 - May 2012 (attached at the end of Section 8 as 
Attachment 3).  The 2011 - 2012 run time data was used to develop the heating 
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requirements for the Admin/Operations building, the Digester Building and the 
Digesters.  Initially, no heating was assumed for the Admin/Operations building in the 
summer months.  However, run time data indicates that the building does require some 
heating in the summer and that it has a significant impact on overall heating 
requirements.  Refer to Table 8-1, which shows the heating requirement calculation and 
heating requirements by month.  Figure 8-3 shows the results of the heat requirement 
calculation for the Admin/Operations building, digester building, and digesters to 
illustrate the significant impact of the Admin/Operations building on the overall heating 
requirement.     

TABLE 8-1 
Current Heating Requirements (Digesters, Digester Building, Admin/Operations Building) 

Month 

Op. Building 
Heating per 

month1 
(mmBTU) 

Heat Ex. 1 
Heating per 

month1 
(mmBTU) 

Heat Ex. 2 
Heating per 

month1 
(mmBTU) 

Digester 
Heating per 

month 
(mmBTU) 

Total 
heating per 

month 
(mmBTU) 

April-11 322 263 122 385 707 

May-11 175 260 169 429 603 

June-11 126 267 135 402 527 

July-11 109 280 179 459 568 

August-11 98 284 172 456 554 

September-11 142 273 149 422 564 

October-11 311 267 169 435 747 

November-11 551 294 172 466 1017 

December-11 672 300 192 493 1164 

January-12 464 331 192 523 987 

February-12 426 273 182 456 882 

March-12 87 284 176 459 546 

Average 290 281 167 449 739 

Total 3483 3375 2008 5383 8867 
1Value (mmBTU) = run time*capacity*days in period 
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FIGURE 8-3 

Heating Requirement (Based on 2011-2012 Run-Time Data) 

A summary of heating requirements, as applicable to the system design is presented 
below in Table 8-2. 

TABLE 8-2 
Current Heating Requirements (Digesters, Digester Building, Operation Building) 

Period (Based on 2011-2012 Run-Time Data) Total Heating Requirements 

Total Annual Heating (mmBTU) 8,867 

Average Monthly Heating (mmBTU) 739 

Total Minimum Month Heating (June; mmBTU) 527 

Minimum Month Average Hourly Heating (mmBTU/hr) 0.73 

Total Maximum Month Heating (December; mmBTU) 1164 

Maximum Month Average Hourly Heating (mmBTU/hr) 1.61 

 

Note that the total heating requirement recorded during the winter months is higher 
than the energy available in the gas being produced and the oil ordered at that time, 
described in Section 8.3.5.  This is likely attributable to the ability to store biogas in the 
secondary digesters up to 95”.  Because there is significant storage ability, the gas 
produced (measured with the flow meters after the primary digesters) is not directly 
comparable to gas consumption by the heating equipment on a monthly basis.   
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To verify the methodology for calculating the heating requirement, the overall heating 
system operating efficiency was calculated on an annual basis.  The system efficiency 
(Total energy in biogas stored and consumed and fuel oil purchased in a year vs. Total 
energy required in a year) is approximately 79%.  Tighe & Bond contacted the 
manufacturer of the boiler/heat exchanger units, who noted that the design efficiency of 
the boiler/heat exchangers was 80% and that the efficiency could be up to 10% lower 
for the 30-year old equipment.  It is anticipated that the Admin/Operations building 
boiler efficiency is higher than 80%, so it can be concluded that an average operating 
efficiency of all of these systems of 79% is realistic and the methodology used for 
calculating heating requirement is appropriate. 

The above analysis was completed using one year of run-time data.  Since the year 
2011 was noticeably a mild winter, it follows that the heating requirement may be low in 
comparison to other years.  To evaluate this uncertainty, DES provided Tighe & Bond 
with the fuel-use related data that was available on a multi-year basis.  Typically, the 
WWTP requires supplemental fuel, #2 fuel oil, between December and March.   
Approximately 1,007 gallons of fuel oil, or 140 mmBTU, was purchased for supplemental 
heating in FY 2011.   Annual fuel oil purchase varies greatly (14,816 gallons in FY 2007 
to 3,450 gallons in FY 2010), since oil is purchased as storage is running low, as 
opposed to the rate it is being consumed.  Due to this extreme variability over a short 
time, the oil purchase data is not sufficient information to alter the heating requirement 
without adding further uncertainty to the analysis.  Therefore, the heating requirement 
for 2011- 2012 is utilized throughout this analysis. Note that based on weather 
conditions it may be highly variable.   

The heating requirement calculation can be improved through multi-year measurement 
of the heating equipment run-times or through record keeping of oil consumption, as 
opposed to oil purchase.  These initiatives have already been taken by DES staff at the 
WWTP and should be continued during the development of a cogeneration project.  
Absent more detailed analysis on the heating requirements of the Admin/Operations 
building or the digesters and digester building, the magnitude of the heating 
requirement is preliminary.  At the onset of this study, the intention was to assume heat 
loss from the digesters based on the CDM memorandum; however, use of the heating 
equipment run-time data to calculate heating requirement improves upon the previous 
methodology by providing consistency with the Admin/Operations building run-time 
calculation and by taking into account the heating of the digester building that is also 
done by the boiler/heat exchanger units.  It became necessary to perform an improved 
heating requirement calculation, as feedback from DES indicated that the necessity of 
additional supplemental fuel oil purchase as a part of this project is an important 
consideration from an operational perspective.  Note that based on a heat-loss 
evaluation of the digesters, CDM estimated that each digester would require 
approximately 629,173 BTU/hr in October, or 0.69 mmBTU/hr, similar in magnitude to 
the total heating requirement calculated above, but significantly higher than the 
corresponding digester heating requirement.  This is likely due to the high level of 
conservatism in the CDM heat loss calculations.   

8.2.2.4 Wastewater Evaluation 
A Tighe & Bond wastewater engineer performed an evaluation of the overall digestion 
process to determine potential digester efficiency improvements, space availability for 
additional equipment, and location and condition of existing wastewater infrastructure. 
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The treatment plant has a main Admin/Operations building, a headworks structure, two 
primary clarifiers, four aeration basins (each divided into three zones), two secondary 
clarifiers, a UV disinfection building, and a cascade aeration discharge structure to the 
Merrimack River.  The existing wastewater infrastructure was observed to be well 
maintained and in good operating condition. 

With respect to the cogeneration project, observations of the anaerobic digestion 
process and equipment were made.  The anaerobic digestion equipment includes a 
septage receiving station, two gravity sludge thickeners, two biogas boiler/heat 
exchanger units, two primary digesters, and two secondary digesters.  Each primary 
digester is equipped with a floating cover and gas collection system.  The secondary 
digesters are utilized to store biogas and digested biosolids prior to dewatering.  The 
existing anaerobic digestion equipment, including the boiler/heat exchanger units, is 
approximately 30 years old, installed at the time of WWTP construction.  The equipment 
was observed to be in generally good operating condition.  Potential near-term 
improvements that could improve the biogas use efficiency include insulation of the 
digester covers to reduce heat losses, particularly in winter.  This measure does have 
the potential to impact O&M of the digesters.  DES may want to consider the addition of 
insulation if or when the digester covers require replacement or potentially only on the 
primary digester cover. 

It was noted that the majority of the pumping equipment has previously been upgraded 
to have variable frequency drive motors.   

8.2.3 Potential Opportunities 
Currently, the WWTP utilizes the biogas to heat the digesters and Admin/Operations 
building; however, excess biogas is disposed of by flaring, particularly when there is less 
of a heating requirement in the summer.  The goal of this Feasibility Study is to 
determine how to make the existing system more efficient by harnessing the biogas that 
is currently being flared through installation of a power-led cogeneration system.      

The existing biogas production being flared is approximately 1,760,000 SCF per year, or 
1,072 mmBTU of energy.  In electrical energy, this is approximately 760 MWh that has 
the potential to be recovered.   

In addition to the opportunity presented by utilizing this wasted fuel, there is an 
opportunity to add value to the biogas by producing electricity.  Currently, the biogas is 
only used for heat energy.  The cogeneration process will facilitate the generation of 
electricity and the capture of heat energy resulting from combustion.  Electrical energy 
can be used on the site year-round to offset the consumption of various operations that 
are a constant electricity demand, such as aeration, pumping and mixing.  Heat energy 
can be used when heating is required. 

With a cogeneration system, DES will have the opportunity to maximize the value of the 
biogas produced through anaerobic digestion and to utilize current incentives for 
renewable energy electricity generation to offset capital costs and energy costs.  
Furthermore, due to the state’s Renewable Portfolio Standards, DES will have the 
opportunity to sell the positive environmental attributes associated with the generating 
system, in Renewable Energy Credits (RECs).   

The following analyses provide an evaluation of the technical, environmental, and 
economic feasibility of the implementation of cogeneration technology at the Franklin 
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WWTP.  Particularly, the analyses include information that will assist DES to partner with 
a renewable energy developer to complete the project with minimal cost to the facility or 
to the WRBP customers. 

8.2.4 Environmental Site Reconnaissance 
Work required to accommodate the infrastructure associated with the project would 
primarily occur in the existing buildings and on the maintained lawn.  A small above-
ground structure will be required to house the biogas conditioning unit, generation 
equipment and electrical infrastructure; however, as explained below it is anticipated 
that the project will have very minimal impacts to any environmental resource areas.   

Figure 8-4, WWTP Priority Resource Map, attached at the end of this Section, was 
prepared to depict on-site environmental considerations and potential constraints.  As 
shown on Figure 8-4, the Merrimack River’s 250’ shoreland protection area buffer zone 
extends onto the WWTP property. Pursuant to the Shoreland Water Quality Protection 
Act (RSA 383-B), any new construction or construction which modifies the footprint of 
existing impervious surfaces using mechanized equipment to disturb the ground within 
his area will require a Shoreland Permit.  The majority of the project (namely the out-
building to house the biogas conditioning unit) may be sited outside of the shoreland 
protection area; however, some land alteration within the shoreland protection area may 
be necessary in order to tie the proposed cogeneration system into the existing piping.  
Should the project proceed, we recommend consultation with NH DES to determine the 
necessity for a Shoreland Permit.  

GRANIT GIS data indicates that “top priority habitat” areas are located proximate to the 
WWTP; however, these areas do not extend within the WWTP facility.  It is anticipated 
that work associated with the cogeneration installation will be located outside of mapped 
“top priority habitat” areas.  Should the project proceed, we recommend that a Request 
for a NH Natural Heritage Bureau database check be submitted to the Natural Heritage 
Bureau to determine whether the project may impact rare species or exemplary natural 
communities.  Previous construction on site in the vicinity of the proposed installation 
was determined not to be an impact.  Therefore, it is anticipated that this project will not 
require intensive environmental permitting.     

Regarding other potential environmental impacts, it is assumed that the project will 
qualify as a “new area source” of emissions.  The National Emission Standard for 
Hazardous Air Pollutants (NESHAP) for Reciprocating Internal Combustion Engines 
(RICE)  40 Code of Federal Regulations 63, Subpart ZZZZ classifies the proposed 
reciprocating engine as a new “area source”.  The project will likely be subject to an 
initial emission performance test, subsequent performance testing (semiannually), and 
semiannual compliance reports.  Additionally, it should be noted that nitrogen dioxide, 
carbon monoxide, and volatile organic compounds emissions will be regulated under 
New Source Performance Standards (NSPS) - Standards of Performance for Stationary 
Spark Ignition Internal Combustion Engines (40 CFR 60 Subpart JJJJ).  If necessary, 
cogeneration equipment can be supplemented with an emissions treatment system.   

Additionally, should the WWTP as a whole exceed a threshold or meet the criteria found 
in the New Hampshire Code of Administrative Rules Env-A 607.01, the facility will be 
required to obtain a Temporary Permit from the NH DES.  The temporary permit and 
subsequent State Permit to Operate can incorporate all the equipment previously 
permitted as well as the cogeneration system.  A Temporary Permit would be issued 
prior to the commencement of construction or installation of the cogeneration system.  A 
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Temporary Permit contains terms and conditions establishing the parameters under 
which the cogeneration system can be operated to ensure the facility will operate in 
compliance with applicable air standards and regulations.  Following construction and 
operation of the cogeneration system, a State Permit to Operate will be required.  This 
permit contains the emission limits and other conditions the source is required to meet 
to ensure that the operation of the source will not violate air quality standards or 
regulations.  All permitted sources that emit regulated air pollutants are required to pay 
annual fees based on their actual emissions.  Total emission-based fee payment for a 
source is calculated by multiplying together total actual emissions (maximum 6,000 tons 
per pollutant per facility) by the emission based fee.  For calendar year 2011 emissions, 
the dollar per ton fee rate is $156.05.  Note permitted sources whose total actual 
emissions are less than one ton are charged a one-ton minimum fee.   

The packaged cogeneration system evaluated in the remainder of this study meets the 
following emissions standards, which meet California emissions requirements, the most 
strict in the US.  

TABLE 8-3 
Emission Levels 

Pollutant Level 

NOx (mg/m3 emissions flow rate) <500 

CO (mg/m3 emissions flow rate) <1000 
 

Please note that at this level of preliminary analysis, specific permitting costs and fees 
have not been taken into account aside from the standard design and engineering 
estimate accounted for as outlined in Section 8.4.1.  
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8.3 Results of Evaluations 

8.3.1 Improvements and Technology 
Cogeneration systems produce both heat and power, with the electricity that is 
generated generally being utilized onsite to offset power purchased from the grid, while 
the recoverable heat is used for digester and facility heating.  Cogeneration results in 
higher thermal efficiencies than heating systems or generation systems since heat 
resulting from electricity generation that would otherwise be wasted is recovered.  
Currently, there are three widely utilized technologies which utilize biogas in 
cogeneration to produce electricity:  microturbines, fuel cells, and internal combustion 
engines.  The technology choice and size is generally driven by the size of the WWTP 
and the average daily flow of biogas.   As this Feasibility Study builds off of the CDM 
Memorandum, which recommended the use of reciprocating engines, this study 
specifically evaluates reciprocating engines; however, below please find a brief 
description of the other technologies and why the use of reciprocating engines was 
recommended.   

Fuel cells produce an electric current and heat from a chemical reaction between 
hydrogen and oxygen rather than combustion.  They require a clean gas fuel or 
methanol with various restrictions on contaminants.  To be utilized by a fuel cell, raw 
biogas would require full treatment (where the biogas is cleaned of CO2, H2S, water 
vapor, and other trace contaminants) followed by reformation (conversion of methane to 
hydrogen).  Reformers produce/increase the concentration of hydrogen and decrease 
the concentration of gas species toxic to the fuel cell.  The challenge of utilizing biogas 
for fuel cells relates to the high variability of contaminant concentrations in the biogas 
and the cost associated with cleaning the biogas to prevent fouling of the fuel cell 
catalyst.  Additionally, fuel cell cogeneration systems currently have a high capital cost. 
A 2011 study conducted by the US EPA Combined Heat and Power Partnership found 
that of reciprocating engines, turbines, and fuel cells; fuel cell systems are the highest 
cost option ($5,000/kW to $6,000/kW even for larger generations over 1MW)3.  
However, in recognition of the high capital cost, the National Renewable Energy 
Laboratory (NREL) has financially encouraged fuel cell research & development to make 
fuel cells more competitive with incumbent technologies.  It may be a viable option in 
the future provided a large grant or a source of funding is secured to offset the high 
capital costs of fuel cells.   

Microturbines generate electricity by burning gaseous fuels (methane mixed with 
compressed air) to create a high-speed rotation which turns an electrical generator to 
create power.  Microturbines are typically more sensitive to impurities in the biogas such 
as hydrogen sulfide and siloxanes compared to reciprocating engines; however, they 
require less maintenance in the long run.  Microturbines are able to utilize low calorific 
(methane) value fuel more efficiently than reciprocating engines, however, as the 
methane content produced by the Franklin WWTP is approximately 60% (annual 
average); this was not a deciding factor in the selection of appropriate technology. 
Additionally, microturbines often have a higher parasitic load than reciprocating engines.  

                                           

3 U.S. Environmental Protection Agency, Combined Heat and Power Partnership, 
“Opportunities for Combined Heat and Power at Wastewater Treatment Facilities:  
Market Analysis and Lessons from the Field,” October 2011.  
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A parasitic load is the power used by the cogeneration system itself.  The parasitic load 
for microturbines is often higher as energy is utilized to pressurize the gas for 
combustion.  The parasitic load is less in reciprocating engines as there are engines that 
utilize low-pressure biogas and don’t require the same pressurization.  

A reciprocating engine generates electricity by burning biogas to generate electricity 
and utilizing a heat recovery unit to capture the heat from the combustion system’s 
exhaust stream.  As noted in the CDM Memorandum, reciprocating engine technology 
has improved over the past few decades, driven by economics, environmental 
regulations, increased fuel efficiency and reduced emissions.  They are currently one of 
the more widely used technologies, and have a higher electrical efficiency and a lower 
capital cost than other cogeneration technologies.  Unlike turbine-type technology, gas 
compression is not required prior to combustion.       

A Stirling Engine, a specific type of reciprocating engine, was previously studied for a 
manufacturer and PSNH-sponsored installation on the site.  Implementation of the 
project was not successful due to the inability of PSNH to take liability of a project sited 
on the land of another owner.  DES did not have the capital required to proceed with the 
project on its own.  A Stirling engine is not recommended at this time due to its 
relatively new position in the cogeneration market and the lack of currently installed 
projects in the United States.       

The analyses in this section of the report are completed based on the installation of 
reciprocating engine technology on the site.  Tighe & Bond has reviewed CDM's 
assessment of the technology and agrees that it is appropriate for the WWTP due to the 
size of the facility, the efficiency of the reciprocating engine, the lower sensitivity to 
siloxanes and hydrogen sulfide in fuel, and the lack of compression required prior to 
combustion.  Furthermore, the efficiency of a reciprocating engine does not rapidly 
decrease when operation is not at the rated fuel rate or generation capacity.  This is an 
advantage over turbines in a situation where there is a seasonably variable fuel flow 
rate. 

The system selected will be a power-led system, which means the system will operate 
primarily to generate electricity.  In some applications, the overall fuel efficiency of heat-
led systems can be higher than power-led systems.  However, since a heat-led system 
would be operating based on heating demand, the summer months may still result in an 
excess of biogas and energy lost to flaring.  For a reciprocating engine system, the heat 
output varies insignificantly while the system is operating between 75% and 100% of 
the rated capacity.  Therefore, to adjust the system to reflect heat load would require 
significant part-load operations.  Taking into account the quality of the output energy, 
power-led systems have similar or better efficiency to heat-led systems.  This is because 
electricity has a very high quality, or ability to do work, and heat has a lesser quality.  
The quality of a form of energy also translates into economic benefit, as is evident since 
electricity generally has a higher value per kW than fuel.   

Since the heat and electricity consumption at the WWTP are both very high, operation of 
a system as power led or heat led will be generally similar.  In either case operations will 
mainly be based on biogas production.   

8.3.2 Installed Cogeneration Systems 
Tighe & Bond reviewed existing literature to gauge the acceptance of cogeneration at 
WWTP and obtain data on what technologies were being utilized in New England and 
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New York.  Information on combined heat and power installations collected by the New 
York State Energy Research & Development Authority (NYSERDA), U.S. Department of 
Energy, and Oak Ridge National Laboratory was reviewed as part of this task.  According 
to those databases, 15 WWTPs in the New England area utilize cogeneration systems.  
Reciprocating engines account for nearly half of the installations.  Table 8-4 below 
summarizes the cogeneration technologies that are utilized along with the number of 
installations, location, and total installed capacity.  Following the table are brief 
descriptions of some of the anaerobic digestion systems that utilize reciprocating 
engines within New England and New York.   

TABLE 8-4 
Digester Gas-Fueled Systems at WWTPs in New England4 and New York5 

Technology Type Number of Sites 
Installed Capacity 

(Kw) Locations 

Reciprocating Engine 7 2,865 kW ME, NH, CT, MA, NY 

Microturbine 3 400 kW MA, NY, VT 

Fuel Cell 5 1,400 kW CT, NY 

Boiler/Steam Turbine 1 16,000 kw MA 

8.3.2.1 Lewiston, Maine 
The Lewiston-Auburn Water Pollution Control Authority is in the process of upgrading its 
facility to utilize the gas produced in the digester to generate electricity.   The facility is 
permitted to discharge an average daily flow of 14.2 million gpd and currently operates 
at an average daily flow of approximately 12.7 million gpd.  Electricity will be generated 
by two 230 kilowatt reciprocating engines fueled by the methane gas produced by the 
anaerobic digestion process.  Construction began in October 2011 and it is anticipated 
the project will be completed in late 2013. 

8.3.2.2 Nashua, New Hampshire 
In 2001 a Waukesha reciprocating engine was installed at the Nashua Wastewater 
Treatment Plant.  The WWTP is rated at 50 MGD and handles approximately 12 to 18 
MGD of wastewater per day.  The methane produced by the digester is used to run a 
Waukesha Enginator® engine/generator package (Waukesha VGF36GLD).  The dual-
fuel, high-speed, continuous-duty, low-emission 12-cylinder engine produces 
approximately 365 kW of power.  A dual-fuel boiler is utilized to maintain the 
temperature of the anaerobic digester and the gas is cleaned prior to combustion.  The 
system is currently operating in its eleventh year and is performing well.  In fact, the 
system was upgraded since the original installation to increase the power generation 
capacity.  Currently, the City is looking to subsidize the feedstock with substrates from 
other industrial applications to increase bio-gas production with the end goal of being 
self-sufficient. 

                                           

4 Energy and Environmental Analysis Inc./ICF. 2012. Combined Heat and Power 
Database http://www.eea-inc.com/chpdata/index.html 

5 NYSERDA. 2012. DG/CHP Integrated Data System  
http://chp.nyserda.org/facilities/index.cfm 

http://www.eea-inc.com/chpdata/index.html
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The Nashua WWTF is required to submit an annual emission report and annual emission-
based fees to NH DES.  Mario Leclerc (Superintendent, Wastewater Treatment Facility, 
City of Nashua) was contacted during the preparation of this report to obtain additional 
information regarding system operations and permitting requirements.  He noted the 
reporting and associated fees associated with the cogeneration system were not 
onerous.  He indicated that air quality monitoring was incorporated into the design of 
and tracked by the system.  Gas flows are reported annually to NH DES and the 
emission-based fee is calculated based on a dollar per ton rate determined by NH DES.  
For emissions during the 2011 calendar year, the dollar per ton fee rate was $156.05.  
Due to its proximity to the adjacent residential area, the Nashua WWTF has significant 
odor and emission controls in place and upgrading the equipment solely to address 
emissions from the cogeneration system was not necessary.  

8.3.2.3 Pittsfield, Massachusetts 
The City of Pittsfield’s WWTP has a design flow of 17 MGD and an average flow of 12 
MGD.  After conducting a feasibility study, the City installed three 65 kW microturbines, 
which generate 35% of the WWTP’s electrical demand.  The microturbines are fueled by 
digester gas and generate heat utilized to aid the efficiency of the anaerobic digestion 
process by heating the sludge.  

8.3.2.4 Fairhaven, Massachusetts 
The Fairhaven WWTP has a design flow of 5 MGD and an average flow of 2.7 MGD.    
The Town has the state of Massachusetts’ newest CHP system at a municipal WWTP 
(construction began in 2011).  The Town installed completely new digesters and one 110 
kW and one 65 kW internal combustion engine.  The engines will initially generate 26% 
of the WWTP’s energy needs  and 73% after a planned phase-in of other organic waste.  
The Town also plans to install an internal combustion engine for the CHP system; the 
plant elected to use this engine over newer technologies like microturbines because of 
its longer history and track record.6 

8.3.2.5 Syracuse, New York 
In 2009, the Metropolitan Syracuse WWTP installed a 380 kW reciprocating engine 
manufactured by Caterpillar (Cat G3508); with a generating capacity of 350 kW.  The 
Plant currently has three 1.8 million gallon primary digesters and one 1.6 million gallon 
secondary digester and is capable of treating on average 84.2 MGD.   The system is 
expected to produce 200 kW which is exported back to the utility. 

8.3.2.6 Johnstown, New York 
The Johnstown Gloversville WWTP was designed to treat up to 13.8 MGD of domestic 
sanitary sewage and industrial wastewater.  In 2003, two 150 kW generators were 
installed to utilize gas that was previously all being flared.  The 150 kW engines were 
sufficient until 2008 when biogas production increased 47% from the previous year.  
Despite the engines running at full capacity, in mid-2008 approximately 50% of the 
biogas was being flared.  The small engine generators were capable of producing 38% of 
the total electric power consumed on site.  In 2010, the engine-generators were 
upgraded to two 350 kW units manufactured by Caterpillar (Model # 3508) with the goal 
of generating enough power to meet all of the WWTP needs.  
                                           

6 Wong, Shutsu Chai.  “Tapping the Energy potential of Municipal Wastewater 
Treatment:  Anaerobic Digestion and Combined Heat and Power in Massachusetts.”  
http://www.mass.gov/dep/water/priorities/chp_11.pdf  
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8.3.3 Methodology and Assumptions 
To study the technical feasibility of the implementation of cogeneration with 
reciprocating engine technology at the Franklin WWTP, Tighe & Bond analyzed the 
following key components: 

• Resource Availability and Quality 

• Equipment Sizing 

• Equipment Siting 

• Equipment Interconnection 

This was completed utilizing observations from the site visit by an Electrical Engineer, a 
Wastewater Engineer, and a Renewable Energy Engineer.  The plans and diagrams listed 
in Section 8.2.1 were utilized to support and document the findings. 

8.3.4 Technical Feasibility 
A review of biogas production data (attached at the end of Section 8 as Attachment 3) 
was completed to determine the appropriate rated capacity of generation equipment and 
the quantity of waste heat available for process and building heating and is outlined in 
the following section.  Following evaluation of the production data, equipment 
manufacturers were contacted for information on the appropriately sized system and 
anticipated costs.  For this system, space availability, electrical interconnection, and 
wastewater process interconnection were considered to identify a schematic design, as 
described below.     

8.3.4.1 Resource Availability 

Biogas Quantity 
As a result of the CDM initial evaluation, DES has installed gas meters and monitored 
gas production at Primary Digesters #1 and #2 as well as at the waste gas flare-line to 
provide historical data regarding the quantity of digester gas produced.  Please see 
Table 8-5, below for a summary of the annual gas production in Standard Cubic Feet 
(SCF). 

TABLE 8-5 
Biogas Produced – April 2011 through March 2012 

Annual Production Biogas (SCF) 

Total Biogas Produced (Primary Digester #1) 7,895,873 

Total Biogas Produced (Primary Digester #2) 11,860,787 

Total Biogas Produced 19,756,659 

 

Total Biogas Produced is summarized in Figure 8-5 below; followed by Figure 8-6 which 
depicts the Minimum and Maximum Flow Rates of biogas production that were measured 
in each month.   



Section 8 Biogas Cogeneration at Franklin WWTF Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  8-18 

 
FIGURE 8-5 

Total Monthly Biogas Production From Each Digester 
 

 
FIGURE 8-6 

Biogas Production Flow Rates 

Biogas Quality 



Section 8 Biogas Cogeneration at Franklin WWTF Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  8-19 

The composition of the biogas is important as the energy value of the biogas is 
dependent upon the methane content.  Municipal biogas is generally 55% to 65% 
methane.  As noted below, the methane content of the eight samples analyzed by 
Centek Laboratories LLC indicates an average of 61% methane.   

Additionally, prior to being utilized as fuel, raw biogas must be cleaned to remove water 
vapor and other contaminants (notably siloxanes and hydrogen sulfide).  Within the 
engine, hydrogen sulfide and water vapor from the moist biogas react to form sulfuric 
acid which can cause corrosion and may damage cogeneration equipment or other 
WWTP infrastructure if it is not removed upstream of the system.  Siloxanes are man-
made organic compounds that contain silicon, oxygen and methyl groups.  They are 
widely utilized in personal hygiene, health care, and industrial products and as a result 
of their widespread use often end up in wastewater.  At the WWTP these compounds 
volatize into digester gas.  When the gas is combusted to generate power, the siloxanes 
are converted to silicon dioxide which can build up on the combustion and exhaust 
components of the engine over time, causing decreased operational performance and 
eventual equipment damage.  

To gain a better understanding of the composition of the biogas at the Franklin WWTP 
sampling was undertaken in 2008-2009.   These samples (taken at the time of CDM’s 
initial evaluation) were inconsistent; however, as no additional laboratory analysis has 
occurred since then, we are assuming the Biogas Quality analysis in the CDM Memo is 
still valid.  This data was confirmed by reviewing the original laboratory analysis results 
from Centek Laboratories, LLC provided by the WWTP.  Table 8-6 below provides a 
summary of the original laboratory sampling results for methane, hydrogen sulfide, and 
siloxanes from Centek Laboratories, LLC. The results for siloxanes are consistent and 
within the expected range for municipal wastewater; the results of the hydrogen sulfide 
sampling conducted in 2008/2009 were varied and inconsistent, indicative of the need 
for additional sampling.  Furthermore, as the composition of biogas varies over time 
based on a number of parameters (sludge composition, organic matter load, feeding rate 
of the digester) we recommend that an additional sample be collected and analyzed 
prior to project implementation. 

TABLE 8-6 
Summary of Previous Laboratory Analysis Results for Major Biogas Constituent Parameters 

 Constituent 

Date Methane % 
Hydrogen Sulfide 

(ppm) Siloxanes (ppm) 

1/31/08 Sample 1 55.3 19  

1/31/08 Sample 2 46.8 15  

11/17/08 Sample 1 59.2 1,700 2.35 

11/17/08 Sample 2 59.5 750 1.93 

1/13/09 Sample 1 67.4 1,900 2.11 

1/13/09 Sample 2 69.1  2.03 

5/5/09 Sample 1 68.4 3,000 3.80 

5/5/09 Sample 2 64.9  5.90 
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Current Biogas Usage 
Currently, biogas is utilized in two dual-fuel (biogas and fuel oil) boiler/heat exchanger 
units and one dual-fuel furnace at the WWTP, as described in Section 8.2.2.3. 

As noted above, approximately 19,757,000 SCFM of biogas are produced annually.  Of 
that, approximately 1,760,000 SCF is flared off annually.  Figure 8-7 below depicts the 
biogas produced and flared on a monthly basis.  Note that this data does not determine 
the heating requirement, since the meters are installed prior to the secondary digesters, 
which act as gas storage.  Gas leaving the secondary digesters for use in heating was 
not measured.  In the winter, it is anticipated that gas that has been stored is used to 
meet heating requirements exceeding gas production.  As noted below, there is a 
decrease in the amount of gas utilized for heating from June to October and a 
corresponding large increase in the amount of gas being flared.  Approximately 98% of 
the total amount of gas that is flared occurs during this time period.   

 
FIGURE 8-7 

Biogas Monthly Production and Consumption 

Energy Available and Generation Capacity 
Based on the above referenced laboratory analysis and biogas production data, Table 8-
7 summarizes the values that were utilized in system design and manufacturer selection.  
Note that the energy available during the minimum month is approximately 76% of the 
maximum month.     

TABLE 8-7 
Design Assumptions 

Parameter Energy 

Biogas Production, Monthly Average (SCF) 1,646,388 

Biogas Production, Minimum Month (February; SCF) 1,425,367 
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Biogas Production, Maximum Month (May; SCF) 1,863,071 

Biogas Average Production Rate (SCF/hr) 2,287 

Biogas Minimum Month Production Rate (SCF/hr) 1,980 

Biogas Maximum Production Rate (SCF/hr) 2,588 

Methane Content of Biogas (%) 61% 

Heating Value of Biogas1 (BTU/SCF) 610 

Total Annual Heating Value (mmBTU) 12,052 

Total Biogas Heating Value, Monthly Average (mmBTU) 1,004 

Total Biogas Heating Value, Maximum Month (mmBTU) 1,136 

Total Biogas Heating Value, Minimum Month (mmBTU) 869 
1Heating value of methane equal to 1,000 BTU/ft3 

 
8.3.4.2 Electrical Interconnection 
There are three major options for electrical interconnection of the cogeneration 
equipment, each with different cost drivers and revenue implications.  The cogeneration 
equipment could be interconnected to an existing MCC bus, to the facility incoming 
service line, or to the utility distribution circuit.   

If the equipment was interconnected to an existing MCC bus, the project would be 
considered “behind-the-meter” from a revenue generation perspective.  Refer to Section 
8.4.2.1, Energy Cost Savings, for a detailed discussion of revenue generation based on 
net metering a behind-the-meter project.  In this context, the “meter” being referred to 
is the existing facility meter, Public Service of New Hampshire (PSNH) account number 
8000559-02-1-0.  Based on site observations, the MCC that has the best potential for 
interconnection of a behind-the-meter cogeneration system is the Thickened Sludge 
MCC.  Not only is the Thickened Sludge MCC proximate to the anaerobic digestion 
equipment, but it is in a room where there is physical space for the additional electrical 
infrastructure required as a part of the project.  It is estimated that interconnection of a 
behind-the-meter cogeneration project will require the following additional electrical 
equipment:  an interconnection to the existing MCC bus, protective relaying equipment, 
circuit breakers and switchgear.  The pre-packaged cogeneration unit, will generally 
include integrated protective equipment and interconnecting switchgear within the unit.  
While there is space in the underground Thickened Sludge pumping room for additional 
electrical equipment, there is not a spare bucket in the MCC for a simple circuit breaker 
type interconnection.  Therefore, the cogeneration power feed would have to be 
connected directly to the MCC bus and a circuit breaker would have to be located nearby 
the MCC.  Refer to Figure 8-8, the Thickened Sludge MCC panel and surroundings.  As 
outlined in PSNH’s interconnection guidelines, the existing facility meter would need to 
be upgraded to a bi-directional meter at the cost of the project owner. 
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FIGURE 8-8 

Thickened Sludge MCC 

If the cogeneration equipment was interconnected to the facility incoming service line, 
the location of probable interconnection would be between the transformer and the 
incoming service main disconnect switch.  In this scenario, the project would be 
considered behind-the-meter generation, similar to interconnection into the Thickened 
Sludge MCC.  Since the service line is underground from the transformer to the main 
switchgear in the Admin/Operations building, the interconnection would need to be 
underground in an electrical manhole.  The relay and switchgear are included with the 
cogeneration equipment.  Although there is an existing electrical conduit and manhole 
running from the anaerobic digestion system to the main switchgear, it is unlikely that 
the conduit is in sufficient condition to carry the new cable.  Therefore, new conduit to 
the incoming service line and an electrical manhole for interconnection with the line 
would be required.    As outlined in PSNH’s interconnection guidelines, the existing 
facility meter would need to be upgraded to a bi-directional meter, at the cost of the 
project owner.   

If the cogeneration equipment was interconnected to the utility distribution circuit, the 
potential location of interconnection would be to one of the proximate PSNH Utility Poles.  
Refer to Figure 8-9, the existing connections on nearby utility pole 20T 12A-1 for a 
typical view of the adjacent PSNH Utility Poles.  In this scenario, the interconnection 
location would be at the pole and a transformer would be required to step-up the 480 V 
electricity to 13.8 kV distribution line voltage.  A new meter and account with PSNH 
would be required, since this would be a separate interconnection to the distribution 
circuit than the WWTP’s existing connection.  The project would not be considered 
behind-the-meter in the context of revenue generation.    
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FIGURE 8-9 

Utility Pole 20T 12A 

Following the site evaluation, net metering applicability analysis (Section 8.4.2.1), and 
some initial cost benefit analysis, it was concluded that interconnection behind-the-
meter is the most beneficial option for the project.  With this assumption, the most likely 
interconnection location is to the Thickened Sludge MCC.  Although this interconnection 
would require modification of the MCC, it would not require significant electrical 
conduit/wire and excavation or a new manhole on the incoming service line or a 
transformer and direct utility interconnection, both of which also have cost implications.   

Electrical Interconnection Application Process 
The project site is located within a Public Service of New Hampshire (PSNH) service 
area, in the New Hampshire ISO-NE load zone.  PSNH’s interconnection requirements 
are found in the utility’s tariff, “Electricity Delivery Service Tariff – NHPUC No. 8 (2010).”  
Section 35 of the tariff, Interconnection Standards for Generating Facilities, directs small 
(under 100 kW) generators to specific interconnection guidelines.  However, large 
generators, such as this project, must contact PSNH for “site-specific interconnection 
requirements prior to interconnecting.”  The project developer will initiate this process 
by filing a PSNH Interconnection Request.  The PSNH Interconnection Request will 
require basic details about the equipment to be used as a part of the project, a one-line 
diagram, a location of probable interconnection, and an interconnection/protective 
equipment design, all stamped by a Professional Engineer.   

After filing the PSNH Interconnection Request, PSNH may initiate a Distribution 
Interconnection Feasibility Study Agreement, at which time the scope of the Feasibility 
Study, and subsequently the cost and timeline, is determined.  An informal discussion 
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with the PSNH Supplemental Energy Sources Department was completed as a part of 
this Feasibility Study.  It is likely that the project would warrant a Feasibility Study by 
PSNH based on its rated capacity.  The interconnection Feasibility Study is completed by 
PSNH to evaluate the ability of the local distribution network, substation and 
transmission line to handle the additional power from the generator as well as the 
variability of the generation.  It is likely that the impact study will take up to 9 months.  
The impact study will result in a determination of whether any utility-system upgrades 
will be necessary to accommodate the generator.  In the case that the interconnection 
feasibility study is completed and the project is constructed and interconnected, the 
State (or project developer, depending on interconnection location) would be required to 
enter a Generator Interconnection Agreement with PSNH.   

Resulting from consultation with PSNH, Tighe & Bond also obtained a guidance 
document titled “General Design Guidelines for Non-Utility Generation Interconnecting 
With the Distribution Grid” (March 3, 2010), a copy of which has been provided to NH 
DES.   These guidelines are available to help account for the necessary measures to 
interconnect during project planning and do not include site-specific interconnection 
requirements that must be identified through the above-described process.       

State interconnection standards related to net metering will also be applicable for a net 
metered project.  These are found in the New Hampshire Code of Administrative Rules 
Chapter PUC 905, Technical Requirements for Interconnection for Facilities.  That 
document outlines the requirements for disconnect switches, transformers, electrical 
testing, and payment for electric grid upgrades. 

8.3.5 Estimated Annual Energy Production 
As noted above, a survey of the market for small (under 300 kW) reciprocating engine 
cogeneration equipment was completed to identify a potential system to install at the 
WWTP.  It was found that several manufacturers have similar pre-packaged 
cogeneration systems that would be a good fit for this application.  These systems range 
from 60 kW to 450 kW.  Based on the biogas quantity and quality data, two 
reciprocating engines with 70 kW electrical output or one system with 140 kW electrical 
output would maximize the utilization of the available biogas.  This was determined 
based on the design biogas flow rate for each unit.  Refer to Attachment 4 at the end of 
Section 8 for equipment specifications.  The systems evaluated are designed for use with 
biogas, at an energy content of approximately 65%, similar to the biogas at the Franklin 
WWTP.  Initially, systems were evaluated on an annual basis to determine the most 
appropriate sized system.  The following table shows that two 70 kW generators or one 
140 kW generator are slightly oversized to maximize biogas usage.  This is preferable, 
particularly because reciprocating engine technology efficiency is not impacted 
significantly at part-load operations.  

The following table compares the key characteristics of both scenarios, including 
electrical and thermal output and excess gas (average annual standard cubic feet per 
hour).  
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TABLE 8-8 
Cogeneration Equipment Preliminary Analysis 

 2 x 70 kW 1 x 140 kW 

Manufacturer Tech 3 Tech 3 

Model # G 924T G926TE 

Available KW per Unit 70 140 

Number of Units Required to Burn 2 1 

Gross Available kW - all Units 140 140 

Parasitic Load Required for Fuel Treat. - kW 5.9 4.5 

Net Electrical Output - kW 134.1 135.5 

Electrical Efficiency 33.9 35.6 

Fuel Gas Requirements 0.29 - 0.73 psi 0.29 - 0.73 psi 

Fuel Flow HHV, BTU/hr (per Unit) 705,243 1,473,330 

Recoverable Thermal Energy (all units), BTU/hr 730,198 685,841 

Fuel Gas Flow Rate, SCFH *** 2341 2445.3 

Total System Efficiency 87.22 87.57 

Excess Gas available (SCFH) -103.00 -207.30 

 

There is one major advantage to having two same-size units; the fact that one unit will 
always be available in the case of maintenance or malfunction.  The WWTP will still have 
the existing biogas infrastructure, which will also be kept in operational condition for 
supplemental heating purposes, and continuous operation of the cogeneration system is 
not critical to WWTP operation.  It has been confirmed with a cogeneration vendor and 
PPA provider that when these circumstances exist, the reduced capital cost of one larger 
unit will likely be most beneficial to the WWTP if turn-down limits can be respected.  
Assuming a system availability of 95% under good maintenance conditions, the 
availability may be improved by 5% by having a second system.  However, the project 
cost would increase significantly, likely 30 – 50%, in order to accommodate two 
generators.   

The seasonality of biogas generation affecting engine efficiency was also considered.  As 
noted above, the fuel availability based on the minimum month is approximately 76% of 
the maximum month.  This is an acceptable turn-down level for reciprocating engine 
technology, which can typically be turned down to 50% – 60% before a significant loss 
in efficiency is observed.  Therefore, the less costly option, installation of one 140 kW 
cogeneration unit will be studied in the remainder of this Feasibility Study. 

Based on the above 140 kW packaged cogeneration system by Tech 3, system output 
calculations were based on the total biogas production data, taking a part-load 
percentage (actual fuel flow rate/design fuel flow rate) into consideration.  An equipment 
vendor confirmed that if properly maintained, the availability of the system is very high, 
approximately 95%.  This was also included in evaluations.  The monthly calculation 
table is attached at the end of Section 8 as Attachment 5. 
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It is estimated that the 140 kW system will generate approximately 86,300 kWh of 
electricity per month, or 1,035,800 kWh annually.  Since the rated capacity of the 
system (140 kW) is less than the average WWTP electricity demand (approximately 320 
kW as calculated from the monthly electricity consumption), it is unlikely that there will 
ever be times when the system is generating more electricity than the treatment plant is 
consuming.  However, without evaluating the minimum demand over time and 
comparing to biogas production, it is difficult to quantify the amount of generation that 
may occur at a time when power being generated exceeds the demand.   

By enrolling in net metering, the generation and energy use will be netted each billing 
period, so that generation will still be credited at the per-kWh rate even if it occurs at a 
time of minimal demand.  Since average monthly electricity use (232,500 kWh) is 
significantly higher than estimated monthly generation, it is not anticipated that there 
will be any net excess generation from the facility in any billing period or annual basis 
under net metering.  If project development continues, a cost-benefit analysis to 
determine whether the costs associated with enrolling outweighs the benefits should be 
completed.  This will involve some analysis of the WWTP minimum demand times.  
Enrollment in net metering also depends on the preference of each developer and the 
project-specific arrangement between the developer and DES.  Net metering is 
discussed in detail in Section 8.4.2.1. Refer to Figure 8-10, a graph showing the 
electricity consumption at the WWTP and the anticipated electricity generation over the 
course of a year.     

 
FIGURE 8-10 

Electricity Generation and Consumption by Month 

The excess heat from electricity generation will be used to heat the thickened sludge.  It 
is anticipated that the system will generate approximately 0.61 mmBTU/hr under 
average conditions.  This is less than the average heating that is being supplied by the 
current system as determined in Section 8.2.2.3, which was approximately 1.02 
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mmBTU/hr, and would require supplemental heating year round.  Refer to Figure 8-11, a 
graph of the heating currently used on site and the heating that will be available from 
the proposed system by month. 

 
FIGURE 8-11 

Heating Energy Available from Cogeneration and Required for WWTP Operations 

The analysis shows that supplemental heating at the facility must significantly increase 
to accommodate electricity generation, particularly in the winter months.  The total 
annual supplemental heating requirement is approximately 3,626 mmBTU, or 33,000 
gallons of oil, assuming the existing heating infrastructure is used for supplemental 
heating with an overall efficiency of 79%, as determined in Section 8.2.2.3.  This 
supplemental heating requirement is significantly higher than currently required (14,816 
gallons in FY 2007 to 1,007 gallons in FY 2011).   

Consideration of the Admin/Operations building heating requirement as a part of this 
project significantly impacts the heating requirement.  Since it is being heated by the 
current system, inclusion in the study is necessary; however, typically the heat from a 
cogeneration system would be distributed to the digester process and building and the 
Admin/Operations building would be considered separately.  The magnitude of 
supplemental heating is also highly dependent on the existing heating load, which was 
determined as described in Section 8.2.2.3.  As noted previously, the heating load, and 
supplemental fuel requirements, can also vary significantly based on weather conditions.   

Refer to Figures 8-12 and 8-13, the existing and proposed energy balance diagrams for 
the WWTP and the potential cogeneration project, respectively.  The values shown in 
these figures are derived from the calculations in Attachment 5.  Figure 8-12 shows the 
current annual heating requirements of the digesters, digester building and 
Admin/Operations building.  The figures are based on the Table contained in Attachment 
5 at the end of Section 8 which includes equations describing the calculations as well as 
detailed monthly analysis.  
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FIGURE 8-12 
Energy Balance Diagram – Current Operations  

 

 

 

 

 

 

 

 

FIGURE 8-13 
Energy Balance Diagram – Cogeneration System 



Section 8 Biogas Cogeneration at Franklin WWTF Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  8-29 

8.3.6 Equipment and Sizing 
Installation of a 140 kW reciprocating engine at the WWTP will require some 
modifications to the existing wastewater infrastructure.  The majority of the wastewater 
treatment infrastructure, including the primary and secondary clarifiers, aeration tanks, 
disinfection process will be unaffected by the project.  The unit by Tech 3 is a self-
contained free-standing unit, approximately 13’ x 7 ’x 3.3’ (L x H x W).    

Since there is limited space and constrained entry-ways in the existing underground 
building and tunnel in the area of the anaerobic digestion process, it will likely be most 
economical to site the reciprocating engine(s) above-ground and adjacent to the 
digesters.  The optimal location for the unit, based on electrical and wastewater process 
interconnection requirements and available space, is to the northwest of the digesters, 
between the two secondary digesters.  A gas conditioning unit will also be required.  This 
unit will likely be located in the same area, adjacent to the cogeneration equipment.  
Although it may be preferred to locate the system within an additional above-ground 
structure for aesthetic reasons, it will not be required, since the cogeneration system is 
fully contained in an all-weather and sound-attenuated casing.  Additional cost of 
building a structure has not been included in this analysis.        

The existing anaerobic digestion infrastructure will require modification.  New thickened 
sludge piping and valves will be required to transport the thickened sludge through the 
new heat exchanger.  It is anticipated that the new piping could be interconnected to the 
existing 8” thickened sludge piping between the thickened sludge pumps and the 
existing boiler/heat exchanger units.  This modification will retain all existing 
infrastructure and the flexibility to utilize the existing boiler/heat exchanger units for 
additional heating if necessary.   

The thickened sludge pumps and digester recirculating pumps will be required to pump 
sludge to a heat exchanger associated with the reciprocating engine(s).  Since the new 
heat exchanger will be at a higher elevation than the existing system, the required 
pumping head will increase.  The existing pumps are positive displacement-style, which 
means that this increase in head should have only a minor impact on the sludge flow 
rates.  If the existing pumps are currently operating at or near full capacity, then the 
pumps and motors will likely need to be replaced should the cogeneration project 
proceed.  For the purposes of this study, we have assumed that the existing thickened 
sludge pumps and digester recirculating pumps are currently operating sufficiently below 
their maximum VFD speeds, and that the pumps will not require replacement at this 
time.      

New biogas piping and valves will also be required to transport the biogas to the 
reciprocating engines.  It is anticipated that the existing biogas piping leaving the 
secondary digesters could be used as an interconnection point.  This will allow the WWTP 
to retain the flexibility to direct gas flow to the existing boiler/heat exchangers or the 
flare, as necessary.   

Refer to Figure 8-14, a schematic diagram of the additional infrastructure required.  This 
figure is based on the facility site layout plans and process flow diagram provided by the 
WWTP, but has been simplified to show only the infrastructure related to the project 
modifications. 
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8.3.7 Evaluation Conclusion 
The installation of a cogeneration system at the WWTP is technically feasible with 
respect to environmental permitting, fuel availability, equipment siting, and electrical 
interconnection.   

It is feasible to install a 140 kW Cogeneration System, similar to the Tech 3 system, in 
the area to the northwest of the secondary digesters.  The system could be electrically 
interconnected to the Thickened Sludge MCC and would qualify for net metering with 
PSNH, maximizing the value of the generation, regardless of whether generation occurs 
at a time when power being generated exceeds demand.  However, enrollment in net 
metering will depend not only on analysis of the minimum demand on site, but also on 
the development model and the private developer’s preference in a privately owned 
scenario.  Wastewater interconnections could be made to the 8” thickened sludge piping 
after leaving the thickened sludge pumps and biogas piping could interconnect to the 
biogas line coming from the secondary digesters.   

A 140 kW cogeneration system will generate a significant amount of the WWTP’s 
electricity load without exceeding it, directly offsetting electricity costs through a 
reduction of the kWhs billed.  Also, the facility will produce sufficient thermal output to 
satisfy the majority of the WWTP heating load including the digesters and digester 
building. However, pending improved heat requirement calculations, it is likely that the 
cogeneration system will provide the WWTP with less heat than is currently being 
provided, increasing oil purchases by about ten times.  Installation of the system will 
have very little environmental impact and air quality reporting requirements will 
increase, but not significantly beyond what is currently required for the boiler/heat 
exchanger units.  

8.4 Economic Analysis 
Note that the DES has indicated that there is no available capital for this project and 
that private developer ownership of the project may be necessary for implementation of 
the project.  Therefore, the economic analysis is primarily completed from the 
perspective of a private developer to judge the economic viability of the project.  
Potential revenue to the WWTP is then determined based on the revenue to the 
developer.  A DES-owned scenario was also evaluated in the economic analysis, mainly 
to illustrate the effect of various incentives and revenue distribution from one type of 
ownership to another. 

The economic input and results tables are attached at the end of this section for easy 
reference.  A Summary Table, Table 8-9, is accompanied by detailed input tables for 
private and DES Ownership and Private Developer Ownership, Tables 8-10 and 8-11, 
respectively.         

8.4.1 Cost 
A cost estimate was prepared for the cogeneration system based on the packaged-
system cost from Tech 3 with Biospark biogas conditioning unit (see Attachment 4 at the 
end of Section 8 for equipment specifications).  The cost of an interconnection impact 
study was not included as it will be determined by the utility and may not be applicable.  
The equipment costs were the basis for contingencies added for engineering and 
construction of the system.  A 20% contingency was added for design and engineering 
and a 15% contingency was added for installation of the system.  Costs associated with 
electrical equipment and wastewater process modifications are included in these 
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contingencies.   The total installed cost of the system is estimated to be approximately 
$965,200.  Costs are outlined under “Costs” for each scenario on Tables 8-10 and 8-11. 

To gain a better understanding of the required operation and maintenance costs; the 
Superintendent of the Nashua WWTF was contacted.  As noted earlier, the Nashua 
WWTF utilizes a Waukesha reciprocating engine.  Mario Leclerc indicated that the engine 
does require regular maintenance. In Nashua, WWTF staff performs the simpler 
maintenance activities in-house; such as performing oil and filter changes.  The Nashua 
WWTF has a contract with a vendor to perform routine and more complex maintenance.  
The vendor services the machine weekly to conduct routine maintenance (valve 
adjustments, etc) and also performs milestone adjustments.  Milestone adjustments 
occur after a pre-determined amount of hours of operation, similar to a 30,000 mile 
“check-up” on an automobile.  He indicated that the vendor typically performs 
maintenance on a Friday and that the maintenance is not intrusive.  He also explained 
that the system can be down for a short period of time ranging from hours to a few days 
depending on the time it takes to order a part, delivery time, and the availability of the 
sub-contractor to install the part.      

Annual costs of operating and maintaining the system were estimated at $0.025 per 
kWh, as recommended by an equipment vendor for the Tech 3 unit.  In both scenarios, 
the capital and operations costs are incurred by the project owner and are included in 
the 20-year cash flow.  In the case of a privately owned project, there is opportunity for 
negotiating whether WWTP improvement costs related to the project, such as piping 
installation, are incurred by DES or by the project owner.  This evaluation assumes all 
costs are incurred by the project owner.   

An annual oil purchase cost was also included to account for the significant amount of 
supplemental heat required.  Although #2 Fuel Oil prices in many New Hampshire 
locations are currently approximately $3.50 per gallon, DES is currently paying 
approximately $2.50 per gallon.  This rate has been included in the economic analysis.  
Note that in a scenario where the state owns the project, the oil purchase was included 
as an operations cost in the 20-year cash flow analysis (refer to Table 8-10).  The 
economic analysis is always shown from the perspective of the project owner.   
However, the state will still incur the added oil purchase cost if a developer owns the 
project.  Therefore, the oil purchase cost was not included as an operation cost in the 
cash flow analysis (Table 8-11), but was included in the Summary Table (Table 8-9) 
where benefit to the State resulting from private developer ownership of the project was 
reported.  The oil purchase cost is subtracted from the State’s energy costs savings 
through participation in a PPA with the developer.        

8.4.2 Revenue 
The project has the potential to benefit from the sale or use of the electricity, the sale of 
the positive environmental attributes of the electricity, and various incentives available 
to renewable energy projects.  The following section outlines the regulations allowing 
each of these sources of revenue and the assumptions made regarding each revenue 
stream for the economic analysis.       

8.4.2.1 Energy Cost Savings 
There are four main avenues by which the project could generate revenue: 

• Net metering with PSNH 
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• Becoming a qualifying facility under the Public Utilities Regulatory Policies Act 
(PURPA); PSNH is then required to purchase the electricity at market rates 

• A Power Purchase Agreement (PPA) with a third-party for long-term power 
purchase  

• Become a non-exporter and use electricity on-site when generator power is 
less than demand 

If the project is interconnected behind-the-meter (on the facility-side of the existing 
meter), the project could pursue qualification for net metering with PSNH in order to 
gain near-retail compensation for the generation or could qualify as a non-exporter 
gaining near-retail compensation for any generation that was generated at a time when 
generator power was less than demand.  Alternatively, the project may interconnect to 
the distribution grid on the utility-side of the meter (refer to Section 8.3.4.2 for 
discussion on interconnection location).  In this case, the facility will not qualify for net 
metering, but may sell energy under the second or third of the above scenarios.  Since 
the wholesale price of energy is low at this time (3-month average of $0.0314 per kWh) 
and the private developer would have an interest in securing a long-term income for the 
project, it is more likely that the project developer would propose a PPA with an energy 
supplier for a utility-side of the meter project, as opposed to becoming a qualifying 
facility under PURPA. 

If project development proceeds with a private developer, the private developer will 
likely determine whether to interconnect behind-the-meter by evaluating the PPA price 
that it could secure for the project and comparing the additional cost of interconnection 
behind-the-meter with the potential energy cost savings reduction due to 
interconnection on the utility-side of the meter.  Likewise, the developer would also 
likely conduct a cost-balance to determine whether the costs associated with enrolling in 
net metering outweigh the benefits if the interconnection is behind-the meter. While 
Tighe & Bond cannot predict the PPA price that a developer could negotiate, there are 
benefits of participation in net metering over the regional energy sales markets and 
therefore this economic analysis assumes that a developer will choose to incur the cost 
of interconnection behind-the-meter and pursue net metering of the project.  Note that 
enrollment in net metering also depends on the preference of the developer and the 
project-specific arrangement between the developer and DES.  DES does not need to 
consider whether or not to net meter if the preference is a privately owned project 
because the PPA rate that DES pays for the electricity will likely be approximately the 
same.   

Net Metering Qualification 
The New Hampshire Public Utilities Commission, Code of Administrative Rules, provides 
for net metering, which allows electric utility customers to receive credit for the full per-
kWh value of on-site electricity generation from renewable-energy systems (provided 
the system does not exceed 1 MW).  The advantage to net metering, in comparison to 
generating electricity on-site as a “non-exporter,” is that the facility is billed for 
electricity use based on the net electricity coming onto the site and leaving the site.  
Therefore, if there are times when the power being generated exceeds on-site demand, 
the facility will still be credited for the generation.  A non-exporter would not be 
compensated for that electricity.  This allows a system to be sized based on the annual 
energy consumption, as opposed to the minimum demand at the facility.  It is difficult to 
quantify the benefit of net metering at this stage of evaluation, since minimum demand 
data was not evaluated in the scope of this study.   
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To be eligible for Net Metering as a “combined heat and power system”, the process 
must be heat-led.  Since the proposed project is power-led, not heat-led, the facility 
must qualify as a “electrical generating facility powered by renewable energy.”  As a 
cogeneration facility, qualification for net metering is based on the discretion of the 
Public Utilities Commission.  NH Title XXXIV Chapter 362-A Section 1-A states that a 
“qualifying cogeneration facility” means a cogeneration facility which the Commission 
determines meets such requirements, including requirements respecting minimum size, 
fuel use and fuel efficiency, as the commission may prescribe…”.  In the superceding 
regulations (NH Code of Administrative Rules Chapter PUC 900), there is no further 
clarification related to cogeneration as renewable energy; however, informal discussions 
with the NH PUC indicate that cogeneration at the WWTP would be considered 
generation from renewable energy.  Therefore, it is assumed that power-led combined 
heat and power, or cogeneration, would qualify for net metering as a “facility powered 
by renewable energy.”   

Aside from being “powered by renewable energy,” the electricity generator must have 
been created after July 2010; have a total peak generating capacity of no more than 1 
MW; be metered through a retail meter on-site; and must be currently interconnected 
and operating in parallel with the electric grid.  The electricity generated must also be 
used in the first instance to offset the customer’s (WWTP) own electricity requirements.  
The proposed project meets these requirements as all electricity produced by the project 
will be used behind the meter and the WWTP is already metered and interconnected to 
the grid.   

The NH PUC also set limits (on a first-come, first-serve basis) on the amount of energy 
that can be net metered within each utility distribution service area.  Once the total net 
metered limit has been within the respective utility service area; no additional net 
metering will be allowed.   Additionally, no more than 2 MW of the total rated generating 
capacity throughout New Hampshire shall be from CHP systems.  The WWTP is located 
within Public Service Company of New Hampshire’s service district, which has a limit of 
36.55 MW.  Approximately 3.28 MW is being net metered (as of 5/2012, according to 
PSNH representative) within this service area and approximately 0.282 of the 2 MW 
state-wide CHP limit is being net metered7. 

Net Metering Revenue 
The net metering regulations cited above specify that for qualifying facilities over 100 
kW, “the customer-generator shall be billed all applicable charges on all kilowatt hours 
supplied to the customer over the electric distribution system less a credit on default 
service charges equal to the metered energy fed into the electric distribution system 
over a billing period.”  The addition of cogeneration behind-the-meter will reduce the 
amount of electricity, “supplied to the customer over the electric distribution system” 
and therefore, reduce the kWh billed at the per-kWh charges.  Therefore, the WWTP 
electricity bill will be reduced by the per-kWh charges times the amount of generation 
during the billing period.  In this case, the per-kWh charges are the distribution, 
transmission, standard cost recovery, system benefits, electricity consumption tax, and 
energy service charges.       

                                           

7 2011 Renewable Energy Portfolio Standard Review, Report of the new Hampshire 
Public Utilities Commission to the New Hampshire General Court, November 1, 2011 
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Although net excess generation (“energy fed into the distribution system”) over a billing 
cycle is not anticipated, any net excess generation during a billing cycle would be 
credited to the WWTP’s account over subsequent billing periods at a rate equal only to 
the default service rate, $0.0813 as of May 2012.  

During the preparation of this report a regulatory initiative to allow “group net metering” 
in New Hampshire was progressing.  Senate Bill 258 would have allowed multiple 
electricity accounts to be grouped with a renewable energy generator, so that net 
metering credits from generation would be applied to all accounts in the group.  The Bill 
passed successfully through the Senate; however in May 2012 the House of 
Representatives voted to adopt the committee report of Inexpedient to Legislate.   

It is assumed that the project will result in no net excess generation over a billing period 
and that the project will not offset at least 1,500 kWh per billing period.  Therefore, 
based on the General Service tiered-rate schedule for “all additional kWhs” charges, 
revenue per kWh through net metering the facility is $0.1055, the sum of the per-kWh 
charges listed above.  Under the private developer ownership scenario where the private 
developer enrolls in net metering, energy cost savings to the WWTP will be difference 
between the net metering rate, credited to the electricity bill, and the PPA rate that DES 
will pay to the private developer for the electricity.  We have assumed a PPA rate of 
$0.06 based on the potential profitability of this project to the developer and recent 
renewable energy project contracts.  The potential annual energy cost savings to the 
WWTP is reported on Table 8-9, Economic Analysis Summary.  Note that Table 8-11, 
economic inputs and results, is from the private developer’s (project owner’s) 
perspective and information related to DES’s financial return is captured in Table 8-9.  

In the DES-owned project scenario, it is assumed that DES retains the whole net 
metering rate.  The net metering rate and year 1 revenue (through savings) is shown in 
Table 8-10 under “Revenue.”     

8.4.2.2 Renewable Energy Credits 
In addition to selling the electricity generated, the project may benefit from sale of the 
positive environmental attributes of the electricity generated.  These attributes are 
generated and sold as “Renewable Energy Credits” (REC).  New Hampshire’s Electric 
Renewable Portfolio Standard (RPS) requires electricity providers to provide an annually 
increasing percentage of electricity from renewable energy to its end-use customers (HB 
873, enacted in May 2007).  The RPS requires that electricity providers purchase RECs 
equivalent of 23.8% of retail electricity sold to end-use customers by 2025, with 
intermediate requirements increasing annually.  If the electricity provider does not have 
sufficient electricity generated from renewable energy to meet the annual requirement, 
RECs can be purchased from renewable energy generators to transfer the positive 
environmental attributes of the renewable energy generation to the electricity providers’ 
non-renewable supply.  If a utility does not acquire enough electricity from renewable 
energy generation or RECs to meet the annual goal, they must make an Alternative 
Compliance Payment (ACP) per MWh deficiency to the NH Renewable Energy Fund, 
administered by the NH PUC.  The value of the ACP rate, determined by the State 
Legislature and adjusted each year by the NH PUC, effectively caps the market value of 
a REC.  Monies paid into the Renewable Energy Fund are used to support the 
development of additional renewable energy projects. 

One REC is generated for each MWh of electricity generated.  REC generation is recorded 
in the NEPOOL GIS system, and REC transfers are administered by ISO-New England.  
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RECs are typically sold at auction or by contract through a procurement process.  Some 
projects seek to negotiate a REC contract as a part of project development and PPA 
agreements.   

The state has adopted separate portfolio standards for various renewable energy sources 
and has classified them as Class I, Class II, Class III, and Class IV.  This project would 
generate Class I RECs pursuant to RSA 362-F as a generation facility that produces 
electricity from biomass that began operation after January 1, 2006.  It is anticipated 
that one Class I REC will be generated for each MWh of electricity generated.  The 2011 
ACP rate for an unmet Class I REC is $64.02.   

As recorded in the “2011 Renewable Energy Portfolio Standard Review” dated November 
1, 2011, NH Class I RECs traded between $20-$30 per MWh in 2009 and 2010 and fell 
to a steady $15-$20 per MWh in the second half of 2010 and first half of 2011.  This 
data indicates that Class I RECs are readily available in New England in comparison to 
the RPS requirements and pricing is not very competitive.  Recently (January 2012), it 
was reported that a NH generation facility sold Class I New England RECs on the 
Massachusetts market for approximately $35 per MWh.  While this may indicate 
potential for increased REC value, the following economic analysis conservatively 
assumes a $15 per MWh REC price through the life of the project.  RECs are included in 
the economic analysis, as listed under “Revenue” on Tables 8-10 and 8-11.    

8.4.2.3 Additional Incentives 
Under ownership of a private developer, federal incentives are accessible, in addition to 
modest grant opportunities.  To be conservative no grant funding was included in this 
analysis.       

8.4.2.4 Federal Tax Incentives 
If the project was privately owned, it would be eligible for federal tax benefits.  Tax 
benefits come in the form of accelerated depreciation as well as tax credits.  Since 
cogeneration equipment qualifies for accelerated depreciation, it is possible for a private 
company to decrease the value of their taxable assets early in the asset’s lifetime.  In 
the economic analysis for the private development model, five year depreciation is used 
with a 50% year one bonus, as is currently available for renewable energy technology.  
The Investment Tax Credit (ITC), which can offset the capital investment of a renewable 
energy project by 30%, is also available to first-year project costs.  Alternatively, the 
Production Tax Credit (PTC), a Federal Tax Code provision for a tax credit equal to 
approximately 1.1 cents (as of 2009) per kWh produced by the system, is available.  
Either of the ITC or PTC may be selected and the pro forma includes the ITC, which is 
most advantageous for the project due to the high capital costs of the equipment for the 
amount of energy generated.  It is assumed that a private developer would have 
sufficient tax liability that the maximum tax benefits available to the project could be 
fully utilized or passed through to other related entities.  The impact of these incentives 
on the privately owned projects can be seen through inspection of the Cash Flow 
Analysis graphs on Table 8-11.  The initial spike in Leveraged Annual Cash Flow is the 
ITC.  The accelerated depreciation impacts the Leveraged Annual Cash Flow during years 
1 – 5, which can be seen on the graph as years with a less negative cash flow. 

In the State owned project scenario, the tax incentives described above are not 
applicable.   
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8.4.2.5 Financing 
The project will likely be mostly funded by the private developer through financing.  
Typically, renewable energy technology is eligible for moderate-cost financing for a long-
term loan.  We have assumed that the developer would finance 70% of the total project 
cost at 6.8% on a 20-year term.  For the State-owned project scenario, it was assumed 
that the State can bond at 2% over a 20 year term to fund 100% of the project. 

8.4.3 Ownership Model 
DES has indicated that there is no available capital for this project and that private 
developer ownership of the project may be necessary for implementation of the project.  
Therefore, the project ownership model primarily being considered is a privately-owned 
project where the state participates in a lease and/or PPA with the developer.   

Though many public-private project development agreements exist, the most common 
model is a PPA and/or long-term lease agreement.  The PPA, often a 20 year agreement, 
is a long-term contract between the State and the developer for the purchase of power 
or net metering credits.  Typically PPAs include a long-term lease agreement, whether 
monetary or not, between the State and the developer which would give the developer 
rights to construct and operate the cogeneration project on State land.  The State has 
the opportunity to maximize revenue through negotiation of a low long-term purchase 
price of the electricity.  In some cases, entities that prefer to have a more secure 
revenue stream from a project (not dependent on project performance), will accept a 
higher PPA rate, but receive an annual lease payment.  Under a private development 
model, the capital cost of the project, as well as operation and maintenance, would be 
assumed by the developer.  Revenue to the State is the savings, or cost difference, 
between the current per kWh rate (credited to the electricity bill) and the PPA rate (paid 
to the developer).  Revenue may also be recognized in the form of monthly lease 
payments to the State from the private developer, depending on the State’s negotiation 
of the agreement terms.  For the purpose of this analysis, a PPA only was assumed.   

In the State owned scenario, all costs and benefits are incurred by the State.       

8.4.4 Life-Cycle Analysis 
The economic analysis integrates the cost and revenue assumptions discussed above 
into a 20-year cash flow analysis to determine three critical financial indicators.  The 
cash flow analysis calculates the cost and revenues for every year, taking value 
escalation and debt payments into account.  From this 20-year cash flow analysis, it is 
possible to calculate the Internal Rate of Return (IRR), the Net Present Value (NPV), and 
the Payback Period of the project.  These are financial indicators commonly used in 
order to identify an optimal project investment.   

The economic analysis was completed from the perspective of the project owner, 
a private developer, to gauge the financial performance of the project.  Since 
DES would not own the project, the indicators on Table 8-11 are not applicable to DES.  
Revenue likely to be distributed to DES is derived from the financial indicators and 
reported separately on the Economic Analysis Summary, Table 8-9.   

In order to simulate a 20-year project life for a given scenario, several assumptions 
were made regarding the change in cost and revenue values over time.  Assumptions 
include:  

• Private ownership has sufficient tax liability to maximize tax benefits. 
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• The discount rate was assumed to be 5.0% based on typical cost of capital for a 
private entity and average inflation conditions.   Escalation of O&M costs was 
assumed to be 2.5%, typical for power generation equipment 

• The escalation of avoided cost (cost of electricity) was assumed to be 2.1%, as 
predicted in the US Energy Information Administration long term electricity price 
forecast to 2035, released December 2009.   

• Assumptions related to cost and revenue are described in Sections 8.4.1 and 
8.4.2 

The IRR shows the rate at which the project costs are recovered from the initial capital 
expenditure considering the net cash flow.  A project is generally acceptable if the IRR is 
greater than the cost of capital throughout the project.  IRR measures the quality of an 
investment (good or bad), but does not give direct information about the magnitude of 
good or bad the investment represents.  The NPV is one way to compare the potential 
profitability of each scenario.  It is the present value of all costs and revenues 
throughout the project’s lifetime.  If the NPV is greater than zero, the project is 
expected to earn a profit for the project owner.  The Discounted Payback Period 
represents the amount of years it will take for the cumulative revenue of the project to 
exceed the cumulative costs of the project.  The Payback Period is an indicator of the 
timeline on which a project will become profitable.  Generally, the payback period 
requirement depends on the developer.  If the project indicators are favorable, the 
cogeneration project is anticipated to have a beneficial financial return.  Refer to the 
“Project Indicators” section of Tables 8-10 and 8-11, attached at the end of this section.  

Note that each scenario is analyzed in both a leveraged (with financing) and 
unleveraged (no financing) case, to show the range of values for indicators depending 
on financing options, and to show the unleveraged payback period which is often used 
for comparison to other capital projects and which is not skewed by the low initial 
investment of a financed project.   

8.4.5 Economic Feasibility 
The economic analysis conducted according to the assumptions outlined above indicates 
that the installation of a cogeneration system at the Franklin WWTP is not economically 
feasible and would not result in energy cost savings for the facility.  Refer to Table 8-9, 
a summary of the economic analysis which shows critical project assumptions and the 
anticipated annual cash flow to the project owner and to the State.  Detailed 
assumptions and results of the Economic Analysis are attached at the end of this Section 
in Tables 8-10 and 8-11.   

Since DES does not have any capital funds available for project implementation, the 
project was modeled with a scenario where it would be owned by a private developer.  
From the developer’s perspective the project is viable.  Although the net present value 
of the project is moderate, the project also doesn’t constitute a high level of risk from a 
developer’s perspective since the facility and the fuel are very stable and the cost of the 
project is relatively low.  From the State’s perspective, involving a private developer 
reduces the financial risk of undertaking the project and also reduces the financial 
returns.  Considering that the State will also need to pay for the additional heating oil, 
the viability of this project is changed.  After heating oil purchase, the WWTP would not 
benefit from any annual energy cost savings from the project.     
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Economic feasibility of the project may be significantly improved through combination of 
this project with other WWTP improvements.  It is suggested that DES evaluate 
measures to reduce the heating requirement at the Admin/Operations building, 
particularly since the biogas production can generally meet the digester and digester 
building heating requirements, as is typical for this type of system.  Reduction in heating 
requirements at the Admin/Operations building will translate into a smaller fuel oil 
purchase, increasing the overall energy cost savings.  By working with a private 
developer, there may be an opportunity for DES to “bundle” the development of energy 
efficiency measures with the installation of a cogeneration system in an energy 
performance contract-type agreement.  In this type of agreement a part of the 
electricity cost savings from measures implemented are used to pay for the 
improvements, similar to a PPA agreement.  Other measures that can increase the 
viability of the project include increased mixing in the digesters and the addition of a 
catalyst to increase biogas production.  Although in-depth study of these measures was 
not completed, it is anticipated that biogas production would increase by implementing 
the cogeneration project.   

One potential renewable heating improvement that could complement the installation of 
a cogeneration system to meet the Admin/Operations building heating requirements is 
the installation of a heat pump on the effluent of the treatment plant.  This system 
would utilize the higher-than-ambient temperature of the effluent for heating buildings 
or processes.  These systems are currently being installed at many wastewater 
treatment facilities and are generally beneficial to facilities with a high heating load.    



Tighe&BondTABLE 8-9

Economic Analysis Summary

Franklin WWTP Economic Analysis Summary

DES Ownership Private Developer Ownership

System Rated Capacity (kW) 140 140

Ownership State of NH, DES Private Developer Ownership

Revenue Sources 100% Net Metered 100% Net Metered to WWTF; PPA 
with developer

Local and Federal Tax Requirements N/A 30% Federal

Incentives Utilized REC Sales REC Sales; ITC; Depreciation

Financing 20 year loan at 2.0% on 100% of 
Total Project Cost

20 year loan at 6.8% on 70% of 
Total Project Cost

Total Estimated Project Cost ($965,200) ($965,200)

Pro Forma Results

Annual Energy Production (MWh) 1,036 1,036

Net Present Value (Leveraged) ($395,817) $84,115 

Payback Period Base (Unleveraged) 21.3 9.4

Payback Period (Leveraged) 25.6 0.8

Project Annual Cash Flow (Year 1, Leveraged) ($37,076) $37,647 

Project Annual Cash Flow (20-year Average, Leveraged) ($14,473) $23,084 

Potential Annual Energy Cost Savings to the WWTP 
through PPA

- $47,159 

Fuel Oil Purchase Cost to the WWTP1 - ($82,187)

Total Estimated Cash Flow to the WWTP ($14,473) ($35,028)

1  Fuel oil purchase is included in the annual cash flow as an operations expense for State-owned scenarios. Based on purchase of 
33,000 gallons/year. 
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Tighe & Bond, Inc.

Table 8-10 Franklin WWTP Economic Analysis Summary
Financial Pro-Forma Franklin, NH
PROJECT SCENARIO - 140 kW Cogeneration State of NH, DES
Electrical Output Capacity (kW) 140 Discount Rate1 3.4%
Operation Commencement 12/31/2013 Local Tax (% on Profit) --%
Operation Duration 20 years Assumed Tax Rate --%
Annual Energy Production (kWh) 1,036,000 PTC or ITC N/A

Depreciation2 N/A

COSTS
Capital Costs3

Estimated Equipment Cost ($715,000)
Estimated Design & Engineering ($143,000)
Estimated Site Work and Construction ($107,200)
Other Cost $--

Subtotal Capital Costs ($965,200)
Investment Tax Credit/Grant4 $--
Grant5 $--

Total Capital Costs ($965,200)
Depreciable Basis (Subtotal - 0.5*ITC Grant) $--

Operating Costs $/yr6

Operation & Maintenance ($/yr) ($20,720)
Escalation 2.5%

Insurance (% on Equip. Cost) 0.30% $--
Additional Fuel Oil Purchase ($2.5/gal) ($82,187)

Total Operating Costs ($102,907)

REVENUE $/kWh $/yr6

Avoided Cost ($/kWh) $0.11 $109,319
PPA rate7 $-- $--

Escalation 2.1%
Percentage Avoided Cost8 100%

Initial REC Value ($/kWh)9 $0.015 $15,540
Escalation 2.1%

REPI Grant (Y1-Y10) $-- $--
Production Tax Credit (Y1-Y10) $-- $--
Investment Tax Credit (Y1)4 $--

Annual Revenue (Y1)6 $124,859

FINANCING
Total Capital Costs ($965,200)
Long Term Debt Size 100.0% ($965,200)
Rate 2.0%
Term 20
Bond Cost10 ($169,459)

Annual Bond Payment ($59,028)

PROJECT INDICATORS11

Leveraged 20-yr Unleveraged 20-yr
IRR N/A IRR (0.8%)
NPV ($395,817) NPV ($94,807)
Payback Period 25.61 Payback Period 21.29
1  Discount rate is an estimate of the Owner's current cost of capital.

3  Refer to Report for cost estimate information.
4  ITC is 30% of Subtotal Capital Costs and is not currently available.
5  No grant funding assumed.
6  Excludes escalation.
7  Discounted net metering credit rate to represent allocation to a non-owner entity; approximately wholesale rate. 

10  Net Present Value of interest payments.
11  N/A indicates: IRR<0, Payback Period>55.

2  Depreciation is 5-yr MACRS schedule with bonus 1st-year 50% depreciation.  It is assumed a private entity can fully utilize depreciation 
benefits.  Enter "N/A" for no depreciation.

8  Percentage of electricity generation that is net metered and allocated to the Owner's accounts, excludes generation sold at any discount 
from the net metering value.
9  The value was assumed to be the initial price for all years.  
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Tighe & Bond, Inc.

Table 8-11 Franklin WWTP Economic Analysis Summary
Financial Pro-Forma Franklin, NH
PROJECT SCENARIO - 140 kW Cogeneration Private Developer Ownership
Electrical Output Capacity (kW) 140 Discount Rate1 5.0%
Operation Commencement 12/31/2013 Local Tax (% on Profit) --%
Operation Duration 20 years Assumed Tax Rate 30.0%
Annual Energy Production (kWh) 1,036,000 PTC or ITC ITC

Depreciation2 5-year accelerated

COSTS
Capital Costs3

Estimated Equipment Cost ($715,000)
Estimated Design & Engineering ($143,000)
Estimated Site Work and Construction ($107,200)
Other Cost $--

Subtotal Capital Costs ($965,200)
Investment Tax Credit/Grant4 $--
Grant5 $--

Total Capital Costs ($965,200)
Depreciable Basis (Subtotal - 0.5*ITC Grant) ($965,200)

Operating Costs $/yr6

Operation & Maintenance ($/yr) ($20,720)
Escalation 2.5%

Insurance (% on Equip. Cost) 0.30% $--
Additional Fuel Oil Purchase $--

Total Operating Costs ($20,720)

REVENUE $/kWh $/yr6

Avoided Cost ($/kWh) $0.11 $--
PPA rate7 $0.06 $62,160

Escalation 2.1%
Percentage Avoided Cost8 --%

Initial REC Value ($/kWh)9 $0.015 $15,540
Escalation 2.1%

REPI Grant (Y1-Y10) $-- $--
Production Tax Credit (Y1-Y10) $-- $--
Investment Tax Credit (Y1)4 $289,560

Annual Revenue (Y1)6 $367,260

FINANCING
Total Capital Costs ($965,200)
Long Term Debt Size 70.0% ($675,640)
Rate 6.8%
Term 20
Bond Cost10 ($403,592)

Annual Bond Payment ($62,788)

PROJECT INDICATORS11

Leveraged 20-yr Unleveraged 20-yr
IRR 33.1% IRR 7.7%
NPV $84,115 NPV $557,474
Payback Period 0.82 Payback Period 9.39
1  Discount rate is an estimate of the Owner's current cost of capital.

3  Refer to Report for cost estimate information.
4  ITC is 30% of Subtotal Capital Costs and is not currently available.
5  No grant assumed.
6  Excludes escalation.
7  Discounted net metering credit rate to represent allocation to a non-owner entity; approximately wholesale rate. 

10  Net Present Value of interest payments.
11  N/A indicates: IRR<0, Payback Period>55.

2  Depreciation is 5-yr MACRS schedule with bonus 1st-year 50% depreciation.  It is assumed a private entity can fully utilize depreciation 
benefits.  Enter "N/A" for no depreciation.

8  Percentage of electricity generation that is net metered and allocated to the Owner's accounts, excludes generation sold at any discount 
from the net metering value.
9  The value was assumed to be the initial price for all years.  
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8.5 Recommendations 
It is concluded that implementation of a cogeneration system at the WWTP is feasible, 
technically, but there are some challenges to creating an economically feasible project, 
including the very large heating load at the Admin/Operations building.  

Technically, it is feasible to install a 140 kW cogeneration system, similar to the Tech 3 
system, in the area to the northwest of the secondary digesters.  The system could be 
electrically interconnected to the Thickened Sludge MCC and could qualify for net 
metering with PSNH to maximize energy cost savings.  Wastewater interconnections 
could be made to the 8” thickened sludge piping after leaving the thickened sludge 
pumps and biogas piping could interconnect to the biogas line coming from the 
secondary digesters.  DES should evaluate the pumping capacity available from the 
thickened sludge pumps and recirculation pumps, to verify that sludge could be 
transported to the ground-level heat exchanger unit.   

A 140 kW cogeneration system will generate a significant amount of the WWTP’s 
electricity load without exceeding it over a billing period or year, directly offsetting 
electricity costs through a reduction of the kilowatt-hours billed.  Also, the facility will 
produce sufficient thermal output to satisfy the majority of the digester and digester 
building heating load, as is anticipated for this type of installation.  However, pending 
improved heat requirement calculations, it is likely that the cogeneration system will 
provide the Admin/Operations building with less heat than is currently being provided, 
increasing oil purchases significantly and not resulting in an overall energy and GHG-
savings improvement.  It is recommended that DES evaluate ways to reduce the heating 
requirement, particularly at the Admin/Operations building prior to continued project 
development.  Also, it is recommended that the heating requirements of the 
Admin/Operations building be confirmed via an energy audit, or similar evaluation.  

The cogeneration system will have very little environmental impact and air quality 
reporting requirements will increase, but not significantly beyond what is currently 
required for the boiler/heat exchanger units.   

Economically, the 140 kW cogeneration system is not viable when owned by DES due to 
the additional cost of heating the Admin/Operations building with fuel oil. Since DES 
does not have any capital funds available for project implementation, the project was 
modeled with a scenario where it would be owned by a private developer.    From the 
developer’s perspective the project is viable due to the tax incentives that effectively 
reduce the project cost for a private entity.  Although the net present value of the 
project is moderate, the project also doesn’t constitute a high level of risk from a 
developer’s perspective since the facility and the fuel are very stable and the cost of the 
project is relatively low.  From the State’s perspective in this scenario, involving a 
private developer reduces the financial risk of undertaking the project and also reduces 
the financial returns.  Considering that the state will also need to pay for the additional 
heating oil, the project is not viable.  After heating oil purchase, the WWTP would not 
benefit from net energy cost or GHG savings from the project.  

Reduction of the heat load in the Admin/Operations building would directly improve 
project economics, since fuel oil purchase could be reduced.  Since NH is currently 
developing regulations to implement an RPS for thermal energy, a heating technology, 
such as a heat pump on the process effluent, may generate significant energy savings 
for the WWTP as well as generate revenue, although modest, from the RPS.  Regardless 
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of incentives, effluent heat pump technology is growing in the industry and has been 
shown to be particularly beneficial in cases where there is a large heating load on site, 
such as at the Admin/Operations building.  Other measures that may be taken to 
improve the performance of the project and increase energy cost savings to DES include 
additional mixing of the digesters and the addition of a catalyst, to increase biogas 
production from the sludge.  While this study provides an overview of the total heat 
requirement at the WWTP, the heating requirement estimate could be further improved 
through multi-year measurement of oil use and heating equipment run-times, as well as 
recording of equipment run-times in the summer months.  Further analysis of the 
heating requirement could reduce the uncertainty of potential fuel oil requirements.    It 
is also noted that the anaerobic digestion system is aging and the major components of 
the current system have not been the subject of major upgrades.  Additional revenue to 
the WWTP could help to offset the eventual cost of digester retrofit. 

Some of these tasks may require more due diligence on the part of DES staff.  However, 
some tasks may also be undertaken by a developer as a part of project development, 
particularly if an energy performance contract-type arrangement where the developer is 
also evaluating the reduction of the heating requirements at the Admin/Operations 
building is pursued.     

To proceed with the project, it is recommended that the State issue an RFP or RFQ for 
services of a developer to undertake the project.  This study and the related data will be 
a useful attachment to such an RFP or RFQ.  It is advised that DES include managing the 
Admin/Operations building heating in the RFP, RFQ or subsequent agreements in order 
to avoid a scenario where there is a successful cogeneration project, but the portion of 
the energy savings revenue to DES is not sufficient to cover the cost of additional oil 
purchase.     
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Design Memorandum W-9/W-10 
 
Subject: Digester Gas Evaluation and Cogeneration Alternatives Evaluation 
 
Project: WRBP Phase II Improvements 
  Franklin WWTF  
 
By: Kelly Saikkonen 
 
Date: November 13, 2009 

This Design Memorandum summarizes estimates of biogas quantities prepared based on 
digester gas meter readings and sludge production data, biogas quality based on laboratory 
analysis of digester gas samples, an evaluation of cogeneration (cogen) technologies suitable 
for wastewater applications and preliminary recommendations for a cogen system at the 
Franklin Wastewater Treatment Facility (WWTF).  The purpose of this evaluation is to 
identify the most suitable cogen technology to beneficially use the digester biogas, producing 
power and heat for use onsite, and to develop a probable cost estimate for the recommended 
technology.  
 
Background 
At the WWTF, solids from the primary clarifiers, secondary clarifiers and septage receiving 
station are thickened in gravity thickeners. Thickened sludge is pumped from each thickener 
to a common header which feeds the anaerobic digesters.  The WWTF has two parallel 
digester trains, each consisting of a primary and secondary digester. Each primary digester is 
equipped with a floating cover, gas collection system and sludge heaters to maintain the 
digester operating temperature.  Typically, from July to January, both digester trains are 
online due to increased septage volume received at the WWTF, while from February to June, 
only one digester train is typically online due to decreased septage volume. In this Design 
Memorandum, sludge volumes and characteristics are based on the existing solids handling 
train and plant operating data.  

The primary digesters are used for anaerobic digestion, while the unheated, unmixed 
secondary digesters are used to store biogas and digested biosolids prior to dewatering.   
Currently, biogas produced during the digestion process is used to heat the digesters and 
Operations Building.   Fuel oil is used as a supplemental fuel when there is not enough 
digester biogas to heat the digesters and/or the Operations Buildings.   In the summer, when 
the digesters require less heat and the Operations Building is not heated, a portion of the 
biogas is flared.  
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Biogas Quantity 
The Franklin WWTF does not have reliable historic data regarding the quantity of digester 
gas produced. In Design Memorandum W-8, CDM recommended the installation of new, 
thermal mass dispersion flow meters on the gas header of each primary digester and on the 
waste gas flare, to replace the non-functioning vortex gas flow meters.  In early summer 2009, 
a new flow meter was installed on the biogas header from primary digester #2.  Two 
additional biogas flow meters were ordered for installation on the biogas header from 
primary digester #1 and on the waste gas flare line in the fall/winter of 2009.   
 
Based on the meter readings recoded by plant personnel since installation of the new meter 
on primary digester #2, an average of approximately 33 standard cubic feet per minute 
(SCFM) of digester biogas is being produced by primary digester #2.   According to plant 
data, when both primary digesters are online, they are each fed approximately 50% of the 
flow from the gravity thickeners.  Thus, a reasonable estimate of average daily biogas 
production, for the purposes of this alternatives evaluation, is approximately 65 SCFM.  
 
To determine if the new biogas flow meter is operating as expected, the WWTF’s thickened 
sludge data was reviewed and average biogas production estimated by calendar month, as 
summarized in Tables 1 and 2. Volatile solids reduction of 50-55% is typical in a standard 
anaerobic digester with a solids retention time (SRT) of 15-20 days. However, because the SRT 
at Franklin is much longer (30-40 days), the percent of volatile solids destroyed is higher, 
averaging around 65%.  
 

Table 1, Thickened Sludge to Digesters, Based on Plant Operating Data 

  

Thickened Sludge to 
Digesters 

 Pounds/Day (Average) 
Pounds/Day VSS 

to Digester(1) 
Pounds/Day VSS 

Destroyed (2) 
Month (2005-2008)      
January 8,698 7,394 4,806 
February 6,641 5,645 3,669 
March 8,634 7,339 4,770 
April 9,648 8,201 5,331 
May 10,885 9,252 6,014 
June 11,454 9,736 6,329 
July 11,808 10,037 6,524 
August 12,682 10,780 7,007 
September 13,062 11,102 7,217 
October 14,347 12,195 7,927 
November 13,643 11,597 7,538 
December 10,714 9,107 5,920 

1) VSS to TSS ratio typically .85, based on plant operating data 
2) 65% of volatile solids destroyed in digester, based on plant operating data 
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Table 2, Estimated Biogas Production 

 

ft3/Day of 
Biogas 

Produced (1) 
ft3/Minute of Biogas 

Produced 

Energy Value of 
Biogas (MBTU/hr) 

(2) 
Month (2005-2008)    

January 72,087 50 1.80 
February 55,036 40 1.44 

March 71,554 50 1.79 
April 79,959 56 2.00 
May 90,207 63 2.26 
June 94,928 66 2.37 
July 97,859 68 2.45 

August 105,102 73 2.63 
September 108,249 75 2.71 

October 118,899 85 3.06 
November 113,068 79 2.83 
December 88,795 62 2.22 
Average 91,312 65 2.34 

Minimum 55,036 40 1.38 
Maximum 118,899 85 3.06 

 
1) Assumes that 15 ft3 of biogas is produced per pound of VSS destroyed 
2) Approximately energy value of biogas is 600 BTU/ft3 based on biogas sampling data. 

MBTU/hr stands for million BTUs per hour.  
 

Biogas production estimates from plant solids processing data are reasonably consistent with 
the biogas metering data for average daily flow.  For the purpose of this preliminary 
evaluation, because of the limited metering data recorded thus far, estimates for minimum 
and maximum month biogas production are based on plant sludge production operating data 
and are estimated to be approximately 40 SCFM and 85 SCFM, respectively.    
 
Biogas Quality 
In January 2008, November 2008, January 2009 and May 2009, biogas samples were taken 
from the biogas headers on the primary digesters and analyzed by a contracted laboratory. 
The results are summarized in Table 3.  See Attachment A for the laboratory data.  
 
As municipal digester biogas is typically 55%-65% methane, it is recommended that an 
additional biogas sample be taken during preliminary design, as several of the samples 
yielded results above or below this range.  This parameter is important because the energy 
value of the biogas correlates with the amount of methane in the biogas.  Additionally, it is 
recommended that another sample be tested for hydrogen sulfide (H2S), as the results from 
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the samples collected vary widely (15 - 3,000 ppm).  Hydrogen sulfide is corrosive and may 
damage cogen equipment if not removed upstream of the cogen system.   The results for 
siloxanes are consistent and within the expected range for municipal wastewater.  
 
Due to the inconsistencies in the existing sampling data and because the composition of 
biogas may vary over time based on a number of parameters (sludge composition, digester 
feed rate, solids residence time), it is recommended that an additional sample be collected and 
analyzed prior to the design phase of the project.  For the purpose of this study, the results 
from the sampling events are adequate to make preliminary cogen system recommendations.  
 

Table 3, Laboratory Analysis Results for Major Biogas Constituent Parameters 

Constituent 
1-31-08 

(Sample 
1) 

1-31-08 
(Sample 2) 

11-17-08 
(Sample 1) 

11-17-08 
(Sample 

2) 

1-13-09 
(Sample 

1) 

1-13-09 
(Sample 2) 

5-5-09 
(Sample 

1) 

5-5-09 
(Sample 2) 

Methane % 55 46 59 59 67 69 68 65 
Hydrogen 

Sulfide 
(ppm) 

19 15 1,700 750 1900  3000  

Siloxanes 
(ppm)   2.35 1.93 2.11 2.03 3.80 5.90 

 
Preliminary Basis of Design 
Based on biogas meter data, estimated biogas production from plant operating data and 
biogas sampling, Table 4 summarizes the recommended values used as a preliminary basis of 
design for the cogeneration system.  The basis of design may change if any modifications are 
made to the WWTF’s existing solids handling train.  
 

Table 4, Preliminary Basis of Design 
Parameter Description 

Biogas Production, Average 65 SCFM 
Energy Value of Biogas, Average, MMBTU/hr 2.34 
Biogas Production, Minimum Month 40 SCFM 
Energy Value of Biogas, Minimum Month, MMBTU/hr 1.44 
Biogas Production, Maximum Month 85 SCFM 
Energy Value of Biogas, Maximum Month, MMBTU/hr 3.06 
Methane Content of Biogas, % 60 
Heating Value of Biogas  600 BTU/ft3 
Hydrogen Sulfide Concentration in Biogas 750-3,000 ppm 
Siloxanes Concentration in Biogas 2-6 ppm 
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Beneficial Use of Digester Gas 
The purpose of this preliminary evaluation is to identify a system which best utilizes the 
digester biogas and provides the most cost benefit to the WWTF. 
System design considerations include:  

• Fluctuation of biogas production, mainly due to changes in the volume of septage 
received throughout the year; 

• The optimum use of biogas (i.e. minimize biogas flared) 

• Consideration of digester and Operations Building heating needs and minimize 
purchase of supplemental fuel oil to heat digester and Operations Building.  

In cogen systems, which produce heat and power, the electricity generated is typically used 
onsite to offset power purchased from the grid, while recoverable heat is used for digester 
and facility heating.  In the majority of cogen systems, all the biogas produced by anaerobic 
digestion in used in cogen and the recoverable heat from the system is reclaimed.    If 
additional heating is required beyond what the cogen system provides, a supplementary fuel 
boiler is used to provide additional heating.  
 
Currently, microturbines and reciprocating engines are the cogen technologies with the most 
operating installations utilizing municipal digester biogas.   Around the country, there are 
also several installations of fuel cells operating on digester biogas;  however, due to the high 
capital cost of fuel cells and the extensive biogas cleaning required to prevent the fouling of 
the fuel cell catalyst, fuel cells are typically not cost competitive with other cogen 
technologies.  
 
Stirling engines that utilize digester biogas are considered an emerging technology.  CDM 
identified only one operating installation of a Stirling engine that operates on digester biogas.  
The Stirling engine project, located in Helena Montana, includes two direct-biogas fired 
Stirling engines for a combined heat and power output of approximately 86 kW and 1MBTIs 
of heat for the digesters.   
 
To date, one Stirling engine has been installed and the owner has noted several operational 
issues with the engine.  The Stirling engine manufacturer states that one of the advantages of 
the Stirling engine over other cogen technologies is that siloxanes removal upstream of the 
engine is not necessary. However, during operation of the existing engine in Helena, the 
owner noticed that siloxanes are building up in the engine’s external combustion chamber. 
Although the siloxanes do not damage the engine, the engine has been taken offline several 
times to remove the siloxanes from the combustion chamber.  
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As such, due to the high cost of fuel cells and the limited number of operating installations of 
Stirling engine systems, this evaluation will consider cogen applications using microturbines 
and reciprocating engines.   
 
Typically, cogen systems are sized to operate on average daily biogas flow with consideration 
taken for minimum and maximum month conditions.  Additional units may be added for 
redundancy or to operate at peak conditions.  
 
Current Biogas Usage at the WWTF 
Currently, biogas is used in two boilers at the WWTF.  Each boiler is dual fuel (biogas and 
fuel oil) and one boiler is used to heat the two primary digesters and the other used to heat 
the Operations Building.  Based on the name plate data from the Operations Building boiler, 
the boiler consumes a maximum of approximately 2.25 MMBTU/hr, while the boiler used to 
heat the digesters is rated to consume a maximum of approximately 1.5 MMBTU/hr.  
 
Because the amount of biogas and fuel oil used in the boiler to heat the digesters is not 
metered, the digester heating needs are estimated based on theoretical values for the purpose 
of this evaluation.   Heating requirements are estimated for the “worst case” scenarios when 
heat demands are expected to be the highest: maximum solids loading to the digester and the 
coldest month of the year. 
 
Based on plant operations data, the average daily solids loading to the digesters is highest in 
October and according to HVAC design data from the 2009 Plumbing Code, January is the 
coldest month of the year in New Hampshire.  
 
Typically, both primary digesters are online from July – January, while only one digester is 
online from February – June. The primary digesters are in-ground, with a side wall depth of 
28 feet and a diameter of 60 feet.  The covers are made of steel and are not insulated.   Digester 
heating requirement estimates are summarized in Table 5.  See Attachment B for the digester 
heat requirement calculations. 
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Table 5, Estimated Digester Heating Requirements, “Worst Case” Scenarios 

  October January 
Initial Sludge Temp (F) 55 50 
Ambient Temp (F) 45 -1 
Desired Sludge Temp (F) 100 100 
Sludge Flow (Gal/day) to each digester 27,500 14,500 
Sludge Flow (Gal/hr) to each digester 1,150 600 

Heat Requirements and Heat Loss Estimates 
Heat Required for Sludge (BTU/hr) 430,000 252,000 
Roof Heat Loss (BTU/hr) 109,000 200,000 
Wall Heat Loss Above Ground (BTU/hr) 26,000 47,000 
Wall Heat Loss Below Ground (BTU/hr) 49,000 90,000 
Heat Lost Through Floor (BTU/hr) 78,000 144,000 

Estimated Digester Heat Input Requirements 
Total Heat (MMBTU/hr) Per Digester 0.69 0.73 
Total Heat (MMBTU/day) Both 
Digesters 1.38 1.47 

 
Because there are no meters on the Operations Building boiler and the number of hours the 
boiler operates per day is not recorded, it is difficult to accurately estimate the thermal loads 
of the Operations Building in the winter.  The maximum amount of heat the boiler provides, 
based on nameplate data, is 2.5 MMBTU/hr. However, the boiler cycles on and off as heat is 
required. As such, the thermal needs of the building may not be 2.5 MMBTU/hr.  During 
design, it is recommended that the heating needs of the Operations Building be estimated 
theoretically or a meter be installed to record boiler run times.   
 
Utilizing Biogas in Cogeneration: Microturbines 
Microturbines are small electricity generators that burn gaseous fuels to create high-speed 
rotation that turns an electrical generator to produce power.   The electrical output for 
microturbines available commercially ranges from 30 to 250 kilowatts (kW).  Because the 30 
kW microturbine does not have an integral heat exchanger and is not UL listed, it is not a 
recommended technology and will not be evaluated.  For digester biogas applications, 60 kW 
and 250 kW microturbines are commercially available and are evaluated.  
 
Table 6 summarizes the amount of power and heat produced if the biogas is utilized in the 
microturbine system, at average day conditions.   Recoverable heat from the microturbines, as 
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well as biogas not used in cogeneration, may be used to heat the digesters and Operations 
Building.   
 

Table 6, Utilizing Biogas in Microturbine Application 

 
For the purpose of this evaluation, a parasitic load of 15% is assumed.  The parasitic load is 
the power used by the cogen system itself.  A large part of the parasitic load is used for 
compression, as microturbines typically require biogas pressurized to 60 psi. For example, a 
65 kW unit will produce 55 kW assuming 15% of the power produced is consumed by the 
parasitic load of the equipment used to operate the cogen system.  
 
Based on average gas production, there is enough biogas produced to operate three, 65 kW 
microturbines but not enough to operate one, 250 kW microturbine.  At minimum month 
conditions, when approximately 1.44MMBTU/hr is available, one, 65 kW may operate at full 
load and a second one at 80% load. At maximum month conditions, when approximately 3.06 
MMBTU/hr is available, one, 250 kW or four, 65 kW microturbines may operate at full load. 
Table 7 summarizes the heating needs of the digester system versus the amount of 
recoverable heat from the microturbine system at average day conditions.   Based on this 
evaluation, the amount of recoverable heat from the 65 kW microturbine system closely 
matches the heat demands of the digesters.  During periods of high solids loading to the 
digester or on very cold days, it is likely that supplemental fuel oil is required to provide 
additional heating for the digesters. Because there is not enough waste heat from the cogen 
system to heat the Operations Building as well as the digesters, supplemental fuel oil is 
needed to heat the Operations Building.  
 

 
 
 

Average Biogas 
Production 

(MMBTU/hr) 

Energy Input 
Per 

Microturbine 
(MMBTU/hr) 

Number 
of Units 

Net 
Electrical 
Output 

(Output – 
Parasitic 

Load) (kW) 

Recoverable 
Heat from 

Microturbines 
(MMBTU/hr) 

Energy Used 
in 

Cogeneration 
(MMBTU/hr) 

Energy 
Remaining 

from Biogas 
Not Used in 

Cogen 
(MMBTU/hr) 

Microturbine Rating: 65 kW 

2.34 0.765 3 170 1.27 
 2.30 0.05 

Microturbine Rating: 250 kW 

2.34 2.94 <1 170 0.96 2.34 0.00 



 
 
Design Memoranda W-9/W-10 
November 9, 2009 
Page 9 

 

Table 7, Digester Heating Needs vs. Heat from Microturbine System 

 
 
Utilizing Biogas in Cogeneration: Reciprocating Engines 
Reciprocating internal combustion engines are a widespread and established technology.  
Reciprocating engines are available for power generation applications in sizes ranging from a 
70 kW to over 5 MW.   Reciprocating engine technology has improved over the past few 
decades, driven by economics, environmental regulations, increased fuel efficiency and 
reduced emissions.   Table 8 summarizes the amount of power and heat produced if the 
biogas is utilized in a reciprocating engine.   Recoverable heat from the engine, as well as 
excess biogas not used in the engine, may be used to heat the digester and Operations 
Building.  The engines included in this evaluation utilize low pressure biogas (2-5 psi). As 
such, the parasitic load is less than that of microturbines, typically around 5%.  
 

Table 8, Utilizing Biogas in Engine Application 

  Average Day 
  October January 

Digester Heating Needs (MMBTU/hr) 1.38 1.47 

Energy Available for Heating with 65 kW 
System 1.32 1.32 

Energy Available for Heating with 250 kW 
System 0.96 0.96 

Average  
Biogas 

Production 
(MMBTU/hr) 

Rated Energy 
Input Per 

Engine 
(MMBTU/hr) 

Number of 
Units 

Net Electrical 
Output (Output 
– Parasitic Load) 

(kW 

Recoverable Heat 
from Units 

(MMBTU/hr) 

Energy Used 
in 

Cogeneration 
(MMBTU/hr) 

Energy 
Remaining 

from Biogas 
Not Used in 

Cogen 
(MMBTU/hr) 

Reciprocating Engine Size: 140 kW 

2.34 1.26 

1 at Full 
Load, 1 at 
85% Load 246 1.40 2.34 0 

Reciprocating Engine Size: 220 kW 
2.34 2.11 1 210 1.07 2.11 0.23 

Reciprocating Engine Size: 280 kW 

2.34 2.60 
1 at 90% 

load 240 1.17 2.34 0 
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Based on average daily gas production, there is enough biogas produced to operate two, 140 
kW engines (1 running at full load, the other at 85% load), one 220 kW engine at full load or 
one, 280 kW engine at 90% load.  At minimum month conditions, when approximately 1.44 
MMBTU/hr is available one, 140 kW may operate at full load. At maximum month 
conditions, when approximately 3.06 MMBTU/hr is available, both 140 kW engines and the 
280 kW engine may operate at full load.  
 
The heating needs of the digester system versus the amount of available heat from the engine 
systems are summarized in Table 9.   Based on this evaluation, the 140 kW system provides 
enough waste heat to meet the thermal needs of the digester in October, while it is likely that 
supplemental fuel is required on the coldest days of the year (typically in January).  As with 
the microturbine system, there is not enough waste heat from the engines to meet the thermal 
demands of the Operations Building and the purchase of fuel oil is required.  

 
Table 9, Digester Heating Needs vs. Heat from Engine 

 
 
 
 
 
 
 
 
 
 
 
Biogas Treatment 
Based on the biogas quality data, it is very likely that siloxane removal will be necessary 
upstream of the microturbines or reciprocation engine.  Although the fuel gas quality 
requirements vary among manufacturers, for concentrations above 3 ppm, siloxane removal 
is typically required.  When biogas is combusted in engines, siloxanes form silica and build 
up on engine pistons and cylinder heads.  This silica buildup causes wear and tear on the 
engine and requires a high level of maintenance to remove.  In microturbines, siloxanes 
typically form deposits on the recuperator and cause abrasion of impeller blades. Activated 
carbon is used to remove siloxanes from the biogas upstream of cogen systems.  
 

  Average Day 
  October January 

Digester Heating Required  1.38 1.47 

Energy Available for Heating with 
140 kW System 1.40 1.40 

Energy Available for Heating with 
220 kW System 1.30 1.30 

Energy Available for Heating with 
280 kW System 1.17 1.17 
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For hydrogen sulfide, the upper limits for reciprocating engines and microturbines are 
typically 700 ppm and 5,000 ppm respectively.  However, as hydrogen sulfide quickly fouls 
siloxane removal media, hydrogen sulfide removal is typically recommended prior to 
siloxane removal for hydrogen sulfide levels over 500 ppm.  Hydrogen sulfide is typically 
removed using iron impregnated wood chips (“iron sponge” media).  
 
Based on the biogas sample data, it is likely that both hydrogen sulfide and siloxane removal 
are necessary for either a cogen system utilizing reciprocating engines or microturbines.   
 
Interconnection with Plant Electrical System 
As documented in Design Memorandum E-5, a new switchgear is recommended as part of 
the plant’s capital improvements program, having a tie in arrangement with the utility power 
source on one bus and the new standby generator on the other bus.  The cogen system would 
tie into this new switchgear.  New MCCs for the cogen system are required and may be 
located in a walk in enclosure in close proximity to the cogen system.  The owner and CDM 
met with the utility to discuss this project and will continue to coordinate with the utility as 
the project moves forward.  
 
Preliminary Recommendations for Cogeneration System 
The recommended “best fit” technology for cogeneration at the Franklin WWTF is 
reciprocating engines over microturbines because reciprocating engines have higher electrical 
efficiency and require less parasitic load than microturbines.  From a cost perspective, the 
capital cost of microturbines is approximately 20% higher than reciprocating engines.  
 
Also, although microturbines are an established technology, the number of operating cogen 
installations utilizing engines is greater than microturbines.  From the estimates of biogas 
available, the preliminary cogeneration system recommendation is two, 140 kW reciprocating 
engines based on the following considerations: 
 

 At average day conditions, enough biogas is available to operate both engines, one at full 
load and the other at 85% load, 

 
 At minimum month conditions, enough biogas is available to operate one, 140 kW engine 

at full load, 
 

 At maximum month conditions, enough biogas is produced to operate both engines at 
100% load.  Remaining biogas may be used to heat Operations Building in the winter. 

 
Two, smaller engines are recommended over one larger unit because a reciprocating engine 
typically cannot be turned down below 60%.  At minimum month conditions, there is not 
enough biogas available to run the 280 kW unit and the engine would have to be turned off    
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To ensure optimal performance of the engines and reduce maintenance costs, it is 
recommended that hydrogen sulfide and siloxane removal be included as part of the cogen 
system. 
 
From Design Memorandum E-3, the load analysis for maximum plant running load requires 
approximately 1,200 kW.  The cogen system, producing 246 kW, would offset approximately 
20% of the power purchased from the utility at maximum plant running load conditions.  
From the WWTF’s utility bills, the average plant running load is approximately 500 kW.  As 
such, the cogen system would offset approximately 50% of the power purchased from the 
utility at average plant load conditions.  
 
Currently, the WWFT purchases power from the utility at $0.12/kWh.  With the cogen system 
producing an average of 246 kW and operating 8,000 hour/year, the electricity produced has 
a value of approximately $240,000/year.  It is anticipated that the cost of electricity will 
escalate in the future, increasing the value of electricity produced.  
 
Capital, Installation and Life Cycle Analysis 
For the recommended cogen system, vendors were identified and technical and budgetary 
information was requested.  Table 10 summarizes the estimated capital cost of the cogen 
equipment for the recommended system. All costs are presented in 2009 dollars.  
 

Table 10, Estimated Capital Cost of Equipment 
2, 140 kW reciprocating engines $440,000 
Biogas Treatment Skid $350,000 

 

The total estimated project construction cost, estimated to be approximately $2,560,000, 
includes construction of the cogen system, project contingency and engineering and 
administration costs.  

A life cycle analysis for the cogen system is given in Table 11.  This life cycle analysis 
considers a project implemented with a tradition design/bid/build approach with Franklin 
funding the cost of the project.  Grants, outside funding or incentives are not included in this 
analysis. Cost of borrowed money is based on total estimated project construction costs.  
Annual operating costs are based on vendor information and CDM project experience. Cost of 
borrowed money is calculated assuming a 4% interest rate for 20 years.  
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Table 11, Life Cycle Analysis 
Capital Cost of Equipment $790,000 
Estimated Installation Cost $237,000 
Estimated Annual Operating Costs   

Media Changout1 $30,000 
Engine Maintenance2 $26,000 

Total Estimated Project Construction Cost  $2,560,000 
Annual Cost of Borrowed Money $195,000 
Estimated Annual O&M Costs $56,000 
Estimated Total Annual Cost $245,000 

 
1) Estimated that media replacement and labor costs approximately $30,000 annually 
2) Engine maintenance cost based on $0.013/kW-hour, cogeneration system operating 

8,000 hours per year.  
  
Without considering grants, outside sources of funding or increases in the value of the 
electricity generated by the cogen system, it is estimated that the project “breaks even” over a 
20 year period. To make the project more economically attractive, it is recommended that 
potential grants and funding sources be identified and pursued to help offset the capital and 
O&M costs of the cogen system.  
 
Items for Design 
Equipment sizing and design should be revisited during the preliminary design phase of the 
cogeneration system, based on most recent plant data. The following recommendations are 
made: 

 Collect an additional biogas sample during preliminary design to determine if the design 
values of the major biogas constituents (methane, hydrogen sulfide, and siloxanes) should 
be modified.  
 

 Install biogas flow meters on the gas header on primary digester number 1 and on the 
waste gas burner and collect long-term gas quantity data.  

 
 Determine heat loads of Operations Building and cost of supplemental fuel required to 

heat the building, as it is unlikely that the recoverable heat from the cogeneration system 
will meet the thermal needs of the building.   This may be done by installing a meter to 
record boiler run times or by performing a theoretical heat load analysis of the building.  

 
 Revisit the technical and economic viability of utilizing fuel cells or Stirling engines for 

cogeneration based on advancements made between the time of this evaluation and 
design. 
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 Continue to engage the utility to coordinate interconnection of the cogen system to the 

plant distribution system.   
 

 Identify a suitable location on-site for the cogen system, gas treatment skid and the walk 
in enclosure to house the MCCs.  

 
 Identify potential implementation options, such as grants, incentives and low or zero 

interest loans, which may benefit the overall feasibility of the project in terms of initial 
capital funding and O&M responsibility.  To implement the project, there are several 
options: design/bid/build, design/build or energy service contracts (ESCs).  With ESCs, a 
private company typically arranges financing, designs, builds and operates the cogen 
system.  The company is then repaid over the term of the contract from the cost savings 
generated by the cogen system.  
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Project: Franklin, NH WWTP

Client Sample ID: 90675-15849

Collection Date: 1/31/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: California Power Partners, Inc

Lab Order: C0802004

Lab ID: C0802004-001A

DF

Centek Laboratories, LLC Date: 06-Feb-08

Tag Number:

FIXED GAS SERIES EPA METHOD 3C Analyst: RJP
Carbon dioxide 2/5/20081.00 % 135.8
Carbon Monoxide 2/5/20081.00 % 1ND
Methane 2/5/20081.00 % 155.3
Nitrogen 2/5/20081.00 % 12.66
Oxygen J 2/5/20081.00 % 10.780

LFG FOR HYDROGEN SULFIDE TO-LFG Analyst: RJP
Hydrogen Sulfide 2/5/2008 6:36:00 PM0 ppbV 119000
    TIC: 3-Hexanethiol, 3-ethyl- JN 2/5/2008 6:36:00 PM0 ppbV 194

LFG BY METHOD TO15 TO-15 Analyst: RJP
1,1,1-Trichloroethane 2/5/2008 6:36:00 PM50 ppbV 10ND
1,1,2,2-Tetrachloroethane 2/5/2008 6:36:00 PM50 ppbV 10ND
1,1,2-Trichloroethane 2/5/2008 6:36:00 PM50 ppbV 10ND
1,1-Dichloroethane 2/5/2008 6:36:00 PM50 ppbV 10ND
1,1-Dichloroethene 2/5/2008 6:36:00 PM50 ppbV 10ND
1,2,4-Trichlorobenzene 2/5/2008 6:36:00 PM50 ppbV 10ND
1,2,4-Trimethylbenzene J 2/5/2008 6:36:00 PM50 ppbV 1019
1,2-Dibromoethane 2/5/2008 6:36:00 PM50 ppbV 10ND
1,2-Dichlorobenzene 2/5/2008 6:36:00 PM50 ppbV 10ND
1,2-Dichloroethane 2/5/2008 6:36:00 PM50 ppbV 10ND
1,2-Dichloropropane 2/5/2008 6:36:00 PM50 ppbV 10ND
1,3,5-Trimethylbenzene J 2/5/2008 6:36:00 PM50 ppbV 1012
1,3-butadiene 2/5/2008 6:36:00 PM50 ppbV 10ND
1,3-Dichlorobenzene 2/5/2008 6:36:00 PM50 ppbV 10ND
1,4-Dichlorobenzene J 2/5/2008 6:36:00 PM50 ppbV 1018
1,4-Dioxane 2/5/2008 6:36:00 PM100 ppbV 10ND
2,2,4-trimethylpentane J 2/5/2008 6:36:00 PM50 ppbV 1020
4-ethyltoluene 2/5/2008 6:36:00 PM50 ppbV 10ND
Acetone 2/5/2008 6:36:00 PM100 ppbV 10700
Allyl chloride 2/5/2008 6:36:00 PM50 ppbV 10ND
Benzene J 2/5/2008 6:36:00 PM50 ppbV 1010
Benzyl chloride 2/5/2008 6:36:00 PM50 ppbV 10ND
Bromodichloromethane 2/5/2008 6:36:00 PM50 ppbV 10ND
Bromoform 2/5/2008 6:36:00 PM50 ppbV 10ND
Bromomethane 2/5/2008 6:36:00 PM50 ppbV 10ND
Carbon disulfide 2/5/2008 6:36:00 PM50 ppbV 10ND
Carbon tetrachloride 2/5/2008 6:36:00 PM50 ppbV 10ND
Chlorobenzene J 2/5/2008 6:36:00 PM50 ppbV 1018
Chloroethane 2/5/2008 6:36:00 PM50 ppbV 10ND
Chloroform 2/5/2008 6:36:00 PM50 ppbV 10ND

Qualifiers:   

Page 1 of 4

B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin, NH WWTP

Client Sample ID: 90675-15849

Collection Date: 1/31/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: California Power Partners, Inc

Lab Order: C0802004

Lab ID: C0802004-001A

DF

Centek Laboratories, LLC Date: 06-Feb-08

Tag Number:

LFG BY METHOD TO15 TO-15 Analyst: RJP
Chloromethane 2/5/2008 6:36:00 PM50 ppbV 10ND
cis-1,2-Dichloroethene J 2/5/2008 6:36:00 PM50 ppbV 1024
cis-1,3-Dichloropropene 2/5/2008 6:36:00 PM50 ppbV 10ND
Cyclohexane 2/5/2008 6:36:00 PM50 ppbV 10ND
Dibromochloromethane 2/5/2008 6:36:00 PM50 ppbV 10ND
Ethyl acetate 2/5/2008 6:36:00 PM100 ppbV 10ND
Ethylbenzene J 2/5/2008 6:36:00 PM50 ppbV 1039
Freon 11 2/5/2008 6:36:00 PM50 ppbV 10ND
Freon 113 2/5/2008 6:36:00 PM50 ppbV 10ND
Freon 114 2/5/2008 6:36:00 PM50 ppbV 10ND
Freon 12 2/5/2008 6:36:00 PM50 ppbV 10ND
Heptane 2/5/2008 6:36:00 PM50 ppbV 1081
Hexachloro-1,3-butadiene 2/5/2008 6:36:00 PM50 ppbV 10ND
Hexane 2/5/2008 6:36:00 PM50 ppbV 10340
Isopropyl alcohol 2/5/2008 6:36:00 PM50 ppbV 10ND
m&p-Xylene 2/5/2008 6:36:00 PM100 ppbV 10100
Methyl Butyl Ketone 2/5/2008 6:36:00 PM100 ppbV 10ND
Methyl Ethyl Ketone J 2/5/2008 6:36:00 PM100 ppbV 1075
Methyl Isobutyl Ketone 2/5/2008 6:36:00 PM100 ppbV 10ND
Methyl tert-butyl ether 2/5/2008 6:36:00 PM50 ppbV 1054
Methylene chloride J 2/5/2008 6:36:00 PM50 ppbV 1033
o-Xylene J 2/5/2008 6:36:00 PM50 ppbV 1029
Propylene 2/5/2008 6:36:00 PM50 ppbV 10ND
Styrene 2/5/2008 6:36:00 PM50 ppbV 10ND
Tetrachloroethylene J 2/5/2008 6:36:00 PM50 ppbV 1035
Tetrahydrofuran 2/5/2008 6:36:00 PM50 ppbV 10ND
Toluene 2/5/2008 6:36:00 PM50 ppbV 102500
trans-1,2-Dichloroethene 2/5/2008 6:36:00 PM50 ppbV 10ND
trans-1,3-Dichloropropene 2/5/2008 6:36:00 PM50 ppbV 10ND
Trichloroethene J 2/5/2008 6:36:00 PM50 ppbV 1025
Vinyl acetate 2/5/2008 6:36:00 PM50 ppbV 10ND
Vinyl Bromide 2/5/2008 6:36:00 PM50 ppbV 10ND
Vinyl chloride 2/5/2008 6:36:00 PM50 ppbV 10ND
    Surr: Bromofluorobenzene 2/5/2008 6:36:00 PM91.3-108 %REC 10103

Qualifiers:   

Page 2 of 4

B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin, NH WWTP

Client Sample ID: 90675-15843

Collection Date: 1/31/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: California Power Partners, Inc

Lab Order: C0802004

Lab ID: C0802004-002A

DF

Centek Laboratories, LLC Date: 06-Feb-08

Tag Number:

FIXED GAS SERIES EPA METHOD 3C Analyst: RJP
Carbon dioxide 2/5/20081.00 % 132.3
Carbon Monoxide 2/5/20081.00 % 1ND
Methane 2/5/20081.00 % 146.8
Nitrogen 2/5/20081.00 % 16.52
Oxygen 2/5/20081.00 % 11.81

LFG FOR HYDROGEN SULFIDE TO-LFG Analyst: RJP
Hydrogen Sulfide 2/5/2008 7:09:00 PM0 ppbV 115000
    TIC: 3-Hexanethiol, 3-ethyl- JN 2/5/2008 7:09:00 PM0 ppbV 123

LFG BY METHOD TO15 TO-15 Analyst: RJP
1,1,1-Trichloroethane 2/5/2008 7:09:00 PM50 ppbV 10ND
1,1,2,2-Tetrachloroethane 2/5/2008 7:09:00 PM50 ppbV 10ND
1,1,2-Trichloroethane 2/5/2008 7:09:00 PM50 ppbV 10ND
1,1-Dichloroethane 2/5/2008 7:09:00 PM50 ppbV 10ND
1,1-Dichloroethene 2/5/2008 7:09:00 PM50 ppbV 10ND
1,2,4-Trichlorobenzene 2/5/2008 7:09:00 PM50 ppbV 10ND
1,2,4-Trimethylbenzene 2/5/2008 7:09:00 PM50 ppbV 10ND
1,2-Dibromoethane 2/5/2008 7:09:00 PM50 ppbV 10ND
1,2-Dichlorobenzene 2/5/2008 7:09:00 PM50 ppbV 10ND
1,2-Dichloroethane 2/5/2008 7:09:00 PM50 ppbV 10ND
1,2-Dichloropropane 2/5/2008 7:09:00 PM50 ppbV 10ND
1,3,5-Trimethylbenzene 2/5/2008 7:09:00 PM50 ppbV 10ND
1,3-butadiene 2/5/2008 7:09:00 PM50 ppbV 10ND
1,3-Dichlorobenzene 2/5/2008 7:09:00 PM50 ppbV 10ND
1,4-Dichlorobenzene 2/5/2008 7:09:00 PM50 ppbV 10ND
1,4-Dioxane 2/5/2008 7:09:00 PM100 ppbV 10ND
2,2,4-trimethylpentane 2/5/2008 7:09:00 PM50 ppbV 10ND
4-ethyltoluene 2/5/2008 7:09:00 PM50 ppbV 10ND
Acetone 2/5/2008 7:09:00 PM100 ppbV 10120
Allyl chloride 2/5/2008 7:09:00 PM50 ppbV 10ND
Benzene 2/5/2008 7:09:00 PM50 ppbV 10ND
Benzyl chloride 2/5/2008 7:09:00 PM50 ppbV 10ND
Bromodichloromethane 2/5/2008 7:09:00 PM50 ppbV 10ND
Bromoform 2/5/2008 7:09:00 PM50 ppbV 10ND
Bromomethane 2/5/2008 7:09:00 PM50 ppbV 10ND
Carbon disulfide 2/5/2008 7:09:00 PM50 ppbV 10ND
Carbon tetrachloride 2/5/2008 7:09:00 PM50 ppbV 10ND
Chlorobenzene 2/5/2008 7:09:00 PM50 ppbV 10ND
Chloroethane 2/5/2008 7:09:00 PM50 ppbV 10ND
Chloroform 2/5/2008 7:09:00 PM50 ppbV 10ND

Qualifiers:   

Page 3 of 4

B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin, NH WWTP

Client Sample ID: 90675-15843

Collection Date: 1/31/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: California Power Partners, Inc

Lab Order: C0802004

Lab ID: C0802004-002A

DF

Centek Laboratories, LLC Date: 06-Feb-08

Tag Number:

LFG BY METHOD TO15 TO-15 Analyst: RJP
Chloromethane 2/5/2008 7:09:00 PM50 ppbV 10ND
cis-1,2-Dichloroethene J 2/5/2008 7:09:00 PM50 ppbV 1018
cis-1,3-Dichloropropene 2/5/2008 7:09:00 PM50 ppbV 10ND
Cyclohexane 2/5/2008 7:09:00 PM50 ppbV 10ND
Dibromochloromethane 2/5/2008 7:09:00 PM50 ppbV 10ND
Ethyl acetate 2/5/2008 7:09:00 PM100 ppbV 10ND
Ethylbenzene J 2/5/2008 7:09:00 PM50 ppbV 1015
Freon 11 2/5/2008 7:09:00 PM50 ppbV 10ND
Freon 113 2/5/2008 7:09:00 PM50 ppbV 10ND
Freon 114 2/5/2008 7:09:00 PM50 ppbV 10ND
Freon 12 2/5/2008 7:09:00 PM50 ppbV 10ND
Heptane J 2/5/2008 7:09:00 PM50 ppbV 1031
Hexachloro-1,3-butadiene 2/5/2008 7:09:00 PM50 ppbV 10ND
Hexane 2/5/2008 7:09:00 PM50 ppbV 10110
Isopropyl alcohol 2/5/2008 7:09:00 PM50 ppbV 10ND
m&p-Xylene J 2/5/2008 7:09:00 PM100 ppbV 1037
Methyl Butyl Ketone 2/5/2008 7:09:00 PM100 ppbV 10ND
Methyl Ethyl Ketone 2/5/2008 7:09:00 PM100 ppbV 10ND
Methyl Isobutyl Ketone 2/5/2008 7:09:00 PM100 ppbV 10ND
Methyl tert-butyl ether 2/5/2008 7:09:00 PM50 ppbV 10ND
Methylene chloride J 2/5/2008 7:09:00 PM50 ppbV 1021
o-Xylene J 2/5/2008 7:09:00 PM50 ppbV 1010
Propylene 2/5/2008 7:09:00 PM50 ppbV 10ND
Styrene 2/5/2008 7:09:00 PM50 ppbV 10ND
Tetrachloroethylene J 2/5/2008 7:09:00 PM50 ppbV 1015
Tetrahydrofuran 2/5/2008 7:09:00 PM50 ppbV 10ND
Toluene 2/5/2008 7:09:00 PM50 ppbV 10930
trans-1,2-Dichloroethene 2/5/2008 7:09:00 PM50 ppbV 10ND
trans-1,3-Dichloropropene 2/5/2008 7:09:00 PM50 ppbV 10ND
Trichloroethene J 2/5/2008 7:09:00 PM50 ppbV 1010
Vinyl acetate 2/5/2008 7:09:00 PM50 ppbV 10ND
Vinyl Bromide 2/5/2008 7:09:00 PM50 ppbV 10ND
Vinyl chloride 2/5/2008 7:09:00 PM50 ppbV 10ND
    Surr: Bromofluorobenzene 2/5/2008 7:09:00 PM91.3-108 %REC 10101

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWTP #1

Collection Date: 11/17/2008

Matrix:

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-001A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

FIXED GAS SERIES EPA METHOD 3C Analyst: LL
Carbon dioxide 11/18/20087.50 % 136.3
Carbon Monoxide 11/18/20081.00 % 1ND
Methane 11/18/20082.30 % 159.2
Nitrogen 11/18/20081.00 % 12.08
Oxygen J 11/18/20083.50 % 10.536

SILOXANE SERIES TO-15 Analyst: LL
Decamethylcyclopentasiloxane-D5 E 11/24/200820 ppbV 41600
Decamethyltetrasiloxane-L4 11/24/200820 ppbV 4ND
Hexamethylcyclotrisiloxane-D3 11/24/200820 ppbV 424
Hexamethyldisiloxane-L2 J 11/24/200820 ppbV 44.9
Octamethylcyclotetrasiloxane-D4 E 11/24/200820 ppbV 4710
Octamethyltrisiloxane-L3 J 11/24/200820 ppbV 416
    Surr: Bromofluorobenzene S 11/24/200870-130 %REC 4139
NOTES:
* Based on the chromatographic evidence, it appears that the contamination is from a fuel.
Surrogate recovery outside established limits.
E - Estimated value. The amount exceeds the linear working range of the instrument.

LFG FOR HYDROGEN SULFIDE TO-LFG Analyst: LL
Hydrogen Sulfide 11/25/20080 ppbV 4001700000

LFG FOR SULFUR SERIES TO-LFG Analyst: LL
    Surr: Bromofluorobenzene 11/24/200870-130 %REC 4121
    TIC: 1-Propanethiol JN 11/24/20080 ppbV 4200
    TIC: Ethanethiol JN 11/24/20080 ppbV 486
    TIC: Methanethiol JN 11/24/20080 ppbV 4410

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
1,1,1-Trichloroethane 11/24/200820 ppbV 4ND
1,1,2,2-Tetrachloroethane 11/24/200820 ppbV 4ND
1,1,2-Trichloroethane 11/24/200820 ppbV 4ND
1,1-Dichloroethane 11/24/200820 ppbV 4ND
1,1-Dichloroethene 11/24/200820 ppbV 4ND
1,2,4-Trichlorobenzene 11/24/200820 ppbV 4ND
1,2,4-Trimethylbenzene 11/24/200820 ppbV 489
1,2-Dibromoethane 11/24/200820 ppbV 4ND
1,2-Dichlorobenzene 11/24/200820 ppbV 4ND
1,2-Dichloroethane 11/24/200820 ppbV 4ND
1,2-Dichloropropane 11/24/200820 ppbV 4ND
1,3,5-Trimethylbenzene 11/24/200820 ppbV 448
1,3-butadiene 11/24/200820 ppbV 4ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWTP #1

Collection Date: 11/17/2008

Matrix:

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-001A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
1,3-Dichlorobenzene 11/24/200820 ppbV 4ND
1,4-Dichlorobenzene 11/24/200820 ppbV 4250
1,4-Dioxane 11/24/200840 ppbV 4ND
2,2,4-trimethylpentane 11/24/200820 ppbV 4150
4-ethyltoluene 11/24/200820 ppbV 429
Acetone 11/24/200840 ppbV 4ND
Allyl chloride 11/24/200820 ppbV 4ND
Benzene J 11/24/200820 ppbV 414
Benzyl chloride 11/24/200820 ppbV 4ND
Bromodichloromethane 11/24/200820 ppbV 4ND
Bromoform 11/24/200820 ppbV 4ND
Bromomethane 11/24/200820 ppbV 4ND
Carbon disulfide 11/24/200820 ppbV 4ND
Carbon tetrachloride 11/24/200820 ppbV 4ND
Chlorobenzene 11/24/200820 ppbV 4100
Chloroethane 11/24/200820 ppbV 4ND
Chloroform 11/24/200820 ppbV 4ND
Chloromethane 11/24/200820 ppbV 4ND
cis-1,2-Dichloroethene J 11/24/200820 ppbV 418
cis-1,3-Dichloropropene 11/24/200820 ppbV 4ND
Cyclohexane 11/24/200820 ppbV 421
Dibromochloromethane 11/24/200820 ppbV 4ND
Ethyl acetate 11/24/200840 ppbV 4ND
Ethylbenzene 11/24/200820 ppbV 454
Freon 11 11/24/200820 ppbV 4ND
Freon 113 11/24/200820 ppbV 4ND
Freon 114 11/24/200820 ppbV 4ND
Freon 12 11/24/200820 ppbV 4ND
Heptane 11/24/200820 ppbV 469
Hexachloro-1,3-butadiene 11/24/200820 ppbV 4ND
Hexane 11/24/200820 ppbV 4ND
Isopropyl alcohol 11/24/200820 ppbV 4ND
m&p-Xylene 11/24/200840 ppbV 4120
Methyl Butyl Ketone 11/24/200840 ppbV 4ND
Methyl Ethyl Ketone 11/24/200840 ppbV 4ND
Methyl Isobutyl Ketone 11/24/200840 ppbV 4ND
Methyl tert-butyl ether J 11/24/200820 ppbV 412
Methylene chloride 11/24/200820 ppbV 4ND
o-Xylene 11/24/200820 ppbV 442
Propylene 11/24/200820 ppbV 4ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWTP #1

Collection Date: 11/17/2008

Matrix:

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-001A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
Styrene 11/24/200820 ppbV 4ND
Tetrachloroethylene J 11/24/200820 ppbV 414
Tetrahydrofuran 11/24/200820 ppbV 4ND
Toluene E 11/24/2008 9:44:00 PM50 ppbV 1011000
trans-1,2-Dichloroethene 11/24/200820 ppbV 4ND
trans-1,3-Dichloropropene 11/24/200820 ppbV 4ND
Trichloroethene 11/24/200820 ppbV 4ND
Vinyl acetate 11/24/200820 ppbV 4ND
Vinyl Bromide 11/24/200820 ppbV 4ND
Vinyl chloride 11/24/200820 ppbV 4ND
    Surr: Bromofluorobenzene 11/24/200870-130 %REC 4121
    TIC: .alpha.-Pinene JN 11/24/20080 ppbV 41500
    TIC: 1-Iodo-2-methylnonane JN 11/24/20080 ppbV 41200
    TIC: 1-
Methyldecahydronaphthalene

JN 11/24/20080 ppbV 4530

    TIC: 1-Propene, 2-methyl- JN 11/24/20080 ppbV 4700
    TIC: 1H-Indene, 1-ethyloctahydro-
7a-met

JN 11/24/20080 ppbV 4160

    TIC: 2,2,7,7-Tetramethyloctane JN 11/24/20080 ppbV 42400
    TIC: 2-Octene, 3,7-dimethyl-, (Z)- JN 11/24/20080 ppbV 42300
    TIC: 4-Octene, 2,6-dimethyl-, [S-
(E)]-

JN 11/24/20080 ppbV 41000

    TIC: Alkane: Branched(unknown) 
(19.107)

JN 11/24/20080 ppbV 41500

    TIC: Alkane: Branched(unknown) 
(19.195)

EJN 11/24/20080 ppbV 44000

    TIC: Alkane: Branched(unknown) 
(19.501)

JN 11/24/20080 ppbV 4880

    TIC: Alkane: Branched(unknown) 
(19.86)

JN 11/24/20080 ppbV 4290

    TIC: Alkane: Cyclic(unknown) JN 11/24/20080 ppbV 4550
    TIC: cis,cis-1,6-
Dimethylspiro[4.5]deca

JN 11/24/20080 ppbV 4110

    TIC: Cycloheptane, methyl- JN 11/24/20080 ppbV 41000
    TIC: Cyclohexane, 1,1'-
ethylidenebis-

JN 11/24/20080 ppbV 4200

    TIC: Cyclohexane, 1,1,3-trimethyl- JN 11/24/20080 ppbV 4300
    TIC: Cyclohexane, 1,2,3-trimethyl-
, (1.

JN 11/24/20080 ppbV 4110

    TIC: Cyclohexane, 1,2,4-trimethyl- JN 11/24/20080 ppbV 4290
    TIC: Cyclohexane, 3-ethyl-5-
methyl-1-pr

JN 11/24/20080 ppbV 4660

    TIC: Cyclohexane, propyl- JN 11/24/20080 ppbV 4960

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWTP #1

Collection Date: 11/17/2008

Matrix:

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-001A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: Cyclohexanone, 5-methyl-2-
(1-methy

JN 11/24/20080 ppbV 4460

    TIC: Cyclohexene, 4-methyl-1-(1-
methyle

JN 11/24/20080 ppbV 42300

    TIC: Cyclooctane, cyclohexyl- JN 11/24/20080 ppbV 4910
    TIC: Cyclopropane, 1,1-dimethyl- JN 11/24/20080 ppbV 4110
    TIC: Decane, 2,3,5-trimethyl- JN 11/24/20080 ppbV 43700
    TIC: Decane, 2-methyl- EJN 11/24/20080 ppbV 45600
    TIC: Dodecane JN 11/24/20080 ppbV 4220
    TIC: Dodecane, 2,6,11-trimethyl- JN 11/24/20080 ppbV 4360
    TIC: Dodecane, 3-methyl- JN 11/24/20080 ppbV 42000
    TIC: endo-2-
Methylbicyclo[3.3.1]nonane

JN 11/24/20080 ppbV 4190

    TIC: Hexadecane, 2,6,10,14-
tetramethyl-

JN 11/24/20080 ppbV 4130

    TIC: Naphthalene, decahydro-, 
(isomer)

JN 11/24/20080 ppbV 4990

    TIC: Naphthalene, decahydro-2-
methyl-

JN 11/24/20080 ppbV 4360

    TIC: Nonane (16.907) JN 11/24/20080 ppbV 42600
    TIC: Nonane (17.189) JN 11/24/20080 ppbV 4330
    TIC: Nonane, 3-methyl- JN 11/24/20080 ppbV 41800
    TIC: Nonane, 3-methyl-5-propyl- JN 11/24/20080 ppbV 41600
    TIC: Octane JN 11/24/20080 ppbV 4490
    TIC: Octane, ,6-dimethyl-(isomer) JN 11/24/20080 ppbV 41400
    TIC: Octane, 2-methyl- JN 11/24/20080 ppbV 4550
    TIC: Octane, 3,5-dimethyl- JN 11/24/20080 ppbV 41100
    TIC: Oxalic acid, isobutyl nonyl 
ester (17.401

JN 11/24/20080 ppbV 4510

    TIC: Oxalic acid, isobutyl nonyl 
ester (18.401

EJN 11/24/20080 ppbV 48600

    TIC: Pentane JN 11/24/20080 ppbV 4130
    TIC: trans-Decalin, 2-methyl- JN 11/24/20080 ppbV 4840
    TIC: Trichloroacetic acid, dodecyl 
este

JN 11/24/20080 ppbV 41100

    TIC: Tridecane JN 11/24/20080 ppbV 42300
    TIC: Tridecane, 7-methyl- JN 11/24/20080 ppbV 4370
    TIC: Undecane, 2,9-dimethyl- JN 11/24/20080 ppbV 41500
NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWPT #2

Collection Date: 11/17/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-002A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

FIXED GAS SERIES EPA METHOD 3C Analyst: LL
Carbon dioxide 11/18/20087.50 % 135.9
Carbon Monoxide 11/18/20081.00 % 1ND
Methane 11/18/20082.30 % 159.5
Nitrogen 11/18/20081.00 % 13.96
Oxygen J 11/18/20083.50 % 11.04

SILOXANE SERIES TO-15 Analyst: LL
Decamethylcyclopentasiloxane-D5 E 11/24/200820 ppbV 41300
Decamethyltetrasiloxane-L4 11/24/200820 ppbV 4ND
Hexamethylcyclotrisiloxane-D3 11/24/200820 ppbV 421
Hexamethyldisiloxane-L2 J 11/24/200820 ppbV 45.9
Octamethylcyclotetrasiloxane-D4 E 11/24/200820 ppbV 4590
Octamethyltrisiloxane-L3 J 11/24/200820 ppbV 418
    Surr: Bromofluorobenzene 11/24/200870-130 %REC 4119
NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

LFG FOR HYDROGEN SULFIDE TO-LFG Analyst: LL
Hydrogen Sulfide 11/25/20080 ppbV 120750000

LFG FOR SULFUR SERIES TO-LFG Analyst: LL
    Surr: Bromofluorobenzene 11/24/200870-130 %REC 488.5
    TIC: 1-Propanethiol JN 11/24/20080 ppbV 4330
    TIC: Ethanethiol JN 11/24/20080 ppbV 4160
    TIC: Methanethiol JN 11/24/20080 ppbV 4550
    TIC: Sulfurous acid, butyl undecyl 
este

JN 11/24/20080 ppbV 4910

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
1,1,1-Trichloroethane 11/24/200820 ppbV 4ND
1,1,2,2-Tetrachloroethane 11/24/200820 ppbV 4ND
1,1,2-Trichloroethane 11/24/200820 ppbV 4ND
1,1-Dichloroethane 11/24/200820 ppbV 4ND
1,1-Dichloroethene 11/24/200820 ppbV 4ND
1,2,4-Trichlorobenzene 11/24/200820 ppbV 4ND
1,2,4-Trimethylbenzene 11/24/200820 ppbV 436
1,2-Dibromoethane 11/24/200820 ppbV 4ND
1,2-Dichlorobenzene 11/24/200820 ppbV 4ND
1,2-Dichloroethane 11/24/200820 ppbV 4ND
1,2-Dichloropropane 11/24/200820 ppbV 4ND
1,3,5-Trimethylbenzene J 11/24/200820 ppbV 417
1,3-butadiene 11/24/200820 ppbV 4ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWPT #2

Collection Date: 11/17/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-002A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
1,3-Dichlorobenzene 11/24/200820 ppbV 4ND
1,4-Dichlorobenzene 11/24/200820 ppbV 475
1,4-Dioxane 11/24/200840 ppbV 4ND
2,2,4-trimethylpentane 11/24/200820 ppbV 470
4-ethyltoluene J 11/24/200820 ppbV 411
Acetone 11/24/200840 ppbV 4ND
Allyl chloride 11/24/200820 ppbV 4ND
Benzene J 11/24/200820 ppbV 48.2
Benzyl chloride 11/24/200820 ppbV 4ND
Bromodichloromethane 11/24/200820 ppbV 4ND
Bromoform 11/24/200820 ppbV 4ND
Bromomethane 11/24/200820 ppbV 4ND
Carbon disulfide 11/24/200820 ppbV 4ND
Carbon tetrachloride 11/24/200820 ppbV 4ND
Chlorobenzene 11/24/200820 ppbV 447
Chloroethane 11/24/200820 ppbV 4ND
Chloroform 11/24/200820 ppbV 4ND
Chloromethane 11/24/200820 ppbV 4ND
cis-1,2-Dichloroethene J 11/24/200820 ppbV 48.2
cis-1,3-Dichloropropene 11/24/200820 ppbV 4ND
Cyclohexane J 11/24/200820 ppbV 412
Dibromochloromethane 11/24/200820 ppbV 4ND
Ethyl acetate 11/24/200840 ppbV 4ND
Ethylbenzene 11/24/200820 ppbV 425
Freon 11 11/24/200820 ppbV 4ND
Freon 113 11/24/200820 ppbV 4ND
Freon 114 11/24/200820 ppbV 4ND
Freon 12 11/24/200820 ppbV 4ND
Heptane 11/24/200820 ppbV 431
Hexachloro-1,3-butadiene 11/24/200820 ppbV 4ND
Hexane 11/24/200820 ppbV 4ND
Isopropyl alcohol 11/24/200820 ppbV 4ND
m&p-Xylene 11/24/200840 ppbV 452
Methyl Butyl Ketone 11/24/200840 ppbV 4ND
Methyl Ethyl Ketone 11/24/200840 ppbV 4ND
Methyl Isobutyl Ketone 11/24/200840 ppbV 4ND
Methyl tert-butyl ether J 11/24/200820 ppbV 46.1
Methylene chloride 11/24/200820 ppbV 4ND
o-Xylene J 11/24/200820 ppbV 418
Propylene 11/24/200820 ppbV 4ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWPT #2

Collection Date: 11/17/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-002A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
Styrene 11/24/200820 ppbV 4ND
Tetrachloroethylene J 11/24/200820 ppbV 49.0
Tetrahydrofuran 11/24/200820 ppbV 4ND
Toluene E 11/25/2008 12:59:00 AM50 ppbV 108300
trans-1,2-Dichloroethene 11/24/200820 ppbV 4ND
trans-1,3-Dichloropropene 11/24/200820 ppbV 4ND
Trichloroethene 11/24/200820 ppbV 4ND
Vinyl acetate 11/24/200820 ppbV 4ND
Vinyl Bromide 11/24/200820 ppbV 4ND
Vinyl chloride 11/24/200820 ppbV 4ND
    Surr: Bromofluorobenzene 11/24/200870-130 %REC 488.5
    TIC: .alpha.-Pinene JN 11/24/20080 ppbV 4710
    TIC: 1,3,6-Trimethyladamantane JN 11/24/20080 ppbV 4150
    TIC: 1-Heptanol, 6-methyl- JN 11/24/20080 ppbV 4580
    TIC: 1-Propene, 2-methyl- JN 11/24/20080 ppbV 41100
    TIC: 1H-Indene, 1-
ethylideneoctahydro-7

JN 11/24/20080 ppbV 4170

    TIC: 2,6-Dimethyldecane JN 11/24/20080 ppbV 4280
    TIC: 2-Ethyladamantane JN 11/24/20080 ppbV 472
    TIC: 2-Octene, 3,7-dimethyl-, (Z)- JN 11/24/20080 ppbV 41000
    TIC: 4-Octene, 2,6-dimethyl-, [S-
(E)]-

JN 11/24/20080 ppbV 4460

    TIC: Alkane: Branched(unknown) 
(19.043)

JN 11/24/20080 ppbV 4500

    TIC: Alkane: Branched(unknown) 
(19.19)

JN 11/24/20080 ppbV 41800

    TIC: Alkane: Branched(unknown) 
(19.495)

JN 11/24/20080 ppbV 4410

    TIC: Alkane: Branched(unknown) 
(20.225)

JN 11/24/20080 ppbV 4380

    TIC: Bicyclo[3.1.1]heptan-3-one, 
6,6-di

JN 11/24/20080 ppbV 4330

    TIC: Cyclohexane, 1,,-trimethyl-
(isomer

JN 11/24/20080 ppbV 4160

    TIC: Cyclohexane, 1,1,3,5-
tetramethyl-,

JN 11/24/20080 ppbV 4150

    TIC: Cyclohexane, 1,1,3-trimethyl- JN 11/24/20080 ppbV 4180
    TIC: Cyclohexane, 1,2,4-trimethyl- JN 11/24/20080 ppbV 466
    TIC: Cyclohexane, 1-methyl-4-(1-
methylb

JN 11/24/20080 ppbV 4150

    TIC: Cyclohexane, 1-methyl-4-(1-
methyle

JN 11/24/20080 ppbV 4990

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWPT #2

Collection Date: 11/17/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-002A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: Cyclohexane, 2-butyl-1,1,3-
trimeth

JN 11/24/20080 ppbV 4190

    TIC: Cyclopentane, (3-
methylbutylidene)

JN 11/24/20080 ppbV 4600

    TIC: Decane JN 11/24/20080 ppbV 43700
    TIC: Decane, 2,,-trimethyl-(isomer) JN 11/24/20080 ppbV 4160
    TIC: Decane, 2,2-dimethyl- JN 11/24/20080 ppbV 4660
    TIC: Decane, 3,4-dimethyl- JN 11/24/20080 ppbV 4260
    TIC: Decane, 3,7-dimethyl- JN 11/24/20080 ppbV 4800
    TIC: Dodecane JN 11/24/20080 ppbV 4290
    TIC: Dodecane, 2,7,10-trimethyl- JN 11/24/20080 ppbV 4250
    TIC: Furan, 2,3-dihydro-4-methyl- JN 11/24/20080 ppbV 494
    TIC: Heptane, 2,3,4-trimethyl- JN 11/24/20080 ppbV 4530
    TIC: Heptane, 5-ethyl-2,2,3-
trimethyl-

JN 11/24/20080 ppbV 41900

    TIC: Hexane, 2,4-dimethyl- JN 11/24/20080 ppbV 4160
    TIC: Methyl ethyl cyclopentene JN 11/24/20080 ppbV 4440
    TIC: Naphthalene, decahydro- JN 11/24/20080 ppbV 4430
    TIC: Naphthalene, decahydro-,-
dimethyl-

JN 11/24/20080 ppbV 497

    TIC: Naphthalene, decahydro-2,3-
dimethy

JN 11/24/20080 ppbV 4310

    TIC: Naphthalene, decahydro-2,6-
dimethy

JN 11/24/20080 ppbV 4250

    TIC: Naphthalene, decahydro-2-
methyl-

JN 11/24/20080 ppbV 4540

    TIC: Nonane JN 11/24/20080 ppbV 41000
    TIC: Nonane, ,-dimethyl-(isomer) JN 11/24/20080 ppbV 4680
    TIC: Nonane, 1-iodo- JN 11/24/20080 ppbV 41600
    TIC: Nonane, 3-methyl- JN 11/24/20080 ppbV 4860
    TIC: Nonane, 5-butyl- JN 11/24/20080 ppbV 4590
    TIC: Octane JN 11/24/20080 ppbV 4260
    TIC: Octane, 2,6-dimethyl- JN 11/24/20080 ppbV 4620
    TIC: Oxalic acid, 
di(cyclohexylmethyl)

JN 11/24/20080 ppbV 4660

    TIC: Oxalic acid, isobutyl nonyl 
ester

JN 11/24/20080 ppbV 4520

    TIC: Pentane JN 11/24/20080 ppbV 4240
    TIC: Tetradecane JN 11/24/20080 ppbV 4280
    TIC: trans-Decalin, 2-methyl- JN 11/24/20080 ppbV 4660
    TIC: Tridecane, 2,5-dimethyl- JN 11/24/20080 ppbV 41100
    TIC: Undecane JN 11/24/20080 ppbV 41200

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WTP

Client Sample ID: Franklin, NH WWPT #2

Collection Date: 11/17/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0811027

Lab ID: C0811027-002A

DF

Centek Laboratories, LLC Date: 26-Nov-08

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: Undecane, 3-methyl- (19.931) JN 11/24/20080 ppbV 4120
    TIC: Undecane, 3-methyl- (20.419) JN 11/24/20080 ppbV 4200
    TIC: unknown JN 11/24/20080 ppbV 4160
NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

Qualifiers:   

Page 9 of 9

B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 1

Collection Date: 1/13/2009

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-001A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

FIXED GAS SERIES EPA METHOD 3C Analyst: RJP
Carbon dioxide 1/16/20097.50 % 137.2
Carbon Monoxide 1/16/20091.00 % 1ND
Methane 1/16/20092.30 % 167.4
Nitrogen 1/16/20091.00 % 17.14
Oxygen J 1/16/20093.50 % 12.00

SILOXANE SERIES TO-15 Analyst: LL
Decamethylcyclopentasiloxane-D5 E 1/16/200925 ppbV 51700
Decamethyltetrasiloxane-L4 1/16/200925 ppbV 540
Hexamethylcyclotrisiloxane-D3 J 1/16/200925 ppbV 56.6
Hexamethyldisiloxane-L2 1/16/200925 ppbV 5ND
Octamethylcyclotetrasiloxane-D4 1/16/200925 ppbV 5360
Octamethyltrisiloxane-L3 J 1/16/200925 ppbV 56.4
    Surr: Bromofluorobenzene 1/16/200970-130 %REC 5114
NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
1,1,1-Trichloroethane 1/16/200925 ppbV 5ND
1,1,2,2-Tetrachloroethane 1/16/200925 ppbV 5ND
1,1,2-Trichloroethane 1/16/200925 ppbV 5ND
1,1-Dichloroethane 1/16/200925 ppbV 5ND
1,1-Dichloroethene 1/16/200925 ppbV 5ND
1,2,4-Trichlorobenzene 1/16/200925 ppbV 5ND
1,2,4-Trimethylbenzene 1/16/200925 ppbV 537
1,2-Dibromoethane 1/16/200925 ppbV 5ND
1,2-Dichlorobenzene 1/16/200925 ppbV 5ND
1,2-Dichloroethane 1/16/200925 ppbV 5ND
1,2-Dichloropropane 1/16/200925 ppbV 5ND
1,3,5-Trimethylbenzene J 1/16/200925 ppbV 518
1,3-butadiene 1/16/200925 ppbV 5ND
1,3-Dichlorobenzene 1/16/200925 ppbV 5ND
1,4-Dichlorobenzene 1/16/200925 ppbV 567
1,4-Dioxane 1/16/200950 ppbV 5ND
2,2,4-trimethylpentane 1/16/200925 ppbV 581
4-ethyltoluene J 1/16/200925 ppbV 58.4
Acetone 1/16/200950 ppbV 5ND
Allyl chloride 1/16/200925 ppbV 5ND
Benzene 1/16/200925 ppbV 5ND
Benzyl chloride 1/16/200925 ppbV 5ND
Bromodichloromethane 1/16/200925 ppbV 5ND

Qualifiers:   

Page 1 of 10

B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 1

Collection Date: 1/13/2009

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-001A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
Bromoform 1/16/200925 ppbV 5ND
Bromomethane 1/16/200925 ppbV 5ND
Carbon disulfide 1/16/200925 ppbV 5ND
Carbon tetrachloride 1/16/200925 ppbV 5ND
Chlorobenzene J 1/16/200925 ppbV 519
Chloroethane 1/16/200925 ppbV 5ND
Chloroform 1/16/200925 ppbV 5ND
Chloromethane 1/16/200925 ppbV 5ND
cis-1,2-Dichloroethene J 1/16/200925 ppbV 512
cis-1,3-Dichloropropene 1/16/200925 ppbV 5ND
Cyclohexane 1/16/200925 ppbV 5ND
Dibromochloromethane 1/16/200925 ppbV 5ND
Ethyl acetate 1/16/200950 ppbV 5ND
Ethylbenzene 1/16/200925 ppbV 528
Freon 11 1/16/200925 ppbV 5ND
Freon 113 1/16/200925 ppbV 5ND
Freon 114 1/16/200925 ppbV 5ND
Freon 12 1/16/200925 ppbV 5ND
Heptane 1/16/200925 ppbV 545
Hexachloro-1,3-butadiene 1/16/200925 ppbV 5ND
Hexane 1/16/200925 ppbV 556
Isopropyl alcohol 1/16/200925 ppbV 5ND
m&p-Xylene 1/16/200950 ppbV 571
Methyl Butyl Ketone 1/16/200950 ppbV 5ND
Methyl Ethyl Ketone 1/16/200950 ppbV 5ND
Methyl Isobutyl Ketone 1/16/200950 ppbV 5ND
Methyl tert-butyl ether J 1/16/200925 ppbV 516
Methylene chloride 1/16/200925 ppbV 5ND
o-Xylene 1/16/200925 ppbV 526
Propylene 1/16/200925 ppbV 5ND
Styrene 1/16/200925 ppbV 5ND
Tetrachloroethylene J 1/16/200925 ppbV 510
Tetrahydrofuran 1/16/200925 ppbV 5ND
Toluene E 1/16/200925 ppbV 52800
trans-1,2-Dichloroethene 1/16/200925 ppbV 5ND
trans-1,3-Dichloropropene 1/16/200925 ppbV 5ND
Trichloroethene 1/16/200925 ppbV 5ND
Vinyl acetate 1/16/200925 ppbV 5ND
Vinyl Bromide 1/16/200925 ppbV 5ND
Vinyl chloride 1/16/200925 ppbV 5ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 1

Collection Date: 1/13/2009

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-001A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    Surr: Bromofluorobenzene 1/16/200970-130 %REC 5113
    TIC: .alpha.-Pinene JN 1/16/20090 ppbV 5620
    TIC: 1,1'-Bicyclohexyl JN 1/16/20090 ppbV 551
    TIC: 1,2-Dimethyl-5-
nitroadamantane

JN 1/16/20090 ppbV 5200

    TIC: 1,3,-
Trimethyladamantane(isomer)

JN 1/16/20090 ppbV 5400

    TIC: 1,3,3-Trimethyl-2-(2-methyl-
cyclop

JN 1/16/20090 ppbV 5500

    TIC: 1-Butene, 3-methyl- JN 1/16/20090 ppbV 533
    TIC: 1-Ethyl-4-methylcyclohexane JN 1/16/20090 ppbV 5200
    TIC: 1-Heptanol, 6-methyl- JN 1/16/20090 ppbV 5240
    TIC: 1-Propanethiol JN 1/16/20090 ppbV 5100
    TIC: 1-Propene, 2-methyl- JN 1/16/20090 ppbV 5270
    TIC: 2,5,9-Tetradecatriene, 3,12-
diethy

JN 1/16/20090 ppbV 577

    TIC: 2-Octene, (E)- JN 1/16/20090 ppbV 553
    TIC: 2-Octene, 3,7-dimethyl-, (Z)- JN 1/16/20090 ppbV 5570
    TIC: 2-Pentene, (E)- JN 1/16/20090 ppbV 546
    TIC: 2-Thiopheneacetic acid, 2-
ethylcyc

JN 1/16/20090 ppbV 5310

    TIC: 4,6-Heptadien-2-one, 3,6-
dimethyl-

JN 1/16/20090 ppbV 5130

    TIC: 4-Octene, 2,6-dimethyl-, [S-
(E)]-

JN 1/16/20090 ppbV 5190

    TIC: Adamantane-1-carboxylic acid JN 1/16/20090 ppbV 5200
    TIC: Alkane: Branched(unknown) 
(17.331)

JN 1/16/20090 ppbV 5130

    TIC: Alkane: Branched(unknown) 
(17.966)

JN 1/16/20090 ppbV 5640

    TIC: Alkane: Branched(unknown) 
(18.584)

JN 1/16/20090 ppbV 5600

    TIC: Alkane: Branched(unknown) 
(18.648)

JN 1/16/20090 ppbV 51800

    TIC: Alkane: Branched(unknown) 
(18.978)

JN 1/16/20090 ppbV 5470

    TIC: Alkane: Branched(unknown) 
(19.119)

JN 1/16/20090 ppbV 51900

    TIC: Alkane: Branched(unknown) 
(19.172)

JN 1/16/20090 ppbV 51300

    TIC: Alkane: Branched(unknown) 
(19.725)

JN 1/16/20090 ppbV 5180

    TIC: Alkane: Branched(unknown) 
(19.801)

JN 1/16/20090 ppbV 5200

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 1

Collection Date: 1/13/2009

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-001A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: Alkane: Cyclic(unknown) JN 1/16/20090 ppbV 5440
    TIC: Alkane: Straight-
Chain(unknown)

JN 1/16/20090 ppbV 5400

    TIC: Bicyclo[5.3.0]decane (cis) JN 1/16/20090 ppbV 5180
    TIC: Cis-1,4-dimethyladamantane JN 1/16/20090 ppbV 5260
    TIC: Cyclohexane, 1,1,3-trimethyl- JN 1/16/20090 ppbV 574
    TIC: Cyclohexane, 1,2,4-trimethyl- JN 1/16/20090 ppbV 559
    TIC: Cyclohexane, 1,2-dimethyl- JN 1/16/20090 ppbV 5350
    TIC: Cyclohexane, 1,3,5-trimethyl-
, (1.

JN 1/16/20090 ppbV 5110

    TIC: Cyclohexane, 2-butyl-1,1,3-
trimeth

JN 1/16/20090 ppbV 5430

    TIC: Cyclohexanol, 5-methyl-2-(1-
methyl

JN 1/16/20090 ppbV 5330

    TIC: Cyclopentane, 1,1'-
ethylidenebis-

JN 1/16/20090 ppbV 5250

    TIC: Cyclopropane, 1,1-dimethyl- JN 1/16/20090 ppbV 536
    TIC: Cycloundecanone JN 1/16/20090 ppbV 5420
    TIC: D-Limonene JN 1/16/20090 ppbV 52000
    TIC: Decane JN 1/16/20090 ppbV 580
    TIC: Decane, 3-methyl- JN 1/16/20090 ppbV 5760
    TIC: Dodecane JN 1/16/20090 ppbV 5470
    TIC: Ethanethiol JN 1/16/20090 ppbV 548
    TIC: Heptacosane JN 1/16/20090 ppbV 52800
    TIC: Hydrogen sulfide JN 1/16/20090 ppbV 53000
    TIC: Naphthalene, decahydro- JN 1/16/20090 ppbV 5350
    TIC: Naphthalene, decahydro-1,2-
dimethy

JN 1/16/20090 ppbV 5220

    TIC: Naphthalene, decahydro-2,-
dimethyl (20.57

JN 1/16/20090 ppbV 5420

    TIC: Naphthalene, decahydro-2,-
dimethyl (20.68

JN 1/16/20090 ppbV 5710

    TIC: Naphthalene, decahydro-2-
methyl-

JN 1/16/20090 ppbV 5690

    TIC: Nonane JN 1/16/20090 ppbV 5410
    TIC: Octane JN 1/16/20090 ppbV 5140
    TIC: Octane, ,6-dimethyl-(isomer) JN 1/16/20090 ppbV 5370
    TIC: Octane, 2,2-dimethyl- JN 1/16/20090 ppbV 51000
    TIC: Octane, 2,6-dimethyl- JN 1/16/20090 ppbV 5240
    TIC: Oxalic acid, isobutyl nonyl 
ester

JN 1/16/20090 ppbV 5510

    TIC: Pentane JN 1/16/20090 ppbV 534

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 1

Collection Date: 1/13/2009

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-001A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: Sulfurous acid, decyl 2-pentyl 
est

JN 1/16/20090 ppbV 5520

    TIC: Sulfurous acid, hexyl 2-pentyl 
est

JN 1/16/20090 ppbV 52000

    TIC: Sulfurous acid, hexyl pentyl 
ester

JN 1/16/20090 ppbV 5500

    TIC: trans-Decalin, 2-methyl- JN 1/16/20090 ppbV 5980
    TIC: Undecane JN 1/16/20090 ppbV 51100
    TIC: Undecane, 4-methyl- JN 1/16/20090 ppbV 5990
    TIC: Undecane, 6,6-dimethyl- JN 1/16/20090 ppbV 5550
NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 2

Collection Date: 1/13/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-002A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

FIXED GAS SERIES EPA METHOD 3C Analyst: RJP
Carbon dioxide H 1/16/20097.50 % 136.9
Carbon Monoxide H 1/16/20091.00 % 1ND
Methane H 1/16/20092.30 % 169.1
Nitrogen H 1/16/20091.00 % 15.27
Oxygen JH 1/16/20093.50 % 11.56

SILOXANE SERIES TO-15 Analyst: LL
Decamethylcyclopentasiloxane-D5 E 1/16/200925 ppbV 51600
Decamethyltetrasiloxane-L4 1/16/200925 ppbV 546
Hexamethylcyclotrisiloxane-D3 J 1/16/200925 ppbV 58.5
Hexamethyldisiloxane-L2 1/16/200925 ppbV 5ND
Octamethylcyclotetrasiloxane-D4 1/16/200925 ppbV 5370
Octamethyltrisiloxane-L3 J 1/16/200925 ppbV 58.3
    Surr: Bromofluorobenzene 1/16/200970-130 %REC 5111
NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
1,1,1-Trichloroethane 1/16/200925 ppbV 5ND
1,1,2,2-Tetrachloroethane 1/16/200925 ppbV 5ND
1,1,2-Trichloroethane 1/16/200925 ppbV 5ND
1,1-Dichloroethane 1/16/200925 ppbV 5ND
1,1-Dichloroethene 1/16/200925 ppbV 5ND
1,2,4-Trichlorobenzene 1/16/200925 ppbV 5ND
1,2,4-Trimethylbenzene 1/16/200925 ppbV 537
1,2-Dibromoethane 1/16/200925 ppbV 5ND
1,2-Dichlorobenzene 1/16/200925 ppbV 5ND
1,2-Dichloroethane 1/16/200925 ppbV 5ND
1,2-Dichloropropane 1/16/200925 ppbV 5ND
1,3,5-Trimethylbenzene J 1/16/200925 ppbV 517
1,3-butadiene 1/16/200925 ppbV 5ND
1,3-Dichlorobenzene 1/16/200925 ppbV 5ND
1,4-Dichlorobenzene 1/16/200925 ppbV 561
1,4-Dioxane 1/16/200950 ppbV 5ND
2,2,4-trimethylpentane 1/16/200925 ppbV 571
4-ethyltoluene J 1/16/200925 ppbV 57.4
Acetone 1/16/200950 ppbV 5ND
Allyl chloride 1/16/200925 ppbV 5ND
Benzene 1/16/200925 ppbV 5ND
Benzyl chloride 1/16/200925 ppbV 5ND
Bromodichloromethane 1/16/200925 ppbV 5ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 2

Collection Date: 1/13/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-002A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
Bromoform 1/16/200925 ppbV 5ND
Bromomethane 1/16/200925 ppbV 5ND
Carbon disulfide 1/16/200925 ppbV 5ND
Carbon tetrachloride 1/16/200925 ppbV 5ND
Chlorobenzene J 1/16/200925 ppbV 517
Chloroethane 1/16/200925 ppbV 5ND
Chloroform 1/16/200925 ppbV 5ND
Chloromethane 1/16/200925 ppbV 5ND
cis-1,2-Dichloroethene J 1/16/200925 ppbV 511
cis-1,3-Dichloropropene 1/16/200925 ppbV 5ND
Cyclohexane 1/16/200925 ppbV 5ND
Dibromochloromethane 1/16/200925 ppbV 5ND
Ethyl acetate 1/16/200950 ppbV 5ND
Ethylbenzene 1/16/200925 ppbV 525
Freon 11 1/16/200925 ppbV 5ND
Freon 113 1/16/200925 ppbV 5ND
Freon 114 1/16/200925 ppbV 5ND
Freon 12 1/16/200925 ppbV 5ND
Heptane 1/16/200925 ppbV 540
Hexachloro-1,3-butadiene 1/16/200925 ppbV 5ND
Hexane 1/16/200925 ppbV 546
Isopropyl alcohol 1/16/200925 ppbV 5ND
m&p-Xylene 1/16/200950 ppbV 562
Methyl Butyl Ketone 1/16/200950 ppbV 5ND
Methyl Ethyl Ketone 1/16/200950 ppbV 5ND
Methyl Isobutyl Ketone J 1/16/200950 ppbV 55.4
Methyl tert-butyl ether J 1/16/200925 ppbV 514
Methylene chloride 1/16/200925 ppbV 5ND
o-Xylene J 1/16/200925 ppbV 523
Propylene 1/16/200925 ppbV 5ND
Styrene 1/16/200925 ppbV 5ND
Tetrachloroethylene J 1/16/200925 ppbV 59.6
Tetrahydrofuran 1/16/200925 ppbV 5ND
Toluene E 1/16/200925 ppbV 52400
trans-1,2-Dichloroethene 1/16/200925 ppbV 5ND
trans-1,3-Dichloropropene 1/16/200925 ppbV 5ND
Trichloroethene 1/16/200925 ppbV 5ND
Vinyl acetate 1/16/200925 ppbV 5ND
Vinyl Bromide 1/16/200925 ppbV 5ND
Vinyl chloride 1/16/200925 ppbV 5ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 2

Collection Date: 1/13/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-002A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    Surr: Bromofluorobenzene 1/16/200970-130 %REC 5104
    TIC: .alpha.-Pinene JN 1/16/20090 ppbV 5510
    TIC: 1,1'-Bicyclohexyl JN 1/16/20090 ppbV 552
    TIC: 1,3,-
Trimethyladamantane(isomer)

JN 1/16/20090 ppbV 5190

    TIC: 1,3,5-Trimethyladamantane JN 1/16/20090 ppbV 566
    TIC: 1,6,10-Dodecatrien-3-ol, 
3,7,11-tr

JN 1/16/20090 ppbV 5240

    TIC: 1-Butene, 3-methyl- JN 1/16/20090 ppbV 578
    TIC: 1-
Methyldecahydronaphthalene

JN 1/16/20090 ppbV 5660

    TIC: 1-Propanethiol JN 1/16/20090 ppbV 5120
    TIC: 1-Propene, 2-methyl- JN 1/16/20090 ppbV 5290
    TIC: 2-Octene JN 1/16/20090 ppbV 556
    TIC: 2-Octene, 3,7-dimethyl-, (Z)- JN 1/16/20090 ppbV 5500
    TIC: 3-Nonyne JN 1/16/20090 ppbV 5150
    TIC: 4-Octene, 2,6-dimethyl-, [S-
(E)]-

JN 1/16/20090 ppbV 5180

    TIC: Alkane: Branched(unknown) 
(17.731)

JN 1/16/20090 ppbV 5200

    TIC: Alkane: Branched(unknown) 
(18.336)

JN 1/16/20090 ppbV 52500

    TIC: Alkane: Branched(unknown) 
(18.648)

JN 1/16/20090 ppbV 51600

    TIC: Bicyclo[3.1.0]hexane, 4-
methylene-

JN 1/16/20090 ppbV 5230

    TIC: Bicyclo[4.1.0]heptane, 3,7,7-
trime

JN 1/16/20090 ppbV 5380

    TIC: cis,trans-1,6-
Dimethylspiro[4.5]de

JN 1/16/20090 ppbV 5100

    TIC: Cis-1,4-dimethyladamantane JN 1/16/20090 ppbV 5190
    TIC: Cycloheptane, methyl- JN 1/16/20090 ppbV 5330
    TIC: Cyclohexane, 1,1,2-trimethyl- JN 1/16/20090 ppbV 555
    TIC: Cyclohexane, 1,1,3-trimethyl- JN 1/16/20090 ppbV 577
    TIC: Cyclohexane, 1,2,4-trimethyl-
, (1.

JN 1/16/20090 ppbV 595

    TIC: Cyclohexane, 1-ethyl--methyl-
, (is

JN 1/16/20090 ppbV 5160

    TIC: Cyclohexane, 1-methyl-4-(1-
methylb

JN 1/16/20090 ppbV 5150

    TIC: Cyclohexane, 2-butyl-1,1,3-
trimeth

JN 1/16/20090 ppbV 5150

    TIC: Cyclohexane, 3-ethyl-5-
methyl-1-pr

JN 1/16/20090 ppbV 5320

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 2

Collection Date: 1/13/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-002A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: Cyclohexane, butyl- JN 1/16/20090 ppbV 5440
    TIC: Cyclohexane, hexyl- JN 1/16/20090 ppbV 577
    TIC: Cyclohexanol, 5-methyl-2-(1-
methyl

JN 1/16/20090 ppbV 5190

    TIC: Cyclopropane, 1,-dimethyl-
(isomer)

JN 1/16/20090 ppbV 531

    TIC: Cyclopropane, 1,1-dimethyl- JN 1/16/20090 ppbV 538
    TIC: D-Limonene JN 1/16/20090 ppbV 52000
    TIC: Decalin, 1-methoxymethyl- JN 1/16/20090 ppbV 5120
    TIC: Decane, 2,3,-trimethyl-
(isomer)

JN 1/16/20090 ppbV 5230

    TIC: Decane, 2,3,5-trimethyl- JN 1/16/20090 ppbV 51700
    TIC: Decane, 2,3,6-trimethyl- JN 1/16/20090 ppbV 5450
    TIC: Decane, 2,5,6-trimethyl- JN 1/16/20090 ppbV 598
    TIC: Decane, 3,3,-trimethyl-
(isomer)

JN 1/16/20090 ppbV 5400

    TIC: Decane, 4-ethyl- JN 1/16/20090 ppbV 5130
    TIC: Dodecane JN 1/16/20090 ppbV 5290
    TIC: Dodecane, 2,2,11,11-
tetramethyl-

JN 1/16/20090 ppbV 5510

    TIC: Ethanethiol JN 1/16/20090 ppbV 542
    TIC: Hydrogen sulfide JN 1/16/20090 ppbV 51900
    TIC: Naphthalene, decahydro- JN 1/16/20090 ppbV 5290
    TIC: Naphthalene, decahydro-2,3-
dimethy

JN 1/16/20090 ppbV 5280

    TIC: Naphthalene, decahydro-2,6-
dimethy

JN 1/16/20090 ppbV 5430

    TIC: Naphthalene, decahydro-2-
methyl-

JN 1/16/20090 ppbV 5470

    TIC: Nonadecane JN 1/16/20090 ppbV 558
    TIC: Nonane JN 1/16/20090 ppbV 5380
    TIC: Nonane, 3-methyl- JN 1/16/20090 ppbV 5560
    TIC: Octane JN 1/16/20090 ppbV 5140
    TIC: Octane, ,6-dimethyl-(isomer) 
(17.395)

JN 1/16/20090 ppbV 5210

    TIC: Octane, ,6-dimethyl-(isomer) 
(19.76)

JN 1/16/20090 ppbV 5250

    TIC: Octane, 2,,6-trimethyl-
(isomer)

JN 1/16/20090 ppbV 51100

    TIC: Octane, 2,2-dimethyl- JN 1/16/20090 ppbV 5960
    TIC: Octane, 5-ethyl-2-methyl- JN 1/16/20090 ppbV 5610
    TIC: Pentane JN 1/16/20090 ppbV 527
    TIC: Pentane, 3-ethyl-2,2-dimethyl- JN 1/16/20090 ppbV 51700

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP # 2

Collection Date: 1/13/2008

Matrix: AIR

Analyses Result Qual Units Date AnalyzedLimit

CLIENT: CALPWR, Inc.

Lab Order: C0901015

Lab ID: C0901015-002A

DF

Centek Laboratories, LLC Date: 21-Jan-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: Sulfurous acid, 2-ethylhexyl 
nonyl

JN 1/16/20090 ppbV 5390

    TIC: Sulfurous acid, 
cyclohexylmethyl n

JN 1/16/20090 ppbV 5530

    TIC: Undecane JN 1/16/20090 ppbV 5890
    TIC: Undecane, 4-methyl- JN 1/16/20090 ppbV 5830
NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

Qualifiers:   

Page 10 of 10

B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits



Project: Franklin WWTP

Client Sample ID: Franklin WWTP #1

Collection Date: 5/5/2009

Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: CALPWR, Inc.

Lab Order: C0905003

Lab ID: C0905003-001A

DF

Centek Laboratories, LLC Date: 22-May-09

Tag Number:

FIXED GAS SERIES EPA METHOD 3C Analyst: LL
Carbon dioxide 5/6/20091.90 % 142.5
Carbon Monoxide 5/6/20090.880 % 1ND
Methane 5/6/20090.580 % 168.4
Nitrogen J 5/6/20098.30 % 14.54
Oxygen 5/6/20090.880 % 11.12

SILOXANE SERIES TO-15 Analyst: LL
    Surr: Bromofluorobenzene 5/6/2009 4:39:00 PM70-130 %REC 4118
    TIC: Cyclotetrasiloxane, 
octamethyl-

JN 5/6/2009 4:39:00 PM0 ppbV 43800

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
1,1,1-Trichloroethane 5/6/2009 4:39:00 PM20 ppbV 4ND
1,1,2,2-Tetrachloroethane 5/6/2009 4:39:00 PM20 ppbV 4ND
1,1,2-Trichloroethane 5/6/2009 4:39:00 PM20 ppbV 4ND
1,1-Dichloroethane 5/6/2009 4:39:00 PM20 ppbV 4ND
1,1-Dichloroethene 5/6/2009 4:39:00 PM20 ppbV 4ND
1,2,4-Trichlorobenzene 5/6/2009 4:39:00 PM20 ppbV 4ND
1,2,4-Trimethylbenzene 5/6/2009 4:39:00 PM20 ppbV 471
1,2-Dibromoethane 5/6/2009 4:39:00 PM20 ppbV 4ND
1,2-Dichlorobenzene 5/6/2009 4:39:00 PM20 ppbV 4ND
1,2-Dichloroethane 5/6/2009 4:39:00 PM20 ppbV 4ND
1,2-Dichloropropane 5/6/2009 4:39:00 PM20 ppbV 4ND
1,3,5-Trimethylbenzene 5/6/2009 4:39:00 PM20 ppbV 429
1,3-butadiene 5/6/2009 4:39:00 PM20 ppbV 4ND
1,3-Dichlorobenzene 5/6/2009 4:39:00 PM20 ppbV 4ND
1,4-Dichlorobenzene 5/6/2009 4:39:00 PM20 ppbV 486
1,4-Dioxane 5/6/2009 4:39:00 PM40 ppbV 4ND
2,2,4-trimethylpentane 5/6/2009 4:39:00 PM20 ppbV 488
4-ethyltoluene 5/6/2009 4:39:00 PM20 ppbV 421
Acetone 5/6/2009 4:39:00 PM40 ppbV 4ND
Allyl chloride 5/6/2009 4:39:00 PM20 ppbV 4ND
Benzene J 5/6/2009 4:39:00 PM20 ppbV 412
Benzyl chloride 5/6/2009 4:39:00 PM20 ppbV 4ND
Bromodichloromethane 5/6/2009 4:39:00 PM20 ppbV 4ND
Bromoform 5/6/2009 4:39:00 PM20 ppbV 4ND
Bromomethane 5/6/2009 4:39:00 PM20 ppbV 4ND
Carbon disulfide 5/6/2009 4:39:00 PM20 ppbV 4ND
Carbon tetrachloride 5/6/2009 4:39:00 PM20 ppbV 4ND
Chlorobenzene J 5/6/2009 4:39:00 PM20 ppbV 46.3
Chloroethane 5/6/2009 4:39:00 PM20 ppbV 4ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits . Results reported are not blank corrected

** Reporting Limit



Project: Franklin WWTP

Client Sample ID: Franklin WWTP #1

Collection Date: 5/5/2009

Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: CALPWR, Inc.

Lab Order: C0905003

Lab ID: C0905003-001A

DF

Centek Laboratories, LLC Date: 22-May-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
Chloroform 5/6/2009 4:39:00 PM20 ppbV 4ND
Chloromethane 5/6/2009 4:39:00 PM20 ppbV 4ND
cis-1,2-Dichloroethene J 5/6/2009 4:39:00 PM20 ppbV 418
cis-1,3-Dichloropropene 5/6/2009 4:39:00 PM20 ppbV 4ND
Cyclohexane 5/6/2009 4:39:00 PM20 ppbV 4ND
Dibromochloromethane 5/6/2009 4:39:00 PM20 ppbV 4ND
Ethyl acetate 5/6/2009 4:39:00 PM40 ppbV 4ND
Ethylbenzene 5/6/2009 4:39:00 PM20 ppbV 454
Freon 11 5/6/2009 4:39:00 PM20 ppbV 4ND
Freon 113 5/6/2009 4:39:00 PM20 ppbV 4ND
Freon 114 5/6/2009 4:39:00 PM20 ppbV 4ND
Freon 12 5/6/2009 4:39:00 PM20 ppbV 4ND
Heptane 5/6/2009 4:39:00 PM20 ppbV 470
Hexachloro-1,3-butadiene 5/6/2009 4:39:00 PM20 ppbV 4ND
Hexane 5/6/2009 4:39:00 PM20 ppbV 462
Isopropyl alcohol 5/6/2009 4:39:00 PM20 ppbV 4ND
m&p-Xylene 5/6/2009 4:39:00 PM40 ppbV 4120
Methyl Butyl Ketone 5/6/2009 4:39:00 PM40 ppbV 4ND
Methyl Ethyl Ketone 5/6/2009 4:39:00 PM40 ppbV 4ND
Methyl Isobutyl Ketone J 5/6/2009 4:39:00 PM40 ppbV 49.9
Methyl tert-butyl ether J 5/6/2009 4:39:00 PM20 ppbV 417
Methylene chloride 5/6/2009 4:39:00 PM20 ppbV 4ND
o-Xylene 5/6/2009 4:39:00 PM20 ppbV 445
Propylene 5/6/2009 4:39:00 PM20 ppbV 4ND
Styrene 5/6/2009 4:39:00 PM20 ppbV 4ND
Tetrachloroethylene J 5/6/2009 4:39:00 PM20 ppbV 411
Tetrahydrofuran J 5/6/2009 4:39:00 PM20 ppbV 44.8
Toluene E 5/6/2009 4:39:00 PM20 ppbV 43800
trans-1,2-Dichloroethene 5/6/2009 4:39:00 PM20 ppbV 4ND
trans-1,3-Dichloropropene 5/6/2009 4:39:00 PM20 ppbV 4ND
Trichloroethene J 5/6/2009 4:39:00 PM20 ppbV 47.0
Vinyl acetate 5/6/2009 4:39:00 PM20 ppbV 4ND
Vinyl Bromide 5/6/2009 4:39:00 PM20 ppbV 4ND
Vinyl chloride 5/6/2009 4:39:00 PM20 ppbV 4ND
    Surr: Bromofluorobenzene 5/6/2009 4:39:00 PM70-130 %REC 4118
    TIC: 1-Docosene JN 5/6/2009 4:39:00 PM0 ppbV 41100
    TIC: 1-
Methyldecahydronaphthalene

JN 5/6/2009 4:39:00 PM0 ppbV 41300

    TIC: 2,2,7,7-Tetramethyloctane JN 5/6/2009 4:39:00 PM0 ppbV 41900
    TIC: 2-Octene, 3,7-dimethyl-, (Z)- JN 5/6/2009 4:39:00 PM0 ppbV 4930

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits . Results reported are not blank corrected

** Reporting Limit



Project: Franklin WWTP

Client Sample ID: Franklin WWTP #1

Collection Date: 5/5/2009

Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: CALPWR, Inc.

Lab Order: C0905003

Lab ID: C0905003-001A

DF

Centek Laboratories, LLC Date: 22-May-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: 3,4-Octadiene, 7-methyl- JN 5/6/2009 4:39:00 PM0 ppbV 4910
    TIC: Decane EJN 5/6/2009 4:39:00 PM0 ppbV 44800
    TIC: Decane, 2,2-dimethyl- JN 5/6/2009 4:39:00 PM0 ppbV 4940
    TIC: Decane, 2,3,8-trimethyl- EJN 5/6/2009 4:39:00 PM0 ppbV 45100
    TIC: Decane, 3-methyl- JN 5/6/2009 4:39:00 PM0 ppbV 41200
    TIC: Hexane, 2,2,-trimethyl-
(isomer)

JN 5/6/2009 4:39:00 PM0 ppbV 43300

    TIC: Methanethiol JN 5/6/2009 4:39:00 PM0 ppbV 41300
    TIC: Naphthalene, decahydro-2-
methyl-

JN 5/6/2009 4:39:00 PM0 ppbV 41100

    TIC: Nonane JN 5/6/2009 4:39:00 PM0 ppbV 4840
    TIC: Nonane, 3-methyl- JN 5/6/2009 4:39:00 PM0 ppbV 41000
    TIC: Octane, 2,2,6-trimethyl- JN 5/6/2009 4:39:00 PM0 ppbV 43900
    TIC: Octane, 2,5,6-trimethyl- JN 5/6/2009 4:39:00 PM0 ppbV 43000
    TIC: Sulfurous acid, decyl 2-pentyl 
est

JN 5/6/2009 4:39:00 PM0 ppbV 41600

    TIC: Undecane JN 5/6/2009 4:39:00 PM0 ppbV 41900
NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits . Results reported are not blank corrected

** Reporting Limit



Project: Franklin WWTP

Client Sample ID: Franklin WWTP #2

Collection Date: 5/5/2009

Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: CALPWR, Inc.

Lab Order: C0905003

Lab ID: C0905003-002A

DF

Centek Laboratories, LLC Date: 22-May-09

Tag Number:

FIXED GAS SERIES EPA METHOD 3C Analyst: LL
Carbon dioxide 5/6/20091.90 % 143.8
Carbon Monoxide 5/6/20090.880 % 1ND
Methane 5/6/20090.580 % 164.9
Nitrogen J 5/6/20098.30 % 13.84
Oxygen 5/6/20090.880 % 11.00

SILOXANE SERIES TO-15 Analyst: LL
    Surr: Bromofluorobenzene 5/6/2009 6:25:00 PM70-130 %REC 4119
    TIC: Cyclotetrasiloxane, 
octamethyl-

EJN 5/6/2009 6:25:00 PM0 ppbV 45900

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
1,1,1-Trichloroethane 5/6/2009 6:25:00 PM20 ppbV 4ND
1,1,2,2-Tetrachloroethane 5/6/2009 6:25:00 PM20 ppbV 4ND
1,1,2-Trichloroethane 5/6/2009 6:25:00 PM20 ppbV 4ND
1,1-Dichloroethane 5/6/2009 6:25:00 PM20 ppbV 4ND
1,1-Dichloroethene 5/6/2009 6:25:00 PM20 ppbV 4ND
1,2,4-Trichlorobenzene 5/6/2009 6:25:00 PM20 ppbV 4ND
1,2,4-Trimethylbenzene 5/6/2009 6:25:00 PM20 ppbV 483
1,2-Dibromoethane 5/6/2009 6:25:00 PM20 ppbV 4ND
1,2-Dichlorobenzene 5/6/2009 6:25:00 PM20 ppbV 4ND
1,2-Dichloroethane 5/6/2009 6:25:00 PM20 ppbV 4ND
1,2-Dichloropropane 5/6/2009 6:25:00 PM20 ppbV 4ND
1,3,5-Trimethylbenzene 5/6/2009 6:25:00 PM20 ppbV 435
1,3-butadiene 5/6/2009 6:25:00 PM20 ppbV 4ND
1,3-Dichlorobenzene 5/6/2009 6:25:00 PM20 ppbV 4ND
1,4-Dichlorobenzene 5/6/2009 6:25:00 PM20 ppbV 4100
1,4-Dioxane 5/6/2009 6:25:00 PM40 ppbV 4ND
2,2,4-trimethylpentane 5/6/2009 6:25:00 PM20 ppbV 4110
4-ethyltoluene 5/6/2009 6:25:00 PM20 ppbV 424
Acetone 5/6/2009 6:25:00 PM40 ppbV 4ND
Allyl chloride 5/6/2009 6:25:00 PM20 ppbV 4ND
Benzene J 5/6/2009 6:25:00 PM20 ppbV 415
Benzyl chloride 5/6/2009 6:25:00 PM20 ppbV 4ND
Bromodichloromethane 5/6/2009 6:25:00 PM20 ppbV 4ND
Bromoform 5/6/2009 6:25:00 PM20 ppbV 4ND
Bromomethane 5/6/2009 6:25:00 PM20 ppbV 4ND
Carbon disulfide 5/6/2009 6:25:00 PM20 ppbV 4ND
Carbon tetrachloride 5/6/2009 6:25:00 PM20 ppbV 4ND
Chlorobenzene J 5/6/2009 6:25:00 PM20 ppbV 47.8
Chloroethane 5/6/2009 6:25:00 PM20 ppbV 4ND

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits . Results reported are not blank corrected

** Reporting Limit



Project: Franklin WWTP

Client Sample ID: Franklin WWTP #2

Collection Date: 5/5/2009

Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: CALPWR, Inc.

Lab Order: C0905003

Lab ID: C0905003-002A

DF

Centek Laboratories, LLC Date: 22-May-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
Chloroform 5/6/2009 6:25:00 PM20 ppbV 4ND
Chloromethane 5/6/2009 6:25:00 PM20 ppbV 4ND
cis-1,2-Dichloroethene 5/6/2009 6:25:00 PM20 ppbV 422
cis-1,3-Dichloropropene 5/6/2009 6:25:00 PM20 ppbV 4ND
Cyclohexane J 5/6/2009 6:25:00 PM20 ppbV 48.8
Dibromochloromethane 5/6/2009 6:25:00 PM20 ppbV 4ND
Ethyl acetate 5/6/2009 6:25:00 PM40 ppbV 4ND
Ethylbenzene 5/6/2009 6:25:00 PM20 ppbV 464
Freon 11 5/6/2009 6:25:00 PM20 ppbV 4ND
Freon 113 5/6/2009 6:25:00 PM20 ppbV 4ND
Freon 114 5/6/2009 6:25:00 PM20 ppbV 4ND
Freon 12 5/6/2009 6:25:00 PM20 ppbV 4ND
Heptane 5/6/2009 6:25:00 PM20 ppbV 485
Hexachloro-1,3-butadiene 5/6/2009 6:25:00 PM20 ppbV 4ND
Hexane 5/6/2009 6:25:00 PM20 ppbV 475
Isopropyl alcohol 5/6/2009 6:25:00 PM20 ppbV 4ND
m&p-Xylene 5/6/2009 6:25:00 PM40 ppbV 4150
Methyl Butyl Ketone 5/6/2009 6:25:00 PM40 ppbV 4ND
Methyl Ethyl Ketone 5/6/2009 6:25:00 PM40 ppbV 4ND
Methyl Isobutyl Ketone J 5/6/2009 6:25:00 PM40 ppbV 412
Methyl tert-butyl ether 5/6/2009 6:25:00 PM20 ppbV 420
Methylene chloride 5/6/2009 6:25:00 PM20 ppbV 4ND
o-Xylene 5/6/2009 6:25:00 PM20 ppbV 452
Propylene 5/6/2009 6:25:00 PM20 ppbV 4ND
Styrene 5/6/2009 6:25:00 PM20 ppbV 4ND
Tetrachloroethylene J 5/6/2009 6:25:00 PM20 ppbV 414
Tetrahydrofuran J 5/6/2009 6:25:00 PM20 ppbV 45.0
Toluene E 5/6/2009 6:25:00 PM20 ppbV 44600
trans-1,2-Dichloroethene 5/6/2009 6:25:00 PM20 ppbV 4ND
trans-1,3-Dichloropropene 5/6/2009 6:25:00 PM20 ppbV 4ND
Trichloroethene J 5/6/2009 6:25:00 PM20 ppbV 48.5
Vinyl acetate 5/6/2009 6:25:00 PM20 ppbV 4ND
Vinyl Bromide 5/6/2009 6:25:00 PM20 ppbV 4ND
Vinyl chloride 5/6/2009 6:25:00 PM20 ppbV 4ND
    Surr: Bromofluorobenzene 5/6/2009 6:25:00 PM70-130 %REC 4119
    TIC: 1-Docosene JN 5/6/2009 6:25:00 PM0 ppbV 41800
    TIC: 1-
Methyldecahydronaphthalene

JN 5/6/2009 6:25:00 PM0 ppbV 42500

    TIC: 2,2,7,7-Tetramethyloctane JN 5/6/2009 6:25:00 PM0 ppbV 42900
    TIC: 2-Octene, 3,7-dimethyl-, (Z)- JN 5/6/2009 6:25:00 PM0 ppbV 41600

Qualifiers:   
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B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits . Results reported are not blank corrected

** Reporting Limit



Project: Franklin WWTP

Client Sample ID: Franklin WWTP #2

Collection Date: 5/5/2009

Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: CALPWR, Inc.

Lab Order: C0905003

Lab ID: C0905003-002A

DF

Centek Laboratories, LLC Date: 22-May-09

Tag Number:

LFG BY METHOD TO15 + TIC TO-15 Analyst: LL
    TIC: 4-Methyl-1,4-heptadiene JN 5/6/2009 6:25:00 PM0 ppbV 41600
    TIC: Decane, 2,2-dimethyl- JN 5/6/2009 6:25:00 PM0 ppbV 41500
    TIC: Decane, 2,3,5-trimethyl- EJN 5/6/2009 6:25:00 PM0 ppbV 47900
    TIC: Decane, 2,5,6-trimethyl- EJN 5/6/2009 6:25:00 PM0 ppbV 45300
    TIC: Decane, 3-methyl- JN 5/6/2009 6:25:00 PM0 ppbV 42000
    TIC: Heptane, 5-ethyl-2,2,3-
trimethyl-

EJN 5/6/2009 6:25:00 PM0 ppbV 45500

    TIC: Hexane, 2,2,3-trimethyl- EJN 5/6/2009 6:25:00 PM0 ppbV 46600
    TIC: Methanethiol JN 5/6/2009 6:25:00 PM0 ppbV 41400
    TIC: Naphthalene, decahydro-2-
methyl-

JN 5/6/2009 6:25:00 PM0 ppbV 42000

    TIC: Nonane JN 5/6/2009 6:25:00 PM0 ppbV 41400
    TIC: Nonane, 3-methyl- JN 5/6/2009 6:25:00 PM0 ppbV 41600
    TIC: Sulfurous acid, decyl pentyl 
ester

JN 5/6/2009 6:25:00 PM0 ppbV 42800

    TIC: Undecane JN 5/6/2009 6:25:00 PM0 ppbV 43500
    TIC: Undecane, 2,-dimethyl-
(isomer)

EJN 5/6/2009 6:25:00 PM0 ppbV 47900

NOTES:
E - Estimated value. The amount exceeds the linear working range of the instrument.

Qualifiers:   

Page 6 of 6

B Analyte detected in the associated Method Blank E Value above quantitation range

H Holding times for preparation or analysis exceeded J Analyte detected at or below quantitation limits

JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Reporting Limit

S Spike Recovery outside accepted recovery limits . Results reported are not blank corrected

** Reporting Limit
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               Attachment BDigester Heat Requirement Calculations



Average Day

Initial Sludge Temp (F) 55 50
Ambient Temp (F) 45 -1
Desired Temp (F) 100 100
Sludge Flow (Gal/day) to each digester 27,500 14,500
Sludge Flow (Gal/hr) to each digester 1,146 604
Sludge Density (lb/gal) 8.34 8.34
Roof Heat Transfer Coefficient 0.7 Floating Steel
Wall Heat Transfer Coefficient Above Ground 0.83 Plain concrete
Wall Heat Transfer Coefficient Below Ground 0.19 Plain concrete, surrounded by moiste earth
Floor Heat Transfer Coefficient 0.5 Plain concrete, 12" thick in contact with moist earth
Radius (wall and roof) in feet 30
Wall Height Above Ground in feet 3
Wall Height Below Ground in feet 25
Depth, (bottom cone) in feet 3.75 Slope of 1:4
Roof Surface Area  sqft 2,826.00 Area = 3.14 x Radius squared
Wall Surface Area Above Ground  sqft 565.20 Area = 3.14 x Diameter x Height Above Grade
Wall Surface Area Below Ground sqft 4,710.00 Area = 3.14 x Diameter x Height Below Grade
Floor Surface Area  sqft 2,847.99 Area = 3.14 x Radius x Square Root of (Radius Squared + Height Squared)

Heat Required for Sludge (BTU/hr) 430,031 251,938
Roof Heat Loss (BTU/hr) 108,801 199,798
Wall Heat Loss Above Ground (BTU/hr) 25,801 47,381
Wall Heat Loss Below Ground (BTU/hr) 49,220 90,385
Heat Lost Through Floor (BTU/hr) 78,320 143,824

Total Heat (BTU/hr) Per Digester 692,173 733,325
Total Heat (BTU/day) Per Digester 16,612,150 17,599,799
Total Heat (BTU/day) Both Digesters 1,384,346 1,466,650

Estimated Digester Heat Requirements

Estimated Digester Heat Input Requirements

Heat Requirments and Heat Loss Estimates

October January



Attachment 2 
Electrical MCC Diagram





Attachment 3 
Heating Equipment Run-Time Data and Biogas 

Production Data



           Operations Building Fuel Usage Digester Heat Exchangers

Furance size 1.820 mmBTU/hr Two Heat Exchangers each rated at 1.125 mmBTU/hr

Gas MPH 2,247         Oil gph 16.05          Heat Exchanger # 1          Heat Exchanger # 2 Total
Month Methane Gas # 2 Fuel  Month Methane Gas Month Methane Gas # 2 Fuel  

Average Gallons Average Average Gallons
Hours/day Month Hours/day Hours/day Month
Furnance Heat Exchanger Heat Exchanger

April 2010 4.7 April 2010 9.3 April 2010 off - line
May 2010 2.9 May 2010 10.4 May 2010 off - line
June 2010 1.3 June 2010 9.3 June 2010 6.9
July 2010 1.1 July 2010 9.5 July 2010 6.1
August 2010 1.4 August 2010 No Data August 2010 5.9
September 2010 2.6 September 2010 7.9 September 2010 5.1

April 2011 5.9 April 2011 7.8 April 2011 3.6
May 2011 3.2 May 2011 7.7 May 2011 5.0
June 2011 2.3 June 2011 7.9 June 2011 4.0
July 2011 2.0 July 2011 8.3 July 2011 5.3
August  2011 1.8 August  2011 8.4 August  2011 5.1
September 2011 2.6 0 September 2011 8.1 September 2011 4.4 0
October 2011 5.7 0 October 2011 7.9 October 2011 5.0 0
November 2011 10.1 0 November 2011 8.7 November 2011 5.1 0
December 2011 12.3 163 December 2011 8.9 December 2011 5.7 214
January 2012 8.5 298 January 2012 9.8 January 2012 5.7 94
February 2012 7.8 0 February 2012 8.1 February 2012 5.4 0
March 2012 6.6 238 March 2012 8.4 March 2012 5.2 0
April 2012 4.8 0 April 2012 8.0 April 2012 5.4 62
May 2012 2.6 0 May 2012 7.7 May 2012 4.4 0

Note: Heat Exchanger 2 is suppying building heat to the digester area.
September 2011 to May 2012         # 2 fuel is the total usage for both heat exchangers



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

March 16, 2011 March-11 1.3 21.7 7,117 0.1 38.4 12,200 0.1 0.1 54 19,317
March 17, 2011 March-11 2.8 25.3 21,462 0.1 58.9 27,269 0.1 38.4 131 48,731 manual entry
March 18, 2011 March-11 manual entry
March 19, 2011 March-11
March 20, 2011 March-11 0.1 30.1 16,053 0.1 40.5 27,610 0.1 40.4 133 43,663
March 21, 2011 March-11 manual entry
March 22, 2011 March-11 3.0 42.6 23,487 0.1 71.2 27,781 0.1 39.4 132 51,268
March 23, 2011 March-11 0.1 34.0 27,501 0.1 32.4 42,521 0.1 39.8 246 70,022 auto. logging  from this point onward.
March 24, 2011 March-11
March 25, 2011 March-11 8.4 26.6 23,822 0.1 32.7 16,710 0.1 39.4 122 40,532 scheduler problems
March 26, 2011 March-11 0.1 27.0 13,282 0.1 20.0 9,287 0.1 40.3 121 22,568
March 27, 2011 March-11 0.1 28.3 22,756 0.1 20.9 7,616 0.1 41.0 123 30,372
March 28, 2011 March-11 1.1 24.1 20,786 0.1 32.4 17,681 0.1 39.2 123 38,468
March 29, 2011 March-11 1.1 23.2 12,937 0.1 32.4 24,191 0.1 39.8 122 37,128
March 30, 2011 March-11 0.1 20.9 14,006 0.1 40.4 27,511 0.1 39.0 122 41,518
March 31, 2011 March-11 0.1 23.0 16,337 1.4 43.6 31,681 0.1 39.0 124 48,018

April 1, 2011 April-11 3.8 24.8 19,723 0.1 36.7 25,797 0.1 37.9 120 45,520
April 2, 2011 April-11 2.7 25.2 20,972 0.1 38.2 27,462 0.1 37.5 120 48,434
April 3, 2011 April-11 2.4 27.6 22,296 2.7 42.1 27,313 0.1 37.2 121 49,608
April 4, 2011 April-11 1.2 33.5 15,619 6.5 44.0 34,271 0.1 37.6 121 49,890
April 5, 2011 April-11 2.4 24.3 19,637 0.1 38.4 26,802 0.1 36.9 120 46,439
April 6, 2011 April-11 0.1 25.6 15,587 1.5 37.0 29,638 0.1 37.6 120 45,226
April 7, 2011 April-11 1.1 27.4 20,748 0.1 42.0 25,512 0.1 36.9 120 46,260
April 8, 2011 April-11 0.1 31.6 14,668 1.1 42.4 32,396 0.1 37.7 124 47,064
April 9, 2011 April-11 1.2 25.2 18,971 0.1 43.5 25,668 0.1 37.0 121 44,638

April 10, 2011 April-11 0.1 25.4 14,876 2.8 40.1 28,772 0.1 37.9 122 43,648
April 11, 2011 April-11 0.1 21.3 12,776 2.8 41.9 31,218 0.1 37.7 122 43,995
April 12, 2011 April-11 0.1 24.6 31,423 0.1 42.2 52,722 0.1 37.1 246 84,145
April 13, 2011 April-11 0.1 22.1 18,035 0.1 37.1 23,514 0.1 36.6 122 41,549
April 14, 2011 April-11 0.1 22.7 13,196 1.4 42.3 30,580 0.1 37.4 124 43,776
April 15, 2011 April-11 0.1 23.0 15,073 0.1 39.3 22,924 0.1 36.7 124 37,997
April 16, 2011 April-11 0.1 22.9 10,492 0.1 36.0 29,544 0.1 37.4 121 40,037
April 17, 2011 April-11 0.1 23.0 12,514 0.1 38.1 24,019 0.1 36.7 121 36,533
April 18, 2011 April-11 0.1 26.5 24,972 0.1 40.9 39,455 0.1 37.1 142 64,427
April 19, 2011 April-11 0.1 34.3 37,592 0.1 44.5 61,067 0.1 37.4 250 98,658
April 20, 2011 April-11 8.6 34.7 24,338 13.9 42.3 45,861 0.1 37.4 123 70,199
April 21, 2011 April-11 14.0 28.5 33,088 6.4 41.0 35,069 0.1 37.0 122 68,157
April 22, 2011 April-11 2.2 40.4 16,310 10.3 43.6 41,434 0.1 37.6 122 57,744
April 23, 2011 April-11 4.1 18.0 15,788 1.4 25.9 24,120 0.1 36.7 119 39,907
April 24, 2011 April-11 1.9 23.2 9,535 17.9 27.5 32,598 0.1 35.9 117 42,133
April 25, 2011 April-11 3.3 28.5 22,965 5.6 43.5 30,677 0.1 34.5 121 53,643
April 26, 2011 April-11 3.0 29.7 25,763 8.4 43.8 35,703 0.1 34.7 122 61,465
April 27, 2011 April-11 11.9 30.3 33,130 5.7 68.2 35,250 0.1 34.2 123 68,380
April 28, 2011 April-11 8.7 38.9 24,186 9.9 42.4 44,147 0.1 35.3 122 68,333
April 29, 2011 April-11 11.9 30.9 31,544 2.8 41.3 35,710 0.1 34.9 124 67,254
April 30, 2011 April-11 7.3 37.6 24,169 3.4 41.5 42,134 0.1 35.8 123 66,304
May 1, 2011 May-11 11.5 28.9 30,311 5.3 55.7 36,645 0.1 35.2 122 66,956

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)

May 2, 2011 May-11 7.3 38.1 25,445 9.2 42.8 42,449 0.1 36.1 126 67,894
May 3, 2011 May-11 1.3 66.9 32,005 5.6 47.2 33,769 0.1 35.8 125 65,774
May 4, 2011 May-11 2.1 32.1 18,595 1.3 39.6 33,595 0.1 36.4 121 52,190
May 5, 2011 May-11 5.6 21.9 22,602 2.9 36.2 28,296 0.1 35.9 122 50,897
May 6, 2011 May-11 1.5 26.3 13,600 12.6 36.7 39,318 0.1 36.6 126 52,918
May 7, 2011 May-11 7.9 21.9 21,341 3.9 41.4 30,451 0.1 36.1 121 51,792
May 8, 2011 May-11 3.9 28.1 14,817 11.4 44.8 39,511 0.1 36.6 120 54,327
May 9, 2011 May-11 6.0 21.9 17,715 4.2 39.0 32,954 0.1 36.0 123 50,669

May 10, 2011 May-11 5.2 29.9 15,426 11.1 41.8 41,926 0.1 36.7 126 57,352
May 11, 2011 May-11 6.1 32.7 16,846 10.6 43.8 43,161 0.1 36.4 122 60,007
May 12, 2011 May-11 1.3 34.3 12,142 22.1 45.0 44,817 0.1 36.8 124 56,959
May 13, 2011 May-11 5.0 31.8 15,056 6.3 76.7 35,989 0.1 36.5 121 51,044
May 14, 2011 May-11 5.2 30.8 12,207 22.6 38.0 44,142 0.1 37.0 122 56,349
May 15, 2011 May-11 6.5 30.4 16,921 5.2 35.0 36,142 0.1 36.4 118 53,063
May 16, 2011 May-11 4.7 26.9 19,611 12.8 41.8 41,900 0.1 36.8 117 61,511
May 17, 2011 May-11 10.1 29.0 25,009 3.4 65.4 36,655 0.1 36.4 120 61,665
May 18, 2011 May-11 6.8 31.2 21,172 12.3 40.1 45,785 0.1 37.3 118 66,957
May 19, 2011 May-11 6.6 46.5 28,267 5.0 33.9 31,290 0.1 36.9 118 59,558
May 20, 2011 May-11 3.1 2.7 27,935 11.1 9.7 40,146 0.1 0.1 135 68,081
May 21, 2011 May-11 6.8 6.0 27,535 15.8 13.8 47,802 0.1 0.1 133 75,337
May 22, 2011 May-11 7.1 6.2 43,602 5.3 4.7 33,582 0.1 0.1 126 77,185
May 23, 2011 May-11 6.8 31.2 21,172 12.3 40.1 45,785 0.1 37.3 118 66,957
May 24, 2011 May-11 4.9 24.8 19,184 11.8 33.2 37,420 0.1 38.1 119 56,604
May 25, 2011 May-11 14.9 27.2 29,979 4.3 37.0 33,240 0.1 37.9 120 63,219
May 26, 2011 May-11 6.4 29.4 20,238 14.7 47.9 44,539 0.1 38.8 124 64,777
May 27, 2011 May-11 2.9 28.6 22,314 10.3 37.7 37,406 0.1 38.0 125 59,720
May 28, 2011 May-11 11.4 29.8 23,193 24.7 37.7 45,311 0.1 38.7 120 68,504
May 29, 2011 May-11 15.2 31.4 33,911 2.1 33.5 21,473 0.1 37.9 120 55,384
May 30, 2011 May-11 11.4 26.9 24,093 3.8 47.1 35,964 0.1 38.1 124 60,057
May 31, 2011 May-11 1.2 36.6 17,164 1.5 42.1 32,198 0.1 37.9 134 49,362
June 1, 2011 June-11 1.5 21.5 17,666 17.4 44.0 45,777 0.1 38.9 125 63,443
June 2, 2011 June-11 1.2 40.2 18,712 7.9 42.1 41,317 0.1 38.3 125 60,029
June 3, 2011 June-11 0.1 27.8 16,450 11.6 44.2 41,100 0.1 38.8 126 57,550
June 4, 2011 June-11 12.9 28.3 30,734 2.2 45.3 34,666 0.1 38.1 122 65,400
June 5, 2011 June-11 5.4 38.1 19,993 13.3 44.7 44,553 0.1 38.6 122 64,547
June 6, 2011 June-11 10.4 26.8 27,470 2.8 41.9 36,585 0.1 38.0 126 64,055
June 7, 2011 June-11 7.2 33.6 22,938 9.0 41.9 47,484 0.1 38.6 124 70,422
June 8, 2011 June-11 1.4 31.4 26,638 1.4 46.0 35,797 0.1 38.2 126 62,435
June 9, 2011 June-11 3.3 45.0 28,714 6.1 51.9 46,912 0.1 39.3 125 75,626

June 10, 2011 June-11 11.3 54.2 37,408 6.1 40.0 31,689 0.1 38.9 125 69,097
June 11,2011 June-11 4.6 26.7 31,228 5.2 44.4 37,629 0.1 39.0 124 68,857
June 12,2011 June-11 5.2 34.7 28,149 8.1 45.7 42,981 0.1 38.9 121 71,130
June 13, 2011 June-11 6.9 35.7 23,642 11.0 48.1 50,844 0.1 38.9 120 74,487
June 14, 2011 June-11 4.9 33.9 36,702 2.2 46.7 36,699 0.1 38.4 119 73,401
June 15, 2011 June-11 8.4 33.9 22,738 29.9 44.3 52,059 0.1 38.2 121 74,797
June 16, 2011 June-11 12.3 35.3 30,914 5.0 43.3 41,387 0.1 37.7 124 72,301
June 17, 2011 June-11 1.6 38.1 23,986 8.0 42.1 43,394 0.1 38.4 124 67,380



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)

June 18, 2011 June-11 10.8 33.1 35,711 2.5 45.9 31,036 0.1 37.9 126 66,747
June 19, 2011 June-11 3.7 37.8 13,109 8.9 51.7 52,849 0.1 38.4 122 65,957
June 20, 2011 June-11 0.1 30.9 20,288 1.6 36.6 18,577 0.1 39.4 126 38,864
June 21, 2011 June-11 5.0 19.7 17,601 0.1 39.1 27,201 0.1 38.7 126 44,802
June 22, 2011 June-11 0.1 30.5 15,912 23.2 42.9 44,040 0.1 39.0 127 59,952
June 23, 2011 June-11 8.1 27.3 21,397 11.1 39.3 43,862 0.1 38.0 128 65,258
June 24, 2011 June-11 6.2 19.9 22,653 8.7 36.8 29,654 0.1 38.3 127 52,307
June 25, 2011 June-11 0.9 22.4 17,489 0.5 32.5 33,411 0.1 37.7 128 50,900
June 26, 2011 June-11 5.8 28.2 16,239 8.7 39.3 29,578 0.1 39.0 126 45,817
June 27, 2011 June-11 1.2 30.5 11,918 11.0 36.2 37,435 0.1 39.1 126 49,353
June 28, 2011 June-11 6.0 20.7 19,863 0.1 33.6 28,641 0.1 38.6 126 48,504
June 29, 2011 June-11 0.1 27.9 14,354 6.0 33.8 34,574 0.1 39.1 126 48,928
June 30, 2011 June-11 8.4 21.3 21,348 0.1 39.3 29,766 0.1 38.6 126 51,114
July 1, 2011 July-11 1.4 33.8 20,230 5.4 35.6 37,727 0.1 39.1 124 57,957
July 2, 2011 July-11 12.3 32.1 30,678 4.4 39.9 32,184 0.1 38.6 120 62,862
July 3, 2011 July-11 2.5 33.5 13,901 27.8 42.4 50,574 0.1 39.0 119 64,475
July 4, 2011 July-11 0.1 37.9 14,834 5.8 42.4 42,860 0.1 39.7 120 57,694
July 5, 2011 July-11 6.5 28.3 25,749 5.1 41.2 33,839 0.1 39.6 119 59,588
July 6, 2011 July-11 1.2 38.3 18,245 8.3 40.9 41,896 0.1 40.1 118 60,141
July 7, 2011 July-11 8.9 27.4 23,732 4.8 37.0 33,066 0.1 39.1 119 56,798
July 8, 2011 July-11 1.3 31.7 15,654 6.0 35.5 37,102 0.1 39.5 118 52,756
July 9, 2011 July-11 9.1 22.7 23,642 3.8 37.4 30,081 0.1 38.3 118 53,723

July 10, 2011 July-11 1.2 33.1 14,728 19.1 37.4 43,164 0.1 38.0 119 57,892
July 11, 2011 July-11 0.1 34.8 16,252 7.7 36.0 38,273 0.1 39.0 122 54,525
July 12, 2011 July-11 3.6 26.0 22,719 4.3 36.9 29,366 0.1 37.9 122 52,085
July 13, 2011 July-11 0.1 29.2 20,317 18.8 46.9 49,250 0.1 41.6 26,861 69,567
July 14, 2011 July-11 18.4 38.1 31,326 10.2 45.3 48,117 27.3 37.1 43,394 79,443
July 15, 2011 July-11 11.4 41.9 28,113 10.5 46.7 50,686 29.9 36.5 46,432 78,799
July 16, 2011 July-11 8.6 32.3 32,506 3.6 44.5 34,105 29.6 35.9 44,031 66,611
July 17, 2011 July-11 0.1 37.9 12,434 6.2 50.9 45,458 0.1 36.6 22,462 57,891
July 18, 2011 July-11 0.1 19.0 8,011 17.8 30.1 31,504 0.1 37.3 32,921 39,515
July 19, 2011 July-11 0.1 19.2 9,457 5.7 32.7 31,477 0.1 36.4 28,254 40,934
July 20, 2011 July-11 0.1 25.6 8,707 16.9 31.6 32,432 0.1 35.4 27,822 41,138
July 21, 2011 July-11 0.1 24.0 8,120 15.1 30.1 31,029 0.1 34.8 25,349 39,149
July 22, 2011 July-11 0.1 34.6 24,218 5.4 40.7 36,558 0.1 41.9 32,547 60,776
July 23, 2011 July-11 14.2 34.3 39,039 5.6 45.0 32,187 16.4 35.6 33,227 71,227
July 24, 2011 July-11 5.0 33.1 17,738 24.0 40.8 46,019 18.6 35.2 27,807 63,757
July 25, 2011 July-11 4.4 39.5 17,453 12.2 40.5 45,323 18.9 36.3 27,525 62,776
July 26, 2011 July-11 12.9 24.8 27,561 3.0 40.5 34,557 18.8 36.1 27,658 62,118
July 27, 2011 July-11 5.7 32.6 19,045 21.3 38.1 44,550 19.0 36.5 28,633 63,595
July 28, 2011 July-11 12.6 29.8 23,251 8.2 38.2 39,060 18.4 35.5 27,528 62,311
July 29, 2011 July-11 8.4 30.9 18,784 25.9 36.0 42,900 19.2 35.1 28,194 61,684
July 30, 2011 July-11 12.2 29.7 22,348 11.4 39.0 38,940 18.5 34.4 27,229 61,287
July 31, 2011 July-11 4.3 32.6 19,426 16.3 38.4 40,314 18.1 34.4 27,443 59,740

August 1, 2011 August-11 3.2 19.0 19,790 5.9 50.9 43,562 9.0 35.5 27,571 63,352
August 2, 2011 August-11 8.2 38.3 21,747 13.9 39.3 41,466 8.4 35.2 26,721 63,213
August 3, 2011 August-11 1.2 26.9 18,110 16.6 36.6 38,435 8.9 36.0 21,170 56,545



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)

August 4, 2011 August-11 9.3 19.3 21,942 7.1 34.1 32,738 12.4 35.4 18,509 54,680
August 5, 2011 August-11 5.8 28.2 20,770 9.3 34.3 37,632 13.1 36.3 26,771 58,402
August 6, 2011 August-11 7.7 22.5 22,870 5.7 39.5 33,379 0.1 35.6 16,837 56,249
August 7, 2011 August-11 5.9 27.0 18,258 18.7 32.1 37,861 12.6 35.8 18,309 56,119
August 8, 2011 August-11 7.1 27.7 22,889 10.0 43.8 35,746 0.1 36.7 8,872 58,635
August 9, 2011 August-11 10.9 20.2 22,239 5.0 40.5 34,553 0.1 36.4 15,049 56,792

August 10, 2011 August-11 13.1 35.0 22,161 18.4 37.8 44,104 18.2 36.9 31,640 66,265
August 11, 2011 August-11 10.3 23.7 24,086 5.9 41.3 37,143 13.5 36.8 25,861 61,229
August 12, 2011 August-11 9.3 36.2 22,509 7.2 36.5 37,886 17.8 37.3 32,602 60,395
August 13, 2011 August-11 4.9 31.2 29,206 0.1 31.5 27,146 1.3 36.1 12,669 56,352
August 14, 2011 August-11 1.4 23.2 11,986 15.5 25.1 29,319 1.5 35.8 2,181 41,305
August 15, 2011 August-11 4.1 27.2 24,231 5.0 32.3 26,318 1.5 36.7 18,739 50,549
August 16, 2011 August-11 10.2 29.4 31,330 3.9 34.2 25,048 7.9 35.2 15,123 56,378
August 17, 2011 August-11 8.2 26.7 27,941 4.7 29.9 28,972 10.1 36.0 22,145 56,913
August 18, 2011 August-11 7.3 30.1 26,864 8.4 37.2 34,819 12.4 34.9 28,497 61,682
August 19, 2011 August-11 6.9 34.7 26,746 3.6 35.1 29,106 21.8 35.7 33,662 55,852
August 20, 2011 August-11 22.3 32.8 40,492 1.9 32.8 24,026 20.7 35.2 30,903 64,518
August 21, 2011 August-11 9.3 26.6 25,257 12.6 38.1 36,792 19.9 35.4 30,632 62,050
August 22, 2011 August-11 6.1 33.8 22,998 1.5 34.3 22,388 0.1 36.5 8,656 45,386
August 23, 2011 August-11 13.1 30.7 27,446 0.1 33.2 24,032 0.1 36.0 1,061 51,478
August 24, 2011 August-11 9.3 29.6 26,707 7.9 32.0 28,339 0.1 36.4 611 55,046
August 25, 2011 August-11 12.0 23.9 24,894 6.5 34.2 31,628 0.1 35.9 144 56,522
August 26, 2011 August-11 1.1 30.4 16,733 11.2 32.0 32,029 0.1 35.9 767 48,762
August 27, 2011 August-11 11.5 20.6 24,493 4.4 35.7 29,443 0.1 35.2 1,869 53,936
August 28, 2011 August-11 10.6 30.7 23,883 6.0 29.8 26,005 1.3 35.4 1,999 49,888
August 29, 2011 August-11 4.6 27.7 20,633 2.8 41.4 36,017 0.1 36.2 685 56,650
August 30, 2011 August-11 8.1 23.2 19,760 6.1 38.1 34,682 0.1 35.0 1,241 54,442
August 31, 2011 August-11 11.4 33.9 24,351 4.6 35.3 24,261 1.2 34.6 1,802 48,612

September 1, 2011 September-11 0.1 21.8 14,840 3.0 29.7 21,470 0.1 34.7 629 36,310
September 2, 2011 September-11 0.1 30.1 17,787 2.5 22.4 20,208 0.1 35.3 142 37,995
September 3, 2011 September-11 0.1 23.1 20,862 5.0 24.0 23,983 0.1 36.0 230 44,845
September 4, 2011 September-11 2.5 31.9 24,591 9.8 28.9 32,694 0.1 36.2 189 57,285
September 5, 2011 September-11 3.0 31.7 18,207 16.6 33.1 40,648 0.1 36.9 173 58,855
September 6, 2011 September-11 12.2 26.6 29,107 2.6 34.2 31,122 0.1 36.6 236 60,230
September 7, 2011 September-11 8.4 26.3 19,625 24.4 32.0 40,428 0.1 36.8 229 60,053
September 8, 2011 September-11 12.9 25.1 27,129 7.3 36.7 34,265 0.1 36.2 177 61,395
September 9, 2011 September-11 8.2 31.0 20,865 11.1 31.7 37,045 0.1 36.6 1,454 57,910

September 10, 2011 September-11 14.8 27.6 30,056 5.2 33.9 29,540 1.4 36.4 2,048 59,596
September 11, 2011 September-11 5.4 32.0 14,553 22.7 34.9 43,297 1.4 37.0 2,052 57,850
September 12, 2011 September-11 3.4 33.7 15,932 12.8 36.5 38,255 0.1 37.8 1,532 54,186
September 13, 2011 September-11 7.6 21.6 24,811 5.7 33.0 29,870 1.1 37.3 24,033 54,681
September 14, 2011 September-11 7.6 32.8 30,580 10.6 32.7 39,577 28.5 37.9 43,115 70,157
September 15, 2011 September-11 8.7 33.3 31,410 5.2 40.6 32,639 0.1 37.6 23,727 64,049
September 16, 2011 September-11 6.1 38.2 17,508 18.6 39.2 39,522 0.1 37.9 19,014 57,030
September 17, 2011 September-11 5.3 33.4 24,714 7.9 35.8 34,160 5.8 38.4 14,887 58,874
September 18, 2011 September-11 1.7 32.4 11,174 14.3 32.7 37,899 6.5 38.8 9,839 49,073
September 19, 2011 September-11 2.0 30.4 14,273 9.7 33.1 35,960 6.6 39.6 9,844 50,233



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)

September 20, 2011 September-11 7.9 20.8 21,646 6.1 29.2 28,140 6.8 38.9 13,402 49,786
September 21, 2011 September-11 7.7 26.4 21,231 7.5 28.9 32,452 7.7 39.4 22,803 53,683
September 22, 2011 September-11 10.9 22.4 24,377 4.0 32.0 29,222 17.5 38.9 26,933 53,599
September 23, 2011 September-11 8.8 27.0 20,750 5.9 28.9 28,935 18.2 39.5 27,563 49,685
September 24, 2011 September-11 4.4 27.0 25,214 2.6 23.9 20,865 7.9 38.7 18,728 46,079
September 25, 2011 September-11 6.4 17.8 17,151 0.1 27.1 22,016 8.3 38.9 12,087 39,167
September 26, 2011 September-11 4.9 25.0 18,098 1.8 26.0 26,407 8.3 39.8 19,349 44,505
September 27, 2011 September-11 8.8 24.2 24,886 4.7 26.7 21,604 9.1 38.9 18,813 46,490
September 28, 2011 September-11 7.0 32.7 27,817 0.1 40.2 21,622 8.2 39.0 12,866 49,440
September 29, 2011 September-11 9.7 31.9 25,972 1.7 24.7 21,353 8.4 38.8 13,102 47,325
September 30, 2011 September-11 5.8 21.5 16,233 5.7 28.4 26,357 9.2 39.1 13,560 42,590

October 1, 2011 October-11 9.1 17.5 18,917 2.1 22.5 18,742 9.1 38.4 13,996 37,659
October 2, 2011 October-11 6.8 17.3 17,529 1.4 23.5 22,179 9.1 37.8 13,410 39,709
October 3, 2011 October-11 3.8 21.3 16,916 14.0 27.0 30,125 9.2 38.0 13,555 47,041
October 4, 2011 October-11 12.2 24.4 24,850 4.6 26.7 22,775 9.4 37.3 20,653 47,625
October 5, 2011 October-11 5.9 25.6 23,663 7.9 29.6 27,599 5.0 37.3 16,418 51,262
October 6, 2011 October-11 11.2 25.0 28,429 2.4 25.7 20,088 9.2 37.0 13,677 48,518
October 7, 2011 October-11 5.1 25.8 22,795 4.9 26.9 24,379 0.1 37.2 4,056 47,174
October 8, 2011 October-11 3.2 19.4 19,756 0.1 24.2 17,510 0.1 36.6 144 37,266
October 9, 2011 October-11 2.8 18.5 14,251 2.8 25.8 21,272 0.1 37.3 144 35,522

October 10, 2011 October-11 2.1 25.4 15,480 1.5 26.4 24,733 0.1 38.1 8,423 40,212
October 11, 2011 October-11 11.4 21.7 23,728 5.5 29.4 25,308 9.1 37.3 13,322 49,036
October 12, 2011 October-11 8.0 26.2 25,216 6.7 28.8 25,607 8.9 37.9 13,135 50,823
October 13, 2011 October-11 15.9 22.7 26,324 4.4 26.2 23,777 9.2 36.8 14,519 50,101
October 14, 2011 October-11 13.5 23.3 22,817 16.4 28.4 30,948 10.2 36.5 15,285 53,765
October 15, 2011 October-11 12.2 22.2 26,133 5.0 28.3 28,473 9.8 35.6 14,543 54,606
October 16, 2011 October-11 5.5 25.1 16,666 19.5 31.7 37,125 10.0 36.3 15,187 53,791
October 17, 2011 October-11 2.3 30.3 16,239 14.8 34.2 35,279 3.5 37.2 8,162 51,518
October 18, 2011 October-11 9.4 20.2 21,255 13.2 27.9 29,122 3.6 36.2 5,979 50,377
October 19, 2011 October-11 8.4 25.6 19,521 14.9 26.9 31,770 4.2 35.8 9,393 51,291
October 20, 2011 October-11 12.5 24.5 26,176 18.7 35.5 38,171 8.6 34.6 31,858 64,347
October 21, 2011 October-11 9.0 26.9 25,205 5.4 32.0 26,134 0.1 34.1 12,352 51,338
October 22, 2011 October-11 10.1 26.4 26,232 2.7 28.3 22,116 0.1 33.8 145 48,348
October 23, 2011 October-11 5.9 21.4 16,454 10.1 26.5 27,928 0.1 34.2 143 44,382
October 24, 2011 October-11 4.2 24.2 18,128 18.1 37.2 38,140 0.1 35.4 9,198 56,268
October 25, 2011 October-11 13.9 24.6 27,430 11.9 37.2 34,245 5.0 34.5 18,956 61,675
October 26, 2011 October-11 13.4 34.6 25,298 10.8 39.7 39,098 7.0 34.8 13,987 64,396
October 27, 2011 October-11 12.2 30.9 23,192 11.4 36.7 35,812 0.1 35.0 142 59,004
October 28, 2011 October-11 6.4 29.6 21,610 14.8 35.0 36,653 0.1 34.6 143 58,264
October 29, 2011 October-11 13.1 27.0 32,494 9.1 30.3 26,929 0.1 33.9 143 59,424
October 30, 2011 October-11 5.7 28.1 16,376 17.8 37.4 39,862 0.1 34.3 142 56,238
October 31, 2011 October-11 4.1 33.7 19,078 23.2 38.1 43,876 0.1 35.0 143 62,954
November 1, 2011 November-11 8.7 26.1 26,556 4.9 34.7 31,528 0.1 34.2 143 58,084
November 2, 2011 November-11 3.9 35.0 19,291 15.2 35.5 39,789 0.1 35.1 143 59,080
November 3, 2011 November-11 14.2 25.8 28,536 7.1 29.2 28,485 0.1 34.3 144 57,021
November 4, 2011 November-11 7.3 25.7 22,108 11.0 28.2 32,357 0.1 34.8 145 54,465
November 5, 2011 November-11 15.1 27.4 30,569 5.4 30.8 27,412 0.1 34.4 145 57,981



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)

November 6, 2011 November-11 7.5 27.0 18,924 13.8 30.1 34,523 0.1 34.7 145 53,448
November 7, 2011 November-11 2.8 18.7 16,206 7.8 45.7 41,228 0.1 35.6 146 57,435
November 8, 2011 November-11 7.9 28.2 20,974 7.4 30.5 30,951 0.1 35.5 145 51,925
November 9, 2011 November-11 2.7 26.6 14,983 15.8 29.5 33,361 0.1 35.6 146 48,344

November 10, 2011 November-11 9.2 19.1 17,708 11.2 23.8 25,338 0.1 35.1 146 43,046
November 11, 2011 November-11 9.2 19.5 19,200 12.2 23.5 27,565 0.1 35.5 146 46,765
November 12, 2011 November-11 11.7 21.9 23,882 7.2 26.6 27,058 0.1 35.0 145 50,939
November 13, 2011 November-11 8.2 24.7 19,324 15.5 27.0 32,546 0.1 35.1 144 51,870
November 14, 2011 November-11 5.8 25.1 16,193 17.3 29.3 33,586 0.1 36.0 144 49,780
November 15, 2011 November-11 11.4 21.1 21,577 5.9 27.0 28,928 0.1 35.6 144 50,504
November 16, 2011 November-11 11.2 24.8 21,174 19.2 28.3 34,225 0.1 36.1 144 55,400
November 17, 2011 November-11 13.4 22.8 23,797 8.7 27.9 33,156 0.1 35.2 144 56,952
November 18, 2011 November-11 8.3 26.5 23,783 8.4 31.1 34,508 0.1 35.5 144 58,291
November 19, 2011 November-11 14.4 28.5 31,746 3.9 29.8 26,912 0.1 34.8 144 58,657
November 20, 2011 November-11 9.0 27.0 18,913 15.0 28.5 33,251 0.1 35.1 145 52,165
November 21, 2011 November-11 6.0 29.4 23,380 6.4 31.9 30,547 0.1 35.9 145 53,928
November 22, 2011 November-11 15.4 31.9 37,135 0.1 30.6 23,848 0.1 34.8 144 60,984
November 23, 2011 November-11 8.5 25.0 22,719 9.0 27.8 32,174 0.1 35.4 145 54,893
November 24, 2011 November-11 20.1 29.4 35,997 1.8 20.2 14,787 0.1 34.7 145 50,784
November 25, 2011 November-11 10.2 33.3 33,439 0.1 14.9 8,377 0.1 34.6 144 41,816
November 26, 2011 November-11 17.3 33.4 39,364 0.1 41.2 22,834 0.1 34.1 144 62,198
November 27, 2011 November-11 7.5 37.2 17,809 25.7 43.5 48,056 0.1 34.1 144 65,866
November 28, 2011 November-11 5.1 33.1 17,541 20.6 36.5 43,304 0.1 35.1 145 60,845
November 29, 2011 November-11 8.2 27.3 18,921 21.0 30.6 33,461 0.1 34.3 144 52,382
November 30, 2011 November-11 10.0 21.9 20,022 17.3 27.0 31,934 0.1 34.5 145 51,956
December 1, 2011 December-11 14.3 20.9 25,414 7.8 29.4 32,621 0.1 33.7 145 58,035
December 2, 2011 December-11 8.0 25.3 21,800 10.8 31.7 36,562 0.1 34.4 145 58,363
December 3, 2011 December-11 16.0 29.2 33,805 4.6 32.3 27,825 0.1 33.7 145 61,631
December 4, 2011 December-11 7.7 26.6 18,673 20.8 33.0 38,060 0.1 33.8 146 56,733
December 5, 2011 December-11 3.4 30.9 19,048 10.1 34.4 38,739 0.1 34.7 147 57,787
December 6, 2011 December-11 12.6 25.0 27,833 4.8 28.6 25,314 0.1 34.3 148 53,148
December 7, 2011 December-11 8.6 24.1 19,713 18.4 26.7 31,637 0.1 34.7 148 51,350
December 8, 2011 December-11 8.8 21.5 23,989 6.1 30.0 32,230 0.1 34.3 148 56,219
December 9, 2011 December-11 5.7 28.9 19,142 10.3 32.8 38,279 0.1 34.7 147 57,421

December 10, 2011 December-11 17.0 27.9 33,445 2.8 31.9 27,665 0.1 34.5 146 61,110
December 11, 2011 December-11 6.0 27.2 18,338 15.2 32.0 38,053 0.1 34.6 145 56,391
December 12, 2011 December-11 3.2 31.9 23,566 1.4 27.2 21,945 0.1 35.2 145 45,511
December 13, 2011 December-11 25.9 32.8 42,885 1.5 31.7 21,023 0.1 33.8 145 63,908
December 14, 2011 December-11 6.8 29.3 22,822 20.4 33.7 39,943 0.1 33.8 145 62,764
December 15, 2011 December-11 5.1 33.1 22,265 0.1 34.8 32,505 0.1 34.6 145 54,771
December 16, 2011 December-11 21.5 32.3 40,505 3.7 29.4 23,285 0.1 34.1 145 63,790
December 17, 2011 December-11 7.5 28.9 20,784 13.4 33.3 38,450 0.1 34.0 145 59,234
December 18, 2011 December-11 4.9 26.7 10,551 13.8 27.1 30,120 0.1 34.8 143 40,670
December 19, 2011 December-11 0.1 23.0 14,321 1.1 43.5 19,478 0.1 34.8 143 33,799
December 20, 2011 December-11 7.7 19.7 19,419 1.8 37.1 24,800 0.1 33.2 144 44,219
December 21, 2011 December-11 5.8 35.0 16,394 16.9 41.2 42,682 0.1 32.9 144 59,075
December 22, 2011 December-11 10.2 20.4 21,228 7.7 33.9 32,060 0.1 32.3 145 53,287



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)

December 23, 2011 December-11 3.9 29.2 12,378 14.9 37.9 43,368 0.1 33.0 145 55,746
December 24, 2011 December-11 0.1 36.4 7,318 33.5 45.2 55,602 0.1 34.0 144 62,920
December 25, 2011 December-11 0.1 44.2 4,975 25.1 45.3 53,849 0.1 34.9 144 58,824
December 26, 2011 December-11 0.1 26.5 13,316 10.7 31.5 34,375 0.1 35.8 145 47,691
December 27, 2011 December-11 11.1 25.0 25,962 3.5 30.5 28,038 0.1 35.0 146 54,000
December 28, 2011 December-11 9.1 25.1 24,033 0.1 28.0 28,038 0.1 35.1 146 52,071
December 29, 2011 December-11 8.2 27.4 26,530 1.8 23.1 18,650 0.1 34.6 146 45,179
December 30, 2011 December-11 7.4 18.9 16,601 6.2 23.7 20,954 0.1 34.7 146 37,555
December 31, 2011 December-11 8.7 21.9 23,254 4.5 29.6 24,589 0.1 34.3 146 47,843

January 1, 2012 January-12 3.5 25.2 10,533 20.0 31.3 36,927 0.1 34.6 146 47,460
January 2, 2012 January-12 0.1 28.9 15,938 2.3 29.2 21,820 0.1 35.4 145 37,758
January 3, 2012 January-12 4.4 21.9 19,019 0.1 44.6 31,631 0.1 34.9 145 50,650
January 4, 2012 January-12 4.2 32.6 7,768 4.5 46.3 32,673 0.1 35.1 144 40,441
January 5, 2012 January-12 3.0 37.2 18,248 7.7 39.1 37,657 0.1 34.5 145 55,905
January 6, 2012 January-12 9.0 27.3 18,251 17.0 27.7 31,266 0.1 34.8 145 49,516
January 7, 2012 January-12 9.2 20.3 20,805 4.7 28.9 26,724 0.1 34.4 145 47,530
January 8, 2012 January-12 3.2 20.1 13,877 16.3 33.1 34,214 0.1 34.6 147 48,090
January 9, 2012 January-12 1.5 28.5 16,501 5.7 33.4 31,875 0.1 35.4 147 48,376

January 10, 2012 January-12 6.9 26.4 24,992 0.1 34.6 23,381 0.1 34.9 145 48,373
January 11, 2012 January-12 1.6 31.7 14,982 15.8 36.4 37,885 0.1 35.6 145 52,867
January 12, 2012 January-12 9.5 23.6 23,482 2.1 31.9 25,377 0.1 35.2 145 48,859
January 13, 2012 January-12 5.0 23.7 19,145 2.4 28.9 25,180 0.1 35.2 145 44,326
January 14, 2012 January-12 6.1 27.9 28,812 0.1 31.1 21,910 0.1 34.6 145 50,722
January 15, 2012 January-12 2.7 13.8 10,462 3.6 20.9 11,371 0.1 34.5 146 21,833
January 16, 2012 January-12 0.1 29.7 20,555 3.2 45.5 15,659 0.1 35.2 149 36,214
January 17, 2012 January-12 9.3 26.0 26,152 0.1 33.1 20,296 0.1 34.7 149 46,448
January 18, 2012 January-12 8.7 18.7 18,696 13.0 31.7 32,633 0.1 34.8 149 51,329
January 19, 2012 January-12 6.0 29.6 19,475 4.5 46.1 29,804 0.1 34.0 149 49,279
January 20, 2012 January-12 0.1 27.6 13,091 19.8 36.7 39,082 0.1 34.5 150 52,173
January 21, 2012 January-12 0.1 30.7 8,830 25.3 43.4 45,977 0.1 35.2 151 54,808
January 22, 2012 January-12 0.1 30.9 14,148 18.4 44.6 45,343 0.1 36.0 150 59,491
January 23, 2012 January-12 5.9 31.4 17,601 5.0 41.0 32,530 0.1 34.9 152 50,131
January 24, 2012 January-12 0.1 25.0 11,317 17.5 38.8 38,901 0.1 35.1 152 50,218
January 25, 2012 January-12 0.1 39.7 17,999 5.0 40.3 32,255 0.1 35.9 151 50,254
January 26, 2012 January-12 11.9 29.4 32,617 0.1 35.8 23,286 0.1 35.2 150 55,903
January 27, 2012 January-12 7.0 26.1 17,713 12.1 32.7 29,536 0.1 35.2 150 47,249
January 28, 2012 January-12 9.8 23.3 22,080 2.7 33.8 26,450 0.1 34.3 150 48,530
January 29, 2012 January-12 2.4 23.9 14,178 1.8 31.2 22,987 0.1 34.7 152 37,164
January 30, 2012 January-12 0.1 32.6 24,893 0.1 28.7 12,642 0.1 35.6 153 37,535
January 31, 2012 January-12 9.3 33.2 35,193 0.1 34.5 21,248 0.1 34.9 153 56,441
February 1, 2012 February-12 9.2 27.2 20,209 6.5 32.0 29,050 0.1 35.1 153 49,259
February 2, 2012 February-12 11.4 28.0 28,877 0.1 34.7 24,287 0.1 34.6 154 53,164
February 3, 2012 February-12 6.4 23.3 18,705 11.7 33.1 30,266 0.1 34.9 152 48,971
February 4, 2012 February-12 10.6 24.2 24,158 1.2 33.4 24,340 0.1 34.7 152 48,498
February 5, 2012 February-12 1.8 25.2 14,699 7.0 34.8 32,459 0.1 35.0 151 47,158
February 6, 2012 February-12 0.1 28.3 14,130 13.7 36.0 34,994 0.1 35.8 151 49,124
February 7, 2012 February-12 11.4 23.5 23,045 1.5 35.0 25,389 0.1 35.5 152 48,434



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)

February 8, 2012 February-12 11.4 23.5 23,045 1.5 35.0 25,389 0.1 35.5 152 48,434
February 9, 2012 February-12 6.8 25.8 43,826 1.8 33.9 52,040 0.1 35.5 306 95,866

February 10, 2012 February-12 5.4 25.1 18,107 4.8 33.1 27,616 0.1 35.3 154 45,723
February 11, 2012 February-12 10.4 26.6 25,490 0.1 32.4 22,490 0.1 35.0 154 47,980
February 12, 2012 February-12 1.4 21.0 13,016 12.4 37.0 35,031 0.1 35.1 154 48,047
February 13, 2012 February-12 0.1 29.6 14,655 12.2 38.1 34,327 0.1 35.9 155 48,982
February 14, 2012 February-12 11.0 25.4 25,276 0.1 32.6 22,575 0.1 35.2 154 47,851
February 15, 2012 February-12 5.9 25.8 18,029 6.0 33.2 30,301 0.1 35.5 154 48,330
February 16, 2012 February-12 8.5 26.4 26,627 0.1 34.6 23,562 0.1 35.2 154 50,189
February 17, 2012 February-12 4.0 25.9 17,821 5.5 33.3 29,697 0.1 35.7 154 47,518
February 18, 2012 February-12 9.7 27.2 26,684 0.1 34.3 23,662 0.1 35.2 155 50,346
February 19, 2012 February-12 2.0 25.9 14,210 10.5 39.0 35,333 0.1 35.5 154 49,544
February 20, 2012 February-12 0.1 30.1 14,917 14.3 39.1 37,221 0.1 36.3 155 52,138
February 21, 2012 February-12 8.8 26.2 23,224 1.2 33.2 24,606 0.1 35.7 154 47,830
February 22, 2012 February-12 6.5 24.6 18,253 2.8 32.3 27,351 0.1 36.0 155 45,604
February 23, 2012 February-12 10.0 26.7 26,947 0.1 34.8 23,235 0.1 35.7 155 50,182
February 24, 2012 February-12 7.8 29.7 18,811 12.7 33.8 32,321 0.1 35.7 155 51,133
February 25, 2012 February-12 9.2 24.4 23,444 2.0 35.7 27,781 0.1 35.2 156 51,224
February 26, 2012 February-12 0.1 27.1 11,605 16.2 40.2 40,404 0.1 35.7 155 52,010
February 28, 2012 February-12 13.5 29.2 30,093 0.1 34.2 21,736 0.1 36.0 157 51,830
February 29, 2012 February-12 7.0 24.8 18,437 9.8 33.9 31,563 0.1 36.2 158 50,000

March 1, 2012 March-12 3.4 24.6 19,840 0.1 33.5 25,057 0.1 36.0 158 44,897
March 2, 2012 March-12 0.1 36.7 15,995 1.1 39.1 26,132 0.1 36.5 157 42,127
March 3, 2012 March-12 1.4 15.9 12,923 0.1 35.9 21,220 0.1 36.1 157 34,143
March 4, 2012 March-12 0.1 31.3 6,524 13.3 39.6 38,413 0.1 36.9 157 44,937
March 5, 2012 March-12 0.1 27.6 13,425 1.7 33.5 32,850 0.1 37.6 155 46,275
March 6, 2012 March-12 12.2 31.4 30,543 0.1 33.3 14,211 0.1 37.0 155 44,753
March 7, 2012 March-12 8.4 30.3 28,198 0.1 30.4 18,077 0.1 35.3 154 46,275
March 8, 2012 March-12 0.1 36.6 14,565 0.1 54.6 22,985 0.1 34.8 154 37,550
March 9, 2012 March-12 1.2 33.4 15,291 0.1 52.1 27,092 0.1 35.0 154 42,383

March 10, 2012 March-12 1.8 36.9 20,066 0.1 53.9 23,659 0.1 34.1 154 43,725
March 11, 2012 March-12 0.1 33.2 18,809 0.1 56.5 32,332 0.1 33.7 154 51,141
March 12, 2012 March-12 0.1 43.6 19,439 0.1 63.7 34,322 0.1 34.8 155 53,762
March 13, 2012 March-12 1.6 52.3 27,635 0.1 56.7 27,471 0.1 34.4 155 55,106
March 14, 2012 March-12 0.1 36.6 20,791 0.1 56.5 29,865 0.1 35.3 156 50,657
March 15, 2012 March-12 3.7 40.0 24,968 0.1 54.3 27,642 0.1 34.9 157 52,610
March 16, 2012 March-12 0.1 40.8 21,539 0.1 53.9 30,088 0.1 36.0 156 51,627
March 17, 2012 March-12 0.1 41.7 28,433 0.1 57.1 28,485 0.1 35.4 155 56,918
March 18, 2012 March-12 0.1 34.0 16,261 5.0 83.7 38,117 0.1 36.4 156 54,378
March 19, 2012 March-12 0.1 44.2 23,645 0.1 57.1 32,197 0.1 37.4 155 55,842
March 20, 2012 March-12 0.1 53.9 33,493 0.1 56.1 22,305 0.1 36.7 156 55,798
March 21, 2012 March-12 0.1 50.5 24,962 0.1 57.3 25,826 0.1 37.1 158 50,788
March 22, 2012 March-12 8.5 55.3 31,897 0.1 52.1 22,344 0.1 36.6 158 54,242
March 23, 2012 March-12 2.5 34.6 26,676 0.1 34.7 26,267 0.1 37.3 158 52,943
March 24, 2012 March-12 9.0 32.9 29,990 0.1 33.4 22,442 0.1 36.6 159 52,432
March 25, 2012 March-12 2.0 22.5 13,808 13.5 33.5 31,423 0.1 37.2 159 45,232
March 26, 2012 March-12 0.1 20.9 15,047 10.6 32.5 32,365 0.1 38.1 157 47,412



SCF SCF SCF
Date Month #1 Min #1 Max #1 Daily Total #2 Min #2 Max #2 Daily Total Flare Min Flare Max Flare Daily Total Total Daily - #1, #2 Meters

Franklin WWTF Methane Gas Flows

SCFM SCFM SCFM
Primary Digester #1 Primary Digester #2 Flare (Waste)

March 27, 2012 March-12 9.2 27.1 24,499 0.1 31.6 22,490 0.1 38.1 158 46,988
March 28, 2012 March-12 4.6 23.3 16,289 9.9 33.0 29,898 0.1 38.4 157 46,188
March 29, 2012 March-12 9.5 25.4 24,040 0.1 32.4 23,929 0.1 38.1 157 47,969
March 30, 2012 March-12 1.6 26.6 17,691 6.6 33.0 26,849 0.1 38.6 156 44,540
March 31, 2012 March-12 6.9 22.5 20,353 9.1 31.9 26,787 0.1 38.0 159 47,140

April 1, 2012 1.3 25.6 13,798 2.9 35.5 31,378 0.1 38.3 160

6.1 28.5 21505.9 7.4 36.5 32180.5 2.1 36.0 4656.3 53708.9
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Tech 3 Solutions, Inc. US Distribution Office: 7301 SW 57th Court, Suite 400 • South Miami, FL 33143 • (305) 666-1910

CHP Model fuel Pe eta el. Qth QB VG Weight

G 926 T Lean-burn turboengine Biogas 115 kW 34,1% 186 kW 337 kW 54,2 m³/h 2.950 kg

G 926TI Lean-burn turboengine Biogas 140 kW 34,7% 222 kW 404 kW 64,8 m³/h 3.050 kg
with intercooling
in cooling water cycle

Pe: Electrical power
eta: Electrical efficiency Coloration:
Qth: Thermal power (kW) Engine  RAL 3020 traffic red

Exhaust temperature  for natural gas and propane gas: 120°C Generator RAL 5002 ultramarine blue
Exhaust temperature  for sewage gas: 150°C Sound hood RAL 5002 ultramarine blue
Exhaust temperature  for biogas: 180°C Base frame RAL 7035 light grey

QB: Input power:(kW) , tolerance + 5 % Switch gear cabinet RAL 7035 light grey
VG: Volumetric flow rate (m³n/h)
BG: Biogas, CH4 = 65%,  HU 6,23 kWh/m³n Power acc. to ISO 3046-1

ICFN = blocked ISO-standard-power
Generator power at cos phi = 1,0
Bore / stroke 122 / 142 mm
Airborne sound (in 1 m distance) 70 dB(A)

exhaust gas emissions: (biogas) Pressure of gas 20 - 50 mbar
NOx <  500 mg/m³n  at O2 = 5 % Specified Lubrication Consumption max. 0,3 g/kWh
CO   < 1000 mg/m³n   at O2 = 5 % Temperatures heating system 70 / 85 °C

RPM
Voltage 120/208 V,277/480 V 3Phase, 60 Hz

Subjects to alterations

Partner:

102 Culley Court
Orton Southgate
Peterborough
PE2 6WA
UK
Tel. +44(0)1733-367400
Fax.+44(0)1733-367409

Copyright:

Senergie GmbH Engineering & Manufacturing: Uhlandstrasse 7, 79423 Heitersheim, Germany Tel.: +49 (0) 7634 50569-0 Fax: -90
Sales & Service: Gerwigstrasse 8, 78234 Engen, Germany Tel.: +49 (0) 7733 5019-100 Fax: -199

G 926Technical data and dimension LIEBHERR

State:  January 2009

1800 1/min

60 Hz



MATERIALS
STRUCTURAL BASE, COMPRESSOR BASE, GAS DEHYDRATION FRAME - GALVANIZED A36 CARBON •
STEEL
LOW PRESSURE GAS PIPE: SCHEDULE 10, 304SS•
HIGH PRESSURE GAS PIPE: 304SS SEAMLESS TUBE•
DRAIN PIPE: 3/4" SCHEDULE 40 PVC PIPE•
SILOXANE TANK(S), LOW PRESSURE FILTER(S), HIGH PRESSURE FILTER: 304SS•
FLANGES: 304SS•
FLANGE GASKETS: GARLOK 3100 Series•

THERMAL INSULATION
LOW PRESSURE DIGESTER GAS PIPE: R6.6 @ 1.5" THICK, KNAUF ASJ FACED PIPE & TANK INSULATION •
WITH 20 MIL PVC OR 10 MIL AL JACKET
PIPE FITTINGS: R6.6 @ 1" THICK, KNAUF ASJ FACED PIPE INSULATION WITH 20 MIL PVC JACKET•
TANKS, FILTERS, & SHELL TUBE HEAT EXCHANGERS: R6.6 @ 1.5" THICK, KNAUF ASJ FACED PIPE & •
TANK INSULATION WITH 0.010" AL JACKET

FUEL TREATMENT SYSTEM
FOR INSTALLATION IN A CLASS I DIVISION I GROUP D HAZARDOUS AREA•

MFG APPR.

ENG APPR.

CHECKED

DRAWN
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MATERIAL

DIMENSIONS ARE IN INCHES
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Biogas Production Proposed System Facility Requirements

A B C D E F G H I J K L M N

Month
Total Monthly 
Flared Gas 

(SCF)

Total Monthly 
Biogas 

Production - 
(SCF)

Total Monthly 
Biogas 

Production 
(BTU/hr)

Part Load 
(Biogas 

Production/ 
Fuel Flow 

Rate)1

Electricity generation 
for 140 kW system 

(kWh)2,3
Electricity (BTU)4 Heat Production 

(BTU/hr)3,5
Heat Production 

(mmBTU/hr)
Heat Production 

(mmBTU) Electricity Use (kWh)
Total heating 
requirement 
(mmBTU)

Total heating 
requirement 
(mmBTU/hr)

Supplemental 
heating 

(mmBTU)

Oil purchase 
(Gallons)6

Calculation Data Data
Value from 

Column 
B*610/(24*30)

Value from 
Column 

C/1,473,330

135.5 * 24 * 30 * 0.95 
* Value from Column 

D

Value from 
Column E * 3,412

Value from 
Column D * 

685,481 * 0.95

Value from 
Column G/ 
1,000,000

Value from 
Column G * 

(30*24)/ 1000000
Data Fuel Use Table

Value from 
Column K/ 

(30*24)

Value from 
Column K - 
Value from 
Column I

Value from 
Column M/ 0.79/ 

0.1396

April-11 3,920 1,621,363 1,373,655 0.93 86,412 294,837,026 607,151 0.61 437 213,000 707 0.98 270 2,446
May-11 3,809 1,863,071 1,578,435 1.07 92,682 316,230,984 651,549 0.65 469 228,000 603 0.84 134 1,217
June-11 3,739 1,843,459 1,561,819 1.06 92,682 316,230,984 651,549 0.65 469 232,500 527 0.73 58 527
July-11 586,757 1,832,814 1,552,801 1.05 92,682 316,230,984 651,549 0.65 469 285,000 568 0.79 99 898

August-11 483,296 1,738,199 1,472,641 1.00 92,682 316,230,984 651,549 0.65 469 285,000 554 0.77 85 769
September-11 352,757 1,572,954 1,332,642 0.90 83,832 286,034,099 589,023 0.59 424 246,000 564 0.78 140 1,267

October-11 301,351 1,583,934 1,341,944 0.91 84,417 288,030,690 593,135 0.59 427 253,500 747 1.04 320 2,897
November-11 4,339 1,627,803 1,379,111 0.94 86,755 296,008,059 609,562 0.61 439 229,500 1,017 1.41 578 5,244
December-11 4,506 1,671,046 1,415,747 0.96 89,060 303,871,608 625,756 0.63 451 243,000 1,164 1.62 714 6,472
January-12 4,590 1,475,874 1,250,393 0.85 78,658 268,380,525 552,670 0.55 398 258,000 987 1.37 589 5,344
February-12 4,465 1,425,367 1,207,602 0.82 75,966 259,196,016 533,756 0.53 384 207,000 882 1.22 497 4,508

March-12 4,843 1,500,776 1,271,491 0.86 79,985 272,908,871 561,995 0.56 405 234,000 546 0.76 142 1,285
Average 146,531 1,646,388 1,394,857 0.95 86,318 294,515,902 606,603.60 0.61 437 242,875 739 1.03 302.13 2,740

Total 1,758,373 19,756,659 1,035,812 3,534,190,829 7,279,243.18 5,241 2,914,500 8,867 3,626 32,875

Total (mmBTU) 1,073 12,052 3,534 5,241 8,867
Total Energy Loss 3,276

1:  Rated fuel flow rate for 140 kW generator = 1,473,330 BTU/hr
2:  Net electrical output for 140 kW generator = 135.5 kW; Part load >1 was not included
3:  Availability of 95% included
4:  1 kWh = 3,412 BTU
5:  Rated Thermal Energy output for 140 kW generator = 685,481 BTU/hr
6:  0.1396 mmBTU in one gallon of #2 Fuel Oil
7:  Existing System Heating Efficiency = 79%, based on run-time data and overall biogas consumption; See Fuel Use

Section 8, Attachment 5 Page 1 of 1
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Executive Summary Tighe&Bond
 

 

Project Summary: Wind Energy at Odiorne State Park and 
Other Locations 

Technology Evaluated: Wind Energy 

Site: Odiorne State Park 

Location: Rye, NH  

Agency: NH Department of Resources and 
Economic Development, Division of State 
Parks and Recreation 

Project Team: Tighe & Bond 

Project is Technically Feasible? Technical 
Challenges Exist 

Project is Economically Feasible? No 

Recommended for Implementation? No 

As part of the NH OEP study of RE and DG at State facilities, Tighe & Bond was tasked with completing 
a wind feasibility study at a State-owned site.  Potential sites for wind development were evaluated as 
part of the early phase of the project based on wind speed, proximity to residences, presence of 
sensitive environmental resources, electrical infrastructure, and other factors.  Fifteen sites were 
identified as part of the initial evaluation.  From this list Temple Mountain State Reservation was 
initially selected as the site to undergo a comprehensive wind feasibility study.  However, early in the 
course of the project it was decided to discontinue this evaluation due to potential land use restrictions 
and the possibility of opposition to a large scale renewable energy project from the land conservation 
community.  After extensive deliberations with NH OEP and other State agencies including DRED, 
Tighe & Bond proceeded to conduct a high level analysis of siting a community-scale wind turbine at 
Odiorne State Park.   

The Feasibility Study documents data, calculations, and research to support conclusions regarding the 
on-site wind resources, site considerations, environmental and regulatory requirements, and financial 
indicators applicable to development of a wind turbine.  The wind resources at the site were evaluated 
using wind speed data from the air monitoring station at Odiorne State Park, provided by DES Air 
Resources Division.   WindPRO software was utilized to calculate the wind speed at the specific turbine 
location based on site characteristics and surrounding topography.  The mean wind speed at the 
potential turbine location at 30m above ground level (agl) is approximately 5.6 meters per second 
(m/s), a good wind resource.   

Once it was determined the site had good wind on-site wind resources, a site evaluation was 
performed to identify the characteristics of the site that would preclude or effect turbine selection and 
siting.  The site evaluation included a site visit and also considered environmental resources, 
historic/cultural resources, zoning, land use, and public acceptance.  Based on the results of the site 
visit and site evaluation,  it was determined that a small community-scale wind turbine sized to offset 
the Seacoast Science Center’s energy load was the preferred choice as the Science Center is easily 
accessible, located in the most developed portion of the Park, and does not contain any sensitive 
environmental resources.  To properly size a wind turbine, energy consumption and electricity demand 
of the on-site Science Center was analyzed.  Based on the electricity use analysis, the estimated wind 
turbine size appropriate for the size was 30 kW to 100 kW rated capacity.  The following wind turbines 
and their manufacturers’ power curves were inputted into the WindPRO modeling program to calculate 
turbine specific estimates of Annual Energy Production (AEP). 

 Endurance E3120 – 50 kW 
 Northern Power Systems Northwind 100 (30 m hub height) – 100 kW 
 Northern Power Systems Northwind 100 (37 m hub height) – 100 kW 



Executive Summary Tighe&Bond
 

 

Wind Resource Assessment Results 

Wind Turbine Hub Height Rotor Diameter Capacity Factor AEP after losses 
(MWh/yr) 

Endurance E3120 30.5 19.2 32.9% 122 

Northwind 100 30 21 22.4% 167 

Northwind 100 37 21 24.2% 180 

An economic analysis accounting for project costs and revenue was completed based on two separate 
ownership scenarios:  1) State ownership of the project, and 2) private ownership of the project.  The 
cost of wind turbine equipment, engineering, site work, and construction were accounted for in the 
economic analysis as “Total Installed Cost”.  Annual costs included operation and maintenance costs, 
which were estimated to be approximately $0.02 for each kWh of production, as is industry standard.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For a publically owned wind project, the cost of design, construction, operation, and maintenance 
would generally be incurred by the State.  Revenue would be recognized in the form of net-metering 
and any sale of Renewable Energy Credits.   

For a privately owned project, the State may have the opportunity to partner with a private developer 
who would develop a project on State land.  The most common public-private development model is a 
Power Purchase Agreement (PPA).  The PPA is generally a twenty-year agreement between the State 
and the developer for the purchase of power or net metering credits.  In this model, the capital cost of 
the project and operation and maintenance costs are assumed by the developer.  The State has the 
opportunity to maximize revenue through negotiation of a low long-term purchase price of electricity.  
In this scenario, revenue to the State is the savings, or cost difference, between the current per kwh 
rate (credited to the electricity bill) and the PPA rate (paid to the developer).  Revenue may also be 
recognized in the form of monthly lease payments to the State from the private developer, depending 
on the State’s negotiation of the agreement terms.  

The economic evaluation determined that the project is not economically feasible without significant 
incentives, such as a significant grant or zero-cost loan.  Please see the Economic Analysis Summary 
Table on the following page.  In the State ownership scenario, there are no significant front-end 
incentives to offset the high capital cost.  It is anticipated that the State would require a grant of 
approximately $165,000 to result in a payback period of less than ten years.  If the project is privately 
owned, the developer can reduce capital costs by taking advantage of the Investment Tax Credit and 
benefitting from Accelerated Depreciation.  However, the higher cost of financing and tax 
requirements that a private developer is subject to results in a negative annual cash flow for the 
project.  It is not likely a private developer would have interest in partnering with the State to pursue 
this project due to the small-scale of energy generation and significant capital costs.   

The conclusion of the analysis is that although installation of a small wind turbine is technically 
feasible at the site, the project is not economically feasible due in large part to high capital costs that 
are not offset as in other states by policy-based initiatives to promote the development of renewable 
energy.  Based on the results of the site evaluation and economic analyses, it is not recommended 
that the State pursue a project at Odiorne State Park at this time.  However, the site does offer 
significant potential for a small wind project in terms of available wind resources, the opportunity to 
offset electricity use at the Science Center, and the opportunity for the project to serve as an 
educational resource.  Therefore, should grant funding or other sources of project financing be 
available to improve project economics, it is recommended that the State proceed with a more in-
depth analysis including on-site wind data collection throughout the entire year.  Furthermore, a 
number of other sites evaluated throughout the State during the Tier 2 analysis present additional 
opportunities for wind energy.  It is recommended that if the State would like to pursue wind energy 
development on a small or large scale, this list be reviewed again.   



Tighe&Bond
Economic Analysis Summary

Odiorne State Park Wind Turbine Economic Analysis

Endurance E3120 Northwind 100 Endurance E3120 Northwind 100
Ownership State of NH Ownership State of NH Ownership Private Developer Ownership Private Developer Ownership

Revenue Sources 100% Net Metered 100% Net Metered 100% Net Metered with PPA 100% Net Metered with PPA

Local and Federal Tax Requirements N/A N/A 5% Local; 30% Federal 5% Local; 30% Federal

Incentives Utilized REC Sales REC Sales REC Sales REC Sales

Financing 20 year loan at 2% on 100% of 
Total Project Cost

20 year loan at 2% on 100% of 
Total Project Cost

20 year loan at 6.8% on 70% of 
Total Project Cost

20 year loan at 6.8% on 70% of 
Total Project Cost

System Rated Capacity (kW) 50 100 50 100

Total Estimated Project Cost (including ITC incentive) ($330,000) ($500,000) ($330,000) ($500,000)
Pro Forma Results (P50)

AEP (MWh) 122 180 122 180

Net Present Value (Leveraged) ($130,241) ($204,692) ($101,017) ($140,628)

Payback Period Base (Unleveraged) 24.8 25.3 25.7 23.5

Payback Period (Leveraged) 30.0 30.6 N/A N/A

Project Annual Cash Flow (Year 1) ($9,811) ($15,317) $145,649 $221,544 

Project Annual Cash Flow (20-year Average) ($7,454) ($11,843) ($3,677) ($4,641)

Potential Annual Energy Cost Savings to NH through PPA1 - - N/A N/A

Total Estimated Cash Flow to NH ($7,454) ($11,843) N/A N/A
1 Potential Annual Energy Cost Savings to NH through PPA based on savings in energy cost if DRED entered a PPA with the Developer at the PPA price of $0.06 per kWh.  N/A indicates no opportunity.
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Section 9    
Wind Energy at Odiorne State Park and 
Other Locations 

9.1 Introduction 
The goal of the wind evaluation portion of the project was to perform a site-specific and 
comprehensive wind turbine feasibility study at a project site that proceeded favorably 
through the initial evaluations.  Initially, the feasibility efforts were focused on the 
Temple Mountain State Reservation, which was on the list of priority facilities from NH 
OEP, originally suggested by DRED.  The site scored well in the Tier 2 screening process 
due to the on-site wind speeds, absence of critical habitat, minimal abutters, and ability 
to maintain sufficient setbacks on-site. It was initially estimated that anywhere from 1 to 
17 MW-scale wind turbines could be sited on Temple Mountain with the potential to 
extend the project into Miller State Park (locally known as Pack Monadnock).     

However, as the study progressed State employees raised several issues that would 
make development of a wind project at Temple Mountain difficult.  Firstly, the site was 
acquired utilizing Land and Community Heritage Investment Program funds and may 
have associated land use restrictions.  Additionally, there was a large public effort to 
obtain the original funding to purchase Temple Mountain and repurpose the site as a 
State reservation, and the stakeholders involved in this land conservation effort may 
oppose a large scale renewable energy project at the site. In a meeting on March 16, 
2012 with NH OEP and other State agency representatives, Tighe & Bond was directed 
to discontinue analysis of a wind project at Temple Mountain.  A variety of other 
potential project sites were discussed, and ultimately the State selected Odiorne State 
Park, one of the next highest ranking wind projects from the Tier 2 evaluation, for 
further analysis.   

Odiorne State Park ranked favorably in the initial evaluations due to the on-site wind 
speeds (6.0 to 7.0 m/s at 70m above ground level), existing access and ease of 
interconnection, minimal proximate abutters, and the unique opportunities for use of the 
electricity and public education presented by the Seacoast Science Center.  Some 
concerns were raised at the onset of the analysis regarding historic resources, land use 
restrictions associated with land acquisition, and public acceptance. As a result of 
discussions with DRED and NH OEP, the feasibility of a wind turbine sized to offset the 
electrical load of the Science Center was evaluated.  This section of the report also 
provides commentary on other potential wind energy sites that were considered in the 
Tier 2 analysis. 

9.2 Existing Conditions Assessment 
Odiorne Point State Park (the Park) is an approximately 334 acre stretch of land and 
coastal water three miles south of Portsmouth, New Hampshire, within the vicinity of 
Route 1A in the Town of Rye.  The Seacoast Science Center, an independent non-profit 
learning center for coastal environmental issues, rents space at the Park, and the NH 
Division of Parks and Recreation has a maintenance building on-site.  The Park contains 
a variety of coastal habitats, upland resources and cultural features that provide an ideal 
environment for the Center’s educational and interpretive programs and exhibits.  The 
Park was the site of the former U.S. military Fort Dearborn until it was purchased from 
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the federal government in 1961 by DRED.  The Park is currently managed by the NH 
Division of Parks and Recreation and is home to the NH State Park regional office.  
Within the Park, the Seacoast Science Center was established in the early 1990’s to 
provide educational and interpretive programs to visitors and school groups.  The Center 
is located in the southeast portion of the Park which is the most developed area of the 
Park; containing the main park entrance, the majority of the park’s parking facilities, a 
playground, rest rooms, and group picnic areas.  The Park also offers a bathhouse and 
provides electricity in a group-use area. 

9.2.1 Resources and Contacts 
Key State personnel that assisted with the wind Feasibility Study include Johanna Lyons, 
State Park Planning and Development Specialist, DRED; Robert Spoerl, Land Agent, 
Land Management Bureau, DRED; Bill Carpenter, Administrator, Land Management 
Bureau, DRED; Rebecca Ohler, Transportation and Energy Programs Manager, NH Dept. 
of Environmental Services Air Resources Division; Karen Rantamaki, State Energy 
Manager, DAS; and Mary Downes, Energy Efficiency Specialist, NH OEP. 

During the initial phase of the feasibility study DRED provided the property deeds for 
Temple Mountain and Odiorne State Park to determine whether portions of the 
properties were acquired with funding that imposed use restrictions on the land.  Robert 
Spoerl and Bill Carpenter also provided additional property background data related to 
the acquisition of the parcel and other site history.   

Once it became apparent that Temple Mountain site was no longer under consideration, 
additional information specific to Odiorne was obtained from the State.  The Air 
Resources Division of DES provided wind speed and direction data from the Seacoast Air 
Monitoring station at Odiorne State Park.  Additionally, Karen Rantamaki and Mary 
Downes provided access to data on the electricity usage of the Science Center and 
associated operations to assist in turbine selection and the economic analysis.   

9.2.2 Site Evaluation 
A desktop analysis of the entire Park was performed as part of the initial evaluation to 
determine potential  locations within the Park for a community-scale wind turbine and to 
identify environmental and site constraints. The Park is located along  New Hampshire’s 
coast and offers an extensive array of habitats.  The northern coastline of the Park (west 
of the breakwater on Frost Point) contains a stretch of sandy beach that transitions back 
to a rocky beach as it traverses west.  The Park’s northwestern coastline contains a salt 
marsh protected from Little Harbor by sand and a pebble barrier spit, and a tidal creek 
(Seavey Creek).  The southern portion of the Park contains the Seavey Creek/Berry’s 
Brook estuary which features a salt marsh, mud flats, and upland forest.   

9.2.2.1 Environmental Evaluation 
Environmental factors which may affect project feasibility and/or project siting include 
wetlands (including tidal buffer zones and protected Shoreland) and rare species habitat.  
An initial review of the site using NH GRANIT GIS data and Google Earth identified the 
northern portion of the site as the preferred wind turbine location; due ease of site 
access from Route 1A, and the remote location from potential wind turbine noise and 
shadow flicker receptors.   

As noted below on Figure 9-1 (Priority Resource Map), NH GRANIT mapping of the site 
indicates that isolated wetland resource areas are present throughout the Park.    
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Additionally, all waters that are subject to the ebb and flow of the tide (including tidal 
rivers and streams, tidal marshes, and the Atlantic Ocean) are subject to the protections 
of the Shoreland Water Quality Protection Act (RSA 483-B).  In this instance, the 
Shoreland Water Quality Protection Act (SWQPA) jurisdiction extends 250’ landward 
from the highest observable tideline. This 250’ protected area is depicted on Figure 9-1.  
Furthermore, areas located within the Tidal Buffer Zone; defined as the area extending 
100’ landward from the highest observable tide line, are subject to the protection of New 
Hampshire’s wetlands protection regulations (RSA 482-A).    To assist in preliminary 
turbine siting, it is standard practice at the feasibility study stage to eliminate areas that 
would involve environmental permitting.  As such, mapped wetland resource areas, 
Shoreland Protection Areas and the Tidal Buffer Zone were eliminated from 
consideration as potential turbine locations. 

Figure 9-1 also depicts the areas mapped as Tier-1 Habitat according to New 
Hampshire’s Wildlife Action Plan.  A large area south of Route 1A coincident with the salt 
marsh area is mapped as Tier 1 habitat; however large portions of Odiorne State Park 
are not mapped as Tier 1 habitat areas.  However, should the project proceed, we 
suggest that a NH Natural Heritage Bureau database check be undertaken to determine 
whether the project may impact rare species or exemplary natural communities. 
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9.2.2.2 Site Observations 
A site visit was performed on March 31, 2012 to further identity site characteristics that 
affect wind turbine siting. Based on field observations and information about the site 
from other sources, a preliminary turbine site was selected for the analysis.  Please note 
that there are several areas of the Park that could accommodate a wind turbine.  The 
site selected for the analysis represents one potential option that had minimal 
constraints and is discussed further in Section 9.2.2.7.  Justification for eliminating  
other possible sites in the Park from further consideration is provided below.   Photos 
that are representative of the conditions described below are contained on the following 
pages and referenced below.   

During the site visit, unmarked areas of sensitive (not state-listed) habitat, on-going 
restoration or invasive species removal projects, and unmapped wetland resource areas 
were visible in the northern and eastern portions of the Park that were not depicted on 
the Priority Resource Figure (Figure 9-1). Their presence was noted by wetland 
delineation flags (Figure 9-2), Rockingham County Conservation District flags identifying 
invasive species removal projects (Figure 9-3), and “native habitat – tread lightly” signs 
(Figure 9-4).  Furthermore, the eastern portion of the coastline contained is densely 
vegetated; significant clearing would be required for wind turbine installation (Figure 9-
5).  This area also appeared to contain good habitat for a variety of avian species and 
other wildlife.  Additionally, a historic monument and memorial site were observed along 
the eastern coast (Figures 9-6, 9-7, 9-8).  As such, this portion of the Park was 
eliminated from further consideration due to the concerns regarding environmental and 
cultural resource impacts.  Furthermore, this area of the site is remote from the 
Seacoast Science Center electrical load and would likely have a higher cost and 
environmental impact associated with interconnection.    

The portion of the Park to the west of Route 1a, south of the NH State Park regional 
office building was also evaluated.  A recently cleared portion of the Park immediately 
south of the office building contained the remains of asphalt and appears to be utilized 
for storage of picnic tables and other seasonal equipment.  This portion of the Park 
contained small trees, remnants of isolated stone walls, and a lighter understory.  This 
area of the site was eliminated from further consideration for this initial analysis due to 
clearing that would be required proximate to an adjacent wetland resource in order to 
install a wind turbine.  Should the State decide to move forward with a wind project at 
Odiorne in the future, a turbine could likely be sited outside of wetland resource areas 
and buffer zones on the west side of Route 1a.  The siting of a turbine in this area may 
have benefits in terms of being remote from the main areas of the Park.  

In the southern portion of the site on the east side of Route 1A, there was evidence of 
habitat and wetland delineation in progress.  Also, a marker indicating the foundation of 
an old fisherman’s shack was also observed (Figures 9-9 and 9-10).  This area of the 
site was not considered further to avoid disruption of these environmental and cultural 
resources.     

At the southern portion of the site, stone walls and potentially historic gun mounts were 
observed along the coast (Figure 9-11).  South of the main parking lot, signs were 
observed that declared the presence of an invasive species control critical coastal habitat 
restoration pilot project (Figure 9-12), funded by the US Forest Service and NH 
Corporate Wetlands Restoration Partnership.  Signs for Conservation District protection 
areas (Figures 9-13 and 9-14), native habitat restoration areas (Figures 9-15 and 9-16), 
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and an eagle-scout project (Figures 9-17) were also all observed between Route 1a and 
the main parking lot in the Park.   

At the site visit it was also determined that the high peaks in the northern portion of the 
Park observed on topographic data from NH GRANIT (presumed to be favorable to wind 
development) were abandoned bunkers (Figures 9-18 and 9-19).  This eliminated many 
potential wind turbine locations as the geotechnical implications of installing a wind 
turbine in a bunker were assumed to be cost prohibitive.  All observations made during 
the site visit confirmed that the Park is a highly used recreation area with unique habitat 
and cultural resources which largely influenced turbine siting considerations. 

 
FIGURE 9-2 

Blue and Pink Wetland Delineation Stakes/Flags (Left Background). 
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FIGURE 9-3 

Pink Rockingham County Conservation District Flags 
Identifying an Invasive Species Removal Project 

 
FIGURE 9-4 

Sign – “Native Habitat; Tread Lightly” 
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FIGURE 9-5 

Typical Densely Vegetated Understory 

 
FIGURE 9-6 

Historic Landing Monument Along Eastern Coast 
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FIGURE 9-7 

Historic Landing Monument and Surroundings 

 
FIGURE 9-8 

Memorial Site Along the Eastern Coast 
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FIGURE 9-9 

Fisherman’s Shack Foundation 

 
FIGURE 9-10 

Foundation and Stone Wall Remnants 
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FIGURE 9-11 

Typical Gun-Mount Observed in Southern Portion of Park 

 
FIGURE 9-12 

Invasive Species Control Critical Coastal Habitat Restoration Pilot Project Sign 
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FIGURE 9-13 

Rockingham County Conservation District Flag 

 
FIGURE 9-14 

Typical Area with Rockingham County Conservation District 
Flags Identifying Invasive Species Removal Program 
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FIGURE 9-15 

Native Habitat Restoration Sign 

 
FIGURE 9-16 

Typical Area with Habitat Restoration Signs 
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FIGURE 9-17 

Recent Eagle Scout Project 

 
FIGURE 9-18 

Sign Explaining Bunkers 
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FIGURE 9-19 

Bunker Entrance Observed in Park 

9.2.2.3 Historic/Cultural Resources Evaluation 
In addition to being ecologically diverse, the Park has a unique and rich history.  The 
area was originally settled by Native Americans, followed by English Settlers in the 
1600’s (including the Odiorne family, from which the point got its name), and wealthy 
summer residents in the late 1800’s and early 1900’s which brought the creation of 
hotels and large summer homes.  In 1942, during World War II, the site was taken by 
the U.S. military for the construction of Fort Dearborn, which replaced many of the 
estates with military armaments and bunkers.  Fort Dearborn protected Portsmouth 
Harbor and the Naval Shipyard for nearly twenty years until it was declared surplus 
property and sold to the NH Division of Parks and Recreation in 1961.    

Remnants of the site’s unique history may still be found on the site and are scattered 
throughout the Park.  As noted above, this was confirmed during the site visit where 
bunkers and other military features, stone walls and foundations, and other culturally 
significant areas were visible. Additionally, the Odiorne Point State Park and White 
Island Master Plan (December 31, 1999) noted that archeological investigation of Frost 
Point has found evidence of early American use of this location; however no systematic 
archaeological research has been carried out throughout the entire Park to identify the 
historic home-sites.       

9.2.2.4 Zoning 
The State of New Hampshire is considered a Sovereign entity and is generally not held 
to local zoning ordinances per RSA 674:54; however the State would be required to 
provide notification of the project to the appropriate governing body and Planning Board 
in Rye, NH.  For information purposes, we have provided a preliminary zoning review for 
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the project as local communities often turn to zoning regulations as a way to evaluate 
wind projects.     

The majority of the Park is zoned as public recreation and conservation district, with two 
small portions located to the west of Route 1A zoned as single residence.  Section 209 of 
the Ordinance (Public Recreation Districts) states that “all lands owned by the Town of 
Rye, the Rye School District and the State of New Hampshire reserved for recreational 
purposes are classified as Public Recreation Districts and shall be used only for 
recreational purposes.”   “Recreational Purposes” is not further defined by the Zoning 
Ordinance.    

Portions of the parcel are also located within the Town’s Wetlands Conservation Overlay 
District, which is contiguous with tidal marshes, fresh water marshes, streams, ponds, 
and wetlands and their associated 75 to 100 foot buffer zone. There are isolated wetland 
areas among the northern portion of the site and a large salt marsh system on the 
western side of Route 1A.   With the exception of a few generally non-structural, passive 
land uses, all other uses not specifically referenced in the Wetlands regulations (Section 
301) are expressly prohibited.  

9.2.2.5 Land Use Issues 
Odiorne State Park is comprised of multiple parcels that have been acquired by the State 
of New Hampshire over the past few decades.  The largest parcel, acquired in 1961 is 
the former Fort Dearborn property and consists of approximately 131 acres.  The deed 
which conveys this property to the State of New Hampshire states that “[f]or a period of 
twenty years from the date of this conveyance [1961], the premises above-described 
shall be continuously used and maintained as and for public park purposes and for a 
public recreational area, for incidental purposes relating thereto, but for no other 
purposes.”  It is suggested that additional research into the former Fort Dearborn 
property deed be conducted to confirm that the land use restrictions have elapsed and 
to determine whether a wind energy system would be allowed as a public park purpose 
or whether that use would be expressly prohibited. 

Additionally, according to information obtained from the Registry of Deeds and DRED, 
other parcels which comprise the State Park have been purchased with funding from the 
Land and Water Conservation Fund (LWCF).  As a condition of funding, all land 
purchased with LWCF funds must have a clause inserted in the property deed which 
restricts the use of the land to public park/outdoor public recreational purposes.  
Changes in the use of the property to other than public outdoor recreation use (such as 
energy generation) may constitute a use conversion and may require National Park 
Service approval and the substitution of replacement land, in accordance with Section 
6(f)(3) of the LWCF Act.  Should this project proceed, we recommend furthering 
discussions with the NH LWCF State Liaison Officer at DRED to determine whether the 
project would qualify as a public outdoor recreation use and the general applicability of 
the Act. 

9.2.2.6 Public Acceptance 
The Town of Rye is invested in clean energy as evidenced by the Town’s Energy 
Committee and the “Rye Turning Green” effort, which seeks to reduce the carbon 
footprint of the Town.  While acceptance of wind energy projects is growing in the 
northeast, and the environmental and clean energy benefits of the project would likely 
be recognized by the community, it is also likely that there would be opposition to a 
project at Odiorne State Park given its historic significance and sensitive natural 
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resources.  In addition, although the site does not have direct residential abutters, even 
a small turbine would be visible from residential locations as well as the Wentworth-by-
the-Sea resort in New Castle.  If a project moves forward, the State will be required to 
conduct evaluations of visual impacts, shadow flicker, and noise (described further in 
Section 9.8.1).  

9.2.2.7 Site Evaluation Conclusion 
Odiorne State Park is a unique site that contains multiple environmental and cultural 
assets.  These factors will highly influence the siting and development of a wind turbine 
and while there is an avenue for seeking project approval despite the above resources, 
the cost of permitting the project may be significantly more than if it were located on 
less constrained State-owned land. Based on the results of the evaluation described 
above; it was determined that a small community-scale wind turbine sized to offset the 
Science Center’s energy load was the preferred choice as the Science Center is easily 
accessible and located in what is currently the most developed portion of the Park. 
Specifically, the location of the Park selected for further analysis of a wind turbine 
installation is the cleared area adjacent to the Park’s southern main entrance, shown in 
Figure 9-1. It should be noted that this area was selected out of several potential 
locations for the purpose of the feasibility study evaluations.  Given the Park’s small 
size, relocation and/or micro-siting of the turbine will not significantly alter the 
preliminary findings of this report.   

We do note that a review of historic documents indicates the presence of a leach field in 
the general area selected for review. However, due to the small scale of the turbine, we 
are assuming the turbine can be sited in this area (either north or south of the main 
access road) to avoid impacting the leach field.    

9.3 Energy Profile 
In order to properly size a wind turbine, the electricity use at the Seacoast Science 
Center was analyzed.  Although the Seacoast Science Center is privately operated, the 
State is responsible for electricity payments.  

9.3.1 Electricity Load 
Energy consumption of the on-site visitor/science center was analyzed to assist in 
turbine sizing.  There are two electricity meters on the site, Public Service of New 
Hampshire (PSNH) meter number W01468458 (Meter #1) and S52494516 (Meter #2).  
Meter #1 has a relatively high usage, peaking in the summer months of July and 
August, while Meter #2 has constant monthly electricity consumption, independent of 
season.  Refer to Figure 9-20, Electricity Consumption at Odiorne State Park.   
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FIGURE 9-20 

Electricity Consumption at Odiorne State Park 

The electricity demand on the site was also evaluated.  Average demand was developed 
based on monthly energy consumption and the length of the measurement period.  
Refer to Figure 9-21, below.  Similar to consumption, the demand peaks in the summer 
months.  Also, note that the average demand is less variable, around 30 – 40 kW.  While 
no information is available on the minimum demand, the average demand gives an 
indication of potential wind turbine sizes.   We note that efforts to implement renewable 
projects can also be leveraged through the implementation of energy efficiency 
improvements.  Should the project proceed, the Science Center may wish to implement 
said measures prior to turbine sizing and implementation. 
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FIGURE 9-22 
Bergey 10 kW Turbine at the 

Liberty Science Center, 
Jersey City, NJ 

 

 
FIGURE 9-21 

Electricity Demand at Odiorne State Park 

The major electricity infrastructure on site includes the incoming service line, a 
transformer, a main switch, and an electricity meter.  The incoming service line 
interconnects with a PSNH single-phase distribution circuit.  The single-phase 
distribution circuit and incoming service line are rated at approximately 8,000 V.    

9.4 Potential Opportunities 
The site presented a number of opportunities that made siting a community-scale wind 
turbine promising; such as adequate wind speeds for electricity generation as well as 
minimal direct abutters.  A wind project at the Park could also create a complementary 
use that can serve to offset the high electricity use of the Science Center.  The Center 
seeks to create connections to nature through personal learning experiences in the 
natural sciences. The Center's mission is met by providing engaging and interactive 
programs and exhibits. Each year, over 70,000 people visit the Center, 15,000 of whom 
are students from throughout New England.  Should it be pursued, a wind project at the 
Center could serve as an educational exhibit.   
The project and potential exhibit could create 
opportunities for learning about renewable 
sources, energy, and climate change while 
serving as a symbol of the State’s dedication to 
supporting the environment and increasing the 
capacity of renewable energy facilities in New 
Hampshire.  

9.5 Results of Evaluations 

9.5.1 Alternative Technologies 
Currently, there are two widely utilized 
technologies which generate electricity from wind 
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FIGURE 9-23 
Berkshire Wind, Hancock MA 

resources:  Horizontal Axis Wind Turbines (HAWT) and Vertical Axis Wind Turbines 
(VAWT).  Though HAWTs dominate the commercial turbine market; VAWTs are popular 
in small-capacity applications and several large-scale VAWTs are in development for the 
commercial-scale wind market.  An overview of various types of turbines considered for 
this study and the state of the respective markets is below.    

In a HAWT, the main rotor shaft and electrical generator are typically located at the top 
of the tower and as a result the wind turbine is most effective when the axis is parallel 
to the prevailing wind direction.  HAWTs can be direct drive or can contain a gearbox 
which converts the slow rotation of the blades into a quicker rotation more suitable to 
drive electricity generation.   

Community-scale wind turbine developments mainly 
use a 3-blade horizontal axis wind turbine, which 
intercepts the flowing wind with the blades, which 
have an aerodynamic design to produce lift forces 
similar to an airplane wing.  Lift forces turn the 
rotor.  This type of HAWT results in significant 
turbulence in the airstream as wind passes through 
the blades and as a result HAWT turbine spacing 
needs to be considered so turbulence does not affect 
downstream turbines.  These wind turbines can be 
any size, from a 30 foot tall 1 kW micro-turbine to a 
450 foot tall 2.5 MW turbine.  Many New England 
wind turbine projects have utilized this type of wind 
turbine, typically between 900 kW and 2 MW in 
capacity (Figures 9-22 and 9-23).  Smaller 
community-scale projects have also commonly used 
a 100 kW turbine by Northern Power Systems.  
Small-scale three-blade HAWTs for residential or 
community uses are readily available, with the most 
commonly installed units manufactured by 
Southwest Windpower and Bergey Windpower.   

Another type of HAWT is based on the design principles of a jet engine and well 
established aerospace technology concepts.  Turbines such as the Flodesign wind turbine 
and the WindTamer use diffusion to “push” and “pull” wind through the turbine blades to 
cause rotation.  This type of turbine has a shroud which accelerates air through the 
blades and creates a vortex zone behind the blades, “pulling” air through.  As air 
approaches the turbine, it reaches a set of fixed blades (the stator) which redirects the 
wind onto a set of movable blades (rotor).  These wind turbines have multiple small 
blades, instead of three large ones, in order to increase the area that the wind is in 
contact with.  While these turbines have been touted as more efficient and less land-
intensive than three-blade turbines, successful installations are limited and small-scale.  
The FloDesign has been prototyped at the Massachusetts Institute of Technology; 
however it is unclear whether any of their designs are currently operating in a 
commercial setting or are available for purchase.  The largest WindTamer turbine 
available can generate approximately 7,500 kWh per year, approximately 1.7% of the 
Seacoast Science Center’s total annual electricity use. Additional turbines could be 
installed to increase the energy generation. 
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A more commonly installed alternative HAWT design is the WindTronics Blade Tip Power 
System.  This system uses an outer ring around the blade tips that has a system of 
magnets and stators to generate energy.  These turbines are micro-scale and have the 
capacity to produce approximately 1,500 kWh per year, less than 1 % of the Seacoast 
Science Center’s electricity use.   

Vertical Axis Wind Turbines (VAWT) are a type of turbine where the main rotor shaft is 
set vertically and the main components are located at the base of the turbine.  This 
allows easy access to the operational components and lower maintenance and 
construction costs.   However, the main benefit of this arrangement is that the turbine 
does not need to be pointed into the wind to be effective, eliminating the need for yaw 
rotation and associated motors.  This makes the VAWT arrangement an effective option 
on sites where the wind direction is highly variable and allows them to be spaced closer 
together than HAWTs, as wake impacts are less of a concern. While the VAWT’s low 
visual profile makes it suitable for residential areas; it is less efficient and produces less 
energy compared to a HAWT due to the additional drag that VAWT blades experience as 
they rotate into the wind.  

There are many variations of VAWTs, including helical blade design and flat blades 
mounted at a radius off of the axis.  These turbines use a similar principle to the three-
blade VAWT, in that they intercept the wind and generate life forces to rotate.  Vertical 
axis wind turbines have been successfully installed in many applications, notably in 
Provincetown, MA and at the Boston Museum of Science, Boston, MA.  Small-scale 
VAWTs (1 – 10 kW) are easily acquired for installation; however larger models are not 
common.       

A three-blade horizontal axis wind turbine sized for the Science Center’s energy load was 
selected for further analysis, due to the large number of successful implementations and 
the proven performance of the technology.  Significant information and resources are 
available related to this technology to assist in predicting future turbine performance.  

9.5.2 Technical Feasibility 

9.5.2.1 Equipment Siting 
As noted in Section 9.2.2 above, the Park contains a variety of public recreation, 
historic, cultural, and unique habitat features.  Based on this, the cleared portion of the 
Park adjacent to the Main Entrance off of Route 1A was selected as a good potential 
location for a wind turbine.  This area was selected as it is currently cleared, easily 
accessible, and would require little to no additional clearing or grading.  It is also located 
outside of wetland resource areas and buffer zones and protected shoreland area.  This 
site is not identified as Tier 1 habitat, does not contain any potentially historic features 
and is not the site of any current restoration or high use public recreation areas (such as 
a picnic area, sandy beach, or walking trails).  The site is also located relatively close to 
the Science Center which will facilitate the use of existing electric infrastructure and 
service roads. As such, the cleared portion to the north of the Park’s main access road 
was selected for further evaluation.  As noted earlier, due to the small scale of the 
turbine, it is likely the turbine can be sited in this area (either north or south of the main 
access road) to avoid impacting the existing leachfield.     

The following analyses of estimated annual energy production and economics requires 
the selection of wind turbines analysis.  Based on the electricity use analysis, the 
estimated wind turbine size appropriate for the site was 30 kW to 100 kW rated 
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capacity.  Given the size of the Park and the on-site constraints, it was understood that 
a utility-scale turbine was not appropriate for the context.  Therefore, the following 50 
kW and 100 kW wind turbines and the manufacturer’s power curves were inputted for 
the calculation:  

• Endurance E3120 – 50 kW 

• Northern Power Systems Northwind 100 (30m hub height) – 100 kW 

• Northern Power Systems Northwind 100 (37m hub height) – 100 kW 

Each of these turbines is a proven model with multiple North American installations and 
examples of successful installation in New England coastal areas.  These turbines were 
modeled to show energy production from their hub-height and rotor diameter 
combinations, they are not a recommendation of the turbines that should be installed at 
the sites.  Many other factors will affect that decision at a later phase of project 
development.  Photos of installations of both of these turbines are included below, 
Figures 9-24 and 9-25. 

 

 

 
FIGURE 9-24 

Endurance E3120 at The Allen Farm, Chilmark, MA 
(Photo: Great Rock Windpower) 
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FIGURE 9-25 

Northwind 100 at Country Gardens, Hyannis, MA 
(Photo:  Cape Cod Today)  

9.5.2.2 Resource Availability 
The wind resources at the site were initially evaluated using wind speed data from the 
air monitoring station at Odiorne State Park, provided by the DES Air Resources 
Division.  Wind speed data was measured at 10m above ground level (agl) at one hour 
intervals for the months of April 2011 – September 2011.  During this time period the 
raw data average wind speed was approximately 3.28 m/s.  This indicates a good wind 
resource potential at the site.   

Since one whole year of data at the site was not available, Tighe & Bond also surveyed 
the available online wind speed data and found that the Pease Air Force Base has a 
weather station that measures windspeed and wind direction hourly at 10m agl.  This 
station reports the data to the National Center for Environmental Prediction (NCEP) and 
is a part of a publicly available database of weather stations reporting data through an 
Aviation Routine Weather Report.  These reports are commonly called METAR 
(Meteorological Terminal Aviation Routine Weather Reports).  While METAR data is a 
valuable source of long-term climatological data, the data is collected and processed 
automatically and there are occasionally errors in data and position encoding.  
Therefore, it is important to verify the data with on-site data.  This was performed 
through completion of a long-term correlation.  The wind statistic resulting from the 
correlation showed a unique and highly unlikely directional distribution.  Upon closer 
review of the airport data, it is apparent that there are significant periods of 
inconsistently measured wind direction.  Therefore, the airport data was not used for 
further analysis.   

Other data sources, including data from the National Center for Environmental Prediction 
(NCEP) and the National Center for Atmospheric Research (NCAR) were also reviewed.  
These data sets were both available significantly inland from the coastline and, 
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therefore, also had a significantly different directional distribution than the on-site data.  
Therefore, the analysis proceeded with use of the on-site measured wind speed data 
from DES Air Resources Division despite the truncated measurement period.  Since wind 
speeds are typically higher in the unmeasured winter months, it is anticipated that 
results of this study will be inherently conservative.  If project development continues, it 
is recommended that the State measure data for an entire year.  Also, a proprietary 
long-term data set could be purchased for the site location that would be cleaned for the 
errors in wind speed or directional distribution noted above. Next-steps for a potential 
project are outlined in Section 9.8.1. 

The location of the on-site wind speed data is approximately UTM NAD83 Zone 19; 
360,201 East; 4,767,203 North, very near the potential wind turbine location.  It is 
important to the wind evaluation that the site of wind speed measurement is “similar” in 
character to the turbine location.  The on-site data location is very similar to the near-by 
potential turbine location; flat coastal land with moderate forest cover and topography 
dictated by bunkers.  Wind shear is the change in wind speed as elevation above ground 
level increases.  The shear coefficient is a parameter used to describe the rate of change 
in wind speed with change in elevation above ground level according to the Power Law, 
where the shear coefficient is an exponent.  For this evaluation, the shear coefficient 
was assumed to be 3.0, typical of regions that have varying vegetative cover and 
moderate housing/building development.  Shear coefficient can be measured by wind 
speed measurement equipment that records data at multiple heights above ground 
level.  If the wind turbine hub heights are minimally different from the wind speed 
measurement height, the uncertainty associated with vertical extrapolation will not be 
significant, even if the shear coefficient is not field-measured.       

Once the wind speed dataset to be used in the analysis was identified as described 
above, the following process was followed using WindPRO software developed by EMD 
International.  WindPRO operates in conjunction with the Wind Analysis Program, WAsP, 
developed by Risø DTU, the Technical University of Denmark.  Since the dataset being 
used is 10 meter data for a partial year, there is a large measure of uncertainty inherent 
in the data and there is limited benefit to performing complex calculations.  Therefore, a 
relatively simple protocol was followed for estimating the annual energy production 
(AEP).   The analysis did not evaluate potential losses in detail; 15% of the AEP was 
deducted to account for standard losses in power generation and transmission, a 
conservative standard at this level of feasibility study.  We also did not calculate a 
detailed estimate of uncertainty or attempt to micro-site or optimize the exact turbine 
position, particularly since the potential locations are highly limited by environmental 
factors, addressed in Section 9.2.2.1 and 9.2.2.2.  The following paragraphs describe 
the procedure followed to produce AEP estimates.   

The STATGEN module of WindPRO was used to create a wind statistic from the on-site 
data.  A wind statistic is a wind speed data set that has been created by extracting the 
effect of the terrain, surface roughness, and obstacles from the measured data.  The 
surface roughness was characterized within 20 km of the site.  The land surrounding the 
potential turbine location is mostly forested or wetland with some housing development 
and scattered surface waters.  To the east of the location is the Atlantic Ocean.     

The topography was inputted for an area of 7 km around the site.  Three meter contours 
from NH GRANIT were used.  One obstacle, the Seacoast Science Center was identified 
and included in the model, since the building is approximately one quarter of a potential 
wind turbine height.  However, it is not likely that the building will have a significant 
impact on wind speeds at the turbine location due to the bunker, a prominent 
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topographic feature between the potential wind turbine location and the Seacoast 
Science Center.     

Simulations were completed using the MODEL module, which uses the Wind Atlas and 
Analysis Application Program (WAsP) developed by Risø DTU, the Technical University of 
Denmark.  WAsP is an advanced flow model typically used in conjunction with WindPRO 
to calculate wind speeds at different locations around a large area based on the 
roughness and topography information.  WAsP generated a wind resource profile for the 
potential turbine location based on the wind speed data, topography, surface roughness 
and obstacles.  The mean wind speed at the potential turbine location and 30m agl is 
approximately 5.6 m/s, a good wind resource.  Furthermore, the directional distribution 
of the wind speed shows that the majority of the wind speeds over 4 m/s are coming 
from the east and particularly from the northeast.  Refer to Figure 9-26, the directional 
distribution of mean wind speed.     

 
FIGURE 9-26 

Directional Distribution of Mean Wind Speed (m/s) at 30m agl 

The frequency that each wind speed occurs is called the Frequency Distribution.  At this 
site, the frequency distribution shows that while the majority of high wind speeds are 
coming from the east and northeast, they are not occurring as often as the lower wind 
speeds from the south and west northwest.  These two distributions influence the 
intermittency of turbine operation and the energy available in the wind.  Refer to Figure 
9-27, the Frequency Distribution.  
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FIGURE 9-27 

Wind Speed Frequency Distribution by Directional Sector at 30m agl 

To assess the overall frequency of particular wind speeds, a probability distribution 
function is used.  A probability distribution is a graphical representation of the 
probability that a particular value in a dataset lies between two bounds.  The Weibull 
Distribution function was used for this project to determine how often various wind 
speeds occurred at the site.  Refer to Figure 9-28, the Weibull Distribution of wind 
speeds at 30m agl at the project site.  This information is used to determine the AEP by 
comparison with the wind turbine power curve, which describes how much energy the 
turbine can generate at each wind speed. 

 
FIGURE 9-28 

Weibull Distribution of Wind Speeds at 30m agl 

The optimal wind speed frequency distribution for energy generation and turbine 
selection has a sharp peak shape and a large scale, which dictates the area under the 
curve.  The Weibull factor k (also called the shape factor) is a numerical value that 
describes the peak shape.  A higher numerical Weibull k-factor means a sharper/steeper 
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peak which indicates more frequent wind speeds at the value where the peak occurs.  
The Weibull factor A (also called the scale factor) is a numerical value that describes the 
scale of the graph.  A higher Weibull A-factor means a greater area under the curve 
which indicates greater mean wind speed.  For this project site, the Weibull k-factor 
(averaged over all directional sectors) is 1.46 and the Weibull A-factor is 6.17.  Weibull 
factors for each directional sector are included in the WindPRO report, attached. 

9.5.2.3 Electrical Interconnection 
In order to take full advantage of net metering under the current NH PUC regulations, 
the wind turbine generator must interconnect behind the existing facility meter (refer to 
Section 9.6 for Net Metering discussion).  Although a detailed electrical evaluation of the 
facility has not been completed, it is assumed that behind-the-meter interconnection is 
possible based on typical electricity infrastructure, site observations, on the current 
facility load and demand, and the small capacity of the generation equipment.  

The facility has existing single-phase incoming service from PSNH, rated at 
approximately 8,000 V.  A small-scale wind turbine, such as the 50 kW Endurance E-
3120 evaluated further in this study, can typically be purchased with a single-phase 
induction generator.  The wind turbine package will also typically include protective 
equipment required for interconnection.  Therefore, much of the interconnection cost is 
accounted for in the equipment cost and interconnection is relatively simple.   

The turbine can generate electricity at 480 V and it is anticipated, based on the current 
facility demand, that there is sufficient capacity on the incoming service line and facility 
infrastructure for 50 kW of generation.  It is anticipated that the wind turbine will not 
require an exhaustive interconnection study by PSNH.   

9.5.3 Estimated Annual Energy Production 
Through the MODEL module in WindPRO, WAsP was used to calculate the annual energy 
production (AEP) from the turbines taking into consideration the on-site wind speed 
data, topography, surface roughness of the area, and the effect of nearby obstacles.  
Results of the analysis are tabulated in Table 9-1.  A WindPRO report detailing 
assumptions and calculations is attached at the end of Section 9.  An energy rose shows 
the energy available in the wind, by directional sector.  Recall that the site has low-
speed wind coming from the south and west northwest as well as less frequent higher-
speed winds coming from the east and northeast on an annual basis.  The energy rose, 
Figure 9-29, shows that the high wind speeds contain significantly more energy, as the 
majority of the energy is in the easterly directional sectors despite less frequent 
occurrence.  



Section 9 Wind Energy at Odiorne State Park and Other 
Locations Tighe&Bond 
 

 NH OEP - RE and DG Feasibility Study  9-28 

 
FIGURE 9-29 

Energy Rose at 30m agl 

Based on the wind speeds, directional distribution, and frequency distribution, the 
annual energy production was calculated using wind-turbine specific power curves.  The 
power curves show what the wind turbine will generate at each wind speed.  These are 
attached in the MODEL WindPRO report at the end of Section 9.  Table 9-1 shows the 
results of the analysis, the AEP.     

TABLE 9-1 
Wind Resource Assessment Results 

Wind Turbine 
Hub 

Height 
Rotor 

Diameter 
Capacity 
Factor 

AEP after losses 
(MWh/yr) 

Endurance E3120 30.5 19.2 32.9% 122 

Northwind 100 30 21 22.40% 167 

Northwind 100 37 21 24.20% 180 

 

While the larger wind turbines generate more electricity, they have a significantly lower 
capacity factor, a measure of the amount of energy generated in comparison to the 
capacity of the turbine for generation.  Capacity factors are generally less than 40% for 
wind turbine projects and typically a wind turbine project with a capacity factor greater 
than 20% is developable.  The higher capacity factor of the Endurance E3120 is an 
indication that the machine may be a better value, generating more electricity in 
comparison to the cost of the machine.   

9.5.4 Evaluation Conclusion 
Odiorne State Park has good wind resources, indicating favorable conditions for wind 
energy generation.  Analysis of three separate models of wind turbines on the site 
showed that the turbines could produce a significant amount of electricity (compared to 
other site’s capacity) and that they have capacity factors as good as or better than 
similar projects that are being developed or currently operating in New England.   
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Electrical interconnection of the wind turbine will likely be permissible with minimal 
modifications due to the small scale of wind turbine being studied.  A large wind turbine 
would likely require the local distribution circuit be upgraded to accommodate the larger 
machine, which could be very costly.   

9.6 Economic Analysis 
The following economic analysis is intended to provide a decision making tool related to 
the project.  The economic analysis has been completed to evaluate DRED ownership of 
the project as well as private developer ownership of the project.  The economic input 
and results tables are attached at the end of this section for easy reference.  A 
Summary Table, Table 9-3, is accompanied by detailed input and result tables for each 
turbine and ownership scenario as follows:  

• Table 9-4:  E3120 – State Ownership 

• Table 9-5:  N100 – State Ownership 

• Table 9-6:  E3120 – Private Ownership 

• Table 9-7:  N100 – Private Ownership 

9.6.1 Project Ownership Structure 
There are two basic project ownership structures available to the State for a wind 
energy project:  public ownership and private ownership (through a power purchase 
agreement).     

If the wind project remains publicly owned, it is expected that the cost of design, 
construction, operation and maintenance would be incurred by the State.  The State 
would manage electricity generation and retain all revenue from net metering and any 
sale of Renewable Energy Credits (RECs; See Section 5.2.2).  Cost of the project would 
be mainly driven by turbine choice and an associated operation and maintenance 
contract.  In this case, it is recommended that the State procure an operation and 
maintenance contract at the time of turbine procurement in order to secure terms and 
rates.  Revenue would be driven by the amount of electricity produced, based on 
equipment performance and wind speed.  If a project is publicly owned, it generally has 
a lower capital cost due to the lower cost of debt and grant funding available to public 
entities.  However, public entities also do not have tax liability, which means that annual 
tax benefits and accelerated depreciation will not be applicable.   

The project could also be privately owned.  The State may have the opportunity to 
procure a private developer who would develop a project on State land.  Though many 
public-private project development agreements exist, the most common model is a PPA 
and/or long-term lease agreement.  The PPA, often a 20 year agreement, is a long-term 
contract between the State and the developer for the purchase of power or net metering 
credits.  Typically PPAs are formalized in tandem with a long-term lease agreement, 
whether monetary or not, between the State and the developer which would give the 
developer rights to construct and operate the wind turbine project on State land.  The 
State has the opportunity to maximize revenue through negotiation of a low long-term 
purchase price of the electricity.  In some cases, entities that prefer to have a more 
secure revenue stream from a project (not dependent on project performance), will 
accept a higher PPA rate, but receive an annual lease payment.  Under a private 
development model, the capital cost of the project, as well as operation and 
maintenance, would be assumed by the developer.  As described in Section 9.6.2.3, 
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revenue to the State is the savings, or cost difference, between the current per kWh rate 
(credited to the electricity bill) and the PPA rate (paid to the developer).  Revenue may 
also be recognized in the form of monthly lease payments to the State from the private 
developer, depending on the State’s negotiation of the agreement terms.  For the 
purpose of this analysis, a PPA only was assumed.      

The following economic analysis was completed based on two separate ownership 
scenarios: 1) State ownership of the project and 2) private ownership of the project in 
order to compare the costs and benefits of each scenario.  Currently, there are a limited 
number of private developers with an interest in owning and providing a PPA for small-
scale wind projects, such as this one.  However, it is still a valuable exercise to 
determine whether the model is viable and, therefore, it has been included in the life-
cycle cost calculation.  This will also assist in determining whether a private developer 
would seek to participate in the project. 

9.6.2 Cost 
The turbine configurations being included in this financial analysis are the Northwind 100 
and the Endurance E3120.  The cost of equipment for the wind turbine includes the cost 
of the turbine, transformer and interconnection materials on the turbine-side of the 
interconnection location.  Tighe & Bond reviewed wind turbine cost information and 
market data from the Energy Information Agency and the National Renewable Energy 
Resources Laboratory as well as information available on other installations of these 
machines to estimate the total installed cost of the technology.  Due to the preliminary 
nature of this study, detailed and itemized cost estimates were not prepared.  Refer to 
Table 9-2 for a summary of cost estimates.  The installed cost includes engineering, site 
work and construction as well as the equipment required.  Given the preliminary nature 
of the feasibility study and project site, permitting costs were not included in the cost 
estimate, but are anticipated to be high.  See Section 9.8.1 for a general discussion of 
next steps regarding permitting.  Note that if an interconnection study is required this 
may significantly increase costs.  Also, the cost of further feasibility study, including a 
full year of on-site wind speed measurement has not been included; however this is also 
addressed in greater detail in Section9.8.1.    

TABLE 9-2 
Total Equipment Cost 

Turbine Configuration Incremental Cost ($/kW) Total Installed Cost 

Endurance E3120 $6,600 $330,000 

Northwind 100 $5,000 $500,000 

 

Annual costs associated with the wind turbine are mostly related to operation and 
maintenance. A typical wind turbine requires routine service once or twice per year.  
This periodic maintenance includes oil and filter changes, gearbox lubrication, and 
regular safety inspections.  Maintenance also includes items such as electrical system 
inspection, bolt torque checks, visual inspections for cracks on the coupler and blades, 
and visual inspection of the brake pads and bearings. Worn parts are routinely repaired 
or replaced every five to fifteen years depending on the component.  Other components 
are replaced due to environmental or electrical damage.  The turbine manufacturer 
generally provides routine maintenance service through the warranty period.  Service 
from a manufacturer certified technician is typically required in order to not void the 
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warranty.  Based on this, should the State maintain ownership of the project it is 
recommended that the State procure an operation and maintenance contract at the time 
of turbine procurement in order to secure terms and rates.  Continued service from the 
manufacturer after the warranty period is optional.    

The operation and maintenance costs vary by turbine size and were estimated to be 
approximately $0.02 for each kWh of production, as is industry standard.   

9.6.3 Revenue 
The project has the potential to benefit from the sale or use of the electricity, the sale of 
the positive environmental attributes of the electricity (i.e. Renewable Energy Credits, 
RECs), and various incentives available to renewable energy projects.  The following 
section outlines the regulations allowing each of these sources of revenue and the 
assumptions made regarding each revenue stream for the economic analysis.       

9.6.3.1 Energy Cost Savings 
There are three main avenues by which a wind project could benefit from the energy 
that is produced; described below.  As noted below, the Odiorne wind turbine was sized 
to meet the load at the Science Center; thus it is not likely that there will be excess 
generation during each billing period or on an annual basis.   

• Net metering with PSNH 

• Becoming a qualifying facility under the Public Utilities Regulatory Policy Act 
(PURPA); PSNH is then required to purchase the electricity at market rates 

• A Power Purchase Agreement (PPA) with a third-party, such as PSNH or a private 
developer, for long-term power purchase  

• Become a non-exporter and use electricity on-site when generator power is less 
than demand 

If the project is interconnected behind-the-meter (on the facility-side of the existing 
meter), the project could pursue qualification for net metering with PSNH in order to 
gain near-retail compensation for the generation or could qualify as a non-exporter 
gaining near-retail compensation for any generation that was generated at a time when 
generator power was less than demand.  Alternatively, the project may interconnect to 
the distribution grid on the utility-side of the meter (refer to Section 3.3.3 for discussion 
on interconnection location).  In this case, the facility will not qualify for net metering, 
but may sell energy under the second or third of the above scenarios, which require 
completion of significant qualification processes at cost to the project.  Due to these 
hurdles and a low wholesale price of energy at this time (3-month average of $0.0314 
per kWh), the private developer will likely prefer interconnection behind-the-meter to 
offset on-site load.  If interconnection to the utility side of the meter became necessary, 
the private developer would have an interest in securing a long-term income for the 
project and would likely propose a PPA with an energy supplier, as opposed to becoming 
a qualifying facility under PURPA.  In either scenario, the developer would be 
compensated for generation at a competitive wholesale rate.   

If project development proceeds with a private developer, the private developer will 
likely determine whether to interconnect behind-the-meter by evaluating the PPA price 
that they can secure for the project and comparing the additional cost of interconnection 
behind-the-meter with the potential energy cost savings reduction due interconnection 
on the utility-side of the meter.  Likewise, a cost-balance to determine whether the costs 
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associated with enrolling in net metering outweighs the benefits if the interconnection is 
behind-the meter.  This would entail an evaluation of the times of minimum demand at 
the facility and the times of wind turbine generation.  Since there are benefits of 
interconnection behind the meter and participation in net metering, as described below, 
this economic analysis assumes that a developer will choose to incur the cost of 
interconnection behind-the-meter and pursue net metering for the project.   

9.6.3.2 Net Metering Qualification 
The New Hampshire Public Utilities Commission, Code of Administrative Rules (Chapter 
PUC 900), provides for net metering, which allows electric utility customers to receive 
credit for the full per-kWh value of on-site electricity generation from renewable-energy 
systems (provided the system does not exceed 1 MW) regardless of whether the energy 
was generated at the time of energy use on site.  A 50 kW – 100 kW wind turbine at the 
Seacoast Science Center as describe above, would qualify for net metering as a small 
customer-generator.  The advantage to net metering, in comparison to generating 
electricity on-site as a “non-exporter,” is that the facility is billed for electricity use based 
on the net electricity coming onto the site and leaving the site.  Therefore, if there are 
times when the power being generated exceeds on-site demand, the facility will still be 
credited for the generation.  For example, if the wind turbine generates electricity at 
night when the Science Center has a low demand, there may be export of power onto 
the electricity grid.  With net metering, DRED would be compensated for this export 
because the bill will be based on the net export and import of electricity to the site each 
billing cycle and annually.  A non-exporter would not be compensated for that electricity.  
Net metering allows a system to be sized based on the annual energy consumption, as 
opposed to the minimum demand at the facility.  It is difficult to quantify the benefit of 
net metering at this stage of evaluation, since minimum demand data was not evaluated 
in the scope of this study.   

Aside from being “powered by renewable energy,” the electricity generator must have 
been created after July 2010, have a total peak generating capacity of no more than 1 
MW; be metered through a retail meter on-site; and must be currently interconnected 
and operating in parallel with the electric grid.  The electricity generated must also be 
used in the first instance to offset the customers own electricity requirements.  The 
proposed project meets these requirements.   

The NH PUC also set limits (on a first-come, first-serve basis) on the amount of energy 
that can be net metered within each utility distribution service.  Once the total net 
metered limit has been within the respective utility service area; no additional net 
metering will be allowed.   The Seacoast Science Center is located within Public Service 
Company of New Hampshire’s service district, which has a limit of 36.55 MW.  
Approximately 3.28 MW is currently being net metered (as of 5/2012) within this service 
area; therefore, it is not anticipated that the net metering limit will be reached by the 
time of project interconnection. 

9.6.3.3 Net Metering Revenue 
The net metering regulations cited above specify that for qualifying facilities under 100 
kW, “the customer-generator shall be billed based on the net energy supplied in 
accordance with the applicable rate schedule.”  The addition of a wind turbine behind-
the-meter will reduce the amount of electricity supplied to the customer over the electric 
distribution system and therefore, reduce the kWh billed at the per-kWh charges.  
Therefore, the Science Center electricity bill will be reduced by the sum of the per-kWh 
charges for every kWh of generation during the billing period.  In this case, the per-kWh 
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charges are the distribution, transmission, standard cost recovery, system benefits, 
electricity consumption tax, and energy service charges.       

Although net excess generation (“energy fed into the distribution system”) over a billing 
cycle is not anticipated, any net excess generation during a billing cycle would be 
credited to the Science Center’s account over subsequent billing periods at a rate equal 
to the sum of the kWh charges.  

During the preparation of this report a regulatory initiative to allow “group net metering” 
in New Hampshire was progressing.  Senate Bill 258 would have allowed multiple 
electricity accounts to be grouped with a renewable energy generator, so that net 
metering credits from generation would be applied to all accounts in the group.  The Bill 
passed successfully through the Senate; however in May 2012 the House of 
Representatives voted to adopt the committee report of Inexpedient to Legislate.     

It is assumed that the project will result in no net excess generation over a billing period 
and that the project will not offset at least 1,500 kWh (the top two rate tiers of the 
graduated energy service rate schedule) per billing period.  Therefore, based on the 
General Service tiered-rate schedule for “all additional kWhs,” charges, revenue per kWh 
through net metering the facility is $0.10, the sum of the per-kWh charges listed above, 
including the energy service rate included in the State’s contract with an independent 
service provider.  The State currently has a low rate for electricity service, which is 
expected to decrease for the term of the next agreement, which has been under 
negotiation during the course of this project.  In a State-owned scenario where the 
turbine is interconnected behind the meter, this financial benefit will be realized through 
direct offset of the amount of electricity being billed for.  This will not decrease the 
customer charges and may not decrease demand charges, depending on the operation 
of the turbine compared to peak demands at the Seacoast Science Center.  The net 
metering rate and year one revenue (through savings) is shown in Tables 9-4 and 9-5 
under “Revenue.”   

Under the private developer ownership scenario where the private developer enrolls in 
net metering, energy cost savings to DRED will be difference between the net metering 
rate, credited to the electricity bill, and the PPA rate that DRED will pay to the private 
developer for the electricity.  We have assumed a PPA rate of $0.06 based on the 
potential profitability of this project to the developer and recent renewable energy 
project contracts.  However, in order for a developer to achieve a positive cash flow 
through the project life, a PPA of $0.18 would be required.  The potential annual energy 
cost savings to DRED is reported on Table 9-3, Economic Analysis Summary, as “N/A” 
since there is no opportunity for energy cost savings under this scenario.  Note that 
Tables 9-6 and 9-7, economic inputs and results, are from the private developer’s 
(project owner’s) perspective.          

9.6.3.4 Renewable Portfolio Standard 
In addition to selling the electricity generated, the project may benefit from sale of the 
positive environmental attributes of the electricity generated.  These attributes are 
generated and sold as “Renewable Energy Credits” (RECs).  New Hampshire’s Electric 
Renewable Portfolio Standard (RPS) requires electric distribution utilities to provide an 
annually increasing percentage of electricity from renewable energy to its end-use 
customers (HB 873, enacted in May 2007).  The RPS requires that electric distribution 
utilities purchase RECs equivalent of 23.8% of retail electricity sold to end-use 
customers by 2025, with intermediate requirements increasing annually.  If the 
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electricity provider does not have sufficient electricity generated from renewable energy 
to meet the annual requirement, RECs can be purchased from renewable energy 
generators to transfer the positive environmental attributes of the renewable energy 
generation to the electricity providers’ non-renewable supply.  If a utility does not 
acquire enough electricity from renewable energy generation or RECs to meet the annual 
goal, they must make an Alternative Compliance Payment (ACP) per MWh deficiency to 
the NH Renewable Energy Fund, administered by the NH PUC.  The value of the ACP 
rate, determined by the State Legislature and adjusted according to the Consumer Price 
Index each year by the NH PUC, effectively caps the market value of a REC.  Monies paid 
into the Renewable Energy Fund are used to support the development of additional 
renewable energy projects. 

One REC is generated for each MWh of electricity generated.  REC generation is recorded 
in the NEPOOL GIS system, and REC transfers are administered by ISO-New England.  
RECs are typically sold at auction or by contract through a procurement process.  Some 
projects seek to negotiate a REC contract as a part of project development and PPA 
agreements.   

The State has adopted separate portfolio standards for various renewable energy 
sources and has classified them as Class I, Class II, Class III, and Class IV.  This project 
would generate Class I RECs pursuant to RSA 362-F as a generation facility that 
produces electricity from wind energy.  It is anticipated that one Class I REC will be 
generated for each MWh of electricity generated.  The 2011 ACP rate for an unmet Class 
I REC is $64.02.   

As recorded in the NH PUC’s Report submitted to the NH General Court, “2011 
Renewable Energy Portfolio Standard Review” dated November 1, 2011, NH Class I RECs 
traded between $20-$30 per MWh in 2009 and 2010 and fell to a steady $15-$20 per 
MWh in the second half of 2010 and first half of 2011.  This data indicates that Class I 
RECs are readily available in New Hampshire in comparison to the RPS requirements and 
pricing is not very competitive.  Recently (January 2012), it was reported that a NH 
generation facility sold Class I New England RECs on the Massachusetts market for 
approximately $35 per MWh.  While this may indicate potential for increased REC value, 
the following economic analysis conservatively assumes a $15 per MWh REC price 
through the life of the project.  Conservative REC prices are particularly appropriate, 
since RPS regulations are currently being debated by legislators.  RECs are included in 
the economic analysis, as listed under “Revenue” on Tables 9-4 through 9-7. 

9.6.3.5 Additional Incentives 
Under ownership of a private developer, federal incentives are accessible, in addition to 
modest grant opportunities.  To be conservative no grant funding was included in this 
analysis.       

9.6.3.6 Federal Tax Incentives 
Since the project would be privately owned, the project would be eligible for federal tax 
benefits.  Tax benefits come in the form of accelerated depreciation as well as tax 
credits.  Since wind turbine equipment qualifies for accelerated depreciation, it is 
possible for a private company to decrease the value of their taxable assets early in the 
asset’s lifetime.  In the economic analysis for the private development model, five year 
depreciation is used with a 50% year one bonus, as is currently available for renewable 
energy technology.  The Investment Tax Credit (ITC), which can offset the capital 
investment of a renewable energy project by 30% of the first year project costs, is also 
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available.  Alternatively, the Production Tax Credit (PTC), a Federal Tax Code provision 
for a tax credit equal to approximately 1.1 cents (as of 2009) per kWh produced by the 
system, is available.  Either of the ITC or PTC may be selected and the pro forma 
includes the ITC, which is most advantageous for the project due to the high capital 
costs of the equipment for the amount of energy generated.  It is assumed that a 
private developer would have sufficient tax liability that the maximum tax benefits 
available to the project could be fully utilized or passed through to other related entities.  
The impact of these incentives on the privately owned projects can be seen through 
inspection of the Cash Flow Analysis graphs on Tables 9-6 and 9-7.  The initial spike in 
Leveraged Annual Cash Flow is the ITC.  The accelerated depreciation impacts the 
Leveraged Annual Cash Flow during years 1 – 5, which can be seen on the graph as 
years with a less negative cash flow.     

In the State-owned project scenario, all taxes and tax incentives are not applicable.   

9.6.3.7 Financing 
The project will likely be mostly funded by the private developer through financing.  
Typically, renewable energy technology is eligible for moderate-cost financing for a long-
term loan.  We have assumed that the developer would finance 70% of the total project 
cost at 6.8% on a 20-year term.  For the State-owned project scenario, it was assumed 
that the State can bond at 2% rate over a 20 year term to fund 100% of the project per 
NH OEP guidance. 

9.6.4 Life-Cycle Cost Analysis 
The economic analysis integrates the cost and revenue assumptions discussed above 
into a 20-year cash flow analysis to determine three critical financial indicators.  The 
cash flow analysis calculates the cost and revenues for every year, taking value 
escalation and debt payments into account.  From this 20-year cash flow analysis, it is 
possible to calculate the Internal Rate of Return (IRR), the Net Present Value (NPV), and 
the Payback Period of the project.  These are financial indicators commonly used in 
order to identify an optimal project investment.   

Note that the economic analysis is completed from the perspective of the project 
owner to gauge the financial performance of the project.  In the case of a 
privately owned project, the indicators on Tables 9-6 and 9-7 are not applicable to the 
State.  Revenue likely to be distributed to the State is derived from the financial 
indicators and reported separately on the Economic Analysis Summary Table, Table 9-3.   

In order to simulate a 20-year project life for a given scenario, several assumptions 
were made regarding the change in cost and revenue values over time.  Assumptions 
include related to the time-value of money include:  

• Private ownership has sufficient tax liability to maximize tax benefits 

• For a privately owned project, the discount rate was assumed to be 5.0% based 
on typical cost of capital for a private entity and average inflation conditions    

• For a publicly owned project, the discount rate was assumed to be 3.4% based 
on typical cost of capital of a public entity and average inflation conditions 

• Escalation of O&M costs was assumed to be 2.5%, typical for power generation 
equipment 
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• The escalation of avoided cost (cost of electricity) was assumed to be 2.1%, as 
predicted in the US Energy Information Administration long term electricity price 
forecast to 2035, released December 2009   

• Assumptions related to cost and revenue are described in Sections 9.6.1 and 
9.6.2 

The IRR shows the rate at which the project costs are recovered from the initial capital 
expenditure considering the net cash flow.  A project is generally acceptable if the IRR is 
greater than the cost of capital throughout the project.  IRR measures the quality of an 
investment (“good” or “bad”), but does not give direct information about the magnitude 
of “good” or “bad” the investment represents.  The NPV is one way to compare the 
potential profitability of each scenario.  It is the present value of all costs and revenues 
throughout the project’s lifetime.  If the NPV is greater than zero, the project is 
expected to earn a profit for the project owner.  The Discounted Payback Period 
represents the number of years it will take for the cumulative revenue of the project to 
exceed the cumulative costs of the project.  The Payback Period is an indicator of the 
timeline on which a project will become profitable.  Generally, the payback period 
requirement depends on the developer.  If the project indicators are favorable, the 
project is anticipated to have a beneficial financial impact.  Refer to the “Project 
Indicators” section of Tables 8-10 and 8-11, attached at the end of this section. 

Note that each scenario is analyzed in both a leveraged (with financing) and 
unleveraged (no financing) case, to show the range of values indicators will be in 
depending on financing options, and to show the unleveraged payback period which is 
often used for comparison to other capital projects and which is not skewed by the low-
initial investment of a financed project.   

9.6.5 Economic Feasibility 
Under the above assumptions, the project is not economically feasible without significant 
incentives, such as a significant grant or zero-cost loan.  Refer to Tables 9-4 through 9-
7, and particularly the Cash Flow Analysis graph, which illustrates annual economic 
performance for the project for each case.  Annual cash flows are minimal and 
cumulative cash flow is generally decreasing for leveraged projects.  The capital cost of 
wind turbine equipment is high in comparison to large-scale fossil fuel generation and it 
is challenging for small wind turbines to generate sufficient electricity for the annual 
revenue from energy cost savings to exceed the amortized annual capital cost.  For the 
Endurance E3120, the capital cost of the wind turbine equipment and installation 
amortized over the 20 year project life is approximately $17,500 per year (no bond cost 
included).  Therefore, to have a positive cash flow in any year, the net annual revenue 
must be at least that much.  With the above assumptions, the net annual revenue is 
approximately $13,000.  Note that if the cost of electricity being offset was higher or if 
renewable energy incentives were increased, the project may become feasible.  Also, as 
discussed previously, wind speed estimates, and therefore, AEP estimates are 
conservative and further study could indicate that wind speeds on site are generally 
higher than were observed as a part of this study.   

In the State ownership case, the additional bond cost is minimal, but there are no 
significant front-end incentives.  It is anticipated that the State would require a grant of 
approximately $165,000 to result in a payback period less than ten years for a State-
owned project.   
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If the project is privately owned, the developer can reduce the capital costs through 
taking the Investment Tax Credit and benefitting from Accelerated Depreciation.  
However, the higher cost of financing and tax requirements that a private developer is 
subject to result in a negative annual cash flow for the project.  Therefore, although the 
initial incentives bring the project into positive cumulative cash flow, the negative annual 
cash flows cause a downward cumulative cash flow trend, eventually resulting in a loss 
in equity.  Refer to Tables 9-6 and 9-7.  It is not likely that a private developer would 
have interest in partnering with the State to pursue this project due to the small-scale of 
energy generation and significant capital costs.            

 



Tighe&BondTABLE 9-3

Economic Analysis Summary

Odiorne State Park Wind Turbine Economic Analysis

Endurance E3120 Northwind 100 Endurance E3120 Northwind 100
Ownership State of NH Ownership State of NH Ownership Private Developer Ownership Private Developer Ownership

Revenue Sources 100% Net Metered 100% Net Metered 100% Net Metered with PPA 100% Net Metered with PPA

Local and Federal Tax Requirements N/A N/A 5% Local; 30% Federal 5% Local; 30% Federal

Incentives Utilized REC Sales REC Sales REC Sales REC Sales

Financing 20 year loan at 2% on 100% of 
Total Project Cost

20 year loan at 2% on 100% of 
Total Project Cost

20 year loan at 6.8% on 70% of 
Total Project Cost

20 year loan at 6.8% on 70% of 
Total Project Cost

System Rated Capacity (kW) 50 100 50 100

Total Estimated Project Cost (including ITC incentive) ($330,000) ($500,000) ($330,000) ($500,000)
Pro Forma Results (P50)

AEP (MWh) 122 180 122 180

Net Present Value (Leveraged) ($130,241) ($204,692) ($101,017) ($140,628)

Payback Period Base (Unleveraged) 24.8 25.3 25.7 23.5

Payback Period (Leveraged) 30.0 30.6 N/A N/A

Project Annual Cash Flow (Year 1) ($9,811) ($15,317) $145,649 $221,544 

Project Annual Cash Flow (20-year Average) ($7,454) ($11,843) ($3,677) ($4,641)

Potential Annual Energy Cost Savings to NH through PPA1 - - N/A N/A

Total Estimated Cash Flow to NH ($7,454) ($11,843) N/A N/A
1 Potential Annual Energy Cost Savings to NH through PPA based on savings in energy cost if DRED entered a PPA with the Developer at the PPA price of $0.06 per kWh.  N/A indicates no opportunity.
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Tighe & Bond, Inc.

TABLE 9-4 Odiorne State Park Wind Turbine Economic Analysis
Economic Analysis - E3120, State Ownership Rye, New Hampshire
PROJECT SCENARIO - Endurance E3120 State Ownership
Rated Capacity (kW) 50 Discount Rate1 3.4%
Operation Commencement 12/31/2013 Local Tax (% on Profit) --%
Operation Duration 20 years Assumed Tax Rate --%
Annual Energy Production (kWh) 122,000 PTC or ITC N/A

Depreciation2 N/A

COSTS
Capital Costs3

Estimated Permitting & Engineering $--
Estimated Interconnection $--
Estimated Site Work and Construction $--
Estimated Equipment Cost (Total Installed) ($330,000)

Subtotal Capital Costs ($330,000)
Investment Tax Credit Grant4 $--
Grant5 $--

Total Capital Costs ($330,000)
Depreciable Basis (Subtotal - 0.5*ITC) $--

Operating Costs $/yr6

Operation & Maintenance ($/yr) ($2,440)
Escalation 2.5%

Insurance (% on Equip. Cost) 0.30% ($990)
Land Lease $--

Total Operating Costs ($3,430)
REVENUE $/kWh $/yr6

Avoided Cost ($/kWh) $0.098 $11,971
PPA rate7 $-- $--

Escalation 2.1%
Percentage Avoided Cost8 100%

Initial REC Value ($/kWh)9 $0.015 $1,830
Escalation 2.1%

REPI Grant (Y1-Y10) $-- $--
Production Tax Credit (Y1-Y10) $-- $--
Investment Tax Credit (Y1)4 $--

Annual Revenue (Y1)6 $13,801

FINANCING
Total Capital Costs ($330,000)
Long Term Debt Size 100.0% ($330,000)
Rate 2.0%
Term 20
Bond Cost10 ($57,938)

Annual Bond Payment ($20,182)

PROJECT INDICATORS11

Leveraged 20-yr Unleveraged 20-yr
IRR N/A IRR (2.3%)
NPV ($130,241) NPV ($77,889)
Payback Period 30.00 Payback Period 24.77
1  Discount rate is an estimate of the Owner's current cost of capital.

3  Refer to Report for cost estimate information.
4  ITC Grant is not currently available.
5  No grant assumed.
6  Excludes escalation.
7  Discounted net metering credit rate to represent allocation to a non-owner entity; approximately wholesale rate. 

10  Net Present Value of interest payments.
11  N/A indicates: IRR<0, Payback Period>55

2  Depreciation is 5-yr MACRS schedule with bonus 1st-year 50% depreciation.  It is assumed a private entity can fully utilize depreciation 
benefits.  Enter "N/A" for no depreciation.

8  Percentage of electricity generation that is net metered and allocated to the Owner's accounts, excludes generation sold at any discount 
from the net metering value.
9  The value was assumed to be the initial price for all years.  
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Tighe & Bond, Inc.

TABLE 9-5 Odiorne State Park Wind Turbine Economic Analysis
Economic Analysis - N100, State Ownership Rye, New Hampshire
PROJECT SCENARIO - Northwind 100 State Ownership
Rated Capacity (kW) 100 Discount Rate1 3.4%
Operation Commencement 12/31/2013 Local Tax (% on Profit) --%
Operation Duration 20 years Assumed Tax Rate --%
Annual Energy Production (kWh) 180,000 PTC or ITC N/A

Depreciation2 N/A

COSTS
Capital Costs3

Estimated Permitting & Engineering $--
Estimated Interconnection $--
Estimated Site Work and Construction $--
Estimated Equipment Cost (Total Installed) ($500,000)

Subtotal Capital Costs ($500,000)
Investment Tax Credit Grant4 $--
Grant5 $--

Total Capital Costs ($500,000)
Depreciable Basis (Subtotal - 0.5*ITC) $--

Operating Costs $/yr6

Operation & Maintenance ($/yr) ($3,600)
Escalation 2.5%

Insurance (% on Equip. Cost) 0.30% ($1,500)
Land Lease $--

Total Operating Costs ($5,100)
REVENUE $/kWh $/yr6

Avoided Cost ($/kWh) $0.098 $17,662
PPA rate7 $-- $--

Escalation 2.1%
Percentage Avoided Cost8 100%

Initial REC Value ($/kWh)9 $0.015 $2,700
Escalation 2.1%

REPI Grant (Y1-Y10) $-- $--
Production Tax Credit (Y1-Y10) $-- $--
Investment Tax Credit (Y1)4 $--

Annual Revenue (Y1)6 $20,362

FINANCING
Total Capital Costs ($500,000)
Long Term Debt Size 100.0% ($500,000)
Rate 2.0%
Term 20
Bond Cost10 ($87,785)

Annual Bond Payment ($30,578)

PROJECT INDICATORS11

Leveraged 20-yr Unleveraged 20-yr
IRR N/A IRR (2.5%)
NPV ($204,692) NPV ($128,900)
Payback Period 30.65 Payback Period 25.33
1  Discount rate is an estimate of the Owner's current cost of capital.

3  Refer to Report for cost estimate information.
4  ITC Grant is not currently available.
5  No grant assumed.
6  Excludes escalation.
7  Discounted net metering credit rate to represent allocation to a non-owner entity; approximately wholesale rate. 

10  Net Present Value of interest payments.
11  N/A indicates: IRR<0, Payback Period>55

2  Depreciation is 5-yr MACRS schedule with bonus 1st-year 50% depreciation.  It is assumed a private entity can fully utilize depreciation 
benefits.  Enter "N/A" for no depreciation.

8  Percentage of electricity generation that is net metered and allocated to the Owner's accounts, excludes generation sold at any discount 
from the net metering value.
9  The value was assumed to be the initial price for all years.  
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Tighe & Bond, Inc.

TABLE 9-6 Odiorne State Park Wind Turbine Economic Analysis
Economic Analysis - E3120, Private Ownership Rye, New Hampshire
PROJECT SCENARIO - Endurance E3120 Private Ownership
Rated Capacity (kW) 50 Discount Rate1 5.0%
Operation Commencement 12/31/2013 Local Tax (% on Profit) --%
Operation Duration 20 years Assumed Tax Rate 30.0%
Annual Energy Production (kWh) 122,000 PTC or ITC ITC

Depreciation2 5-yr 

COSTS
Capital Costs3

Estimated Permitting & Engineering $--
Estimated Interconnection $--
Estimated Site Work and Construction $--
Estimated Equipment Cost (Total Installed) ($330,000)

Subtotal Capital Costs ($330,000)
Investment Tax Credit Grant4 $--
Grant5 $--

Total Capital Costs ($330,000)
Depreciable Basis (Subtotal - 0.5*ITC) ($330,000)

Operating Costs $/yr6

Operation & Maintenance ($/yr) ($2,440)
Escalation 2.5%

Insurance (% on Equip. Cost) 0.30% ($990)
Land Lease $--

Total Operating Costs ($3,430)
REVENUE $/kWh $/yr6

Avoided Cost ($/kWh) $0.098 $--
PPA rate7 $0.06 $7,320

Escalation 2.1%
Percentage Avoided Cost8 --%

Initial REC Value ($/kWh)9 $0.015 $1,830
Escalation 2.1%

REPI Grant (Y1-Y10) $-- $--
Production Tax Credit (Y1-Y10) $-- $--
Investment Tax Credit (Y1)4 $99,000

Annual Revenue (Y1)6 $108,150

FINANCING
Total Capital Costs ($330,000)
Long Term Debt Size 70.0% ($231,000)
Rate 6.8%
Term 20
Bond Cost10 ($137,987)

Annual Bond Payment ($21,467)

PROJECT INDICATORS11

Leveraged 20-yr Unleveraged 20-yr
IRR N/A IRR (2.2%)
NPV ($101,017) NPV ($36,146)
Payback Period N/A Payback Period 25.68
1  Discount rate is an estimate of the Owner's current cost of capital.

3  Refer to Report for cost estimate information.
4  ITC Grant is not currently available.
5  No grant assumed.
6  Excludes escalation.
7  Discounted net metering credit rate to represent allocation to a non-owner entity; approximately wholesale rate. 

10  Net Present Value of interest payments.
11  N/A indicates: IRR<0, Payback Period>55

2  Depreciation is 5-yr MACRS schedule with bonus 1st-year 50% depreciation.  It is assumed a private entity can fully utilize depreciation 
benefits.  Enter "N/A" for no depreciation.

8  Percentage of electricity generation that is net metered and allocated to the Owner's accounts, excludes generation sold at any discount 
from the net metering value.
9  The value was assumed to be the initial price for all years.  
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Tighe & Bond, Inc.

TABLE 9-7 Odiorne State Park Wind Turbine Economic Analysis
Economic Analysis - N100, Private Ownership Rye, New Hampshire
PROJECT SCENARIO - Northwind 100 Private Ownership
Rated Capacity (kW) 100 Discount Rate1 5.0%
Operation Commencement 12/31/2013 Local Tax (% on Profit) --%
Operation Duration 20 years Assumed Tax Rate 30.0%
Annual Energy Production (kWh) 180,000 PTC or ITC ITC

Depreciation2 5-yr 

COSTS
Capital Costs3

Estimated Permitting & Engineering $--
Estimated Interconnection $--
Estimated Site Work and Construction $--
Estimated Equipment Cost (Total Installed) ($500,000)

Subtotal Capital Costs ($500,000)
Investment Tax Credit Grant4 $--
Grant5 $--

Total Capital Costs ($500,000)
Depreciable Basis (Subtotal - 0.5*ITC) ($500,000)

Operating Costs $/yr6

Operation & Maintenance ($/yr) ($3,600)
Escalation 2.5%

Insurance (% on Equip. Cost) 0.30% $--
Land Lease $--

Total Operating Costs ($3,600)
REVENUE $/kWh $/yr6

Avoided Cost ($/kWh) $0.098 $--
PPA rate7 $0.06 $10,800

Escalation 2.1%
Percentage Avoided Cost8 --%

Initial REC Value ($/kWh)9 $0.015 $2,700
Escalation 2.1%

REPI Grant (Y1-Y10) $-- $--
Production Tax Credit (Y1-Y10) $-- $--
Investment Tax Credit (Y1)4 $150,000

Annual Revenue (Y1)6 $163,500

FINANCING
Total Capital Costs ($500,000)
Long Term Debt Size 70.0% ($350,000)
Rate 6.8%
Term 20
Bond Cost10 ($209,072)

Annual Bond Payment ($32,526)

PROJECT INDICATORS11

Leveraged 20-yr Unleveraged 20-yr
IRR N/A IRR (1.4%)
NPV ($140,628) NPV ($36,062)
Payback Period N/A Payback Period 23.45
1  Discount rate is an estimate of the Owner's current cost of capital.

3  Refer to Report for cost estimate information.
4  ITC Grant is not currently available.
5  No grant assumed.
6  Excludes escalation.
7  Discounted net metering credit rate to represent allocation to a non-owner entity; approximately wholesale rate. 

10  Net Present Value of interest payments.
11  N/A indicates: IRR<0, Payback Period>55

2  Depreciation is 5-yr MACRS schedule with bonus 1st-year 50% depreciation.  It is assumed a private entity can fully utilize depreciation 
benefits.  Enter "N/A" for no depreciation.

8  Percentage of electricity generation that is net metered and allocated to the Owner's accounts, excludes generation sold at any discount 
from the net metering value.
9  The value was assumed to be the initial price for all years.  
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9.7 Other Potential Wind Turbine Projects 
As noted earlier in the report, every State-owned parcel that was identified using NH 
GRANIT data (Conservation and Recreation data layers) that contained on-site wind 
speeds over 6.0 m/s at 70m agl was evaluated for its potential to accommodate one or 
more wind turbines.  Also, the facilities listed as priorities for energy project 
development by the State were evaluated.  We note that GIS information for State-
owned properties under control of the New Hampshire Department of Transportation or 
other non-conservation and recreation lands were not included in the evaluation as their 
property data was not available.  Below is a summary of the other sites that were 
evaluated during the Tier 2 analysis. 

9.7.1 State Lands with Wind Speed 
A total of 55 potential wind turbine sites were evaluated during Tier 2 utilizing the 
screening workbook.  Of those, 30 were eliminated immediately as they did not have 
adequate on-site wind speeds.  Of the 25 remaining sites that had good wind speeds, 14 
potential wind turbine sites had favorable results from the Tier 2 initial evaluation (with 
percentage scores ranging from 48% - 86%).  Due to the nature of the lands that were 
evaluated (large recreation and conservation parcels), the majority of these site have 
potential for large community scale or utility-scale projects and have little or no on-site 
electricity use.  A full list of these sites with detailed notes on site features and potential 
wind development capacity may be found in the screening workbook attached to the end 
of Section 9; however the list is also attached at the end of Section 9. Note the project 
ID is included to facilitate cross-referencing the projects in the Tier 2 screening 
workbook to obtain additional site specific information on each potential project.   

The sites referenced above are all locations that may be considered for future wind 
turbine development.  Many of these sites have the potential to host a significant sized 
project that would be attractive to a wind project developer and that would generate a 
large quantity of renewable energy and land lease or PPA income for the State.  We note 
that because all of the sites considered are owned and managed by DRED, land use 
restrictions similar to those identified for the Temple Mountain State Reservation and 
Odiorne State Park are likely to exist.  However, it is also likely that few State-owned 
areas suitable for large scale wind development that are not owned by DRED.  Although 
the process to ensure compliance with the provisions of funding-related land use 
restrictions will impact project development costs, these approvals can likely be 
overcome should the State decide to pursue a particular project.  We note that other 
private facilities such as cell towers, ski areas, and the Seacoast Science Center are 
located on DRED land through lease agreements.   

In addition to assessing the sites which proceeded through the Tier 2 evaluation, Tighe & 
Bond also evaluated the sites on the priority project list that was generated by the State 
during the early stages of the project.  This list contained a list of residential buildings, 
recreational sites, and sites that had large energy use which the State thought offered 
opportunities for renewable energy projects.   A summary of each of the sites not 
otherwise addressed during earlier analyses as well as a brief description of why they did 
not proceed further in the feasibility study is attached at the end of Section 9. 

9.7.2 Projects with Fatal Flaws 
Of the 55 potential wind turbine sites evaluated during Tier 2, 12 sites had adequate on-
site wind speeds but were eliminated from further consideration as they presented other 
fatal flaws.  These sites also summarized in a table attached at the end of Section 9.  
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Note that the project ID number is included to facilitate cross-referencing the projects 
with the Tier 2 evaluation screening workbook. 

9.8 Conclusions and Recommendations 
Odiorne State Park is a unique site that contains multiple environmental and cultural 
assets, including species habitat, wetlands, coastal zones subject to flooding, historic 
structures and memorial tributes.  Although the project is technically feasible, siting and 
permitting a wind turbine at Odiorne State Park may add significant cost to the project 
that was not accounted for in this evaluation.   

Although the potential cost of permitting a wind turbine was not considered, a wind 
turbine project would not be economically feasible due to the high capital cost of wind 
turbine generating equipment and installation, the relatively low cost of the electricity 
being offset, and the low level of incentives available to wind development in New 
Hampshire.  This project may be economically feasible in a state with a strong REC 
program and higher electricity rates.  Although energy generated would be credited 
against the Seacoast Science Center electricity load at the near-retail value, there is not 
enough generation to justify the cost of installation without improvement of the above 
factors or significant grant funding, approximately $165,000 for a payback period under 
10 years.   

Based on the results of the site evaluation and economic analyses, it is not 
recommended that the State pursue a project at Odiorne State Park, despite the site’s 
significant potential for a small wind project which could offset some of the Seacoast 
Science Center’s electrical use and its potential educational benefit. Although the project 
appears to be technically feasible, we recommend further research into turbine micro-
siting and permitting should the State decide to pursue this project.       

9.8.1 Next Steps 
Should the cost of electricity increase, incentives strengthen, or grant funding or other 
sources of project financing become available to improve project economics, it is 
recommended that the State proceed with a more in-depth analysis including a full year 
of on-site wind data collection.  NH OEP can work with DES Air Resources Division to 
collect wind speed data from the air monitoring station at Odiorne State Park, as was 
done for this study, but over a longer period.  As noted earlier, wind speed data was 
measured at 10m above ground level (agl) at one hour intervals for the months of April 
2011 – September 2011.  If a larger turbine was to be evaluated for the site, it is 
recommended to install a separate wind speed measurement device that can measure 
wind speed at multiple heights above ground level (adding significant cost).  However, 
since the turbines evaluated have relatively low hub-heights, the uncertainty of vertical 
wind speed extrapolation from the 10m tower will be minimal, despite no assessment of 
the vertical wind profile, or shear.   

Wind industry standard practices generally include collection of wind speed, wind 
direction and turbulence intensity data at 10 minute intervals continuously for 12 
months.  Utilizing the existing monitoring equipment, we recommend this protocol in 
order to increase the quality of data and create a good basis for a wind resource 
assessment.    It is also recommended to inspect anemometer equipment for wear and 
tear and perform any calibration or replacement necessary prior to wind speed 
monitoring.  Although free long-term wind speed data is available from various Federal 
agencies, to be more conservative, a proprietary long-term dataset (virtual met mast) 
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for the air monitoring wind speed measurement can be purchased for approximately 
$2000 - $5,000.  Following a minimum of one-year of data collection via the air 
monitoring station, the two datasets (air monitoring station and virtual met mast long-
term dataset) should be correlated and analyzed by a qualified wind resources analyst to 
determine the long term and site verified average wind speeds and directional and 
frequency distributions at the wind turbine hub heights.  Using this wind speed, direction 
and frequency information, and the power curves for any wind turbines to be evaluated 
at the site; the wind resources analyst can estimate the AEP and complete an analysis of 
losses and uncertainty associated with the turbine and the preceding evaluation.  This 
type of evaluation is considered “bankable” within the industry, since it is the quality of 
AEP estimate expected by financing agencies, turbine manufacturers, and insurance 
companies.  Although these are not particularly applicable to the State of NH, it is 
recommended that the State complete the same level of due diligence prior to 
installation of the project.   

Following data collection, the State should conduct evaluations of visual impacts, 
shadow flicker and noise to assist in micro-siting the turbine to minimize potential 
adverse impacts.   

The preliminary site evaluation was performed to assist in identifying environmental and 
other regulatory concerns.  To facilitate the regulatory process; we recommend 
consulting with the following agencies throughout the turbine siting process: 

• State Historic Preservation Officer 

• NH Department of Environmental Services 

• Siting Evaluation Committee 

Though not held to local zoning, we suggest early consultation with the Town of Rye 
Planning Board in addition to the required notification.  

Should the State wish to pursue larger scale wind turbine development further at this 
time, a number of other sites that were evaluated throughout the State during the Tier 2 
analysis may accommodate a different scale project that would be feasible despite the 
current economic setting.  It is recommended that this list be reviewed again if the State 
would like to pursue wind energy development.   Large wind projects would likely be 
feasible through benefits from economies of scale and higher capacity factors.  The cost 
of every MWh produced would decrease as the project size increases.  The larger 
projects also have the greatest chance of attracting private investment and could result 
in projects that are developed via private-public partnerships.  
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WAsP interface - Main Result
Calculation: MODEL - DES

Name SDO for MODEL - DES
Site Coordinates
UTM NAD 83 Zone: 19  East: 360,217.79  North: 4,767,196.83

Air density calculation mode Individual per WTG
Result for WTG at hub altitude 1.251 kg/m³ to 1.252 kg/m³
Air density relative to standard 102.1 %
 Hub altitude above sea level (asl) 38.4 m to 45.4 m
 Annual mean temperature at hub alt. 7.5 °C to 7.5 °C
 Pressure at WTGs 1,007.7 hPa to 1,008.5 hPa

Calculation is based on "SDO for MODEL - DES", using WAsP (WAsP 6-9
for Windows RVEA0011 1, 0, 0, 13) to convert the wind statistics and the
terrain classification to a site specific wind speed distribution.
Using the selected power curve, the expected annual energy production is
calculated.

Wind statisticsUS Default Meteo data description -  10.00 m-5disp.wws
WAsP version WAsP 6-9 for Windows RVEA0011 1, 0, 0, 13

Scale 1:25,000
Site Data

Calculation Results
Key results for height 30.0 m above ground level
  Wind energy: 2,653 kWh/m²;  Mean wind speed: 5.6 m/s;  Equivalent roughness: 0.9

Calculated Annual Energy
WTG type Power curve Annual Energy
Valid Manufact. Type-generator Power, Rotor Hub Creator Name Result Result-15.0% Mean Capacity

rated diameter height wind factor
speed

[kW] [m] [m] [MWh] [MWh] [m/s] [%]
No Endurance E-3120-50 50 19.2 30.5 USER E-3120 Power Curve 144.1 122 5.61 32.9
No Northern Power Systems Northwind 100-100 100 21.0 30.0 USER Power Curve 196.5 167 5.59 22.4
No Northern Power Systems Northwind 100-100 100 21.0 37.0 USER Power Curve 211.7 180 5.83 24.2
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WAsP interface - Production Analysis
Calculation: MODEL - DESWTG: Endurance E-3120 50 19.2 !O!, Hub height: 30.5 m, Air density: 1.252 kg/m³

Directional Analysis
Sector  0 N  1 NNE  2 ENE  3 E  4 ESE  5 SSE  6 S  7 SSW  8 WSW  9 W 10 WNW 11 NNW Total
Roughness based energy [MWh] 12.1 22.6 24.1 10.3 9.4 13.4 15.2 7.6 1.2 3.4 12.2 11.9 143.4
-Decrease due to obstacles [MWh] 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
+Increase due to hills [MWh] 0.2 0.1 -0.1 -0.1 0.0 0.1 0.6 0.1 0.0 -0.1 -0.1 0.1 0.8
Resulting energy [MWh] 12.3 22.6 23.9 10.1 9.4 13.6 15.8 7.8 1.2 3.3 12.1 12.0 144.1
Specific energy [kWh/m²] 498
Specific energy [kWh/kW] 2,881
Decrease due to obstacles [%]   0.0   0.0   0.5   0.2   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0  0.10
Increase due to hills [%]   1.5   0.4  -0.4  -1.0  -0.1   1.0   3.9   1.8  -0.3  -2.3  -0.8   0.8  0.58
Directional Distribution [%] 8.5 15.7 16.6 7.0 6.5 9.4 10.9 5.4 0.8 2.3 8.4 8.3 100.0
Utilization [%] 18.8 15.1 15.9 19.1 11.3 12.5 35.4 35.5 30.9 33.0 33.3 28.4 18.7
Operational [Hours/year] 311 392 519 331 322 487 988 669 263 450 903 563 6,199
Full Load Equivalent [Hours/year] 246 453 477 203 189 271 315 155 24 66 243 240 2,881
A- parameter [m/s]   8.5  11.2   9.5   7.1   7.1   6.7   5.4   4.9   3.4   3.9   4.9   5.8   6.2
Mean wind speed [m/s]   7.5   9.9   8.5   6.4   6.6   6.3   4.8   4.4   3.1   3.5   4.3   5.2   5.6
k- parameter  1.96  2.63  2.05  1.63  1.22  1.23  2.49  2.56  1.91  1.84  1.96  1.83  1.47
Frequency [%]   5.0   6.3   8.4   5.3   5.2   7.9  15.9  10.8   4.2   7.3  14.6   9.1 100.0
Power density [W/m²] 305
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WAsP interface - Production Analysis
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O!, Hub height: 30.0 m, Air density: 1.252 kg/m³

Directional Analysis
Sector  0 N  1 NNE  2 ENE  3 E  4 ESE  5 SSE  6 S  7 SSW  8 WSW  9 W 10 WNW 11 NNW Total
Roughness based energy [MWh] 16.8 32.9 34.5 14.1 13.7 19.3 18.6 9.4 1.5 4.2 15.2 15.3 195.6
-Decrease due to obstacles [MWh] 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
+Increase due to hills [MWh] 0.3 0.2 -0.2 -0.2 0.0 0.2 0.7 0.2 0.0 -0.1 -0.1 0.1 1.2
Resulting energy [MWh] 17.1 33.1 34.1 13.9 13.7 19.5 19.3 9.6 1.5 4.1 15.1 15.4 196.5
Specific energy [kWh/m²] 567
Specific energy [kWh/kW] 1,965
Decrease due to obstacles [%]   0.0   0.0   0.7   0.2   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0  0.14
Increase due to hills [%]   1.9   0.5  -0.6  -1.2  -0.2   1.1   4.0   1.8  -0.3  -2.3  -0.8   0.9  0.59
Directional Distribution [%] 8.7 16.9 17.3 7.1 7.0 9.9 9.8 4.9 0.8 2.1 7.7 7.8 100.0
Utilization [%] 21.9 18.6 19.1 22.2 13.8 15.1 36.9 37.1 33.3 34.9 35.1 30.8 21.5
Operational [Hours/year] 310 391 517 330 321 486 986 667 262 448 900 562 6,181
Full Load Equivalent [Hours/year] 171 331 341 139 137 195 193 96 15 41 151 154 1,965
A- parameter [m/s]   8.5  11.2   9.5   7.1   7.0   6.7   5.4   4.9   3.4   3.9   4.8   5.8   6.2
Mean wind speed [m/s]   7.5   9.9   8.4   6.4   6.6   6.3   4.8   4.3   3.0   3.4   4.3   5.2   5.6
k- parameter  1.96  2.63  2.04  1.63  1.22  1.23  2.49  2.55  1.91  1.84  1.95  1.82  1.46
Frequency [%]   5.0   6.3   8.4   5.3   5.2   7.9  16.0  10.8   4.2   7.3  14.6   9.1 100.0
Power density [W/m²] 303
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WAsP interface - Production Analysis
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O!, Hub height: 37.0 m, Air density: 1.251 kg/m³

Directional Analysis
Sector  0 N  1 NNE  2 ENE  3 E  4 ESE  5 SSE  6 S  7 SSW  8 WSW  9 W 10 WNW 11 NNW Total
Roughness based energy [MWh] 17.2 33.7 35.7 14.7 14.1 19.8 22.4 11.4 1.8 4.9 17.6 17.4 210.8
-Decrease due to obstacles [MWh] 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
+Increase due to hills [MWh] 0.3 0.1 -0.1 -0.1 0.0 0.2 0.7 0.2 0.0 -0.1 -0.1 0.1 1.1
Resulting energy [MWh] 17.5 33.8 35.5 14.6 14.1 20.0 23.0 11.6 1.8 4.9 17.5 17.6 211.7
Specific energy [kWh/m²] 611
Specific energy [kWh/kW] 2,117
Decrease due to obstacles [%]   0.0   0.0   0.2   0.1   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0  0.05
Increase due to hills [%]   1.5   0.4  -0.4  -0.8  -0.1   0.9   2.9   1.4  -0.1  -1.6  -0.5   0.8  0.51
Directional Distribution [%] 8.3 16.0 16.8 6.9 6.6 9.4 10.9 5.5 0.8 2.3 8.2 8.3 100.0
Utilization [%] 21.7 18.2 18.6 21.6 13.5 14.9 36.4 37.4 34.1 35.3 34.9 29.9 21.5
Operational [Hours/year] 319 404 537 343 334 503 1,019 691 272 466 936 579 6,404
Full Load Equivalent [Hours/year] 175 338 355 146 141 200 230 116 18 49 175 176 2,117
A- parameter [m/s]   8.6  11.4   9.8   7.3   7.2   6.8   5.8   5.2   3.6   4.1   5.1   6.2   6.5
Mean wind speed [m/s]   7.6  10.1   8.7   6.5   6.7   6.4   5.1   4.6   3.2   3.7   4.6   5.5   5.8
k- parameter  1.99  2.68  2.08  1.65  1.22  1.24  2.53  2.64  1.96  1.89  2.01  1.88  1.51
Frequency [%]   5.0   6.3   8.4   5.4   5.2   7.9  15.9  10.8   4.2   7.3  14.6   9.0 100.0
Power density [W/m²] 327
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WAsP interface - Power Curve Analysis
Calculation: MODEL - DESWTG: Endurance E-3120 50 19.2 !O! E-3120 Power Curve, Hub height: 30.5 m

Name: E-3120 Power Curve
Source: Endurance Wind Power

Source/Date Created by Created Edited Stop wind speed Power control CT curve type
[m/s]

1/10/2011 USER 1/10/2011 1/10/2011 25.0 Stall Standard stall

HP curve comparison - Note: For standard air density and weibull k parameter = 2

Vmean [m/s] 5 6 7 8 9 10
HP value [MWh] 0 0 0 0 0 0
Endurance E-3120 50 19.2 !O! E-3120 Power Curve [MWh] 115 169 219 261 294 320
Check value [%] 0 0 0 0 0 0
The table shows comparison between annual energy production calculated on basis of simplified "HP-curves" which assume that all WTGs performs quite similar - only specific power loading (kW/m^2) and
single/dual speed or stall/pitch decides the calculated values. Productions are without wake losses.
For further details, ask at the Danish Energy Agency for project report J.nr. 51171/00-0016 or see WindPRO manual chapter 3.5.2.
The method is refined in EMD report "20 Detailed Case Studies comparing Project Design Calculations and actual Energy Productions for Wind Energy Projects worldwide", jan 2003.
Use the table to evaluate if the given power curve is reasonable - if the check value are lower than -5%, the power curve probably is too optimistic due to uncertainty in power curve measurement.

Power curve
Original data from Windcat, Air density: 1.225 kg/m³
Wind speed Power Ce Wind speed Ct curve

[m/s] [kW] [m/s]
3.0 0.0 0.00 1.0 0.10
4.0 2.2 0.19 2.0 0.10
5.0 8.1 0.37 3.0 0.10
6.0 15.2 0.40 4.0 0.80
7.0 24.8 0.41 5.0 0.82
8.0 35.8 0.39 6.0 0.85
9.0 43.8 0.34 7.0 0.82

10.0 50.9 0.29 8.0 0.78
11.0 54.8 0.23 9.0 0.74
12.0 57.3 0.19 10.0 0.68
13.0 59.3 0.15 11.0 0.62
14.0 59.3 0.12 12.0 0.55
15.0 58.6 0.10 13.0 0.49
16.0 57.1 0.08 14.0 0.43
17.0 54.9 0.06 15.0 0.38
18.0 51.4 0.05 16.0 0.32

17.0 0.28
18.0 0.25
19.0 0.21
20.0 0.20
21.0 0.19
22.0 0.17
23.0 0.16
24.0 0.15
25.0 0.14
26.0 0.13
27.0 0.12
28.0 0.11
29.0 0.10

Power, Efficiency and energy vs. wind speed
Data used in calculation, Air density: 1.252 kg/m³ New WindPRO method (adjusted
IEC method, improved to match turbine control) <RECOMMENDED>
Wind speed Power Ce Interval Energy Acc.Energy Relative

[m/s] [kW] [m/s] [MWh] [MWh] [%]
1.0 0.0 0.00  0.50- 1.50 0.0 0.0 0.0
2.0 0.0 0.00  1.50- 2.50 0.0 0.0 0.0
3.0 0.0 0.00  2.50- 3.50 0.7 0.7 0.5
4.0 2.2 0.19  3.50- 4.50 3.8 4.5 3.1
5.0 8.3 0.37  4.50- 5.50 9.2 13.6 9.5
6.0 15.5 0.40  5.50- 6.50 14.1 27.8 19.3
7.0 25.3 0.41  6.50- 7.50 17.1 44.9 31.2
8.0 36.6 0.39  7.50- 8.50 17.6 62.5 43.4
9.0 44.8 0.34  8.50- 9.50 16.1 78.6 54.6

10.0 52.0 0.29  9.50-10.50 14.0 92.6 64.2
11.0 56.0 0.23 10.50-11.50 11.8 104.3 72.4
12.0 58.6 0.19 11.50-12.50 9.8 114.1 79.2
13.0 60.6 0.15 12.50-13.50 7.9 122.0 84.7
14.0 60.6 0.12 13.50-14.50 6.2 128.3 89.0
15.0 59.9 0.10 14.50-15.50 4.7 133.0 92.3
16.0 58.3 0.08 15.50-16.50 3.5 136.5 94.7
17.0 56.1 0.06 16.50-17.50 2.4 138.9 96.4
18.0 52.5 0.05 17.50-18.50 1.7 140.6 97.6
19.0 52.5 0.04 18.50-19.50 1.2 141.7 98.4
20.0 52.5 0.04 19.50-20.50 0.8 142.6 98.9
21.0 52.5 0.03 20.50-21.50 0.6 143.1 99.3
22.0 52.5 0.03 21.50-22.50 0.4 143.5 99.6
23.0 52.5 0.02 22.50-23.50 0.3 143.8 99.8
24.0 52.5 0.02 23.50-24.50 0.2 144.0 99.9
25.0 52.5 0.02 24.50-25.50 0.1 144.1 100.0
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WAsP interface - Power Curve Analysis
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O! Power Curve, Hub height: 30.0 m

Name: Power Curve
Source: Norther Power Systems

Source/Date Created by Created Edited Stop wind speed Power control CT curve type
[m/s]

1/1/2011 USER 1/5/2011 4/7/2012 25.0 Stall Standard stall
EEE created profile on 1/5/2011

HP curve comparison - Note: For standard air density and weibull k parameter = 2

Vmean [m/s] 5 6 7 8 9 10
HP value [MWh] 146 222 306 379 427 493
Northern Power Systems Northwind 100 100 21.0 !O! Power Curve [MWh] 147 222 298 369 431 482
Check value [%] 0 0 2 3 -1 2
The table shows comparison between annual energy production calculated on basis of simplified "HP-curves" which assume that all WTGs performs quite similar - only specific power loading (kW/m^2) and
single/dual speed or stall/pitch decides the calculated values. Productions are without wake losses.
For further details, ask at the Danish Energy Agency for project report J.nr. 51171/00-0016 or see WindPRO manual chapter 3.5.2.
The method is refined in EMD report "20 Detailed Case Studies comparing Project Design Calculations and actual Energy Productions for Wind Energy Projects worldwide", jan 2003.
Use the table to evaluate if the given power curve is reasonable - if the check value are lower than -5%, the power curve probably is too optimistic due to uncertainty in power curve measurement.

Power curve
Original data from Windcat, Air density: 1.225 kg/m³
Wind speed Power Ce Wind speed Ct curve

[m/s] [kW] [m/s]
1.0 0.0 0.00 1.0 0.10
2.0 0.0 0.00 2.0 0.10
3.0 0.0 0.00 3.0 0.10
4.0 3.7 0.27 4.0 0.80
5.0 10.5 0.40 5.0 0.82
6.0 19.0 0.41 6.0 0.85
7.0 29.4 0.40 7.0 0.82
8.0 41.0 0.38 8.0 0.78
9.0 54.3 0.35 9.0 0.74

10.0 66.8 0.31 10.0 0.68
11.0 77.7 0.28 11.0 0.62
12.0 86.4 0.24 12.0 0.55
13.0 92.8 0.20 13.0 0.49
14.0 97.3 0.17 14.0 0.43
15.0 100.0 0.14 15.0 0.38
16.0 100.8 0.12 16.0 0.32
17.0 100.6 0.10 17.0 0.28
18.0 99.8 0.08 18.0 0.25
19.0 99.4 0.07 19.0 0.21
20.0 98.6 0.06 20.0 0.20
21.0 97.8 0.05 21.0 0.19
22.0 97.3 0.04 22.0 0.17
23.0 97.3 0.04 23.0 0.16
24.0 98.0 0.03 24.0 0.15
25.0 99.7 0.03 25.0 0.14

26.0 0.13
27.0 0.12
28.0 0.11
29.0 0.10

Power, Efficiency and energy vs. wind speed
Data used in calculation, Air density: 1.252 kg/m³ New WindPRO method (adjusted
IEC method, improved to match turbine control) <RECOMMENDED>
Wind speed Power Ce Interval Energy Acc.Energy Relative

[m/s] [kW] [m/s] [MWh] [MWh] [%]
1.0 0.0 0.00  0.50- 1.50 0.0 0.0 0.0
2.0 0.0 0.00  1.50- 2.50 0.0 0.0 0.0
3.0 0.0 0.00  2.50- 3.50 1.2 1.2 0.6
4.0 3.8 0.27  3.50- 4.50 5.5 6.6 3.4
5.0 10.7 0.40  4.50- 5.50 11.9 18.5 9.4
6.0 19.4 0.41  5.50- 6.50 17.4 35.9 18.3
7.0 30.0 0.40  6.50- 7.50 20.1 56.0 28.5
8.0 41.9 0.38  7.50- 8.50 20.6 76.6 39.0
9.0 55.5 0.35  8.50- 9.50 19.7 96.3 49.0
10.0 68.3 0.31  9.50-10.50 18.3 114.6 58.3
11.0 79.4 0.28 10.50-11.50 16.5 131.1 66.7
12.0 88.3 0.24 11.50-12.50 14.5 145.7 74.1
13.0 94.8 0.20 12.50-13.50 12.4 158.0 80.4
14.0 99.4 0.17 13.50-14.50 10.1 168.2 85.6
15.0 102.2 0.14 14.50-15.50 8.0 176.2 89.7
16.0 103.0 0.12 15.50-16.50 6.1 182.2 92.7
17.0 102.8 0.10 16.50-17.50 4.4 186.7 95.0
18.0 102.0 0.08 17.50-18.50 3.2 189.8 96.6
19.0 101.6 0.07 18.50-19.50 2.2 192.1 97.8
20.0 100.8 0.06 19.50-20.50 1.6 193.6 98.5
21.0 99.9 0.05 20.50-21.50 1.1 194.7 99.1
22.0 99.4 0.04 21.50-22.50 0.7 195.4 99.5
23.0 99.4 0.04 22.50-23.50 0.5 196.0 99.7
24.0 100.1 0.03 23.50-24.50 0.4 196.3 99.9
25.0 101.9 0.03 24.50-25.50 0.2 196.5 100.0
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WAsP interface - Power Curve Analysis
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O! Power Curve, Hub height: 37.0 m

Name: Power Curve
Source: Norther Power Systems

Source/Date Created by Created Edited Stop wind speed Power control CT curve type
[m/s]

1/1/2011 USER 1/5/2011 4/7/2012 25.0 Stall Standard stall
EEE created profile on 1/5/2011

HP curve comparison - Note: For standard air density and weibull k parameter = 2

Vmean [m/s] 5 6 7 8 9 10
HP value [MWh] 146 222 306 379 427 493
Northern Power Systems Northwind 100 100 21.0 !O! Power Curve [MWh] 147 222 298 369 431 482
Check value [%] 0 0 2 3 -1 2
The table shows comparison between annual energy production calculated on basis of simplified "HP-curves" which assume that all WTGs performs quite similar - only specific power loading (kW/m^2) and
single/dual speed or stall/pitch decides the calculated values. Productions are without wake losses.
For further details, ask at the Danish Energy Agency for project report J.nr. 51171/00-0016 or see WindPRO manual chapter 3.5.2.
The method is refined in EMD report "20 Detailed Case Studies comparing Project Design Calculations and actual Energy Productions for Wind Energy Projects worldwide", jan 2003.
Use the table to evaluate if the given power curve is reasonable - if the check value are lower than -5%, the power curve probably is too optimistic due to uncertainty in power curve measurement.

Power curve
Original data from Windcat, Air density: 1.225 kg/m³
Wind speed Power Ce Wind speed Ct curve

[m/s] [kW] [m/s]
1.0 0.0 0.00 1.0 0.10
2.0 0.0 0.00 2.0 0.10
3.0 0.0 0.00 3.0 0.10
4.0 3.7 0.27 4.0 0.80
5.0 10.5 0.40 5.0 0.82
6.0 19.0 0.41 6.0 0.85
7.0 29.4 0.40 7.0 0.82
8.0 41.0 0.38 8.0 0.78
9.0 54.3 0.35 9.0 0.74

10.0 66.8 0.31 10.0 0.68
11.0 77.7 0.28 11.0 0.62
12.0 86.4 0.24 12.0 0.55
13.0 92.8 0.20 13.0 0.49
14.0 97.3 0.17 14.0 0.43
15.0 100.0 0.14 15.0 0.38
16.0 100.8 0.12 16.0 0.32
17.0 100.6 0.10 17.0 0.28
18.0 99.8 0.08 18.0 0.25
19.0 99.4 0.07 19.0 0.21
20.0 98.6 0.06 20.0 0.20
21.0 97.8 0.05 21.0 0.19
22.0 97.3 0.04 22.0 0.17
23.0 97.3 0.04 23.0 0.16
24.0 98.0 0.03 24.0 0.15
25.0 99.7 0.03 25.0 0.14

26.0 0.13
27.0 0.12
28.0 0.11
29.0 0.10

Power, Efficiency and energy vs. wind speed
Data used in calculation, Air density: 1.251 kg/m³ New WindPRO method (adjusted
IEC method, improved to match turbine control) <RECOMMENDED>
Wind speed Power Ce Interval Energy Acc.Energy Relative

[m/s] [kW] [m/s] [MWh] [MWh] [%]
1.0 0.0 0.00  0.50- 1.50 0.0 0.0 0.0
2.0 0.0 0.00  1.50- 2.50 0.0 0.0 0.0
3.0 0.0 0.00  2.50- 3.50 1.1 1.1 0.5
4.0 3.8 0.27  3.50- 4.50 5.3 6.4 3.0
5.0 10.7 0.40  4.50- 5.50 12.1 18.5 8.7
6.0 19.4 0.41  5.50- 6.50 18.3 36.8 17.4
7.0 30.0 0.40  6.50- 7.50 21.9 58.7 27.7
8.0 41.9 0.38  7.50- 8.50 22.8 81.5 38.5
9.0 55.5 0.35  8.50- 9.50 22.0 103.5 48.9
10.0 68.2 0.31  9.50-10.50 20.1 123.6 58.4
11.0 79.3 0.28 10.50-11.50 17.9 141.5 66.9
12.0 88.2 0.24 11.50-12.50 15.6 157.1 74.2
13.0 94.8 0.20 12.50-13.50 13.2 170.4 80.5
14.0 99.4 0.17 13.50-14.50 10.8 181.2 85.6
15.0 102.1 0.14 14.50-15.50 8.6 189.7 89.6
16.0 102.9 0.12 15.50-16.50 6.5 196.3 92.7
17.0 102.7 0.10 16.50-17.50 4.8 201.0 95.0
18.0 101.9 0.08 17.50-18.50 3.4 204.5 96.6
19.0 101.5 0.07 18.50-19.50 2.4 206.9 97.7
20.0 100.7 0.06 19.50-20.50 1.7 208.6 98.5
21.0 99.9 0.05 20.50-21.50 1.2 209.8 99.1
22.0 99.4 0.04 21.50-22.50 0.8 210.6 99.5
23.0 99.4 0.04 22.50-23.50 0.6 211.2 99.7
24.0 100.1 0.03 23.50-24.50 0.4 211.6 99.9
25.0 101.8 0.03 24.50-25.50 0.2 211.7 100.0
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WAsP interface - Terrain
Calculation: MODEL - DESSite Data: A - SDO for MODEL - DES

Obstacles:
1 Obstacles used

Roughness:
Calculation uses following MAP files:
C:\Users\eee.DOMAIN\Documents\WindPRO\WindPRO Data\Projects\Odiorne State Park\ROUGHNESSLINE_Odiorne State Park, NH_3.wpo
Min X: 343,546, Max X: 389,322, Min Y: 4,746,317, Max Y: 4,788,408, Width: 45,776 m, Height: 42,091 m
Limited by a square on 40.0 km x 40.0 km around the current site

Orography:
Calculation uses following MAP files:
C:\Users\eee.DOMAIN\Documents\WindPRO\WindPRO Data\Projects\Odiorne State Park\HClsReduced2.wpo
Min X: 347,550, Max X: 367,012, Min Y: 4,748,387, Max Y: 4,776,173, Width: 19,461 m, Height: 27,786 m
Limited by a square on 10.0 km x 10.0 km around the current site
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WAsP interface - Wind Data Analysis
Calculation: MODEL - DESWind data: A - SDO for MODEL - DES; Hub height: 30.0

Site Coordinates
UTM NAD 83 Zone: 19  East: 360,217.79  North: 4,767,196.83
Northern Power Systems Northwind 100 100 21.0 !O!
Wind statistics
US Default Meteo data description -  10.00 m-5disp.wws

Weibull Data
Current site

Sector A- parameter Wind speed k- parameter Frequency
[m/s] [m/s] [%]

 0 N 8.46 7.50 1.959 5.0
 1 NNE 11.16 9.92 2.631 6.3
 2 ENE 9.52 8.43 2.045 8.4
 3 E 7.11 6.36 1.635 5.3
 4 ESE 7.05 6.60 1.217 5.2
 5 SSE 6.70 6.26 1.232 7.9
 6 S 5.39 4.78 2.490 16.0
 7 SSW 4.88 4.33 2.553 10.8
 8 WSW 3.43 3.04 1.908 4.2
 9 W 3.88 3.44 1.838 7.3
10 WNW 4.85 4.30 1.951 14.6
11 NNW 5.80 5.16 1.822 9.1
All 6.17 5.59 1.463 100.0
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WAsP interface - Wind Data Analysis
Calculation: MODEL - DESWind data: A - SDO for MODEL - DES; Hub height: 30.5

Site Coordinates
UTM NAD 83 Zone: 19  East: 360,217.79  North: 4,767,196.83
Endurance E-3120 50 19.2 !O!
Wind statistics
US Default Meteo data description -  10.00 m-5disp.wws

Weibull Data
Current site

Sector A- parameter Wind speed k- parameter Frequency
[m/s] [m/s] [%]

 0 N 8.47 7.51 1.963 5.0
 1 NNE 11.18 9.93 2.635 6.3
 2 ENE 9.54 8.45 2.049 8.4
 3 E 7.12 6.38 1.635 5.3
 4 ESE 7.06 6.62 1.217 5.2
 5 SSE 6.71 6.27 1.232 7.9
 6 S 5.42 4.81 2.494 15.9
 7 SSW 4.90 4.35 2.557 10.8
 8 WSW 3.45 3.06 1.912 4.2
 9 W 3.90 3.46 1.842 7.3
10 WNW 4.87 4.32 1.955 14.6
11 NNW 5.84 5.19 1.826 9.1
All 6.19 5.61 1.467 100.0
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WAsP interface - Wind Data Analysis
Calculation: MODEL - DESWind data: A - SDO for MODEL - DES; Hub height: 37.0

Site Coordinates
UTM NAD 83 Zone: 19  East: 360,217.79  North: 4,767,196.83
Northern Power Systems Northwind 100 100 21.0 !O!
Wind statistics
US Default Meteo data description -  10.00 m-5disp.wws

Weibull Data
Current site

Sector A- parameter Wind speed k- parameter Frequency
[m/s] [m/s] [%]

 0 N 8.61 7.63 1.990 5.0
 1 NNE 11.36 10.10 2.682 6.3
 2 ENE 9.79 8.67 2.080 8.4
 3 E 7.30 6.53 1.646 5.4
 4 ESE 7.20 6.75 1.221 5.2
 5 SSE 6.85 6.38 1.244 7.9
 6 S 5.76 5.11 2.529 15.9
 7 SSW 5.21 4.63 2.639 10.8
 8 WSW 3.64 3.23 1.959 4.2
 9 W 4.12 3.66 1.889 7.3
10 WNW 5.15 4.56 2.006 14.6
11 NNW 6.21 5.51 1.877 9.0
All 6.47 5.83 1.514 100.0
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WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Endurance E-3120 50 19.2 !O! E-3120 Power Curve, Hub height: 30.5 m

Site Data SDO for MODEL - DES
Site Coordinates UTM NAD 83 Zone: 19  East: 360,217.79  North: 4,767,196.83

Air density calculation mode Individual per WTG
Result for WTG at hub altitude 1.251 kg/m³ to 1.252 kg/m³
Air density relative to standard 102.1 %
 Hub altitude above sea level (asl) 38.4 m to 45.4 m
 Annual mean temperature at hub alt. 7.5 °C to 7.5 °C
 Pressure at WTGs 1,007.7 hPa to 1,008.5 hPa

Wind statisticsUS Default Meteo data description -  10.00 m-5disp.wws
All sectors

Height Mean A- k- Wind Yield Yield Orography Obstacle
wind parameter parameter energy change

speed
[m/s] [m/s] [kWh/m²] [MWh] [MWh] [%] [%]

5 3.16 3.4 1.36 550 45 -99 2.1 -1.9
10 4.14 4.5 1.37 1,222 83 -61 1.1 -1.3
15 4.75 5.2 1.37 1,837 108 -36 0.9 -0.8
20 5.11 5.6 1.40 2,191 123 -22 0.7 -0.4
25 5.37 5.9 1.42 2,458 134 -10 0.7 -0.2
30 5.59 6.2 1.46 2,653 143 -1 0.6 -0.1
35 5.77 6.4 1.50 2,804 151 7 0.5 0.0
40 5.92 6.6 1.53 2,944 159 15 0.5 0.0
45 6.05 6.7 1.56 3,070 165 21 0.4 0.0
50 6.17 6.9 1.58 3,180 171 27 0.4 0.0
55 6.28 7.0 1.60 3,306 176 32 0.3 0.0
60 6.38 7.1 1.62 3,425 181 37 0.3 0.0
65 6.47 7.2 1.63 3,528 185 41 0.3 0.0
70 6.56 7.3 1.64 3,647 189 45 0.3 0.0
75 6.65 7.4 1.65 3,751 193 49 0.2 0.0
80 6.73 7.5 1.66 3,858 197 53 0.2 0.0
85 6.80 7.6 1.67 3,955 200 56 0.2 0.0
90 6.87 7.7 1.67 4,044 203 59 0.2 0.0
95 6.93 7.8 1.68 4,138 206 62 0.2 0.0

100 6.99 7.8 1.69 4,218 209 65 0.1 0.0
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WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Endurance E-3120 50 19.2 !O! E-3120 Power Curve, Hub height: 30.5 m
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WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Endurance E-3120 50 19.2 !O! E-3120 Power Curve, Hub height: 30.5 m
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WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O! Power Curve, Hub height: 30.0 m

Site Data SDO for MODEL - DES
Site Coordinates UTM NAD 83 Zone: 19  East: 360,217.79  North: 4,767,196.83

Air density calculation mode Individual per WTG
Result for WTG at hub altitude 1.251 kg/m³ to 1.252 kg/m³
Air density relative to standard 102.1 %
 Hub altitude above sea level (asl) 38.4 m to 45.4 m
 Annual mean temperature at hub alt. 7.5 °C to 7.5 °C
 Pressure at WTGs 1,007.7 hPa to 1,008.5 hPa

Wind statisticsUS Default Meteo data description -  10.00 m-5disp.wws
All sectors

Height Mean A- k- Wind Yield Yield Orography Obstacle
wind parameter parameter energy change

speed
[m/s] [m/s] [kWh/m²] [MWh] [MWh] [%] [%]

5 3.16 3.4 1.36 550 59 -138 2.2 -2.0
10 4.14 4.5 1.37 1,222 112 -85 1.1 -1.5
15 4.75 5.2 1.37 1,837 148 -49 0.8 -1.0
20 5.11 5.6 1.40 2,191 168 -28 0.7 -0.6
25 5.37 5.9 1.42 2,458 183 -13 0.6 -0.3
30 5.59 6.2 1.46 2,653 196 0 0.6 -0.1
35 5.77 6.4 1.50 2,804 208 11 0.5 -0.1
40 5.92 6.6 1.53 2,944 218 21 0.5 0.0
45 6.05 6.7 1.56 3,070 226 30 0.4 0.0
50 6.17 6.9 1.58 3,180 234 37 0.4 0.0
55 6.28 7.0 1.60 3,306 242 45 0.4 0.0
60 6.38 7.1 1.62 3,425 248 52 0.3 0.0
65 6.47 7.2 1.63 3,528 254 58 0.3 0.0
70 6.56 7.3 1.64 3,647 260 64 0.3 0.0
75 6.65 7.4 1.65 3,751 266 69 0.3 0.0
80 6.73 7.5 1.66 3,858 271 75 0.2 0.0
85 6.80 7.6 1.67 3,955 276 79 0.2 0.0
90 6.87 7.7 1.67 4,044 280 84 0.2 0.0
95 6.93 7.8 1.68 4,138 284 88 0.2 0.0

100 6.99 7.8 1.69 4,218 288 92 0.2 0.0
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WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O! Power Curve, Hub height: 30.0 m
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WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O! Power Curve, Hub height: 30.0 m
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WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O! Power Curve, Hub height: 37.0 m

Site Data SDO for MODEL - DES
Site Coordinates UTM NAD 83 Zone: 19  East: 360,217.79  North: 4,767,196.83

Air density calculation mode Individual per WTG
Result for WTG at hub altitude 1.251 kg/m³ to 1.252 kg/m³
Air density relative to standard 102.1 %
 Hub altitude above sea level (asl) 38.4 m to 45.4 m
 Annual mean temperature at hub alt. 7.5 °C to 7.5 °C
 Pressure at WTGs 1,007.7 hPa to 1,008.5 hPa

Wind statisticsUS Default Meteo data description -  10.00 m-5disp.wws
All sectors

Height Mean A- k- Wind Yield Yield Orography Obstacle
wind parameter parameter energy change

speed
[m/s] [m/s] [kWh/m²] [MWh] [MWh] [%] [%]

5 3.16 3.4 1.36 550 59 -153 2.2 -2.0
10 4.14 4.5 1.37 1,222 112 -100 1.1 -1.5
15 4.75 5.2 1.37 1,837 148 -64 0.8 -1.0
20 5.11 5.6 1.40 2,191 168 -44 0.7 -0.6
25 5.37 5.9 1.42 2,458 183 -28 0.6 -0.3
30 5.59 6.2 1.46 2,653 196 -15 0.6 -0.1
35 5.77 6.4 1.50 2,804 208 -4 0.5 -0.1
40 5.92 6.6 1.53 2,944 218 6 0.5 0.0
45 6.05 6.7 1.56 3,070 226 15 0.4 0.0
50 6.17 6.9 1.58 3,180 234 22 0.4 0.0
55 6.28 7.0 1.60 3,306 242 30 0.4 0.0
60 6.38 7.1 1.62 3,425 248 36 0.3 0.0
65 6.47 7.2 1.63 3,528 254 42 0.3 0.0
70 6.56 7.3 1.64 3,647 260 48 0.3 0.0
75 6.65 7.4 1.65 3,751 266 54 0.3 0.0
80 6.73 7.5 1.66 3,858 271 59 0.2 0.0
85 6.80 7.6 1.67 3,955 276 64 0.2 0.0
90 6.87 7.7 1.67 4,044 280 69 0.2 0.0
95 6.93 7.8 1.68 4,138 284 73 0.2 0.0

100 6.99 7.8 1.69 4,218 288 77 0.2 0.0
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WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O! Power Curve, Hub height: 37.0 m



WindPRO version 2.7.490   Sep 2011

WindPRO is developed by EMD International A/S, Niels Jernesvej 10, DK-9220 Aalborg Ø, Tlf. +45 96 35 44 44, Fax +45 96 35 44 46, e-mail: windpro@emd.dk

Project:

Odiorne State Park, NH
Printed/Page

5/14/2012 9:06 AM / 20
Licensed user:

Tighe & Bond, Inc. 
53 Southampton Road 
US-01085 Westfield, MA
413 562 1600
Ellen Ebner / eeebner@tighebond.com
Calculated:

5/12/2012 1:14 PM/2.7.490

WAsP interface - Wind profile detailed
Calculation: MODEL - DESWTG: Northern Power Systems Northwind 100 100 21.0 !O! Power Curve, Hub height: 37.0 m
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Summary of other Potential Wind Projects 

Project 
ID Facility Name 

Agency 
Name 

Percentage 
Score Notes 

W-039 Miller State Park, 
Temple Mountain 
State Reservation 

DRED 86% Previously impacted north-south ridgeline with 
limited environmental resources and abutters.  
Land Use restrictions caused project failure; 
see previous discussion 

W-022 Odiorne State Park - 
Multiple 

DRED 76% See above analysis 

W-050 Coleman State Park DRED 76% Western slope of north-south ridgeline with 
limited environmental resources and abutters; 
challenging interconnection 

W-051 Connecticut Lakes 
Headwaters (East) 

DRED 76% Potential utility-scale project on north-south 
ridgelines with little extreme topography; 
challenging interconnection 

W-053 Rhododendron State 
Park (Little 
Monadnock) 

DRED 76% North-south ridgeline with minimal 
environmental resources and excellent access 
to transmission; home to the M&M trail and 
Landmark Rhododendron Grove 

W-054 Jericho State Park DRED 76% North-south ridgeline with mild topography 
with minimal environmental resources; active 
forestry on-site; significant electrical load on 
north of site, but limited area of high wind 
speed on south of site 

W-023 Sunapee State Park - 
Multiple 

DRED 71% Ridgeline with challenging topography south of 
active ski area; Significant priority habitat on 
southern portion of site 

W-056 Belknap State Forest DRED 71% West – east ridgeline south of Gunstock 
Mountain Resort 

W-025 Lake Francis State 
Park (LFR01) 

Residence w/ camp 
sites 

DRED 67% Remote north-south ridgeline with significant 
habitat; active forestry on-site 

W-046 Kearsarge State 
Forest 

DRED 67% North-south ridgeline with challenging 
topography and significant priority habitat; 
nearby transmission access 

W-052 Nash Stream Forest DRED 67% Remote ridgelines with some challenging 
topography; nearby transmission access 

W-026 Cannon Ski 
Mtn/Franconia Notch 

- Multiple 

DRED 62% West – east ridgeline adjacent to active ski 
area with challenging topography; good site 
access and interconnection, but generally small 
potential project size 

W-041 Gile State Forest DRED 62% West – east highland; North parcel significant 
habitat; moderate wetlands on south parcel; 
active forestry on site 

W-047 Cardigan Mountain 
State Forest 

DRED 48% Mountain with challenging topography; 
significant habitat and access only to north of 
site via logging roads; active forestry on site 

 



NH OEP Priority Projects Not Further Evaluated for Wind 

Project 
ID Facility Name Agency Name Notes 

W-037 NH Hospital – Acute 
Psychiatric Services 

NH Hospital Wind speeds <6.0 at 70m agl 

W-036 Juvenile Justice 
Campus 

Juvenile Justice 
Services 

Wind speeds <6.0 m/s at 70m agl 

W-003 Concord South 
Campus – Main 

Building 

Administrative 
Services 

Wind speeds <6.0 m/s at 70m agl 

W-019 Mount Washington 
State Park 

DRED Mountainous site with extreme topography; site 
access for wind turbine blades and extreme wind 
speeds are fatal flaws 

 

  



 
Projects Eliminated with Fatal Flaws 

Project ID Facility Name Agency Name Fatal Flaw 

W-017 Seabrook Tolls/Rest Area DOT Proximate to high density residential area 

W-019 Mount Washington (MTW01 
Sherman Adams Building) 

DRED Mountainous Site- no site access to 
ridgelines 

W-020 Hampton Beach - Multiple DRED Proximate to residential area; highly 
utilized public recreation site 

W-031 Powder Mill Fish Hatchery and 
Propagation - Multiple (Wind in 

Marks WMA) 

Fish & Game 
Commission 

Valley with significant wetlands; no peak or 
ridgeline; limited site access 

W-040 Enfield WMA  Challenging slopes and stream crossing to 
access site; no existing site access 

W-042 Monadnock State Park  Challenging topography 

W-043 Prospect Hill CE  Proximate to residences; within viewshed 
to lake; conservation easement – DRED 
does not own 

W-044 Willard Pond/Bald Mountain CE  Habitat on higher elevation/ridgeline and 
topographic challenge; conservation 
easement – DRED does not own 

W-045 Low State Forest DRED No Site access to N-S ridgeline 

W-048 Province Road State Forest DRED Adequate on-site wind speeds only located 
in forest legacy tract 

W-049 Meadowsend Timberlands, LTD DRED Habitat on majority of ridgeline; 
conservation easement - DRED does not 
own 

W-055 Ossipee Mountains Tract DRED East slopes of N-S mountains; W-E 
descending ridges; conservation easement 
- DRED does not own 
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Section 10    
Summary and Recommendations 

10.1 Introduction 
The projects addressed in this report reflect NH OEP’s desire to evaluate a range of 
renewable energy and energy efficiency technologies across a variety of owner agencies 
and geographic locations.  Other factors considered in the selection of the projects 
included the potential for significant energy savings, economic feasibility, and public 
visibility. Of the five projects that were evaluated, two of the projects are recommended 
for implementation: EEM measures at Cannon Mountain and EEM Measures at Health & 
Human Services.   Biogas cogeneration project at the Franklin WWTP is technically 
feasible and may be economically feasible for the State in partnership with a private 
developer and with further evaluation of heating requirements at the facility.  The wind 
turbine at Odiorne State Park and Solar PV at Hazen Drive were both determined to be 
technically feasible; however they are not economically feasible in New Hampshire’s 
current renewable energy market. 

A summary of the projects is provided below followed by Table 10-1 which presents the 
recommended action for each project, the State’s approximate investment in the 
project, average annual savings to the State, and the project’s payback period.  For 
renewable energy projects, the table also includes whether the project is feasible under 
a privately owned development scenario and what the benefit to the State may be.   

Following the summary of the Tier 3 projects, this section of the report presents a brief 
discussion of observations regarding the current financial and regulatory market for 
renewable energy development in New Hampshire.  The discussion is based on the 
findings of the Tier 3 project evaluations, as well as the experience of the project team 
with development of renewable energy projects elsewhere in New England and other 
states.   

10.2 Summary of Projects  
It is recommended that the State proceed with implementing the EEMs identified by AEC 
at the Health & Human Services building and at Cannon Mountain.  Many of the 
recommended measures have little to no capital cost and will result in significant annual 
cost savings.   

The three solar projects evaluated at Hazen Drive were determined to be technically 
feasible; however, the structural capacity of the roofs may present a limiting factor.  
Due in large part to high capital costs and an unfavorable incentive market, the projects 
were not financially viable for the State; regardless of whether the State owned the 
system outright or entered into a Power Purchase Agreement with a private developer.  
This issue is discussed in greater detail below. 

Though technically feasible, the 140 kW biogas cogeneration project for consideration at 
the Franklin Wastewater Treatment Plant was not economically feasible and would not 
result in energy cost savings for the facility.  From a private developer’s perspective, the 
project is viable and does not constitute a high level of risk as the facility and fuel are 
stable and the cost of the project is relatively low.  However, the State’s need to 
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purchase additional supplemental heating oil affects the cost effectiveness of the project.  
After heating oil purchase, the WWTP would not benefit from any annual energy cost 
savings from the project.  Economic viability of the project may be significantly 
improved through a combination of this project with other WWTP improvements to 
reduce the heating requirement at the Admin/Operations building. 

The wind turbine feasibility study at Odiorne determined that the project is technically 
feasible, but is not economically feasible due in part to high capital costs and lack of 
financial incentives.  The combination of these factors resulted in the recommendation 
that the State not pursue a project at Odiorne State Park at this time.  However, the site 
does offer potential for a small wind project in terms of available wind resources, the 
opportunity to offset electricity use at the Science Center, and the opportunity for the 
project to serve as an educational resource. Therefore, should funding become available 
to improve project economics, it is recommended that the State proceed with a more in-
depth analysis including conducting on-site wind data collection throughout the year.  



Table 10-1
Comprehensive Project Summary Table

Tighe&Bond

Project Site Who Conducted 
Study

Type of 
Technology

Technically 
Feasible?

Economically 
Feasible?

State Investment
(State-Owned)1,2

Average Annual Savings 
to the State1,3 (State-

Owned)

Payback Period1,3,4

(State-Owned)
State Investment
(Privately-Owned)

Average Annual 
Savings to the State 
(Privately-Owned)

Health & Human 
Services

Acadia Engineers & 
Constructors

Energy Efficiency 
Measures Yes Yes

Tier 1: $8,045 
Tier 2:  $166,389
Tier 3: $1,681,796

Tier 1: $38,003
Tier 2:  $18,959
Tier 3: $404,080

Tier 1: 2 years (avg)
Tier 2:  11 years (avg)
Tier 3: 6 years (avg)

N/A N/A

Cannon Mountain Acadia Engineers & 
Constructors

Energy Efficiency 
Measures Yes Yes

Tier 1: $36,885
Tier 2: $346,544

Tier 3: $2,735,388

Tier 1: $13,912
Tier 2:  $15,880
Tier 3: $212,467

Tier 1: 2 years (avg)
Tier 2:  7 years (avg)
Tier 3: 4 years (avg)

N/A N/A

Hazen Drive Borrego Solar 
Systems Rooftop Solar PV Yes No

H&HS: $383,119
DMV: $386, 797

Morton : $397, 286

H&HS : $18,970
DMV : $19,520

Morton : $18,930

H&HS : 23 years
DMV : 23 years

Morton : 24 years
$0.00 Not Feasible

Franklin WWTP Tighe & Bond Biogas 
Cogeneration Yes Yes $965,200 ($14,473) 26 years

($82,817) (Annual 
cost of fuel oil 

purchase)

$47,159 (Before fuel oil 
purchase)

Odiorne State Park Tighe & Bond 50 kW Wind 
Turbine Yes No $330,000 ($7,454) > 20 years $0.00 Not Feasible

1  Developed based on a simple cash flow for EEMs and based on a discounted cash flow life-cycle analysis for renewable energy projects; averaged over project life
2  Before financing
3  After financing for Franklin WWTP and Odiorne State Park
4  (avg) indicates average for multiple EEMs with payback periods varying from 0 to 15



Section 10 Summary and Recommendations Tighe&Bond 
 

 

 

NH OEP - RE and DG Feasibility Study  10-4 

10.3  General Findings on New Hampshire Energy Market 
The project determined that the state has an abundant supply of wind, solar, biomass, 
and hydroelectric resources on state-owned property, which present an opportunity to 
develop renewable energy projects.   Though dedicating capital resources for project 
implementation may not be feasible, many opportunities for public-private ownership 
development models (such as a Power Purchase Agreement, PPA) exist.  However, for 
public-private partnerships to be successful in New Hampshire, the renewable energy 
market must be attractive to private developers who are willing to undertake the risk 
associated with such a project.  As discussed herein, the current New Hampshire 
renewable energy market conditions are not favorable for private developers.  

The NH facilities studied in this report represent a significant opportunity for the State to 
work towards energy use and greenhouse gas emissions reduction goals.  As noted 
earlier, the State has recently spearheaded a number of initiatives; including the State’s 
Climate Action Plan which requires reductions in GHG, including from State facilities, and 
recommends that the State lead by example in its operations and energy usage.  Also 
specific to state-owned facilities, Chapter 21-1:14c of the New Hampshire Statutes 
requires that fossil fuel energy consumption in State owned buildings be reduced by 
25% over 2005 levels by the year 2025.   However, in order for these policies to be 
realized; measures must be taken that drive growth in the renewable energy markets. 

The number of projects that have been analyzed and the variety of technologies studied 
for application in New Hampshire has reinforced the understanding that small-scale 
distributed generation renewable energy projects are not generally economically feasible 
absent significant economic incentives.  Many states have encountered difficulties in 
fostering renewable energy markets and have taken strong measures to jump-start the 
renewable energy economy.  There has been varying success with such programs.   

The goal of incentivizing renewable energy development is generally to create a self-
sustaining renewable energy market within New Hampshire.  Renewable energy can spur 
local economies, bringing new consumers to the area and creating jobs in the 
construction, operation and maintenance of projects as well as in technology research 
and development.  Renewable energy projects are also a hedge against fluctuating fuel 
costs.  Renewable energy projects also support the security of New Hampshire electricity 
market by reducing foreign fuel and electricity imports.  Furthermore, many host-towns 
to renewable energy projects benefit from land use agreements or property taxes 
associated with projects.   

10.3.1 Renewable Portfolio Standard 
Each of the renewable energy feasibility studies (wind, solar, biogas) showed that the 
sale of Renewable Energy Credits (RECs) provides little economic incentive to a would-
be developer.  As noted earlier, each state’s Renewable Portfolio Standard (RPS) 
requires electricity providers to provide an annually increasing percentage of electricity 
from renewable energy sources to its end-use customers.  This can encourage 
renewable energy market growth by stimulating public utilities to invest directly in 
renewable energy projects, or by investing in renewable energy indirectly through the 
purchase of RECs sold by the non-utility developers of renewable energy projects.   
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It is important to understand that the market for RECs is a regional one, in which 
electric utilities can meet the RPS requirements of the state in which they operate by 
purchasing credits from generators located anywhere in the ISO New England9.  As 
noted below for 2009, the majority of the RECs used for RPS compliance in New 
Hampshire come from facilities located out of state.  

• Class I RECs:  63% of total supply is out-of-state 

• Class II RECs:  95% of total supply is out-of-state 

• Class III RECS:  48% of total supply is out-of-state 

• Class IV RECS:  96% of total supply is out-of-state 

To encourage renewable energy investment within the state of NH, the State’s RPS 
requirements need to be competitive with other states, both in terms of the process for 
REC acquisition and sales, and the project development environment.  Table 10-2 shows 
some key components to each of the ISO New England member states’ RPS regulations.   

TABLE 10-2 
NE States RPS Summary 

State REC Type Requirement Cap/ACP Market Security 

CT Class I New 20% by 2020, inclusive 
of ZRECs and LRECs 

$55 per MWh  

  
Class I ZREC $8 Million procured in 

year 1, doubling until 
review in 2016 

$350 15-yr contract 

  
Class I LREC $4 Million procured per 

year until review in 
2016 

$200 15-yr contract 

 Class II Existing 3% by 2020 - - 

 Class III CHP and EE 4% by 2020 - - 

ME Class I New 10% of capacity by 
2017 

$57.12 per MWh 
(x deficient kWh) 

- 

 Class II Existing 30% by 2020 - - 

MA Class I 15% by 2020 $64 10 - 15-yr contract 

 SREC 400 MW installed $550 10 - 15-yr contract; 
Floor Price 

 Class II 3.50% $26 10 - 15-yr contract 

 Class II Waste 
Energy 

3.60% $11.00 10 - 15-yr contract 

RI Existing 2% by 2020 $64.02 - 

                                           

9 The other states that are members of ISO New England are Connecticut, Maine, 
Massachusetts, Rhode Island, and Vermont.  RECs may also be traded with adjacent 
synchronous control areas, New York and New Brunswick. 
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TABLE 10-2 
NE States RPS Summary 

State REC Type Requirement Cap/ACP Market Security 

 New 15.5% by 2020  Long-term contract 

VT N/A N/A N/A - 

 SPEED Program N/A N/A - 
 

In comparison, the critical factors in New Hampshire’s RPS program are summarized in 
Table 10-3. 

TABLE 10-3 
NH RPS Requirements as of June 20121 

State REC Type Requirement Cap/ACP Market Security 

NH Class I 11% by 2020 $64.02 (MWh)  - 

  Class II 0.3% by 2020 $168.13  - 

  Class III 6.5% by 2020 $31.39  - 

  Class IV 1.0% by 2020 $31.39  - 
1ACPs are currently under legislative review 
 

As can be seen from Table 10-2 and 10-3, New Hampshire has lower RPS requirements 
as a percentage of the utilities’ peak load than the other ISO New England states.  More 
robust RPS requirements require utilities to increase investment in renewable energy, 
but this alone does not necessarily impact the supply and demand of the regional 
market.  With the State’s relatively small electricity load and the current excess supply 
of RECs from other jurisdictions, New Hampshire is missing out on the action occurring 
in other states.  As noted in Table 10-4 below, from 2008-2010 RPS compliance was met 
largely through the purchase of RECS.     

TABLE 10-4 
New Hampshire RPS Compliance Method & Cost12 

RPS Compliance Method 2008 2009 2010 

Average REC Cost $25 $26 $23 

Average ACP Cost $29 $26 $30 

% Compliance Met with RECS* 61% 92% 98% 

% Compliance Met with ACPs 37% 7% 2% 

*May not add as some RECs are banked for future compliance years. 

                                           

12 2011 Renewable Energy Portfolio Standard Review, Report of the New Hampshire 
Public Utilities Commission to the New Hampshire General Court, November 1, 2011 
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The alternative to direct or indirect investment in renewable energy by utilities who must 
meet the RPS requirements is to make an alternative compliance payment, or ACP.    
The purpose of the ACP is to provide a cap on the cost of investment, and prevent REC 
prices from going too high and adversely impacting rate payers.  When the demand for 
RECs is greater than the supply of renewable energy, the price of a REC approaches the 
price of an ACP, fostering renewable energy project investment to increase the supply of 
RECs.  If the supply of RECs substantially exceeds what is needed to meet the collective 
RPS goals, project development will slow.  This is a “boom and bust” REC market where 
increased REC requirements causes unmet demand, causing REC prices to increase near 
the ACP level.   

As illustrated above, the overall REC market in New England is currently in a state of 
high supply and low REC prices.  The exception to this is in the “carve-out” markets, 
such as the MA Solar REC (SREC) market and the CT Low emissions REC (LREC) and 
Zero emissions (ZREC) markets.  These markets are in their initial years and RECs are 
trading RECs at rates close to the ACP.  The RPS policies in these states create an 
additional, specialized demand as a means to increase investment in certain kinds of 
projects, leading to a kind of “gold rush” for project development in MA, CT, and NJ.  It 
remains to be seen whether this type of market supports long-term growth of the 
industry and eventual incentive-free market stability.        

If regional trends hold, renewable energy deficits are projected for New England and 
New York as the amount of renewable energy development demanded by the various 
RPS laws in the region ramps up.  This will enhance New Hampshire’s opportunity to 
become a more active participant in the regional REC market.  

There are also structural aspects to the RPS program that affect the appetite of a private 
entity for in-state development.  For example, New Hampshire has no established 
protocol for REC sales or procurement.  In several states, utilities must procure 
contracts for purchase of RECs for 10 – 15 years, which makes the cash flow for the life 
of the project stable and predictable, and therefore also bankable.  New Hampshire also 
has a third-party generation reporting requirement that induces excess cost to small 
projects, further discouraging in-state development.     

10.3.2 Net Metering 
New Hampshire net metering regulations allow customer-generators to receive credit at 
the per-kWh rate for behind-the-meter generation, regardless of whether electricity is 
generated at the time of electricity consumption.  Electricity consumption and generation 
are netted each billing period to determine the amount of electricity that the customer-
generator should be billed for.  Net excess generation greater than 600 kWh at the end 
of a year is credited to the customer’s account or paid to the customer by check at the 
market-value of the generation.  In other states, excess generation can be allocated to 
other accounts at the per-kWh rate.  Putting the environmental and cultural constraints 
aside, the wind turbine project at Odiorne State Park is a good example of how such a 
policy can aide in optimizing a renewable energy project.  Since the electricity use at 
Odiorne State Park was split between two meters, the turbine size was dictated by a 
single account, only a percentage of the Park’s electricity load.  Allocation of net 
metering credits, or meter aggregation, would facilitate a larger offset of electricity use.   

Another case where the project is limited by the absence of net metering credit 
allocation policy is the Franklin WWTP.  In this case, interconnection to the local 
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distribution circuit on the utility-side of the meter may have presented a simpler 
interconnection, but this option was not evaluated in detail since the project would then 
not be behind-the-meter.  A behind-the-meter project directly offsets a facility’s 
electricity consumption at the full per-kWh rate.  Some states allow interconnection on 
the utility side of the facility meter and allocation of the generation to the facility 
accounts at this same rate.  New Hampshire policy makers recently rejected a “group 
net metering” policy which would have helped to address the above circumstances, 
creating a more favorable environment for project development.   

10.3.3 Interconnection 
In New Hampshire, PSNH and Unitil have interconnection policies that allow a special 
interconnection process for projects less than 100 kW in capacity, but larger projects 
follow the same interconnection application and review process as any other generating 
facility.  The added cost and timeline associated with the full interconnection process 
may not be supportable by renewable energy projects, particularly those that rely on 
incentives for successful development.  This was shown in the case of installation of 
solar at Hazen Drive.  The wind turbine project at Odiorne State Park was limited in size 
primarily due to load, but the benefit of a simple and timely interconnection associated 
with a sub-100 kW project impacted the project cost.  The capacity allowed to undergo 
the simplified interconnection process could be increased, or another interconnection 
process particular to community-scale renewable energy could be introduced to 
encourage development.  

10.4 Conclusion 
Overall, New Hampshire has an opportunity to participate in the regional renewable 
energy market in way that can encourage utility investment to remain in state, grow 
local economies, and have positive long-term impacts to the State’s energy market and 
security.    If New Hampshire chooses to pursue this opportunity, it will be important for 
the State to focus on ways to increase the attractiveness of renewable energy 
development in New Hampshire in comparison to other states and to show a strong 
intent to support a market as it matures.   

This feasibility study, intended to help the State meet its energy reduction goals, has 
demonstrated some of the challenges that are impacting renewable energy development 
in both the public and private sectors, as described above.  It is anticipated that the 
State will continue to revisit renewable energy incentive programs and policy to continue 
progress towards meeting its energy and greenhouse gas emissions goals.   

Aside from broad support for renewable energy market incentives that will improve the 
economics of renewable energy projects at State facilities, the State also has an 
opportunity to achieve significant energy reduction through more direct funding of 
projects.  In this case, the State would fund a project and may not realize a market-
competitive payback period, but will have made progress towards achieving the positive 
impacts described above.   

The other way in which the state could aggressively pursue the goal of reducing the 
current energy consumption by 10% or approximately 100,000 MMBTU, is through the 
implementation of large wind, biomass and/or solar projects renewable energy projects.  
These projects would generate enough energy to offset the high capital costs associated 
with them.  Additionally, the projects would benefit from the economies of scale and the 
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cost of every MWh produced would decrease as the project size increases.  In the 
current financial and regulatory climate, the larger projects have the greatest chance of 
attracting private investment, thereby also meeting the state’s goal of fostering private-
public partnerships.    The State could lease large tracts of land to private developers to 
install renewable energy projects and could purchase energy from the project through a 
PPA.     

Any efforts to implement renewable energy projects can be made more economically 
beneficial by also investing in energy efficiency improvements at State facilities.  The 
energy efficiency analyses completed showed two examples of State facilities that have 
significant opportunities for improvement energy savings.  Many of the energy efficiency 
measures recommended at these facilities can be used as a model for implementation in 
other buildings to multiply energy savings.  There are also low- or no-cost energy 
efficiency measures that the State could implement in the near future in order to meet 
State goals.  The State should consider pursuing performance contract-type agreements 
that have the capacity to integrate renewable energy technology into building 
performance improvements.     
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Table 1
Tier 1 Analysis Summary Table

Agency Name Facility Name
Fiscal 
Year

Maximum 
Area 

Reported
2010 Energy 
Usage (kBTU)

2010 
Overall 
Monthly 

Cost
Annual EUI 

(Energy Use/Area)
Annual CUI 
(Cost/Area)

Adjutant General All Buildings in SMR System 2010 900,183 45,531,188 1,080,703 50.58 1.20
Administrative Services Annex 2010 8,099 292,217 9,282 36.08 1.15

Berlin District Court 2010 9,780 872,125 21,488 89.17 2.20
Bridges House 2010 3,776 311,117 5,346 82.39 1.42
Brown Building 2010 136,037 10,506,747 309,490 77.23 2.28
Concord District Courthouse 2010 26,000 2,215,119 88,750 85.20 3.41
Coos Superior Courthouse 2010 33,443 2,776,173 66,425 83.01 1.99
Department of Justice 2010 58,149 3,051,840 117,307 52.48 2.02
Derry District Courthouse 2010 16,000 1,322,726 32,466 82.67 2.03
Div. of Motor Vehicles 2010 79,388 3,422,238 83,854 43.11 1.06
Dolloff Building 2010 36,888 3,027,500 103,035 82.07 2.79
DOT - Mechanical Services 2010 85,900 6,303,719 126,082 73.38 1.47
DOT-Materials & Research 2010 29,318 4,669,752 94,812 159.28 3.23
Dover District Court 2010 24,000 1,392,719 34,301 58.03 1.43
Emergency Operations Center 2010 67,644 7,377,163 207,515 109.06 3.07
Federal Surplus 2010 3,150 52,001 1,485 16.51 0.47
Fish & Game Headquarters 2010 30,000 1,176,768 43,773 39.23 1.46
Franklin District Courthouse 2010 6,500 606,474 15,476 93.30 2.38
Green Street Parking Lot 2010 0 7 148 Incomplete Data Incomplete Data
Grounds Shop 2010 8,227 1,671,447 52,209 203.17 6.35
Health & Welfare Building 2010 316,230 85,796,875 1,917,610 271.31 6.06
Health & Welfare Building Parking Lot 2010 0 0 2,509 Incomplete Data Incomplete Data
Hillsborough Superior Courthouse North 2010 78,486 4,041,087 87,674 51.49 1.12
Hillsborough Superior Courthouse South 2010 86,600 5,609,341 143,187 64.77 1.65
Jaffrey-Peterborough District Courthouse 2010 24,000 984,850 29,736 41.04 1.24
Johnson Hall 2010 27,840 1,927,553 65,714 69.24 2.36
Laconia - Lakes Region Facility 2010 252,227 3,553,809 150,143 14.09 0.60
Laconia District Courthouse 2010 22,700 1,503,650 36,889 66.24 1.63
Lebanon District Courthouse 2010 9,482 1,421,997 30,130 149.97 3.18
Legislative Office Building 2010 68,530 3,747,533 131,267 54.68 1.92
Londergan Hall 2010 50,766 2,431,693 84,900 47.90 1.67
M&S Building 2010 79,296 3,886,725 144,106 49.02 1.82
Main Building 2010 277,955 16,911,596 551,581 60.84 1.98
Manchester District Courthouse 2010 60,441 4,244,348 106,492 70.22 1.76
Merrimack Courthouse 2010 28,000 262,136 7,784 9.36 0.28
Milford District Courthouse 2010 5,700 425,306 11,491 74.62 2.02
Monadnock Mill 2010 27,280 1,708,315 48,276 62.62 1.77
Morton Building 2010 96,800 13,824,311 356,737 142.81 3.69
Morton Building Parking Lot 2010 0 0 252 Incomplete Data Incomplete Data
Nashua District Courthouse 2010 26,100 1,891,703 50,239 72.48 1.92
NH Hosp. Laundry 2010 15,277 3,921,208 102,607 256.67 6.72
NHH Warehouse 2010 18,096 884,549 30,696 48.88 1.70
Northern Carroll District Courthouse 2010 5,800 391,405 10,770 67.48 1.86
Old Labor Building 2010 9,198 867,142 13,945 94.28 1.52
Paint & Carpentry Shops 2010 17,810 1,165,716 36,782 65.45 2.07
Plaistow District Court 2010 3,784 287,008 8,061 75.85 2.13
Plymouth District Courthouse 2010 16,000 1,215,218 33,420 75.95 2.09
Portsmouth District Courthouse 2010 19,291 938,810 23,199 48.67 1.20
Records & Archives 2010 35,302 2,688,685 60,188 76.16 1.70
Revenue Administration 2010 28,808 2,613,748 89,266 90.73 3.10
Rochester District Courthouse 2010 11,000 836,978 19,094 76.09 1.74
Rockingham Superior Courthouse 2010 100,000 9,843,568 342,818 98.44 3.43
Safety Building 2010 117,113 11,546,571 380,125 98.59 3.25
South Carroll County District Courthouse 2010 34,000 3,348,931 80,658 98.50 2.37
Spaulding Hall 2010 25,000 1,310,985 50,548 52.44 2.02
State House 2010 84,698 3,000,357 93,582 35.42 1.10
State House Annex 2010 161,348 9,641,542 336,637 59.76 2.09
State Library 2010 38,568 1,175,178 41,298 30.47 1.07
State Surplus Garage 2010 2,232 238,052 5,471 106.65 2.45
Storage Garages 2010 3,036 0 0 Incomplete Data Incomplete Data
Storrs St. Garage 2010 42,432 337,276 13,658 7.95 0.32
Storrs St. Warehouse (P&P) 2010 46,733 2,474,318 87,049 52.95 1.86
Supreme Courthouse 2010 53,045 3,621,714 103,060 68.28 1.94
Supreme Courthouse Admin. Building 2010 12,000 507,893 6,210 42.32 0.52
Thayer Hall 2010 97,164 5,978,962 192,578 61.53 1.98
Tobey 2010 66,460 2,532,350 77,822 38.10 1.17
Transportation Garage 2010 22,277 1,627,100 57,065 73.04 2.56
Upham Walker Camera 1 2010 0 7,167 455 Incomplete Data Incomplete Data
Upham Walker Camera 2 2010 0 7,167 455 Incomplete Data Incomplete Data
Upham Walker House 2010 4,000 333,682 11,462 83.42 2.87
Walker Building 2010 110,000 8,998,804 254,475 81.81 2.31

Behavioral Health Tirrell House 2010 4,305 504,448 13,017 117.18 3.02
Community College System of NH Berlin CTC - Barn 2010 7,500 0 131 Incomplete Data 0.02

Berlin CTC - Main Building 2010 92,683 6,482,570 141,917 69.94 1.53
Berlin CTC - Preschool 2010 960 141,710 3,316 147.61 3.45
Berlin CTC - Twitchell Property 2010 4,800 514,033 9,586 107.09 2.00
Berlin-Day Care Center 2010 4,000 123,284 3,100 30.82 0.78
Claremont CTC - Garage 2010 2,240 63,854 1,158 28.51 0.52
Claremont CTC - Main building 2010 72,834 4,925,679 109,134 67.63 1.50
Claremont CTC - Roosevelt Bldg 2010 20,000 1,116,356 15,608 55.82 0.78
Concord CTC - Business / Receiving 2010 2,440 236,444 7,377 96.90 3.02
Concord CTC - Carpenter Shop 2010 3,000 61,021 2,643 20.34 0.88
Concord CTC - Child Devel. Ctr. 2010 5,000 475,290 5,736 95.06 1.15
Concord CTC - Farnum Hall 2010 8,600 2,543,299 29,026 295.73 3.38
Concord CTC - Grappone Hall 2010 35,000 562,500 7,568 16.07 0.22
Concord CTC - Library / Book Store 2010 26,000 1,995,650 24,895 76.76 0.96
Concord CTC - Little Hall 2010 52,196 2,088,440 24,449 40.01 0.47
Concord CTC - Little Hall Cafeteria 2010 2,000 2,070,760 25,511 1,035.38 12.76
Concord CTC - MacRury 2010 23,600 436,100 5,251 18.48 0.22
Concord CTC - Maintenance (Bldg 1) 2010 6,924 659,995 15,061 95.32 2.18
Concord CTC - North Hall 2010 43,200 2,107,790 25,697 48.79 0.59
Concord CTC - South Hall 2010 333,885 17,178,972 549,259 51.45 1.65
Concord CTC - Strout Hall 2010 21,240 1,102,330 14,228 51.90 0.67
Concord CTC - Sweeny 2010 89,909 4,669,000 53,343 51.93 0.59
Concord CTC - White Hall 2010 3,132 246,441 8,966 78.68 2.86
Laconia CTC - Main 2010 64,138 5,399,269 132,810 84.18 2.07
Laconia CTC - Technical Center 2010 40,000 5,112,519 108,038 127.81 2.70
Manchester CTC 2010 255,620 18,096,471 403,575 70.79 1.58
Manchester CTC - Maint. Shed 2010 5,000 70,000 861 14.00 0.17
Nashua CTC 2010 128,000 10,706,719 271,323 83.65 2.12
NHCTC System Office 2010 8,400 145,630 2,139 17.34 0.25
Pease Emerging Technology Center 2010 113,300 11,231,943 283,155 99.13 2.50
Stratham CTC - Main Building 2010 99,000 4,071,033 83,514 41.12 0.84

Corrections Berlin - Administration/Public 2010 198,952 42,605,198 804,406 214.15 4.04
Berlin - Warehouse/Garage 2010 25,100 1,294,183 21,905 51.56 0.87
Concord - Boiler Plant 2010 415,610 67,370,048 877,959 162.10 2.11
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Concord - Central Core Area 2010 423,510 27,411,199 924,871 64.72 2.18
Concord - Farm 2010 22,960 755,641 17,831 32.91 0.78
Concord - Minimum Security Unit 2010 14,360 1,848,597 22,443 128.73 1.56
Concord - North End House 2010 7,380 894,275 10,757 121.18 1.46
Concord - Shea Farm 2010 10,060 1,115,986 22,902 110.93 2.28
Concord - Warehouse - New 2010 48,580 3,942,900 86,365 81.16 1.78
Concord - Warehouse - Old 2010 0 0 396 Incomplete Data Incomplete Data
Concord District Office 2010 22,960 251,100 3,292 10.94 0.14
Goffstown - Womens Prison 2010 14,450 6,026,048 127,292 417.03 8.81
Laconia District Office 2010 949 81,011 3,635 85.36 3.83
Manchester - Calumet Back House 2010 1,000 78,906 1,563 78.91 1.56
Manchester - Calumet House 2010 10,260 1,515,451 33,330 147.70 3.25
Wolfeboro District Office 2010 425 26,976 1,256 63.47 2.96

Dept of Agriculture Eastern States Expo. Building 2010 31,717 59,757 2,774 1.88 0.09
Dept of Safety DMV Belmont Sub Station - Leased 2010 1,500 63,680 2,780 42.45 1.85

DMV Berlin Sub Station - Leased from 9/1/05 2010 1,200 123,660 3,312 103.05 2.76
DMV Doverpoint - Substation 2010 3,795 305,842 11,392 80.59 3.00
DMV Lebanon Sub Station - Leased 2010 2,400 3,362 135 1.40 0.06
DMV Manchester Sub Station 2010 4,900 205,144 8,563 41.87 1.75
DMV Merrimack Sub Station - Leased 2010 2,047 236,073 5,813 115.33 2.84
DMV Rochester Sub Station Leased Closed July 2009 2010 0 0 0 Incomplete Data Incomplete Data
E-911 Laconia PSAP 2010 11,000 2,091,596 61,751 190.15 5.61
Fire Academy / Flynn Administration Building 2010 85,297 3,605,109 105,626 42.27 1.24
Fire Academy Aircraft Rescue Facility 2010 3,156 274,339 3,149 86.93 1.00
Fire Academy Dormitory 2010 29,276 1,785,636 21,600 60.99 0.74
Fire Academy Firehouse 2010 9,450 661,496 7,556 70.00 0.80
Fire Academy Storage Building 2010 1,800 338,468 6,036 188.04 3.35
Marina Patrol Headquarters - Boathouse 2010 18,032 833,269 24,919 46.21 1.38
Marine Patrol - Bridge Lights 2010 0 3,572 848 Incomplete Data Incomplete Data
Marine Patrol Boater Ed & Boat Storoage Bldg 2010 39,000 952,878 20,409 24.43 0.52
Safety Warehouse 2010 30,629 749,896 21,722 24.48 0.71
State Police Radio and Automotive Repair Building 2010 14,629 316,464 4,007 21.63 0.27
State Police Radio Transmission Sites 2010 1 1,413,526 55,809 1,413,525.72 55,809.41
State Police Troop B Bedford 2010 10,888 715,811 21,455 65.74 1.97
Troop A - MV Substation 2010 7,696 527,143 14,630 68.50 1.90
Troop B - MV Substation 2010 7,016 498,092 11,782 70.99 1.68
Troop C - MV Substation 2010 5,669 508,326 18,666 89.67 3.29
Troop D - MV Substation 2010 12,135 554,188 15,405 45.67 1.27
Troop E - MV Substation 2010 7,431 389,292 14,418 52.39 1.94
Troop F - MV Substation 2010 7,431 416,922 14,649 56.11 1.97
Troop G / Aviation 2010 8,210 350,462 8,972 42.69 1.09
Windham Weigh Station (North) - DOT Owned 2010 969 90,334 2,870 93.22 2.96
Windham Weigh Station (South) - (DOT Owned) 2010 969 105,221 3,221 108.59 3.32

DOT Bridge Maintenance Crew 01 2010 3,750 73,992 2,313 19.73 0.62
Bridge Maintenance Crew 02 2010 2,400 26,182 943 10.91 0.39
Bridge Maintenance Crew 03 2010 2,400 25,813 1,610 10.76 0.67
Bridge Maintenance Crew 04 2010 2,450 23,785 1,321 9.71 0.54
Bridge Maintenance Crew 05 2010 1,800 8,553 510 4.75 0.28
Bridge Maintenance Crew 06 2010 4,128 35,406 1,766 8.58 0.43
Bridge Maintenance Crew 07 2010 4,000 19,386 1,061 4.85 0.27
Bridge Maintenance Crew 08 2010 3,300 15,082 869 4.57 0.26
Bridge Maintenance Crew 10 2010 1,800 1,010 299 0.56 0.17
Bridge Maintenance Crew 12 & 15 2010 2,440 101,707 4,726 41.68 1.94
Bridge Maintenance Crew 13 Franklin Carpentry Bldg 2010 7,250 99,441 4,816 13.72 0.66
Bridge Maintenance Crew 13 Franklin Office Bldg 2010 3,600 114,746 4,284 31.87 1.19
Bridge Maintenance Crew 13 Franklin Paint Bldg 2010 2,010 84,140 1,083 41.86 0.54
Bridge Maintenance Crew 13B Bailey Crane Bldg 2010 3,900 87,933 3,963 22.55 1.02
Bridge Maintenance Crew 13B Bailey Office Bldg 2010 1,800 57,037 1,306 31.69 0.73
Bridge Maintenance Crew 14 2010 4,675 120,685 2,745 25.82 0.59
District 1 - District Office 2010 0 122,682 1,964 Incomplete Data Incomplete Data
District 1 - Shed 101L 2010 2,300 220,418 4,755 95.83 2.07
District 1 - Shed 101U 2010 5,120 136,875 2,890 26.73 0.56
District 1 - Shed 102 2010 2,900 215,764 4,741 74.40 1.63
District 1 - Shed 103 2010 3,000 192,258 4,110 64.09 1.37
District 1 - Shed 104 2010 3,000 243,619 5,141 81.21 1.71
District 1 - Shed 105 2010 5,120 244,233 21,838 47.70 4.27
District 1 - Shed 106 2010 2,400 283,066 6,435 117.94 2.68
District 1 - Shed 107L 2010 10,376 248,466 10,314 23.95 0.99
District 1 - Shed 107W 2010 1,536 176,573 3,825 114.96 2.49
District 1 - Shed 108 2010 3,000 208,506 4,152 69.50 1.38
District 1 - Shed 109 2010 5,120 181,596 4,122 35.47 0.81
District 1 - Shed 111 2010 6,710 838,268 16,069 124.93 2.39
District 1 - Shed 112 2010 5,120 347,947 7,533 67.96 1.47
District 1 - Shed 113G 2010 5,120 265,729 5,449 51.90 1.06
District 1 - Shed 113P 2010 3,108 247,477 4,230 79.63 1.36
District 1 - Shed 114F 2010 3,588 189,593 4,208 52.84 1.17
District 1 - Shed 115 2010 5,920 375,604 7,115 63.45 1.20
District 1 - Shed 116 2010 5,120 340,339 6,973 66.47 1.36
District 1 - Shed 124 2010 8,000 380,241 8,377 47.53 1.05
District 1 - Shed 125D 2010 1,273 5,300 399 4.16 0.31
District 1 - Shed 125F 2010 5,920 284,141 6,680 48.00 1.13
District 1 - Shed 125M 2010 976 86,162 1,824 88.28 1.87
District 1- Colebrook RA 2010 2,112 224,377 4,869 106.24 2.31
District 1- Littleton R A 2010 1,822 258,415 6,434 141.83 3.53
District 1- Shelburne RA 2010 888 87,356 2,057 98.37 2.32
District 2 - 213 (Wash Shed) 2010 1,440 53,788 727 37.35 0.50
District 2 - District Office 2010 8,444 643,221 12,751 76.17 1.51
District 2 - Lebanon Rest Area 2010 1,258 231,035 4,884 183.65 3.88
District 2 - Rumney Rest Area 2010 936 74,118 2,173 79.19 2.32
District 2 - Shed 201 2010 3,408 170,621 4,262 50.06 1.25
District 2 - Shed 202 2010 3,824 177,666 5,568 46.46 1.46
District 2 - Shed 203 2010 3,000 214,738 4,294 71.58 1.43
District 2 - Shed 204 2010 5,120 331,854 9,710 64.82 1.90
District 2 - Shed 205 2010 4,160 178,171 4,198 42.83 1.01
District 2 - Shed 206 2010 4,331 212,143 4,159 48.98 0.96
District 2 - Shed 207 2010 3,200 73,098 1,584 22.84 0.50
District 2 - Shed 210 2010 3,920 311,147 5,293 79.37 1.35
District 2 - Shed 211 2010 2,150 300,994 4,793 140.00 2.23
District 2 - Shed 212 2010 4,000 19,376 1,126 4.84 0.28
District 2 - Shed 213 2010 3,360 199,708 3,797 59.44 1.13
District 2 - Shed 213 (Old) 2010 3,104 93,198 1,260 30.03 0.41
District 2 - Shed 214 2010 6,000 398,936 8,128 66.49 1.35
District 2 - Shed 214 (Old) 2010 3,520 138,325 2,220 39.30 0.63
District 2 - Shed 215 2010 2,516 148,524 3,140 59.03 1.25
District 2 - Shed 216 2010 3,000 99,925 2,216 33.31 0.74
District 2 - Shed 224 2010 6,000 471,851 9,945 78.64 1.66
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District 2 - Springfield Rest Area 2010 5,290 646,228 11,648 122.16 2.20
District 3 - Conway Rest Area 2010 5,965 734,759 20,724 123.18 3.47
District 3 - District Office 2010 3,797 290,489 6,762 76.50 1.78
District 3 - Sanbornton Rest Area 2010 1,715 173,559 6,243 101.20 3.64
District 3 - Shed 301 2010 8,000 201,086 7,140 25.14 0.89
District 3 - Shed 301N 2010 2,000 20,321 974 10.16 0.49
District 3 - Shed 302 2010 3,321 228,977 4,354 68.95 1.31
District 3 - Shed 303 2010 4,400 62,456 2,616 14.19 0.59
District 3 - Shed 304 2010 4,096 56,973 2,062 13.91 0.50
District 3 - Shed 305M 2010 5,632 323,918 5,337 57.51 0.95
District 3 - Shed 307 2010 3,360 89,561 2,266 26.66 0.67
District 3 - Shed 309 2010 3,200 229,932 4,764 71.85 1.49
District 3 - Shed 310 2010 400 8,703 569 21.76 1.42
District 3 - Shed 311 2010 3,321 56,163 2,167 16.91 0.65
District 3 - Shed 312 2010 3,200 131,044 3,278 40.95 1.02
District 3 - Shed 313 2010 5,376 262,234 6,187 48.78 1.15
District 3 - Shed 314 2010 5,305 193,079 4,999 36.40 0.94
District 3 - Shed 315 2010 4,000 262,738 6,317 65.68 1.58
District 3 - Shed 316 2010 4,096 168,839 4,302 41.22 1.05
District 3 - Shed 324 2010 6,000 572,534 11,695 95.42 1.95
District 3 - Shed 325 2010 7,400 396,420 8,732 53.57 1.18
District 3 Warehouse 2010 1,600 171,635 2,950 107.27 1.84
District 4 - Antrim Rest Area 2010 954 12,437 709 13.04 0.74
District 4 - District Office 2010 12,306 630,161 16,962 51.21 1.38
District 4 - Shed 401 2010 3,000 176,643 4,805 58.88 1.60
District 4 - Shed 401A 2010 2,000 100,015 1,844 50.01 0.92
District 4 - Shed 403 2010 3,000 67,552 2,090 22.52 0.70
District 4 - Shed 403A 2010 1,800 32,437 756 18.02 0.42
District 4 - Shed 404 2010 4,250 121,257 4,115 28.53 0.97
District 4 - Shed 405 2010 3,360 144,782 3,699 43.09 1.10
District 4 - Shed 405A 2010 2,000 2,157 241 1.08 0.12
District 4 - Shed 406 2010 3,000 97,945 3,540 32.65 1.18
District 4 - Shed 407 2010 3,000 72,521 2,242 24.17 0.75
District 4 - Shed 408 2010 3,000 122,120 3,394 40.71 1.13
District 4 - Shed 409 2010 3,000 90,263 2,552 30.09 0.85
District 4 - Shed 410 2010 3,000 186,122 4,374 62.04 1.46
District 4 - Shed 411 2010 3,000 84,765 2,464 28.25 0.82
District 4 - Shed 412 2010 3,800 107,207 2,584 28.21 0.68
District 4 - Shed 413 2010 3,000 169,876 5,295 56.63 1.77
District 4 - Shed 414 2010 3,000 202,050 4,227 67.35 1.41
District 4 - Shed 415 2010 3,000 225,260 4,789 75.09 1.60
District 5 - Shed 501 2010 4,320 206,610 3,536 47.83 0.82
District 5 - Shed 503 2010 2,709 216,129 4,855 79.78 1.79
District 5 - Shed 504 2010 4,320 142,863 3,647 33.07 0.84
District 5 - Shed 505 2010 6,480 325,826 6,590 50.28 1.02
District 5 - Shed 506 2010 5,544 100,265 2,787 18.09 0.50
District 5 - Shed 507 Goffstown 2010 2,428 153,788 3,437 63.34 1.42
District 5 - Shed 508 2010 5,760 274,304 6,029 47.62 1.05
District 5 - Shed 509 2010 6,120 448,204 10,313 73.24 1.69
District 5 - Shed 510 2010 2,400 307,086 7,620 127.95 3.18
District 5 - Shed 511 2010 2,400 18,184 977 7.58 0.41
District 5 - Shed 511 NEW 2010 8,000 119,796 4,477 14.97 0.56
District 5 - Shed 512 2010 2,688 77,127 2,416 28.69 0.90
District 5 - Shed 513 Chester 2010 5,760 215,085 5,146 37.34 0.89
District 5 - Shed 513 Raymond 2010 2,688 178,380 2,564 66.36 0.95
District 5 - Shed 514 2010 2,913 269,503 5,338 92.52 1.83
District 5 - Shed 515 2010 3,360 180,090 4,091 53.60 1.22
District 5 - Shed 516 2010 4,800 302,668 5,753 63.06 1.20
District 5 - Shed 525 2010 6,000 327,837 6,528 54.64 1.09
District 5 - Shed 526 2010 6,000 478,587 11,025 79.76 1.84
District 5 - Shed 527 2010 6,000 556,595 11,644 92.77 1.94
District 5 - Shed 528 2010 6,000 720,614 12,449 120.10 2.07
District 5 - Shed 528 Brine Bldg 2010 1,848 101,064 2,640 54.69 1.43
District 5 - Shed 541 Canter RA 2010 1,261 255,917 6,447 202.95 5.11
District 5 - Shed 542 Epsom RA 2010 1,038 65,249 1,538 62.86 1.48
District 5 - Shed 543 Salem WC 2010 5,324 774,051 16,270 145.39 3.06
District 5 - Shed 544 Sutton RA 2010 1,596 206,677 4,957 129.50 3.11
District 6 - District Office 2010 5,546 179,951 5,458 32.45 0.98
District 6 - Shed 601 2010 3,856 110,606 2,402 28.68 0.62
District 6 - Shed 602 2010 5,538 261,822 5,020 47.28 0.91
District 6 - Shed 603 2010 3,717 137,591 2,889 37.02 0.78
District 6 - Shed 604 2010 3,109 56,416 1,822 18.15 0.59
District 6 - Shed 605 2010 3,009 175,765 3,465 58.41 1.15
District 6 - Shed 606 2010 5,000 291,057 5,852 58.21 1.17
District 6 - Shed 606A 2010 1,750 112,298 2,084 64.17 1.19
District 6 - Shed 607 2010 6,000 340,259 7,524 56.71 1.25
District 6 - Shed 608 2010 6,254 159,534 3,265 25.51 0.52
District 6 - Shed 609 2010 4,795 135,879 2,938 28.34 0.61
District 6 - Shed 610 2010 3,120 186,984 3,948 59.93 1.27
District 6 - Shed 611 2010 3,009 125,296 2,947 41.64 0.98
District 6 - Shed 612 2010 2,891 204,796 4,538 70.84 1.57
District 6 - Shed 615 2010 3,717 114,956 2,761 30.93 0.74
Mechanical Services Satellite Garage - Lancaster 2010 3,840 362,726 5,875 94.46 1.53
Mechanical Services Satellite Garage - No. Hampton 2010 5,675 573,853 12,005 101.12 2.12
Mechanical Services Satellite Garage - Ossipee 2010 5,620 261,716 6,612 46.57 1.18
Mechanical Services Satellite Garage - Twin Mtn 2010 5,762 937,335 18,420 162.68 3.20
Stickney Avenue - Building A (warehouse) 2010 11,362 160,453 5,932 14.12 0.52
Stickney Avenue - Building C (paint shop) 2010 4,000 940,501 7,172 235.13 1.79
Stickney Avenue - Main Building 2010 37,334 8,526,670 62,638 228.39 1.68
Traffic - Building B 2010 9,152 290,887 3,556 31.78 0.39
Traffic - Building D 2010 9,600 595,038 7,260 61.98 0.76
Traffic - Office 2010 42,722 2,577,130 58,839 60.32 1.38
Turnpikes - Bedford Main Toll 2010 3,000 5,045,198 83,513 1,681.73 27.84
Turnpikes - Bedford Road Toll 2010 1,250 1,418,974 31,303 1,135.18 25.04
Turnpikes - District Office 2010 5,092 399,210 5,351 78.40 1.05
Turnpikes - Dover Maintenance 2010 4,880 789,678 15,332 161.82 3.14
Turnpikes - Dover Toll 2010 814 1,322,954 35,319 1,625.25 43.39
Turnpikes - Exit 11 Toll 2010 2,000 3,229,016 39,176 1,614.51 19.59
Turnpikes - Hampton Main Toll 2010 1,978 4,614,648 89,060 2,332.99 45.03
Turnpikes - Hampton Maintenance 2010 12,740 882,955 17,952 69.31 1.41
Turnpikes - Hampton Side Toll 2010 2,450 2,006,729 39,151 819.07 15.98
Turnpikes - Hooksett Maintenance 2010 5,788 598,451 10,137 103.40 1.75
Turnpikes - Hooksett NB Rest Area 2010 1,500 400,648 10,112 267.10 6.74
Turnpikes - Hooksett SB Rest Area 2010 1,500 388,946 9,812 259.30 6.54
Turnpikes - Hooksett Side Toll 2010 2,000 980,280 12,729 490.14 6.36
Turnpikes - Hooksett Toll 2010 13,880 5,827,303 131,915 419.83 9.50
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Turnpikes - Merrimack Industrial Toll 2010 1,250 1,733,515 36,934 1,386.81 29.55
Turnpikes - Merrimack Maintenance 2010 5,002 666,595 15,403 133.27 3.08
Turnpikes - Nashua Maintenance 2010 4,000 543,158 9,405 135.79 2.35
Turnpikes - Nashua Rest Area 2010 5,100 923,575 16,248 181.09 3.19
Turnpikes - Rochester Toll 2010 814 1,334,437 29,818 1,639.36 36.63
Turnpikes - Seabrook Rest Area 2010 5,289 1,083,434 22,517 204.85 4.26

DRED (BBR00W) Well Pumps at Campground 2010 1 6,608 413 6,607.57 413.30
(BBR01) Managers Residence 2010 1,258 110,880 2,068 88.14 1.64
(BBR05) S0 Regional Office 2010 853 39,491 1,200 46.30 1.41
(BBR07) Dining Hall Toilet 2010 189 1,160 148 6.14 0.78
(BBR08) Nature Center 2010 3,528 58 136 0.02 0.04
(BBR15) DD&M Shop 2010 5,000 161,700 2,141 32.34 0.43
(BBR18) Campground Toilet Building #1 2010 1,200 7,389 503 6.16 0.42
(BBR24) CG Registration Building 2010 734 30,922 1,389 42.13 1.89
(BBR26) Park Office 2010 278 17,539 470 63.09 1.69
(BBR27) Bathhouse Catamount Pond 2010 2,812 3,846 323 1.37 0.12
(BBR29) Family Toilet Bldg. 2010 350 0 133 Incomplete Data 0.38
(BBR30) Group Area 2010 315 986 182 3.13 0.58
(BBR37 BH) Scannel Hall 2010 2,002 1,020 141 0.51 0.07
(BBR47) Latrine Bear Hill 2010 237 321 95 1.35 0.40
(BBR85) Toll Booth 2010 706 68 124 0.10 0.18
(BBR93) Campground Shower Building 2010 1,180 13,993 759 11.86 0.64
(BBR99 BH) Bathhouse 2010 864 1,980 187 2.29 0.22
(BBW81A) Warehouse Bldg #1/ Old Office 2010 2,089 14,980 318 7.17 0.15
(BBW83) - DRED Warehouse 2010 25,027 236,180 10,107 9.44 0.40
(BJB02) Blue Job Warden Cabin 2010 250 3 134 0.01 0.54
(BLK01) Belknap Fire tower 2010 400 124,643 4,821 311.61 12.05
(Can00) Peabody Signal Light 2010 1 1,304 189 1,303.77 189.12
(CAN01) Ski Op. Hq. 2010 7,621 456,134 6,141 59.85 0.81
(CAN04) - Tram Base 2010 19,676 783,254 10,579 39.81 0.54
(CAN07) - New Peabody Lodge 2010 12,765 315,082 5,659 24.68 0.44
(CAN08) - Old Peabody Base (Notchview) 2010 12,059 976,485 14,562 80.98 1.21
(CAN12) - Maintenance Garage 2010 6,246 540,043 7,260 86.46 1.16
(CAN56) COMPRESSOR BUILDING 2010 1,300 54,642 735 42.03 0.57
(CAN57) Brookside Learning Center 2010 4,728 398,369 6,983 84.26 1.48
(CHT01) Visitor Center 2010 700 0 11 Incomplete Data 0.02
(CLH01) Maintenance Garage 2010 1,054 440 156 0.42 0.15
(COL01) Managers Cabin 2010 1,448 0 253 Incomplete Data 0.17
(COL02) Recreation Hall 2010 2,496 997 298 0.40 0.12
(COL08) Bath house 2010 1,652 241,628 5,810 146.26 3.52
(CRW06) Willey House Restaurant 2010 3,550 154,955 6,167 43.65 1.74
(CRW16) Dry River Campgr. Toilet Bldg. 2010 1,212 97,634 2,156 80.56 1.78
(DMT01) Office 2010 452 13,717 215 30.35 0.48
(ECO01) Bathhouse 2010 1,322 18,048 1,012 13.65 0.77
(ELL02) Cottage 2010 1,050 23,775 1,264 22.64 1.20
(ELL04) Laundry/Bathhouse 2010 1,152 260,268 8,843 225.93 7.68
(ELL06) Beach Bathhouse 2010 1,152 20,341 1,091 17.66 0.95
(FED01) Federal Hill Fire Tower 2010 100 0 112 Incomplete Data 1.12
(FOX01) Headquarters Building 2010 15,068 163,359 3,789 10.84 0.25
(FOX04) Conference Building 2010 2,755 71,078 1,892 25.80 0.69
(FRL02) Forest Lake Main Building 2010 2,241 522 149 0.23 0.07
(FRN00) Flume Parking Lot Lighting 2010 1 172,561 9,293 172,561.28 9,292.94
(FRN00) Fran Notch S.P Main Meter 2010 103,620 27,277,174 957,073 263.24 9.24
(FRN01) Flume Visitor Center 2010 14,547 101,287 3,334 6.96 0.23
(FRN02) Flume Maintenance Bldg 2010 590 12,171 815 20.63 1.38
(FRN03) Flume Boulder Store 2010 2,436 13,751 886 5.64 0.36
(FRN08) Lafayette Main lodge 2010 3,774 53,506 782 14.18 0.21
(FRN22) Lafayette Toilet & Shower Building 2010 1,063 58,512 807 55.04 0.76
(FTS02) MACHINE SHOP 2010 1,598 956 183 0.60 0.11
(GRN01) Manager's House/Office 2010 10,737 234,441 7,289 21.83 0.68
(GRN07) Bathhouse 2010 1,233 10,130 355 8.22 0.29
(GRN08) Refreshment Stand 2010 1,118 19,004 1,352 17.00 1.21
(HMB01) Administration Bldg 2010 2,265 61,615 2,651 27.20 1.17
(HMB03) Lg Maintenance Shed 2010 3,840 1,187,170 10,265 309.16 2.67
(HMB05) Bathhouse 2010 2,070 35,693 1,674 17.24 0.81
(HMS01) Lifeguard/Stage Area 2010 5,138 29,008 385 5.65 0.07
(HMS04) Light/Flag Tower 2010 80 170,234 7,833 2,127.92 97.91
(HMS07) Ross Ave Toilet Building 2010 608 142,752 2,663 234.79 4.38
(HMS08) North Beach Bathhouse 2010 729 111,341 1,763 152.73 2.42
(JEN01) Toilet Bldg 2010 443 1,969 234 4.45 0.53
(JLR01) Jericho Lake Rec Area 2010 800 215 189 0.27 0.24
(KNG01) Park Office 2010 2,248 8,014 757 3.56 0.34
(LFR01) Residence (w/ Camp Sites) 2010 848 423,703 8,496 499.65 10.02
(LFR05) Bathouse & Visitors Center 2010 2,034 33,686 1,528 16.56 0.75
(LFR06) Trails Garage 2010 2,376 1,765 178 0.74 0.07
(LTP01) Lake Tarleton Residence 2010 4,000 556 277 0.14 0.07
(LTP02) Lake Tarlton Barn 2010 4,000 5,317 489 1.33 0.12
(MBR01) Administration Bldg 2010 2,530 145,327 3,427 57.44 1.35
(MBR02) Maintenance Shop 2010 499 4,812 374 9.64 0.75
(MBR03) Shower/Toilet Bldg 2010 676 14,222 1,174 21.04 1.74
(MHL01) Caretaker's House 2010 1,530 2,092 317 1.37 0.21
(MHL03) Shelter/Latrine 2010 571 0 119 Incomplete Data 0.21
(MIL01) Office/Storage Shed 2010 169 348 151 2.06 0.89
(MIL08) Fire Tower 2010 100 29,045 1,369 290.45 13.69
(MLH01) Fire Tower 2010 105 2,188 222 20.84 2.12
(MOD01) Manager's Residence 2010 1,680 96,431 2,150 57.40 1.28
(MOD02) Warden's Cabin 2010 660 80,233 3,418 121.56 5.18
(MOD05) Park Store 2010 444 89,502 2,232 201.58 5.03
(MOD15) Toll Booth Old Toll Road 2010 17 986 182 58.00 10.72
(MOD19) Gilson Pond Toll booth 2010 103 0 107 Incomplete Data 1.04
(MOD24) Campground Bathhouse 2010 1,406 14,212 812 10.11 0.58
(MOL01) Office 2010 160 11,805 735 73.78 4.59
(MTW01) Sherman Adams Building 2010 19,085 3,794,769 120,240 198.84 6.30
(NHQ01)North Region Headquarters 2010 13,703 544,094 12,166 39.71 0.89
(NHQ04) Garage 2010 2,194 12,834 480 5.85 0.22
(NOR03) NORTHWOOD(OutdoorLighting) Acc#56320451024 2010 0 1,981 286 Incomplete Data Incomplete Data
(NUR01) Residence 2010 3,096 19,301 842 6.23 0.27
(NUR03) Barn 2010 11,553 113,854 5,529 9.85 0.48
(NUR05) Office 2010 2,324 125,078 3,563 53.82 1.53
(OAK01) Oak Hill Fire Tower 2010 100 0 129 Incomplete Data 1.29
(ODN01) Science Center 2010 15,985 697,532 48,100 43.64 3.01
(ODN04) Toilet Building 2010 625 1,468 208 2.35 0.33
(ODN08) Ralph Brown House 2010 3,000 132,175 2,170 44.06 0.72
(ODN09) Ralph Brown Barn & Greenhouse 2010 3,200 3,089 286 0.97 0.09
(PAW00) Pole near Site 31 2010 0 34,338 1,833 Incomplete Data Incomplete Data
(PAW01)-Maintenance Building 2010 1,890 29,988 397 15.87 0.21
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(PAW02) - Manager Residence 2010 1,488 26,963 1,470 18.12 0.99
(PAW03) Camper Registration 2010 2,052 106,235 3,355 51.77 1.64
(PAW05) Bathhouse 2010 4,847 32,290 1,736 6.66 0.36
(PAW06) Vending Stand 2010 1,363 81,502 4,006 59.80 2.94
(PAW17) Toilet Bldg #9 2010 536 6,580 556 12.28 1.04
(PAW21) Pump House Near PAW15 2010 259 26,604 1,520 102.72 5.87
(PAW22) Pump House on Horse Island 2010 50 259 265 5.19 5.29
(PAW25)Camping Cabins Meter # 110932 2010 1,201 7,949 567 6.62 0.47
(PGH01) Maintenance Garage 2010 1,146 7,297 466 6.37 0.41
(PGH03) Visitor's Center 2010 2,308 34,761 1,458 15.06 0.63
(PLS01) Park Office/Residence 2010 888 8,832 120 9.95 0.13
(RAG01) Cottage 2010 1,916 2,253 247 1.18 0.13
(RBT01) Frost Homestead 2010 5,814 103,868 1,748 17.87 0.30
(ROD01) Patch Cottage 2010 2,314 3 123 0.00 0.05
(ROL01) Cottage 2010 760 1,017 226 1.34 0.30
(SHL01) Forestry Learning Center 2010 5,278 72,947 2,113 13.82 0.40
(SHL03) McGreal House 2010 2,062 16,914 483 8.20 0.23
(SLV00) Caution lights Rt22 2010 1 102 139 102.39 139.30
(SLV00) Caution Lights@Fence 2010 1 208 145 208.19 144.66
(SLV03) Pump House 2010 89 5,304 401 59.59 4.51
(SUN04) Bath house 2010 1,551 38,382 1,470 24.75 0.95
(SUN08) Campground Pump House 2010 68 19,802 1,025 291.21 15.07
(SVL01) Concession Stand/Office 2010 816 7,945 479 9.74 0.59
(TAY01) Ballard SF SawMill 2010 1,730 297 339 0.17 0.20
(UMB00) Umbagog All Buildings Meter on pole 2010 3,000 78,574 3,144 26.19 1.05
(UMB00) Umbagog RV Loop East 2010 0 18,307 993 Incomplete Data Incomplete Data
(UMB00) Umbagog RV Loop West 2010 0 3,942 332 Incomplete Data Incomplete Data
(UMB02)-Store/Office 2010 540 61,244 1,543 113.42 2.86
(URB01) Admin/Stone House 2010 5,294 250,390 5,118 47.30 0.97
(URB02) Learning Center / Meeting Barn 2010 4,967 155,551 2,920 31.32 0.59
(URB03) Maintenance Barn 2010 1,912 45,700 2,360 23.90 1.23
(URB04) Caretakers Residence 2010 1,362 92,442 1,225 67.87 0.90
(URB05) Rosemary Cottage 2010 1,290 1,014 173 0.79 0.13
(WAD02)Cottage & Garage 2010 1,739 5,061 381 2.91 0.22
(WAL01) Main Building 2010 4,584 119,008 3,834 25.96 0.84
(WAL02) Toll Booth 2010 45 5,253 535 116.72 11.88
(WCM01) Wentworth Coolidge Mansion 2010 10,081 257,264 5,454 25.52 0.54
(WCM02) Visitors Center 2010 4,597 159,656 5,104 34.73 1.11
(WEB03) Birthplace 2010 12,998 1,707 477 0.13 0.04
(WEL01) Manager's Residence 2010 1,558 7,843 526 5.03 0.34
(WEL04) Pump House (3-phase elec) 2010 86 1,468 342 17.07 3.98
(WEL05) New Bathhouse 2010 1,890 11,382 641 6.02 0.34
(WEL08) Toll Booth 2010 45 58 137 1.29 3.04
(WEN01) Main Building 2010 2,100 587 73 0.28 0.03
(WHT01) Manager Residence 2010 2,218 57,502 3,445 25.93 1.55
(WHT02) Maintenance Garage 2010 1,792 43,295 724 24.16 0.40
(WHT04) Concession Stand/Shelter 2010 2,808 28,260 1,837 10.06 0.65
(WHT06) Pumphouse 2010 251 2,969 282 11.83 1.12
(WHT08) Shower Building 2010 746 94,010 1,264 126.02 1.69
(WHT09) Bathhouse/Changing Room 2 2010 1,586 26,735 435 16.86 0.27
(WHT10) Shower/Toilet Building 1 2010 1,063 78,895 1,696 74.22 1.60
(WHT13) Shower & Toilet 2010 1,063 88,629 3,537 83.38 3.33
(WHT20) Trails Garage 2010 1,620 63,696 1,461 39.32 0.90
(WIN01) Cottage 2010 734 587 259 0.80 0.35
(WIN02) Toilet Bldg 2010 728 392 270 0.54 0.37
(WKS01) Mansion 2010 5,412 6,963 527 1.29 0.10
(WRN01) Warner Hill Fire Tower 2010 100 1,154 196 11.54 1.96
Hampt Meters(Outdoor Lighting)Acc#2081349-2082048 2010 0 0 2,253 Incomplete Data Incomplete Data
Hampt. Meters(OutdoorLighting)Acc#2081337-2080240 2010 0 0 1,347 Incomplete Data Incomplete Data
Hampton Meters Change Machine Acc#2012033-2098604 2010 0 102 172 Incomplete Data Incomplete Data
Hampton Meters Change Machine Acc#2012033-2098606 2010 0 72 145 Incomplete Data Incomplete Data
Hampton Meters(OutdoorLighting)Acc#2081363-2082454 2010 0 0 698 Incomplete Data Incomplete Data
Hampton RV Park Acct#2015007-2012962 2010 0 211,060 8,569 Incomplete Data Incomplete Data
Jenness Beach(OutdoorLighting)Acc#56515311033 2010 0 2,127 260 Incomplete Data Incomplete Data
Milan Hill S.P(Outdoor Lighting)Acc#56541931002 2010 0 1,174 190 Incomplete Data Incomplete Data
Odiorne S.Park(Outdoor Lighting)Acc#56756041075 2010 0 634 191 Incomplete Data Incomplete Data
PARKS/BOHV/F&G POLE BARN (NHQ03) 2010 3,217 24,178 400 7.52 0.12
Peabody Trash Compactor Acc#56619941073 No bld. 2010 0 3,720 433 Incomplete Data Incomplete Data
Peabody Wastewater Plant Acc#56833051006 No bld 2010 0 112,792 3,441 Incomplete Data Incomplete Data
Toilet Bldg #5 (PAW13) 2010 0 35,052 474 Incomplete Data Incomplete Data
Toilet Bldg #6 (PAW14) 2010 0 155,719 1,960 Incomplete Data Incomplete Data

Employment Security Administration Office 2010 25,500 3,977,561 121,144 155.98 4.75
Berlin Employment Security 2010 5,500 533,424 15,733 96.99 2.86
Claremont Employment Security 2010 5,300 672,336 19,969 126.86 3.77
Concord Employment Security 2010 29,688 1,554,559 50,557 52.36 1.70
Conway Employment Security 2010 5,300 504,878 15,715 95.26 2.97
Keene Employment Security 2010 4,800 406,991 13,343 84.79 2.78
Laconia Employment Security 2010 12,000 863,105 25,907 71.93 2.16
Lebanon Employment Security 2010 5,800 173,940 6,400 29.99 1.10
Manchester Employment Security 2010 21,000 3,062,627 83,164 145.84 3.96
Manchester Training & Appeals 2010 11,160 544,819 15,553 48.82 1.39
Nashua Employment Security 2010 12,000 1,017,125 30,319 84.76 2.53
Portsmouth Employment Security 2010 7,500 791,274 21,469 105.50 2.86
Salem Employment Security 2010 5,500 410,637 12,472 74.66 2.27
Somersworth Employment Security 2010 10,000 731,419 19,987 73.14 2.00

Environmental Services Air Monitoring Station Keene (Water St.) 2010 80 24,123 1,441 301.54 18.01
Air Monitoring Station Laconia (Green St.) 2010 120 10,225 646 85.21 5.39
Air Monitoring Station Lebanon (Lebanon Airport) 2010 80 16,915 625 211.44 7.81
Air Monitoring Station Londonderry (Pillsbury Rd.) 2010 0 1,287 150 Incomplete Data Incomplete Data
Air Monitoring Station Manchester (Pearl St.) 2010 128 45,564 2,065 355.97 16.13
Air Monitoring Station Nashua (Crown St) 2010 96 1,263 193 13.15 2.01
Air Monitoring Station Nashua (Gilson Road) 2010 256 28,751 1,179 112.31 4.61
Air Monitoring Station Pembroke (Exchange St.) 2010 80 33,413 1,558 417.67 19.47
Air Monitoring Station Peterborough (Pk Monadnock) 2010 180 65,530 2,745 364.05 15.25
Air Monitoring Station Portsmouth (Pierce Isld) 2010 120 33,338 1,626 277.82 13.55
Dam-Lakeport Caretaker's House 2010 800 142,490 2,911 178.11 3.64
Dam-Lakeport Electric & Gen Building 2010 200 34 458 0.17 2.29
Dam-Lakeport Flow Gage 2010 16 5,222 394 326.37 24.64
Dam-Lochmere Gate House 2010 150 24 320 0.16 2.13
Dam-Mascoma Lake/River Gages 2010 32 18,911 751 590.98 23.47
Dam-Milton 3 Ponds Gate House 2010 450 35,330 1,572 78.51 3.49
Dam-Murphy Broome Gate House 2010 625 7,573 590 12.12 0.94
Dam-Murphy Caretaker House 2010 2,000 167,423 4,181 83.71 2.09
Dam-Murphy Control House 2010 500 213,064 4,326 426.13 8.65
Dam-Newfound Lake Level Gage 2010 16 502 159 31.36 9.95
Dam-Ossipee Lake Gate House 2010 640 0 132 Incomplete Data 0.21

Tier 1 Summary Table, Page 5



Tighe&Bond

Table 1
Tier 1 Analysis Summary Table

Agency Name Facility Name
Fiscal 
Year

Maximum 
Area 

Reported
2010 Energy 
Usage (kBTU)

2010 
Overall 
Monthly 

Cost
Annual EUI 

(Energy Use/Area)
Annual CUI 
(Cost/Area)

Dam-Ossipee River Gage House 2010 16 1,051 185 65.70 11.54
Dam-Pittsfield Mills Electric Supply 2010 0 10 132 Incomplete Data Incomplete Data
Dam-Sewalls Falls Bureau Maint. Facility 2010 5,000 142,982 3,692 28.60 0.74
Dam-Shannon Brook Gage House 2010 16 406 269 25.38 16.84
Dam-Silver Lake Gage House 2010 16 618 163 38.61 10.17
Dam-Sunapee Lake Gage House 2010 16 3 134 0.21 8.35
Dam-Winnisquam Lake Gage House 2010 16 1,389 228 86.82 14.25
Regional-Great Bay Marina Office Trailer 2010 200 884 192 4.42 0.96
Regional-North Country Gorham Classroom 2010 1,456 11,502 803 7.90 0.55
Regional-North Country Gorham Office 2010 1,792 20,874 1,090 11.65 0.61
Scenic Dr 2010 900 123,035 5,733 136.71 6.37
Scenic Dr (Poorfarm Brk) 2010 16 556 160 34.77 9.99
Scenic Rd 2010 900 257,340 10,740 285.93 11.93
WRBP Belmont Pump Station 2010 400 127,510 4,782 318.77 11.96
WRBP Gilford Metering Station 2010 10 355 149 35.50 14.94
WRBP Gilford Pump Station 2010 900 311,266 13,270 345.85 14.74
WRBP Glendale Pump Station 2010 900 197,954 8,663 219.95 9.63
WRBP Jewett Brook Pump Station 2010 900 123,960 5,525 137.73 6.14
WRBP Lower Bay Pump Station 2010 150 46,553 2,253 310.36 15.02
WRBP Main St Metering Station 2010 16 2,303 250 143.96 15.60
WRBP Maintenance Bldg/Winnisquam Pump Station 2010 10,900 1,897,339 70,557 174.07 6.47
WRBP N. Main Pump Station 2010 900 1,004,787 44,011 1,116.43 48.90
WRBP Oxbow Metering Station 2010 10 136 140 13.62 14.03
WRBP Paugus Park Pump Station 2010 900 723,556 29,680 803.95 32.98
WRBP Pendleton Beach PUmp Station 2010 900 394,543 16,768 438.38 18.63
WRBP River Street Pump Station 2010 900 403,075 17,491 447.86 19.43
WRBP Sargent Street Metering Station 2010 10 0 20 Incomplete Data 2.01
WRBP Senior Haven Metering Station 2010 10 0 133 Incomplete Data 13.33
WRBP Smith Road Pump Station 2010 150 28,311 1,587 188.74 10.58
WRBP Wastewater Treatment Plant 2010 67,578 12,125,017 343,337 179.42 5.08

Fish & Game Commission Barry Conservation Camp 2010 2,800 662,656 26,122 236.66 9.33
Berlin Fish Hatchery 2010 30,887 1,496,554 33,555 48.45 1.09
Cedar Pond Boat Access 2010 85 11,896 205 139.95 2.42
Great Bay Discovery Center 2010 10,000 101,833 1,707 10.18 0.17
Headquarters building 1 2010 38,725 2,265,111 52,062 58.49 1.34
Headquaters building 2 mechanic Garage/Office 2010 7,820 113,073 4,759 14.46 0.61
Headquaters building 3 Carpenter Shop/Stor. 2010 7,040 27,331 1,029 3.88 0.15
Laconia Boat Access Ramp 2010 0 21,208 1,230 Incomplete Data Incomplete Data
Milford Fish Hatchery 2010 16,050 2,559,920 112,577 159.50 7.01
New Hampton Fish Hatchery 2010 14,263 231,048 3,336 16.20 0.23
Newfound Lake Boat Access 2010 760 17,529 992 23.06 1.31
Owl Brook Outdoor Educ.Trng.Cntr 2010 10,000 175,014 3,703 17.50 0.37
Powder Mill Fish Hatchery 2010 336 484,323 11,018 1,441.44 32.79
Powder Mill Fish Propagation - Jones 1 2010 2,610 176,879 9,220 67.77 3.53
Powder Mill Fish Propagation - Jones 2 2010 12,510 2,621 620 0.21 0.05
Propagation of Game - Game Farm 2010 404 102,671 3,174 254.13 7.86
Region 2 Lakes Region Office 2010 3,955 749,236 12,991 189.44 3.28
Region 3 Seacoast / Southeast Office 2010 6,825 501,862 11,686 73.53 1.71
Region 4 Southwest Office 2010 4,329 98,658 1,722 22.79 0.40
Sandy Point Discovery Center 71 2010 10,000 141,769 5,745 14.18 0.57
Sandy Point Discovery Center 89 2010 6,618 223,946 7,747 33.84 1.17
Sewalls Falls Multi-use Area 2010 268 0 291 Incomplete Data 1.09
Twin Mountain Hatchery (Asker) 2010 2,295 90,528 1,583 39.45 0.69
Twin Mountain Hatchery (Fisher) 2010 100 214,746 3,544 2,147.46 35.44
Twin Mountain Visitor Center 2010 12,098 398,271 11,257 32.92 0.93
Warren Fish and Wildlife Center 2010 9,510 1,507,791 47,296 158.55 4.97

Glencliff Home Birchwood Cottage 2010 3,684 131,306 1,776 35.64 0.48
Boiler House 2010 256,904 20,250,961 333,697 78.83 1.30
Carpenters Shop 2010 6,279 235,466 3,185 37.50 0.51
Grounds Garage & Greenhouse 2010 3,921 233,626 4,122 59.58 1.05
Lamott 2010 44,764 3,050,040 41,272 68.14 0.92

HHS Russell Farm Hse 2010 19,521 624,258 11,694 31.98 0.60
Juvenile Justice Services 1164 N River Rd 2010 2,398 2,932 281 1.22 0.12

1188 N River Rd. 2010 2,398 1,290 215 0.54 0.09
136 Lowell Street 2010 8,439 7,023 518 0.83 0.06
Administration Building YDC 2010 50,980 458,019 17,085 8.98 0.34
John Sununu YSC 2010 115,040 29,165,287 582,415 253.52 5.06
Maint. Garage 2010 2,340 2,678,500 31,452 1,144.66 13.44
Maint. Shop 2010 5,288 365,900 2,735 69.19 0.52
Rec. Building 2010 13,820 739,915 6,181 53.54 0.45
Stark House 2010 7,912 755,144 17,278 95.44 2.18
YDC Boiler Plant 2010 43,352 10,474,919 115,375 241.62 2.66

Liquor Commission Retail Store #01 - Concord, Comm. HQ & Warehouse 2010 80,000 4,960,626 100,071 62.01 1.25
Retail Store #02 - West Chesterfield 2010 4,000 9,625 438 2.41 0.11
Retail Store #05 - Berlin 2010 3,000 4,178 250 1.39 0.08
Retail Store #06 - Portsmouth 2010 5,625 16,451 790 2.92 0.14
Retail Store #08 - Claremont 2010 5,600 2,962 67 0.53 0.01
Retail Store #15 - Keene 2010 10,000 1,477,580 38,024 147.76 3.80
Retail Store #17 - Franklin 2010 2,500 1,160 117 0.46 0.05
Retail Store #28 - Seabrook Beach 2010 3,600 7,321 380 2.03 0.11
Retail Store #30 - Milford 2010 4,500 12,833 631 2.85 0.14
Retail Store #32 - Nashua 2010 9,610 246,077 9,841 25.61 1.02
Retail Store #33 - Manchester 2010 4,000 20,027 921 5.01 0.23
Retail Store #34 - Salem 2010 10,330 1,071,562 23,618 103.73 2.29
Retail Store #37 - Lancaster 2010 5,184 287 26 0.06 0.00
Retail Store #38 - Portsmouth 2010 12,042 987,025 39,669 81.97 3.29
Retail Store #44 - Bristol 2010 0 0 0 Incomplete Data Incomplete Data
Retail Store #46 - Ashland 2010 3,600 323,380 6,665 89.83 1.85
Retail Store #52 - Gorham 2010 0 0 0 Incomplete Data Incomplete Data
Retail Store #53 - Hudson 2010 4,416 13,277 621 3.01 0.14
Retail Store #54 - Glen 2010 8,344 9,116 512 1.09 0.06
Retail Store #55 - Bedford 2010 7,000 16,792 829 2.40 0.12
Retail Store #62 - Raymond 2010 4,800 294,370 8,484 61.33 1.77
Retail Store #66 - Hooksett North 2010 7,901 720,286 19,788 91.16 2.50
Retail Store #66 - Hooksett North Outdoor Lights 2010 0 22,568 1,737 Incomplete Data Incomplete Data
Retail Store #67 - Hooksett South 2010 7,901 915,593 23,001 115.88 2.91
Retail Store #67 - Hooksett South Outdoor Lights 2010 0 22,568 1,737 Incomplete Data Incomplete Data
Retail Store #69 - Nashua 2010 13,209 1,176,933 29,054 89.10 2.20
Retail Store #73 - Hampton South 2010 18,990 1,717,146 47,891 90.42 2.52
Retail Store #73 - Hampton South Outdoor Lights 2010 0 0 961 Incomplete Data Incomplete Data
Retail Store #75 - Belmont 2010 4,000 8,355 428 2.09 0.11
Retail Store #76 - Hampton North 2010 16,000 1,866,885 60,855 116.68 3.80
Retail Store #76 - Hampton North Outdoor Lights 2010 0 4,386 270 Incomplete Data Incomplete Data

McAuliffe Shepard Discovery Center McAuliffe Shepard Discovery Center Classic 2010 10,890 1,178,078 32,708 108.18 3.00
McAuliffe-Shepard Discovery Center (Addition) 2010 34,000 2,848,446 72,786 83.78 2.14

NH Hospital Acute Psychiatric Services (APS) 2010 198,000 34,186,854 712,654 172.66 3.60
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Bayberry House 2010 2,620 257,028 5,680 98.10 2.17
Brick House 2010 5,034 342,213 5,295 67.98 1.05
Gray House 2010 4,512 308,987 4,995 68.48 1.11
Howard Recreation Building 2010 34,795 1,075,974 33,816 30.92 0.97
Huntress House 2010 4,654 0 10 Incomplete Data 0.00
Koutras House (includes garage) 2010 3,763 207,143 6,548 55.05 1.74
Liberty House (includes garage) 2010 3,269 172,413 4,529 52.74 1.39
Lodge 2010 0 0 0 Incomplete Data Incomplete Data
Philbrook Center - CLINICAL & DORM 2010 28,279 2,498,687 82,621 88.36 2.92
Philbrook Cntr. - Recreational Bldg. MUSIC 2010 3,000 88,925 2,876 29.64 0.96
Pond Place 2010 7,180 377,875 11,882 52.63 1.65
Superintendent's Cottage 2010 2,750 257,243 4,468 93.54 1.62
Tobey Building 2010 0 0 143 Incomplete Data Incomplete Data
Twitchell Hall 2010 10,444 1,383,629 42,270 132.48 4.05
Yellow House 2010 4,076 414,257 6,191 101.63 1.52

NH Veterans Home NH Veterans Home-Entire Facility 2010 183,600 21,236,419 500,410 115.67 2.73
Police Standards & Training Police Standards Office/Dorm 2010 27,000 1,819,343 21,950 67.38 0.81

Police Standards Tactical Center 2010 30,100 2,360,160 28,063 78.41 0.93
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Tier 2 Summary

SUB-SCORES 

Project 
ID Project Type Agency Facility Name Land (acres) Building (s.f.)

Sub-Score 1 
(Out of 3)

Sub-Score 2 
(Out of 3)

Energy Sub-
Score          

(Out of 3)

Technology
Sub-Score
(Out of 12)

Total Score 
(Sum Sub-

Scores)
Percentage 

Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

ST-027 Solar Thermal Fish & Game 
Commission Milford Fish Hatchery Total 16,050 0 3 3 3 10 19 90% 293

ST-024 Solar Thermal Fish & Game 
Commission

Powder Mill Fish Hatchery 
Total 336 2,610 3 3 2 11 19 90% 39

B-002 Biomass DRED Pisgah State Park 13,666 - 2 3 2 12 19 90% 239,113

GPV-001 Ground Mount PV Administrative Services

Hazen Drive Complex - 
Health & Welfare, Safety 

Building, Fish & Game 
Headquarters.

- 316,230 2 2 3 12 19 90% 1,749

PV-072 Rooftop  PV Liquor Commission Retail Store #69- Nashua 
(new bldg) - 20,000 3 2 3 11 19 90% 420

PV-362 Rooftop  PV DOT Stickney Avenue - Main 
Building - 37,334 3 2 3 11 19 90% 392

PV-556 Rooftop  PV Corrections Concord - Warehouse - New - 48,580 3 1 3 12 19 90% 510

PV-567 Rooftop  PV Liquor Commission Retail Store #01 - Concord, 
Comm. HQ & Warehouse - 80,000 3 1 3 12 19 90% 147,600

W-039 Wind DRED Miller State Park, Temple 
Mountain State Reservation 895 - 3 3 1 11 18 86% 44,529

ST-023 Solar Thermal Fish & Game 
Commission

Twin Mountain Hatchery 
(Fisher) Total 0 2,395 3 3 2 10 18 86% 22

ST-025 Solar Thermal Fish & Game 
Commission Berlin Fish Hatchery Total 0 30,887 3 3 3 9 18 86% 131

ST-026 Solar Thermal Fish & Game 
Commission

Warren Fish and Wildlife 
Center Total 9,510 0 3 3 2 10 18 86% 72

B-001 Biomass DRED Bear Brook State Park 7,731 - 2 3 2 11 18 86% 239,113

PV-031 Rooftop  PV Administrative Services Morton Building - 96,800 3 2 3 10 18 86% 542

GPV-009 Ground Mount PV Administrative Services DOT - Mechanical Services - 85,900 2 2 3 11 18 86% 3,043

GPV-039 Ground Mount PV Administrative Services Walker Building - 110,000 2 2 3 11 18 86% 490

PV-016 Rooftop  PV Administrative Services Health & Welfare Building - 316,230 3 2 3 10 18 86% 246

PV-006 Rooftop  PV Administrative Services Department of Justice - 58,149 3 2 3 10 18 86% 407

PV-086 Rooftop  PV Administrative Services Storrs St. Warehouse (P&P) - 46,733 3 2 3 10 18 86% 490

PV-103 Rooftop  PV Administrative Services Records & Archives - 35,302 3 2 3 10 18 86% 370

Area
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PV-528 Rooftop  PV Dept. of Safety E-911 Laconia PSAP - 11,000 3 2 3 10 18 86% 231

PV-021 Rooftop  PV Liquor Commission Retail Store #69 - Nashua 
Duplicate? - 13,209 3 2 3 10 18 86% 277

PV-501 Rooftop  PV Fish & Game 
Commission Headquarters building 1 - 38,725 3 3 3 9 18 86% 271

PV-008 Rooftop  PV Administrative Services Div. of Motor Vehicles - 79,388 3 2 3 10 18 86% 416

EM-010 EEM DRED (MTW01) Sherman Adams 
Building Total - 36,295 2 3 1 12 18 83% 256

EM-008 EEM Administrative Services Health & Welfare Building 
Total - 316,230 2 2 2 11 18 83% 6,044

EM-006 EEM Environmental Services WRBP Wastewater Treatment 
Plant Total - 67,578 2 3 2 10 17 81% 544

ST-076 Solar Thermal DRED (MTW01) Sherman Adams 
Building Total 0 36,295 2 3 3 9 17 81% 795

ST-078 Solar Thermal DRED (ODN01) Science Center 
Total 0 15,985 2 3 3 9 17 81% 130

PV-519 Rooftop  PV Glencliff Home Entire Facility - 256,904 3 3 3 8 17 81% 4,197

BT-079 Biomass Thermal DRED (CAN04) - Tram Base Total 0 19,676 2 3 3 9 17 81% 85

BT-025 Biomass Thermal Fish & Game 
Commission Berlin Fish Hatchery Total 0 30,887 3 3 3 8 17 81% 131

BT-027 Biomass Thermal Fish & Game 
Commission Milford Fish Hatchery Total 16,050 0 3 3 3 8 17 81% 293

BT-076 Biomass Thermal DRED (MTW01) Sherman Adams 
Building Total 0 36,295 2 3 3 9 17 81% 1,006

BT-078 Biomass Thermal DRED (ODN01) Science Center 
Total 0 15,985 2 3 3 9 17 81% 130

GPV-014 Ground Mount PV DOT Turnpikes - Hooksett Toll - 13,880 1 3 3 10 17 81% 4,197

GPV-058 Ground Mount PV Glencliff Home Entire Facility - 256,904 2 3 3 9 17 81% 4,197

PV-276 Rooftop  PV DOT Turnpikes - Hooksett Toll - 13,880 3 3 3 8 17 81% 291

PV-025 Rooftop  PV Administrative Services M&S Building - 79,296 3 2 3 9 17 81% 333

PV-056 Rooftop  PV Administrative Services Walker Building - 110,000 3 2 3 9 17 81% 144

PV-046 Rooftop  PV Administrative Services State House Annex - 161,348 3 2 3 9 17 81% 188
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PV-052 Rooftop  PV Administrative Services Thayer Hall - 97,164 3 2 3 9 17 81% 170

PV-525 Rooftop  PV Employment Security Laconia Employment Security - 12,000 2 2 3 10 17 81% 126

PV-524 Rooftop  PV Juvenile Justice Services Administration Building YDC - 50,980 3 2 3 9 17 81% 642

PV-526 Rooftop  PV Juvenile Justice Services John Sununu YSC - 115,040 3 2 3 9 17 81% 1,448

PV-497 Rooftop  PV Environmental Services WRBP Wastewater Treatment 
Plant - 67,578 3 2 3 9 17 81% 236

PV-012 Rooftop  PV Administrative Services Emergency Operations Center - 67,644 3 2 3 9 17 81% 237

PV-264 Rooftop  PV Employment Security Manchester Employment 
Security - 21,000 3 2 3 9 17 81% 286

PV-081 Rooftop  PV Dept. of Safety Safety Warehouse - 16,000 3 2 3 9 17 81% 336

GPV-027 Ground Mount PV Juvenile Justice Services John Sununu YSC - 115,040 3 2 3 9 17 81% 4,197

GPV-003 Ground Mount PV Administrative Services Rockingham Superior 
Courthouse - 100,000 2 2 3 10 17 81% 4,197

GPV-042 Ground Mount PV Administrative Services South Carroll County District 
Courthouse - 34,000 3 2 3 9 17 81% 1,958

GPV-044 Ground Mount PV Administrative Services Supreme Courthouse - 53,045 1 2 3 11 17 81% 4,197

GPV-034 Ground Mount PV Administrative Services Emergency Operations Center - 67,644 2 2 3 10 17 81% 490

PV-042 Rooftop  PV Administrative Services Rockingham Superior 
Courthouse - 100,000 3 2 3 9 17 81% 699

PV-018 Rooftop  PV Administrative Services Hillsborough Superior 
Courthouse South - 86,600 3 2 3 9 17 81% 302

PV-363 Rooftop  PV DRED (MTW01) Sherman Adams 
Building - 19,085 3 2 3 9 17 81% 264

PV-550 Rooftop  PV Liquor Commission Retail Store #34 - Salem - 10,330 3 2 3 9 17 81% 217

PV-043 Rooftop  PV Administrative Services Safety Building - 117,113 3 2 3 9 17 81% 2,048

PV-085 Rooftop  PV Administrative Services DOT - Mechanical Services - 85,900 3 2 3 9 17 81% 1,803

PV-323 Rooftop  PV Corrections Berlin Corrections Facility - 198,952 3 2 3 9 17 81% 4,175

EM-012 EEM Administrative Services State House Annex Total - 76,650 3 3 1 11 17 79% 1,181

Summary, Page 3



Tighe&Bond, Inc.
6/29/2012TABLE 1

Tier 2 Summary

SUB-SCORES 

Project 
ID Project Type Agency Facility Name Land (acres) Building (s.f.)

Sub-Score 1 
(Out of 3)

Sub-Score 2 
(Out of 3)

Energy Sub-
Score          

(Out of 3)

Technology
Sub-Score
(Out of 12)

Total Score 
(Sum Sub-

Scores)
Percentage 

Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Area

EM-002 EEM DOT Turnpikes - Hampton Main 
Toll Total - 1,978 2 3 3 9 17 79% 858

EM-005 EEM Fish & Game 
Commission

Region 2 Lakes Region Office 
Total - 3,955 3 3 1 9 16 77% 294

EM-017 EEM Corrections Concord - Boiler Plant Total - 415,610 2 3 2 9 16 77% 6,737

EM-028 EEM Administrative Services Lebanon District Courthouse 
Total - 9,482 2 3 1 10 16 77% 315

W-022 Wind DRED Odiorne State Park - Multiple 323 22,810 2 3 1 10 16 76% 13,359

W-050 Wind DRED Coleman State Forest 1,685 - 2 3 1 10 16 76% 26,717

W-053 Wind DRED Rhododendron State Park 
(Little Monadnock) 2,748 - 2 3 1 10 16 76% 48,982

EM-004 EEM DOT Turnpikes - Hampton Side 
Toll Total - 2,450 2 3 2 9 16 76% 373

EM-026 EEM DOT Turnpikes - Hooksett SB Rest 
Area Total - 1,500 2 3 2 10 16 76% 121

EM-025 EEM DOT Turnpikes - Hooksett NB Rest 
Area Total - 1,500 2 3 2 10 16 76% 124

BT-026 Biomass Thermal Fish & Game 
Commission

Warren Fish and Wildlife 
Center Total 9,510 0 3 3 2 8 16 76% 72

BT-077 Biomass Thermal DRED (CAN08) - Old Peabody Base 
(Notchview) Total 0 12,059 1 3 3 9 16 76% 125

PV-504 Rooftop  PV Fish & Game 
Commission Milford Fish Hatchery - 16,050 3 3 3 7 16 76% 210

PV-529 Rooftop  PV Employment Security Nashua Employment Security - 12,000 3 2 3 8 16 76% 252

W-051 Wind DRED Connecticut Lakes 
Headwaters (East) 77,400 - 2 2 1 11 16 76% 445,288

W-054 Wind DRED Jericho State Park 5,815 - 3 2 1 10 16 76% 40,076

PV-370 Rooftop  PV DRED (ODN01) Science Center - 15,940 3 2 3 8 16 76% 239

PV-044 Rooftop  PV Administrative Services South Carroll County District 
Courthouse - 34,000 3 2 3 8 16 76% 238

PV-010 Rooftop  PV Liquor Commission Retail Store #38 - 
Portsmouth - 12,042 3 2 3 8 16 76% 253

BT-062 Biomass Thermal Liquor Commission Retail Store #73 - Hampton 
South Total 0 18,990 2 2 3 9 16 76% 141

GPV-038 Ground Mount PV Administrative Services Morton Building - 96,800 2 2 3 9 16 76% 1,399
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GPV-059 Ground Mount PV Dept. of Safety E-911 Laconia PSAP - 11,000 3 2 3 8 16 76% 699

GPV-033 Ground Mount PV Administrative Services Div. of Motor Vehicles - 79,388 2 2 3 9 16 76% 280

GPV-047 Ground Mount PV Dept. of Safety Safety Warehouse - 16,000 2 2 3 9 16 76% 1,539

GPV-005 Ground Mount PV Corrections Berlin Corrections Facility - 198,952 2 2 3 9 16 76% 4,197

PV-051 Rooftop  PV Administrative Services Supreme Courthouse - 53,045 3 2 3 8 16 76% 1,113

PV-014 Rooftop  PV Administrative Services Fish & Game Headquarters - 30,000 2 2 3 9 16 76% 157

PV-023 Rooftop  PV Administrative Services Legislative Office Building - 68,530 3 2 3 8 16 76% 90

PV-011 Rooftop  PV Administrative Services Storrs St. Garage - 42,432 3 2 3 8 16 76% 445

GPV-028 Ground Mount PV Corrections Concord - Warehouse - New - 48,580 3 1 3 9 16 76% 3,148

PV-551 Rooftop  PV DRED (FRN00) Fran Notch S.P Main 
Meter - 103,620 3 1 3 9 16 76% 2,174

PV-099 Rooftop  PV Administrative Services DOT-Materials & Research - 29,318 3 2 3 8 16 76% 308

PV-019 Rooftop  PV Administrative Services Johnson Hall - 27,840 2 2 3 9 16 76% 136

PV-106 Rooftop  PV Dept. of Safety Marina Patrol Headquarters - 
Boathouse - 18,032 2 2 3 9 16 76% 378

PV-009 Rooftop  PV Administrative Services Dolloff Building - 36,888 3 2 3 8 16 76% 129

EM-009 EEM Corrections Goffstown - Women's Prison 
Total - 14,450 2 3 3 9 16 76% 1,498

EM-013 EEM DRED (CAN04) - Tram Base Total - 19,676 3 3 1 10 16 75% 105

EM-034 EEM Administrative Services Rockingham Superior 
Courthouse Total - 262,500 2 3 1 10 16 75% 339

EM-020 EEM Administrative Services State Library Total - 38,568 2 3 1 11 16 75% 78

EM-016 EEM Dept. of Safety E-911 Laconia PSAP Total - 11,000 2 3 2 9 16 75% 602

EM-024 EEM DOT Mechanical Services Satellite 
Garage - Lancaster Total - 3,840 2 3 2 9 16 75% 326

EM-003 EEM Juvenile Justice Services John Sununu YSC Total - 115,040 2 2 2 9 16 74% 2,545
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EM-030 EEM Juvenile Justice Services YDC Boiler Plant Total - 43,352 3 2 1 10 15 73% 466

EM-021 EEM Administrative Services Main Building Total - 277,955 2 3 1 10 15 73% 486

EM-011 EEM Juvenile Justice Services Maint. Garage Total - 2,340 3 2 2 9 15 72% 429

EM-022 EEM Juvenile Justice Services Administration Building YDC 
Total - 50,980 3 2 1 10 15 72% 3

GPV-075 Ground Mount PV Environmental Services WRBP Paugus Park Pump 
Station - 900 2 1 3 7 13 72% 0

EM-014 EEM NH Hospital Acute Psychiatric Services 
(APS) Total - 198,000 2 2 1 10 15 72% 1,441

GPV-046 Ground Mount PV Corrections Goffstown - Women's Prison - 14,450 2 3 3 7 15 71% 630

GPV-050 Ground Mount PV DOT District 5 - Shed 543 Salem 
WC - 5,324 3 3 3 6 15 71% 3,497

GPV-051 Ground Mount PV DOT District 5 - Shed 543 Salem 
WC - 5,324 3 3 3 6 15 71% 3,497

PV-040 Rooftop  PV Administrative Services Revenue Administration - 28,808 2 2 3 8 15 71% 121

PV-444 Rooftop  PV Employment Security Somersworth Employment 
Security - 10,000 2 2 3 8 15 71% 210

PV-441 Rooftop  PV Administrative Services Laconia District Courthouse - 22,700 3 2 3 7 15 71% 48

PV-030 Rooftop  PV Administrative Services Monadnock Mill - 27,280 2 2 3 8 15 71% 143

W-023 Wind DRED Sunapee State Park - Multiple 20,000 + 1,619 2 2 1 10 15 71% 89,058

W-056 Wind DRED Belknap State Forest 2,322 - 3 2 1 9 15 71% 71,246

BT-080 Biomass Thermal Fish & Game 
Commission

Twin Mountain Visitor Center 
Total 0 12,098 3 2 2 8 15 71% 21

GPV-041 Ground Mount PV Administrative Services Thayer Hall - 97,164 2 2 3 8 15 71% 280

GPV-035 Ground Mount PV Administrative Services Johnson Hall - 27,840 2 2 3 8 15 71% 140

GPV-020 Ground Mount PV DRED (ODN01) Science Center - 15,940 2 2 3 8 15 71% 3,497

GPV-043 Ground Mount PV Administrative Services Spaulding Hall - 25,000 2 2 3 8 15 71% 140

PV-533 Rooftop  PV Liquor Commission Retail Store #15 - Keene - 10,000 2 2 3 8 15 71% 105
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PV-037 Rooftop  PV Administrative Services Plymouth District Courthouse - 16,000 2 2 3 8 15 71% 168

PV-027 Rooftop  PV Administrative Services Manchester District 
Courthouse - 60,441 3 2 3 7 15 71% 211

PV-045 Rooftop  PV Administrative Services Spaulding Hall - 25,000 2 2 3 8 15 71% 98

PV-102 Rooftop  PV Dept. of Safety Marine Patrol Boater Ed & 
Boat Storage Bldg. - 39,000 3 2 3 7 15 71% 136

EM-019 EEM DRED (ODN01) Science Center 
Total - 15,985 2 2 1 10 15 71% 254

EM-018 EEM DOT Turnpikes - Seabrook Rest 
Area Total - 5,289 2 3 1 9 15 70% 155

EM-036 EEM DRED (CAN08) - Old Peabody Base 
(Notchview) Total - 12,059 2 2 1 10 15 70% 93

EM-035 EEM Corrections Berlin - Administration/Public 
Total - 198,952 2 2 2 9 15 70% 4,186

EM-031 EEM Liquor Commission Retail Store #73 - Hampton 
South Total - 18,990 2 3 1 9 15 69% 95

EM-039 EEM DOT Stickney Avenue - Main 
Building Total - 37,334 2 2 1 10 15 69% 678

EM-029 EEM DRED (CAN57) Brookside Learning 
Center - 4,728 2 2 1 9 14 69% 96

EM-046 EEM Corrections Concord - Warehouse - New 
Total - 48,580 2 3 1 9 14 68% 1,994

EM-043 EEM DOT Turnpikes - Dover 
Maintenance Total - 4,880 2 3 2 8 14 68% 224

GPV-052 Ground Mount PV DOT Turnpikes - Merrimack 
Industrial Toll - 1,250 2 3 3 6 14 67% 1,399

GPV-026 Ground Mount PV Fish & Game 
Commission

Warren Fish and Wildlife 
Center - 9,510 3 3 1 7 14 67% 0

ST-029 Solar Thermal Juvenile Justice Services John Sununu YSC Total 0 216,260 2 3 3 6 14 67% 1,098

PV-532 Rooftop  PV Liquor Commission Retail Store #06 - 
Portsmouth - 5,625 2 3 3 6 14 67% 89

GPV-025 Ground Mount PV Fish & Game 
Commission Milford Fish Hatchery - 16,050 2 3 3 6 14 67% 3,357

PV-243 Rooftop  PV DOT District 5 - Shed 543 Salem 
WC - 5,324 2 3 3 6 14 67% 112

PV-140 Rooftop  PV DOT District 1 - Shed 107L - 10,376 3 2 3 6 14 67% 218

PV-439 Rooftop  PV Administrative Services Dover District Court - 24,000 3 2 3 6 14 67% 84
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PV-101 Rooftop  PV Administrative Services Jaffrey-Peterborough District 
Courthouse - 24,000 3 2 3 6 14 67% 126

PV-017 Rooftop  PV Administrative Services Hillsborough Superior 
Courthouse North - 78,486 3 2 3 6 14 67% 55

PV-032 Rooftop  PV Administrative Services Nashua District Courthouse - 26,100 2 2 3 7 14 67% 183

W-025 Wind DRED
Lake Francis State Park 

(LFR01) Residence w/ camp 
sites

0 848 2 2 1 9 14 67% 57,887

PV-024 Rooftop  PV Administrative Services Londergan Hall - 50,766 3 2 3 6 14 67% 53

PV-005 Rooftop  PV Administrative Services Coos Superior Courthouse - 33,443 2 2 3 7 14 67% 132

PV-437 Rooftop  PV Dept. of Safety State Police Troop B Bedford - 10,888 2 2 3 7 14 67% 114

PV-179 Rooftop  PV DOT District 3 - Conway Rest Area - 5,965 2 2 3 7 14 67% 63

PV-541 Rooftop  PV Environmental Services
WRBP Maintenance 

Bldg/Winnisquam Pump 
Station

- 10,900 2 2 3 7 14 67% 114

W-046 Wind DRED Kearsarge State Forest 5,865 - 1 2 1 10 14 67% 31,170

W-052 Wind DRED Nash Stream Forest 39,577 - 2 2 1 9 14 67% 222,644

ST-083 Solar Thermal Environmental Services WRBP Wastewater Treatment 
Plant Total 0 67,578 2 2 3 7 14 67% 464

ST-037 Solar Thermal DRED (ELL04) Laundry/Bathhouse 
Total 0 1,152 2 2 2 8 14 67% 27

PV-537 Rooftop  PV Liquor Commission Retail Store #32 - Nashua - 9,610 2 2 3 7 14 67% 202

PV-022 Rooftop  PV Administrative Services Lebanon District Courthouse - 9,482 2 2 3 7 14 67% 99

EM-027 EEM Dept. of Safety Marine Patrol Boater Ed & 
Boat Storage Bldg. Total - 39,000 2 2 2 8 14 67% 2,642

BT-005 Biomass Thermal Corrections Concord - Warehouse - New 
Total 0 48,580 2 2 3 7 14 67% 259

BT-043 Biomass Thermal DOT Turnpikes - Hampton 
Maintenance Total 0 12,740 2 2 3 7 14 67% 178

BT-052 Biomass Thermal Dept. of Safety E-911 Laconia PSAP Total 0 11,000 2 2 3 7 14 67% 191

GPV-056 Ground Mount PV Dept. of Safety State Police Troop B Bedford - 10,888 3 2 3 6 14 67% 140

PV-237 Rooftop  PV DOT District 5 - Shed 526 - 6,000 2 2 3 7 14 67% 126
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B-003 Biomass DRED Pawtuckaway State Park 5,438 - 1 1 2 10 14 67% 239,113

PV-545 Rooftop  PV Liquor Commission Retail Store #55 - Bedford - 7,000 2 3 3 6 14 67% 73

PV-435 Rooftop  PV Employment Security Conway Employment Security - 5,300 2 2 3 7 14 67% 111

EM-032 EEM DRED (CAN01) Ski Op. Hq. Total - 7,621 2 3 1 8 14 66% 53

EM-041 EEM Corrections Concord - Central Core Area 
Total - 423,510 2 2 1 9 14 66% 78

EM-015 EEM DRED (ELL04) Laundry/Bathhouse 
Total - 1,152 2 2 2 8 14 64% 97

EM-050 EEM DRED (CAN12) - Maintenance 
Garage Total - 6,246 2 3 1 8 13 64% 204

EM-038 EEM Employment Security Manchester Employment 
Security Total - 21,000 2 2 1 8 13 63% 207

EM-033 EEM Fish & Game 
Commission Milford Fish Hatchery Total - 16,050 2 3 1 8 13 63% 71

EM-040 EEM Environmental Services
WRBP Maintenance 

Bldg/Winnisquam Pump 
Station Total

- 10,900 2 2 2 8 13 63% 113

EM-037 EEM Fish & Game 
Commission

Warren Fish and Wildlife 
Center Total - 9,510 2 3 1 8 13 62% 97

PV-028 Rooftop  PV Administrative Services Merrimack Courthouse - 28,000 2 3 3 5 13 62% 98

PV-270 Rooftop  PV DOT Turnpikes - Exit 11 Toll - 2,000 2 3 3 5 13 62% 42

PV-079 Rooftop  PV Corrections Goffstown - Women's Prison - 14,450 3 3 3 4 13 62% 30

PV-277 Rooftop  PV DOT Turnpikes - Merrimack 
Industrial Toll - 1,250 2 3 3 5 13 62% 26

PV-266 Rooftop  PV DOT Turnpikes - Bedford Main Toll - 3,000 2 3 3 5 13 62% 63

T-002 Tidal 0 Schiller Station - - 3 3 1 6 13 62% 14,843

PV-001 Rooftop  PV Administrative Services Berlin District Court - 9,780 1 3 3 6 13 62% 77

PV-267 Rooftop  PV DOT Turnpikes - Bedford Road Toll - 1,250 2 3 3 5 13 62% 26

PV-429 Rooftop  PV DRED Turnpikes - Hooksett NB Rest 
Area - 1,500 2 2 3 6 13 62% 31

PV-057 Rooftop  PV Behavioral Health Tirrell House - 4,305 2 2 3 6 13 62% 45
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GPV-013 Ground Mount PV DRED Turnpikes - Hooksett SB Rest 
Area - 1,500 1 2 3 7 13 62% 699

ST-006 Solar Thermal Corrections Berlin - Administration/Public 
Total 0 198,952 2 2 3 6 13 62% 1,660

ST-010 Solar Thermal DRED (LFR01) Residence (w/ Camp 
Sites) Total 0 848 2 2 2 7 13 62% 21

ST-015 Solar Thermal Dept. of Safety State Police Troop B Bedford 
Total 0 10,888 2 2 2 7 13 62% 71

ST-073 Solar Thermal DOT Turnpikes - Hooksett SB Rest 
Area Total 0 1,500 1 2 2 8 13 62% 21

ST-075 Solar Thermal DOT Turnpikes - Seabrook Rest 
Area Total 0 5,289 1 2 2 8 13 62% 77

ST-072 Solar Thermal DOT Turnpikes - Hooksett NB Rest 
Area Total 0 1,500 1 2 2 8 13 62% 23

PV-089 Rooftop  PV Corrections Manchester - Calumet House - 10,260 2 2 3 6 13 62% 72

PV-229 Rooftop  PV DOT District 5 - Shed 511 NEW - 8,000 2 2 3 6 13 62% 168

EM-044 EEM Administrative Services Morton Building Total - 96,800 2 2 1 8 13 62% 617

BT-058 Biomass Thermal Environmental Services
WRBP Maintenance 

Bldg./Winnisquam Pump 
Station Total

0 10,900 1 2 3 7 13 62% 109

GPV-048 Ground Mount PV Administrative Services DOT-Materials & Research - 29,318 1 2 3 7 13 62% 70

PV-430 Rooftop  PV DRED Turnpikes - Hooksett SB Rest 
Area - 1,500 2 2 3 6 13 62% 31

W-026 Wind DRED Cannon Ski Mtn/Franconia 
Notch - Multiple 3,203 64,395 1 1 2 9 13 62% 17,812

W-041 Wind DRED Gile State Forest 6,728 - 2 1 1 9 13 62% 26,717

ST-016 Solar Thermal DRED (URB04) Caretakers 
Residence Total 0 1,362 3 1 1 8 13 62% 5

B-006 Biomass DRED Annett State Forest 1,695 - 1 1 1 10 13 62% 239,113

B-005 Biomass DRED Sawyer Lot 839 - 1 1 1 10 13 62% 239,113

GPV-057 Ground Mount PV Fish & Game 
Commission Barry Conservation Camp - 2,800 2 1 3 7 13 62% 4,197

PV-274 Rooftop  PV DOT Turnpikes - Hooksett NB Rest 
Area (Duplicate?) - 1,500 2 3 3 5 13 62% 31

EM-051 EEM DOT Turnpikes - Hampton 
Maintenance Total - 12,740 2 3 1 7 13 60% 90

Summary, Page 10



Tighe&Bond, Inc.
6/29/2012TABLE 1

Tier 2 Summary

SUB-SCORES 

Project 
ID Project Type Agency Facility Name Land (acres) Building (s.f.)

Sub-Score 1 
(Out of 3)

Sub-Score 2 
(Out of 3)

Energy Sub-
Score          

(Out of 3)

Technology
Sub-Score
(Out of 12)

Total Score 
(Sum Sub-

Scores)
Percentage 

Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Area

EM-042 EEM Dept. of Safety State Police Troop B Bedford 
Total - 10,888 2 3 1 7 12 59% 398

EM-049 EEM Administrative Services DOT-Materials & Research 
Total - 29,318 2 2 1 8 12 58% 220

EM-047 EEM DOT Turnpikes - Hooksett 
Maintenance Total - 5,788 2 2 1 7 12 58% 162

ST-008 Solar Thermal Corrections Concord - Central Core Area 
Total 0 423,510 1 3 3 5 12 57% 1,577

PV-139 Rooftop  PV DOT District 1 - Shed 107L - 8,960 2 2 3 5 12 57% 188

PV-268 Rooftop  PV DOT Turnpikes - Dover 
Maintenance - 4,880 2 2 3 5 12 57% 102

PV-138 Rooftop  PV DOT District 1 - Shed 107L - 5,120 2 2 3 5 12 57% 107

PV-278 Rooftop  PV DOT Turnpikes - Merrimack 
Maintenance - 5,002 2 2 3 5 12 57% 105

PV-109 Rooftop  PV Dept. of Safety Troop C - MV Substation - 5,669 2 2 3 5 12 57% 59

PV-112 Rooftop  PV Dept. of Safety Troop F - MV Substation - 7,431 2 2 3 5 12 57% 78

T-001 Tidal 0 I-95 Bridge - - 3 2 1 6 12 57% 14,843

ST-001 Solar Thermal Corrections Concord - Shea Farm Total 0 10,060 2 2 2 6 12 57% 57

PV-238 Rooftop  PV DOT District 5 - Shed 527 - 6,000 2 2 3 5 12 57% 126

BT-057 Biomass Thermal Juvenile Justice Services Administration Building YDC 
Total 0 50,980 2 2 2 6 12 57% 28

BT-015 Biomass Thermal Dept. of Safety State Police Troop B Bedford 
Total 0 10,888 2 2 2 6 12 57% 71

GPV-061 Ground Mount PV Environmental Services
WRBP Maintenance 

Bldg./Winnisquam Pump 
Station

- 10,900 1 2 3 6 12 57% 70

PV-498 Rooftop  PV Fish & Game 
Commission Barry Conservation Camp - 2,800 2 1 3 6 12 57% 59

PV-271 Rooftop  PV DOT Turnpikes - Hampton Main 
Toll - 1,978 2 1 3 6 12 57% 42

GPV-017 Ground Mount PV DRED (BBW83) - DRED 
Warehouses, Allenstown - 10,000 2 1 3 6 12 57% 27,978

EM-045 EEM Administrative Services Safety Building Total - 117,113 2 2 1 7 12 56% 167

Summary, Page 11
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Tier 2 Summary

SUB-SCORES 

Project 
ID Project Type Agency Facility Name Land (acres) Building (s.f.)

Sub-Score 1 
(Out of 3)

Sub-Score 2 
(Out of 3)

Energy Sub-
Score          

(Out of 3)

Technology
Sub-Score
(Out of 12)

Total Score 
(Sum Sub-

Scores)
Percentage 

Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Area

ST-007 Solar Thermal Corrections Concord - Minimum Security 
Unit Total 0 14,360 1 3 2 5 11 52% 62

ST-009 Solar Thermal Juvenile Justice Services Stark House 0 7,912 1 3 1 6 11 52% 9

H-021 Hydro-Dam NH DES WATER 
DIVISION Barnstead Parade Dam 114 0 3 2 1 6 11 52% 1,128

ST-036 Solar Thermal DRED (COL08) Bath house Total 0 1,652 1 1 2 7 11 52% 25

ST-032 Solar Thermal Glencliff Home Boiler House Total 0 256,904 2 1 3 5 11 52% 212

ST-074 Solar Thermal DOT Turnpikes - Nashua Rest Area 
Total 0 5,100 1 1 2 7 11 52% 23

EM-048 EEM Administrative Services NH Hosp. Laundry Total - 15,277 2 3 1 5 11 50% 392

H-023 Hydro-Dam NH DES WATER 
DIVISION Baker River Site 8 Dam 16 0 3 2 1 5 10 48% 837

W-047 Wind DRED Cardigan Mountain State 
Forest 5,457 - 1 1 1 7 10 48% 13,359

GPV-012 Ground Mount PV DOT Turnpikes - Hampton 
Maintenance - 12,740 2 1 2 5 10 48% 1,329

H-001 Hydro - Dam NH DES WATER 
DIVISION Sewall Falls Dam 2,233 0 1 2 1 6 9 43% 75,774

H-006 Hydro-Dam NH DES WATER 
DIVISION York Dam Contoocook River 763 0 1 1 1 5 7 33% 10,069

Summary, Page 12



On the Screening Workbook:
This workbook provides the format for the NH OEP Renewable Energy and Energy Efficiency Study TIER 2 Evaluation.  This workbook was used to evaluate and rank projects from the Tier 1 list to develop recommendations for more 
comprehensive evaluations.

Each group of technology that was examined has a sheet in the workbook: Energy Efficiency Measures (EEM), Rooftop Solar PV (PV), Ground Mount Solar PV (GMPV), Wind (W), Tidal (T), Hydroelectric (H), Large Scale Biomass (B), Solar Thermal 
(ST), Biomass Thermal (BT)
Each of these sheets provides a matrix for scoring projects. The project score consists of 4 sub‐scores and a Total Score. 

Three of the Sub‐Scores (Sub‐Score 1, Sub‐Score 2, Energy Sub‐Score) are calculated by assigning 1 point, 2 points, or 3 points as indicated below.  These sub‐scores take into account a number of factors, allowing the factors to vary in number 
and type as appropriate for the project type while keeping a consistent number of Sub‐Scores. 
This requires the evaluator to judge the group of factors under each Sub‐Score as a whole.
Sub‐scores 1 ‐ 3:
Mark a "1" to indicate POOR conditions for implementation of project
Mark a "2" to indicate MODERATE conditions for implementation of project
Mark a "3" to indicate GOOD conditions for implementation of project
Room has been left under each factor for brief notes and comments to allow the evaluator to record some justification of the score.  

The final Sub‐Score (Technology Sub‐Score) is out of 9 or 12 points and is the sum of the scores given to each factor within this category, the key project characteristics.  Key project characteristic scores are assigned from 1 ‐ 3 as described 
below.  Since the key project characteristics under the Technology Sub‐Score are all given a score out of three, they have the same  "Weight" as Sub‐Score 1, Sub‐Score 2, and Sub‐Score 3 in the total score.
All Sheets (no matter the technology) should have "Costs & Incentives" and "Public Relations" under the technology sub‐score. 
The factors under the Technology Sub‐Score should be evaluated as follows.
Technology Scores:
Mark a "1" to indicate that the key project characteristic is POOR
Mark a "2" to indicate that the key project characteristic is MODERATE
Mark a "3" to indicate that the key project characteristic is GOOD
Each sub‐score has an accompanying comment line to record some justification of the score.  

The sub‐scores are all added in the Total Score column. 
The Total Score is divided by the highest possible Total Score (18 or 21) to obtain the Percentage Score.  

A "0" in any category indicates a FATAL FLAW.  The remaining score will not calculate and "FAIL" will display under the Percentage Score.  The Fatal Flaw should be noted under the appropriate category. 

The following abbreviations have been used in this workbook: 
E = Electricity; P = Propane; NG = Natural Gas; FO = Fuel Oil 

R1 = Pitched roof w/ wood framing, plywood sheathing, felt paper ice & water control, asphalt shingles
R2 = Pitched roof w/ wood framing pine board sheathing and slate roof tiles
R3 = Pitched roof w/ steel framing, purlins, batt insulation, plywood felt paper and sheet metal roofing
R4 = Flat roof w/ steel structure purlins, rigid insulation, steel decking and adhered smooth surface membrane
R5 = Flat roof w/ steel structure purlins rigid insulation steel decking and ballasted rubber membrane roofing Page 13
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TABLE 2
EEM  Note project summary in each row continues on the following page.  

Project ID
Project 
Type Agency Facility Name

Land 
(acres)

Building 
(s.f.) Selection Year Built

Age 
(yrs)

Historical 
Significance

Cultural 
Significance

Facility 
Condition Campus

Open 
Space

Utility 
Infrastruct

ure Sub-Score 1 Fuel Oil NG LP Biomass CO2e Comments Sub-Score 2

 Monthly Avg 
Electricity 

(kWh) 

 Annual 
Electricity 

(kWh) 

 Annual 
Electricity 

(kBTU) 
 Monthly Fuel 
Load (kBTU) 

EM-001 EEM
Glencliff Nursing 

Home ALLTotal (5 buildings) - 315,552 AEC 1872 140 3 3 2 3 3 2 2.7 2.5 0.5 2.5 Fuel oil + LP 2.8         83,552   1,002,624       3,421,956     1,694,173 

EM-008 EEM
Administrative 

Services Health & Welfare Building Total - 316,230 BOTH 1962 50 2 2 2 3 2 2 2.2 2 2 2.0       460,667   5,528,004     18,867,078     1,937,103 

EM-010 EEM DRED (MTW01) Sherman Adams Building Total - 36,295 BOTH 1982 30 1 3 2 2 3 1 2.0 2.5  0.5 2.5 Fuel oil + LP 2.8         55,589      667,068       2,276,703       152,441 

EM-006 EEM
Environmental 

Services WRBP Wastewater Treatment Plant Total - 67,578 AEC 1972 40 1 1 2 2 3 2 1.8 3 3 3.0       232,385   2,788,620       9,517,560       453,586 

EM-012 EEM
Administrative 

Services State House Annex Total - 76,650 AEC 1819 193 3 3 2 2 2 3 2.5 1.5 2 -0.5 2
Concord steam 

plant + NG 2.5         50,105      601,260       2,052,100       447,191 

EM-002 EEM DOT Turnpikes - Hampton Main Toll Total - 1,978 BOTH 1979 33 1 2 2 2 2 2 1.8 3 3 3.0         20,827      249,924         852,991       595,952 

EM-005 EEM
Fish & Game 
Commission Region 2 Lakes Region Office Total - 3,955 AEC 1900 112 3 3 2 3 3 2 2.7 3 3 3.0           3,096        37,152         126,800         81,767 

EM-017 EEM Corrections Concord - Boiler Plant Total - 415,610 BOTH 1876 136 3 1 1 3 2 2 2.0 3 3 3.0                -                 -                    -       5,614,171 

EM-028 EEM
Administrative 

Services Lebanon District Courthouse Total - 9,482 AEC 1900 112 3 2 2 2 1 2 2.0 3 3 3.0         12,326      147,912         504,824         87,510 

EM-004 EEM DOT Turnpikes - Hampton Side Toll Total - 2,450 OEP 1979 33 1 2 2 2 2 2 1.8 3 3 3.0           9,080      108,960         371,880       258,798 

EM-025 EEM DOT Turnpikes - Hooksett NB Rest Area Total - 1,500 BOTH 1979 33 1 3 2 1 1 2 1.7 3 3 3.0           4,282        51,384         175,374         32,180 

EM-026 EEM DOT Turnpikes - Hooksett SB Rest Area Total - 1,500 BOTH 2005 7 1 3 2 1 1 2 1.7 3 3 3.0           4,113        49,356         168,452         31,498 

EM-009 EEM Corrections Goffstown - Women's Prison Total - 14,450 AEC 1930 82 3 1 2 2 2 2 2.0 2.5  0.5 2.5 Fuel oil + LP 2.8         50,133      601,596       2,053,247       780,151 

EM-013 EEM DRED (CAN04) - Tram Base Total - 19,676 OEP 1938 74 3 3 2 3 3 1 2.5 2.5  0.5 2.5 Fuel oil + LP 2.8           5,323        63,876         218,009         87,852 

EM-020 EEM
Administrative 

Services State Library Total - 38,568 AEC 1895 117 3 3 2 2 1 3 2.3 2 2 -1 2
Concord steam 

plant 2.5           4,664        55,968         191,019         64,769 

EM-034 EEM
Administrative 

Services Rockingham Superior Courthouse Total - 262,500 BOTH 1996 16 1 1 3 2 2 2 1.8 2.5 0.5 2.5 Fuel oil + LP 2.8       157,563   1,890,756       6,453,150       282,533 

EM-016 EEM Dept. of Safety E-911 Laconia PSAP Total - 11,000 AEC 2002 10 1 1 2 3 3 2 2.0 3 3 3.0         31,917      383,004       1,307,193       156,884 

EM-024 EEM DOT
Mechanical Services Satellite Garage - 

Lancaster Total - 3,840 AEC 1969 43 2 1 2 2 2 2 1.8 3    3  3.0                -                 -                    -         181,363 

EM-003 EEM
Juvenile Justice 

Services John Sununu YSC Total - 115,040 BOTH 2006 6 1 2 3 3 3 2 2.3 2 2 2.0       216,046   2,592,552       8,848,380       815,814 

EM-030 EEM
Juvenile Justice 

Services YDC Boiler Plant Total - 43,352 BOTH 1860 152 3 2 2 3 3 2 2.5 2 2 2.0                -                 -                    -         387,960 

EM-021 EEM
Administrative 

Services Main Building Total - 277,955 BOTH 1909 103 3 3 2 1 1 3 2.2 2 2 -1 2
Concord steam 

plant 2.5         27,184      326,208       1,113,348       405,337 

EM-011 EEM
Juvenile Justice 

Services Maint. Garage Total - 2,340 BOTH 1860 152 3 2 2 3 3 2 2.5 2 2 2.0                -                 -                    -         223,208 

EM-022 EEM
Juvenile Justice 

Services Administration Building YDC Total - 50,980 OEP 1860 152 3 2 2 3 3 2 2.5 2 2 2.0         10,450      125,400         427,990           2,502 

EM-014 EEM NH Hospital Acute Psychiatric Services (APS) Total - 198,000 BOTH 1989 23 1 2 2 3 2 3 2.2 2 2 2.0       147,320   1,767,840       6,033,638       600,466 

EM-019 EEM DRED (ODN01) Science Center Total - 15,985 OEP 1991 21 1 3 3 2 3 2 2.3 2 2 2.0           4,294        51,528         175,865         84,502 

EM-018 EEM DOT Turnpikes - Seabrook Rest Area Total - 5,289 OEP 2001 11 1 3 3 2 2 2 2.2 3 3 3.0           6,588        79,056         269,818         40,450 

EM-023 EEM
NH Veterans 

Home NH Veterans Home-Entire Facility Total - 183,600 BOTH 1971 41 1 2 2 2 2 2 1.8 2.5  0.5 2.5 Fuel oil + LP 2.8         73,531      882,372       3,011,536       395,663 

EM-036 EEM DRED
(CAN08) - Old Peabody Base (Notchview) 

Total - 12,059 BOTH 1956 56 2 3 2 3 3 1 2.3 2 2 2.0           1,151        13,812           47,140         64,829 

EM-035 EEM Corrections Berlin - Administration/Public Total - 198,952 BOTH 1999 13 1 1 2 2 3 2 1.8 2 2 2.0       310,204   3,722,448     12,704,715     1,245,854 

EM-031 EEM
Liquor 

Commission Retail Store #73 - Hampton South Total - 18,990 AEC 2003 9 1 2 3 2 2 2 2.0 3 3 3.0         11,952      143,424         489,506         66,194 

Heating Fuel(s)Facility CharacteristicsArea Energy Consumption
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TABLE 2
EEM

Project ID

EM-001

EM-008

EM-010

EM-006

EM-012

EM-002

EM-005

EM-017

EM-028

EM-004

EM-025

EM-026

EM-009

EM-013

EM-020

EM-034

EM-016

EM-024

EM-003

EM-030

EM-021

EM-011

EM-022

EM-014

EM-019

EM-018

EM-023

EM-036

EM-035

EM-031

 Annual Fuel Load 
(kBTU) 

 Total Facility 
Load (kBTU) 

Site E.U.I. 
(kBTU/s.f.)

Electric 
Ratio (%)

Htg Fuel Ratio 
(%)

Consumption 
Score

EUI 
Score Comments

Energy Sub-
Score Score

Comment (Improvements 
Score; Synergy Score) Score Comment Score Comment Score

Comment (Community 
Score:Tourism Score; 

Agency Score)
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

           20,330,076    23,752,032              75 14% 86% 6.0              1.0      Use ratio abnormal 1.8 2.5 3;2 3 22% 3

Varying cost and 
incentive; dependent 

on EEM 2 3;2;2; Visible 10.8 18 86% 4,473

           23,245,236    42,112,314            133 45% 55% 6.0              2.0      2.0 3 3;3 Roof PV candidate 3 26% 3

Varying cost and 
incentive; dependent 

on EEM 2
3;1;3; Highly Visible 

campus 11.3 18 83% 6,044

            1,829,292     4,105,995            113 55% 45% 3.0              2.0      1.3 2.5 3;2 3 14% 3

Varying cost and 
incentive; dependent 

on EEM 3 3;3;3; Highly Visible 11.5 18 83% 256

            5,443,032    14,960,592            221 64% 36% 5.0              4.0      Use ratio abnormal 2.3 3
3;3 Anaerobic Digestion on 

site - potential biogas 2 10% 3

Varying cost and 
incentive; dependent 

on EEM 2 2;2;2; Visible 10.0 17 81% 544

            5,366,292     7,418,392              97 28% 72% 3.0              1.0      1.0 2 2;2 3 22% 3

Varying cost and 
incentive; dependant 

on EEM 3 3;2;3; Highly Visible 10.7 17 79% 1,181

            7,151,424     8,004,415         4,047 11% 89% 4.0              6.0      EUI unusually high 2.5 2.5 3;2 2 12% 2

Varying cost and 
incentive; dependant 

on EEM 3 3;3;2; Highly Visible 9.2 17 79% 858

               981,204     1,108,004            280 11% 89% 1.0              4.0      Use ratio abnormal 1.3 2 2;2 3 30% 2

Varying cost and 
incentive; dependant 

on EEM 2 2;3;2; Visible 9.3 16 77% 294

           67,370,052    67,370,052            162 0% 100% 6.0              3.0      Use ratio abnormal 2.3 2 2;2 3 10% 3

Varying cost and 
incentive; dependant 

on EEM 1 1;1;1 9.0 16 77% 6,737

            1,050,120     1,554,944            164 32% 68% 2.0              3.0      1.3 2 2;2 3 30% 3

Varying cost and 
incentive; dependant 

on EEM 2 3;1;2; Visible 10.0 16 77% 315

            3,105,576     3,477,456         1,419 11% 89% 2.0              6.0      Use ratio abnormal 2.0 2.5 3;2 2 12% 2

Varying cost and 
incentive; dependant 

on EEM 3 3;3;2; Highly Visible 9.2 16 76% 373

               386,160        561,534            374 31% 69% 1.0              5.0      1.5 2.5 3;2 2 32% 3

Varying cost and 
incentive; dependant 

on EEM 2 2;3;2; Visible 9.8 16 76% 124

               377,976        546,428            364 31% 69% 1.0              5.0      1.5 2.5 3;2 2 32% 3

Varying cost and 
incentive; dependant 

on EEM 2 2;3;2; Visible 9.8 16 76% 121

            9,361,812    11,415,059            790 18% 82% 4.0              6.0      EUI unusually high 2.5 2 2;2 2 16% 3

Varying cost and 
incentive; dependant 

on EEM 2 2;1;2; Visible 8.7 16 76% 1,498

            1,054,224     1,272,233              65 17% 83% 2.0              1.0      0.8 2.5 3;2 3 10% 2

Varying cost and 
incentive; dependant 

on EEM 2 2;3;2; Visible 9.8 16 75% 105

               777,228        968,247              25 20% 80% 1.0              1.0      EUI unusually low 0.5 2.5
2;3; Learning 

Enhancement Opportunity 3 10% 2

Varying cost and 
incentive; dependant 

on EEM 3 3;3;3; Highly Visible 10.5 16 75% 78

            3,390,396     9,843,546              37 66% 34% 4.0              1.0      
Use ratio abnormal. 
EUI unusually low. 1.3 3 3;3; Roof PV candidate 3 10% 2

Varying cost and 
incentive; dependant 

on EEM 2 3;1;2; Visible 10.0 16 75% 339

            1,882,608     3,189,801            290 41% 59% 2.0              4.0      1.5 2.5 3;2 2 32% 3

Varying cost and 
incentive; dependant 

on EEM 2 2;1;2; Visible 9.2 16 75% 602

            2,176,356     2,176,356            567 0% 100% 2.0              6.0      
Use ratio abnormal. 
EUI unusually high. 2.0 2.5 3;2 2 15% 3

Varying cost and 
incentive; dependant 

on EEM 1 2;1;1; Not Visible 8.8 16 75% 326

            9,789,768    18,638,148            162 47% 53% 5.0              3.0      2.0 2.5 3;2 2 26% 2

Varying cost and 
incentive; dependant 

on EEM 3 3;2;3; Highly Visible 9.2 16 74% 2,545

            4,655,520     4,655,520            107 0% 100% 3.0              2.0      1.3 2 2;2 3 10% 3

Varying cost and 
incentive; dependant 

on EEM 2 2;1;2; Visible 9.7 15 73% 466

            4,864,044     5,977,392              22 19% 81% 3.0              1.0      EUI unusually low 1.0 2 2;2; Roof PV candidate 3 10% 2

Varying cost and 
incentive; dependant 

on EEM 3
3;2;3; Downtown 

Concord;  Highly Visible 9.7 15 73% 486

            2,678,496     2,678,496         1,145 0% 100% 2.0              6.0      
Use ratio abnormal. 
EUI unusually high. 2.0 2 2;2 2 16% 3

Varying cost and 
incentive; dependant 

on EEM 2 2;1;2; Visible 8.7 15 72% 429

                 30,024        458,014                9 93% 7% 1.0              1.0      
Use ratio abnormal.  
EUI unusually low. 0.5 2.5 3;2 3 10% 2

Varying cost and 
incentive; dependant 

on EEM 3 3;2;3; Highly Visible 10.2 15 72% 3

            7,205,592    13,239,230              67 46% 54% 4.0              1.0      1.3 2
3;1; Recent solar thermal 

hot water upgrade 3 20% 2

Varying cost and 
incentive; dependant 

on EEM 3 3;3;2; Highly Visible 9.7 15 72% 1,441

            1,014,024     1,189,889              74 15% 85% 1.0              1.0      Use ratio abnormal 0.5 3
3;3; Learning 

Enhancement Opportunity 2 25% 2

Varying cost and 
incentive; dependent 

on EEM 3 3;3;3; Highly Visible 10.0 15 71% 254

               485,400        755,218            143 36% 64% 1.0              2.0      0.8 2.5 3;2 2 32% 2

Varying cost and 
incentive; dependent 

on EEM 2 2;3;2; Visible 8.8 15 70% 155

            4,747,956     7,759,492              42 39% 61% 3.0              1.0      EUI unusually low 1.0 2.5 3;2 2 12% 2

Varying cost and 
incentive; dependent 

on EEM 3 3;3;2;  Highly Visible 9.2 15 70% 570

               777,948        825,088              68 6% 94% 1.0              1.0      Use ratio abnormal 0.5 2.5 3;2 3 12% 2

Varying cost and 
incentive; dependent 

on EEM 2 2;3;2 Visible 9.8 15 70% 93

           14,950,248    27,654,963            139 46% 54% 6.0              2.0      2.0 2.5 3;2 2 28% 3

Varying cost and 
incentive; dependent 

on EEM 1 1;1;2; Not Visible 8.8 15 70% 4,186

               794,328     1,283,834              68 38% 62% 2.0              1.0      0.8 2.5 3;2 2 12% 2

Varying cost and 
incentive; dependent 

on EEM 2 2;3;2; Visible 8.8 15 69% 95

Cost & Incentives Public RelationsEnergy Consumption (continued)
Recent/Planned Improvements & 

Potential Synergies Potential Capacity
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TABLE 2
EEM  Note project summary in each row continues on the following page.  

Project ID
Project 
Type Agency Facility Name

Land 
(acres)

Building 
(s.f.) Selection Year Built

Age 
(yrs)

Historical 
Significance

Cultural 
Significance

Facility 
Condition Campus

Open 
Space

Utility 
Infrastruct

ure Sub-Score 1 Fuel Oil NG LP Biomass CO2e Comments Sub-Score 2

 Monthly Avg 
Electricity 

(kWh) 

 Annual 
Electricity 

(kWh) 

 Annual 
Electricity 

(kBTU) 
 Monthly Fuel 
Load (kBTU) 

Heating Fuel(s)Facility CharacteristicsArea Energy Consumption

EM-039 EEM DOT Stickney Avenue - Main Building Total - 37,334 AEC 1926 86 3 1 2 2 2 2 2.0 2 2 2.0           7,170        86,040         293,655       256,897 

EM-029 EEM DRED (CAN57) Brookside Learning Center - 4,728 BOTH 1999 13 1 3 3 3 3 1 2.3 2 2 2.0                -                 -                    -           44,263 

EM-046 EEM Corrections Concord - Warehouse - New Total - 48,580 OEP 1994 18 1 1 3 1 1 2 1.5 2.5  0.5 2.5 Fuel oil + LP 2.8         16,504      198,048         675,938       519,352 

EM-043 EEM DOT Turnpikes - Dover Maintenance Total - 4,880 AEC 1961 51 2 1 2 1 1 2 1.5 3 3 3.0           4,070        48,840         166,691       155,750 

EM-027 EEM Dept. of Safety
Marine Patrol Boater Ed & Boat Storage 

Bldg. Total - 39,000 AEC 1987 25 1 1 2 2 2 2 1.7 2 2 2.0           4,067        48,804         166,568       786,324 

EM-032 EEM DRED (CAN01) Ski Op. Hq. Total - 7,621 BOTH 1937 75 3 2 2 3 3 1 2.3 2.5  0.5 2.5 Fuel oil + LP 2.8                -                 -                    -           43,907 

EM-041 EEM Corrections Concord - Central Core Area Total - 423,510 BOTH 1876 136 3 2 1 2 2 2 2.0 2 2 2.0       306,046   3,672,552     12,534,420         65,065 

EM-015 EEM DRED (ELL04) Laundry/Bathhouse Total - 1,152 AEC 1992 20 1 2 2 2 2 2 1.8 2 2 2.0           3,425        41,100         140,274         27,080 

EM-050 EEM DRED (CAN12) - Maintenance Garage Total - 6,246 OEP 1982 30 1 1 2 3 3 1 1.8 2.5  0.5 2.5 Fuel oil + LP 2.8                -                 -                    -           70,883 

EM-038 EEM
Employment 

Security Manchester Employment Security Total - 21,000 BOTH 1960 52 2 2 2 1 2 3 2.0 2 2 2.0         40,237      482,844       1,647,947         61,508 

EM-033 EEM
Fish & Game 
Commission Milford Fish Hatchery Total - 16,050 BOTH 2012 1 3 2 2 3 2 2.2 2.5  0.5 2.5 Fuel oil + LP 2.8           7,618        91,416         312,003         59,477 

EM-040 EEM
Environmental 

Services
WRBP Maintenance Bldg/Winnisquam 

Pump Station Total - 10,900 AEC 1972 40 1 1 2 2 2 2 1.7 2 2 2.0         36,369      436,428       1,489,529         94,558 

EM-037 EEM
Fish & Game 
Commission Warren Fish and Wildlife Center Total - 9,510 OEP 2012 1 3 2 2 2 2 2.0 2.5  0.5 2.5 Fuel oil + LP 2.8           3,400        40,800         139,250         44,760 

EM-044 EEM
Administrative 

Services Morton Building Total - 96,800 AEC 1965 47 2 1 2 2 2 2 1.8 2 2 2.0         93,393   1,120,716       3,825,004       257,262 

EM-051 EEM DOT Turnpikes - Hampton Maintenance Total - 12,740 OEP 1975 37 1 1 2 2 2 2 1.7 3 3 3.0           3,943        47,316         161,490         46,667 

EM-042 EEM Dept. of Safety State Police Troop B Bedford Total - 10,888 AEC 2009 3 1 1 3 1 2 2 1.7 2.5  0.5 2.5 Fuel oil + LP 2.8         10,338      124,056         423,403       110,595 

EM-049 EEM
Administrative 

Services DOT-Materials & Research Total - 29,318 AEC 2006 6 1 1 1 3 2 3 1.8 2 2 2.0         17,926      215,112         734,177       130,842 

EM-047 EEM DOT Turnpikes - Hooksett Maintenance Total - 5,788 OEP 1961 51 2 1 2 2 2 2 1.8 2 2 2.0                -                 -                    -           74,806 

EM-045 EEM
Administrative 

Services Safety Building Total - 117,113 AEC 1960 52 2 1 2 2 2 2 1.8 2 2 2.0       102,736   1,232,832       4,207,656       115,859 

EM-048 EEM
Administrative 

Services NH Hosp. Laundry Total - 15,277 AEC 1937 75 3 1 1 3 2 2 2.0 2 2 -1 2
Concord steam 

plant 2.5                -                 -                    -         163,384 

EM-007 EEM DRED (FRN00) Fran Notch S.P Main Meter Total - 103,620 AEC 1960 52 2 3 3 2 3 2 2.5 No heating fuel 0.0       420,639   5,047,668     17,227,691                -   
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TABLE 2
EEM

Project ID

EM-039

EM-029

EM-046

EM-043

EM-027

EM-032

EM-041

EM-015

EM-050

EM-038

EM-033

EM-040

EM-037

EM-044

EM-051

EM-042

EM-049

EM-047

EM-045

EM-048

EM-007

 Annual Fuel Load 
(kBTU) 

 Total Facility 
Load (kBTU) 

Site E.U.I. 
(kBTU/s.f.)

Electric 
Ratio (%)

Htg Fuel Ratio 
(%)

Consumption 
Score

EUI 
Score Comments

Energy Sub-
Score Score

Comment (Improvements 
Score; Synergy Score) Score Comment Score Comment Score

Comment (Community 
Score:Tourism Score; 

Agency Score)
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Cost & Incentives Public RelationsEnergy Consumption (continued)
Recent/Planned Improvements & 

Potential Synergies Potential Capacity

            3,082,764     3,376,419              90 9% 91% 2.0              1.0      Use ratio abnormal 0.8 2.5 3;2 3 22% 2

Varying cost and 
incentive; dependent 

on EEM 2 3;2;2; Abuts SR93 9.8 15 69% 678

               531,156        531,156            112 0% 100% 1.0              2.0      Use ratio abnormal 0.8 3
3;3; Learning 

Enhancement opportunity 2 18% 2

Varying cost and 
incentive; dependent 

on EEM 2 2;3;2; Visible 9.3 14 69% 96

            6,232,224     6,908,162            142 10% 90% 3.0              2.0      Use ratio abnormal 1.3 2.5 3;2 2 32% 3

Varying cost and 
incentive; dependent 

on EEM 1 1;1;2; Not Visible 8.8 14 68% 1,994

            1,869,000     2,035,691            417 8% 92% 2.0              5.0      Use ratio abnormal 1.8 2 2;2 2 12% 3

Varying cost and 
incentive; dependent 

on EEM 1 1;1;1; Not Visible 8.0 14 68% 224

            9,435,888     9,602,456            246 2% 98% 4.0              4.0      Use ratio abnormal 2.0 1
1;1; Recent Boiler 

Replacement 2 28% 3

Varying cost and 
incentive; dependent 

on EEM 2 3;2;2; Visible 8.3 14 67% 2,642

               526,884        526,884              69 0% 100% 1.0              1.0      Use ratio abnormal 0.5 2 2;2 2 10% 2

Varying cost and 
incentive; dependent 

on EEM 2 2;3;2; Visible 8.3 14 66% 53

               780,780    13,315,200              31 94% 6% 4.0              1.0      
EUI unusually low. 
Use ratio abnormal. 1.3 2 2;2 3 10% 2

Varying cost and 
incentive; dependent 

on EEM 2 2;1;2; Visible 8.7 14 66% 78

               324,960        465,234            404 30% 70% 1.0              5.0      EUI unusually high 1.5 2.5 3;2 1 30% 2

Varying cost and 
incentive; dependent 

on EEM 3 2;3;3; Highly Visible 8.2 14 64% 97

               850,596        850,596            136 0% 100% 1.0              1.0      Use ratio abnormal 0.5 2 2;2 2 24% 3

Varying cost and 
incentive; dependent 

on EEM 1 1;1;2; Not Visible 8.3 13 64% 204

               738,096     2,386,043            114 69% 31% 2.0              2.0      Use ratio abnormal 1.0 2 2;2 2 28% 2

Varying cost and 
incentive; dependent 

on EEM 2 3;2;2 Visible 8.3 13 63% 207

               713,724     1,025,727              64 30% 70% 1.0              1.0      0.5 2.5 3;2 2 10% 1

Varying cost and 
incentive; dependent 

on EEM 2 2;3;2; Visible 7.8 13 63% 71

            1,134,696     2,624,225            241 57% 43% 2.0              4.0      1.5 2 2;2 1 10% 3

Varying cost and 
incentive; dependent 

on EEM 2 2;2;2; Visible 8.0 13 63% 113

               537,120        676,370              71 21% 79% 1.0              1.0      0.5 2.5 3;2 2 18% 1

Varying cost and 
incentive; dependent 

on EEM 2 2;3;2 Visible 7.8 13 62% 97

            3,087,144     6,912,148              71 55% 45% 3.0              1.0      1.0 1.5
2;1; Roof PV candidate; 

Recent Boiler Replacement 3 20% 2

Varying cost and 
incentive; dependent 

on EEM 2 1;2;2; Visible 8.2 13 62% 617

               560,004        721,494              57 22% 78% 1.0              1.0      0.5 2 2;2 2 16% 2

Varying cost and 
incentive; dependent 

on EEM 1 1;1;2; Not Visible 7.3 13 60% 90

            1,327,140     1,750,543            161 24% 76% 2.0              3.0      1.3 2 2;2 1 30% 2

Varying cost and 
incentive; dependent 

on EEM 2 2;1;2; Visible 6.7 12 59% 398

            1,570,104     2,304,281              79 32% 68% 2.0              1.0      0.8 2 2;2 2 14% 2

Varying cost and 
incentive; dependent 

on EEM 2 1;2;2; Visible 7.7 12 58% 220

               897,672        897,672            155 0% 100% 1.0              3.0      Use ratio abnormal 1.0 2 2;2 2 18% 2

Varying cost and 
incentive; dependent 

on EEM 1 1;1;2; Not Visible 7.3 12 58% 162

            1,390,308     5,597,964              48 75% 25% 3.0              1.0      EUI unusually low 1.0 1
1;1; Recent Boiler 

Replacement 2 12% 2

Varying cost and 
incentive; dependent 

on EEM 2 2;2;2; Visible 7.0 12 56% 167

            1,960,608     1,960,608            128 0% 100% 2.0              2.0      Use ratio abnormal 1.0 1

1;1; Recent Conversion to 
ozone Laundry - reduced 

HW use 1 20% 2

Varying cost and 
incentive; dependent 

on EEM 1 1;1;1; Not Visible 5.0 11 50% 392

                        -      17,227,691            166 100% 0% 5.0              3.0      Use ratio abnormal 2.0 2.5 3;2 2 0% 2

Varying cost and 
incentive; dependent 

on EEM 3 3;3;3; Highly Visible 9.5 F FAIL 0
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Rooftop PV  Note project summary in each row continues on the following page.

Energy Load

Project ID Project Type Agency Facility Name Land Building (s.f.) Floors

Estimated Building 
Footprint (Area 

Divided By Floors) Sub-Score 1 Energy Cost Comment Sub-Score 2 Electricity Load (kWh) Sub-Score 3

PV-072 Rooftop  PV Liquor Commission Retail Store #69- Nashua (new bldg) -            20,000 1                  20,000 3  $                 0.7790 
 9/11 on Hess 

Contract 2 29,200 3
PV-362 Rooftop  PV DOT Stickney Avenue - Main Building -            37,334 2                  18,667 3  $                 0.0757  Hess Contract 2 8,846 3

PV-556 Rooftop  PV Corrections Concord - Warehouse - New -            48,580 2                  24,290 3  $                    0.01  Clear Outlier 1 8,213 3

PV-567 Rooftop  PV Liquor Commission
Retail Store #01 - Concord, Comm. HQ & 

Warehouse -            80,000 2                  40,000 3  $                    0.01  Clear Outlier 1 5,496 3
PV-016 Rooftop  PV Administrative Services Health & Welfare Building -          316,230 3                105,410 3  $                 0.0757  Hess Contract 2 959,819 3
PV-031 Rooftop  PV Administrative Services Morton Building -            96,800 3                  32,267 3  $                 0.0757  Hess Contract 2 183,815 3
PV-006 Rooftop  PV Administrative Services Department of Justice -            58,149 3                  19,383 3  $                 0.0757  Hess Contract 2 43,910 3

PV-008 Rooftop  PV Administrative Services Div. of Motor Vehicles -            79,388 4                  19,847 3  $                 0.0757  Hess Contract 2 41,592 3
PV-086 Rooftop  PV Administrative Services Storrs St. Warehouse (P&P) -            46,733 2                  23,367 3  $                 0.0757  Hess Contract 2 28,813 3

PV-501 Rooftop  PV Fish & Game Commission Headquarters building 1 -            38,725 3                  12,908 3  $                 0.1251 3 25,328 3

PV-103 Rooftop  PV Administrative Services Records & Archives -            35,302 2                  17,651 3  $                 0.0757  Hess Contract 2 24,432 3

PV-488 Rooftop  PV
McAuliffe Shepard 
Discovery Center

McAuliffe-Shepard Discovery Center 
(Addition) -            34,000 2                  17,000 3  $                 0.0757  Hess Contract 2 14,821 3

PV-021 Rooftop  PV Liquor Commission Retail Store #69 - Nashua Duplicate? -            13,209 1                  13,209 3  $                 0.0779 
 9/11 on Hess 

Contract 2 12,500 3

PV-323 Rooftop  PV Corrections Berlin Corrections Facility -          198,952 1                198,952 3  $                 0.0757  Hess Contract 2 305,905 3

PV-526 Rooftop  PV Juvenile Justice Services John Sununu YSC -          115,040 1                115,040 3  $                 0.0757  Hess Contract 2 247,189 3

PV-497 Rooftop  PV Environmental Services WRBP Wastewater Treatment Plant -            67,578 3                  22,526 3  $                 0.0757  Hess Contract 2 241,688 3
PV-043 Rooftop  PV Administrative Services Safety Building -          117,113 4                  29,278 3  $                 0.0757  Hess Contract 2 221,289 3

PV-042 Rooftop  PV Administrative Services Rockingham Superior Courthouse -          100,000 3                  33,333 3  $                 0.0757  Hess Contract 2 159,160 3

PV-056 Rooftop  PV Administrative Services Walker Building -          110,000 4                  27,500 3  $                 0.0757  Hess Contract 2 141,672 3
PV-012 Rooftop  PV Administrative Services Emergency Operations Center -            67,644 3                  22,548 3  $                 0.0757  Hess Contract 2 113,539 3

PV-046 Rooftop  PV Administrative Services State House Annex -          161,348 3                  53,783 3  $                 0.0757  Hess Contract 2 104,995 3

PV-519 Rooftop  PV Glencliff Home Entire Facility -          256,904 1                256,904 3  $                    0.14 3 85,765 3

PV-018 Rooftop  PV Administrative Services Hillsborough Superior Courthouse South -            86,600 3                  28,867 3  $                 0.0757  Hess Contract 2 63,300 3

PV-276 Rooftop  PV DOT Turnpikes - Hooksett Toll -            13,880 1                  13,880 3  $                 0.1431 

 Rest Area on Hess 
Contract. Same 

meter? 3 51,922 3
PV-085 Rooftop  PV Administrative Services DOT - Mechanical Services -            85,900 1                  85,900 3  $                 0.0757  Hess Contract 2 43,028 3

PV-264 Rooftop  PV Employment Security Manchester Employment Security -            21,000 1                  21,000 3  $                 0.0757  Hess Contract 2 38,837 3

PV-363 Rooftop  PV DRED (MTW01) Sherman Adams Building -            19,085 1                  19,085 3  $                 0.0757  Hess Contract 2 33,193 3

PV-025 Rooftop  PV Administrative Services M&S Building -            79,296 5                  15,859 3  $                 0.0757  Hess Contract 2 25,360 3

PV-052 Rooftop  PV Administrative Services Thayer Hall -            97,164 3                  32,388 3  $                 0.0757  Hess Contract 2 12,200 3

PV-525 Rooftop  PV Employment Security Laconia Employment Security -            12,000 2                    6,000 2  $                 0.0757  Hess Contract 2 5,646 3

PV-550 Rooftop  PV Liquor Commission Retail Store #34 - Salem -            10,330 1                  10,330 3  $                 0.0757  Hess Contract 2 5,117 3

Area Building Systems Energy Cost

Rooftop PV, Page 1
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Rooftop PV

Project ID

PV-072
PV-362

PV-556

PV-567
PV-016
PV-031
PV-006

PV-008
PV-086

PV-501

PV-103

PV-488

PV-021

PV-323

PV-526

PV-497
PV-043

PV-042

PV-056
PV-012

PV-046

PV-519

PV-018

PV-276
PV-085

PV-264

PV-363

PV-025

PV-052

PV-525

PV-550

 

Score

Global 
Horizontal 
Irradiance 

(GHI) kW/m2 Score

Estimated Capacity 
Based on Estimated 
Building Footprint at 

200 ft/kW

Available Roof Area 
Obstructions/ Contiguous Roof 

Space Score Comment Score Comment
Technology Sub-

Score
TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

2 1,322.00 3 100.0 Wide Open Flat Roof 3 Ideal Installation & Size 3 Highly Visible 11 19 90% 420
3 1,423.60 3 93.3 Large Flat Roof HVAC 2 Looks ideal 3 Highly visible 11 19 90% 392

3 1,423.60 3 121.5
Nice Flat Roof Minimal 

obstructions 3 Ideal Installation 3 Highly Visible 12 19 90% 510

3 1,423.60 3 200.0
Need to confirm location but nice 

open flat roof 3
Typical Installation, 
economies of scale 3 Highly Visible 12 19 90% 147,600

3 1,423.60 2 527.1 Some Open Space 2 Multiple Arrays 3 Highly Visible 10 18 86% 246
3 1,423.60 3 161.3 Flat Space, some HVAC 2 Ideal Installation 2 Not Visible 10 18 86% 542
3 1,423.60 2 96.9 Some Open Space 2 Multiple Arrays 3 Highly Visible 10 18 86% 407

3 1,423.60 3 99.2 Open Space, Tilted Roof 1 Long DC runs likely 3 Visible 10 18 86% 416
3 1,423.60 3 116.8 Flat Open Roof 3 Ideal Installation & Size 1 Not visible 10 18 86% 490

3 1,423.60 2 64.5 Obstructions, still open space 2 Multiple Arrays 2 Visible 9 18 86% 271

3 1,423.60 3 88.3
Nice Flat Area, Minimal 

obstructions 1
Possible different roof 

levels, types 3 Visible 10 18 86% 370

3 1,423.60 3 85.0 Large Flat open area 1 Long DC Runs possible 3 Highly visible 10 18 86% 357

1 1,265.30 3 66.0 Wide Open Flat Roof 3 Ideal Installation & Size 3 Highly Visible 10 18 86% 277

1 1,201.12 3 994.8

HVAC equipment, but large 
developable areas. Possibility of 
sizing exactly to load based on 
the amount of meters on site 3

Potential for economies of 
scale that possibly no other 

facility offers 2

Visible, not due to 
proximity but has PR 

value 9 17 81% 4,175

1 1,265.30 3 575.2

Nice Roof, guaranteed 100 kW, 
seems to be adjacent to PV-526. 
Not sure Where one begins and 

ends 3

A lot of available open roof 
space despite obstructions, 

multiple pitches. 
Capabilities for Economies 

of Scale 2

Visible, not due to 
proximity but has PR 

value 9 17 81% 1,448

3 1,408.04 2 112.6 Area available less then half 2 Long DC runs likely 2 Visible 9 17 81% 236
3 1,423.60 2 146.4 Open Space, HVAC 2 Space for 50 kW 2 Not visible 9 17 81% 2,048

1 1,282.10 3 166.7 Flat roof minimal obstructions 2 Ideal Installation 3 Highly Visible 9 17 81% 699

3 1,423.60 2 137.5
Nice Flat Area could hold 40 kW, 

rest of areas not optimal 1

For 40 kW installation on 
flat part of roof ideal 

installation, not ideal size. 
Other pitches more difficult 3 Highly  visible 9 17 81% 144

3 1,423.60 2 112.7 Flat Roof, smaller footprint 2 System size ideal 2 Not visible 9 17 81% 237

3 1,423.60 2 268.9

Some Open Space, many 
obstructions Reduced System 

size to approx. 40 kW 1
Multiple Arrays, Roof 

Equipment, suboptimal size 3 Highly visible 9 17 81% 188

3 1,423.60 3 1284.5

Roof Difficult to gauge given bad 
photography but raw space is 

there 1 Assume High Cost 1
Aging facility,  not 

visible 8 17 81% 4,197

1 1,265.30 3 144.0
Flat Roof, HVAC Equipment, 

Reduced Capacity 2
System size ideal but 

reduced 3 Highly Visible 9 17 81% 302

1 1,265.30 3 69.4

20 kW Looks more likely on toll 
booth itself. If adjacent buildings 
structures involved could be 70 

kW 1 High Cost for Long DC Runs 3 Highly visible 8 17 81% 291
3 1,423.60 3 429.5 Open Space 1 Possible Barrell 2 Visible 9 17 81% 1,803

1 1,265.30 3 105.0

HVAC Equipment, raised roof 
area. Reduction in size likely but 

still within ideal target size of 
between 60 and 100 kW 2 Normal installation 3

Highly visible, in 
developed area 9 17 81% 286

2 1,322.00 3 95.4
Flat Roof, odd shape reduce 

estimated size by 1/3 1
Looks ideal, tough place to 

construct 3 Highly Visible 9 17 81% 264

3 1,423.60 3 79.3
Open Flat Areas, minor 

equipment 2
Ideal System Size, Multiple 

Arrays 1 Not visible 9 17 81% 333

3 1,423.60 2 161.9

Some Open Space, pitched 
areas, likely reduces system size 

75% to less than 50 1

Long DC runs likely, 
multiple arrays and roof 

pitches 3 Highly visible 9 17 81% 170

3 1,408.04 2 30.0
Nice Flat Open roof. No 

Obstructions 2 Ideal Installation, good size 3 Highly Visible 10 17 81% 126

1 1,266.90 3 51.7
Open Roof, minor obstructions. 
Good areas for development. 2

Sloped and flat areas, Easy 
install 3 Highly Visible 9 17 81% 217

Public RelationsIrradiance Capacity Score Cost & Incentives

Rooftop PV, Page 2
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Rooftop PV  Note project summary in each row continues on the following page.

Energy Load

Project ID Project Type Agency Facility Name Land Building (s.f.) Floors

Estimated Building 
Footprint (Area 

Divided By Floors) Sub-Score 1 Energy Cost Comment Sub-Score 2 Electricity Load (kWh) Sub-Score 3

Area Building Systems Energy Cost

PV-524 Rooftop  PV Juvenile Justice Services Administration Building YDC -            50,980 1                  50,980 3  $                 0.0757  Hess Contract 2 4,644 3
PV-551 Rooftop  PV DRED (FRN00) Fran Notch S.P Main Meter -          103,620 1                103,620 3  $                    0.03  Clear Outlier 1 75,788 3

PV-051 Rooftop  PV Administrative Services Supreme Courthouse -            53,045 1                  53,045 3  $                 0.0757  Hess Contract 2 44,902 3
PV-099 Rooftop  PV Administrative Services DOT-Materials & Research -            29,318 2                  14,659 3  $                 0.0757  Hess Contract 2 36,215 3
PV-014 Rooftop  PV Administrative Services Fish & Game Headquarters -            30,000 3                  10,000 2  $                 0.0757  Hess Contract 2 33,986 3

PV-023 Rooftop  PV Administrative Services Legislative Office Building -            68,530 4                  17,133 3  $                 0.0757  Hess Contract 2 30,638 3

PV-370 Rooftop  PV DRED (ODN01) Science Center -            15,940 1                  15,940 3  $                 0.0757  Hess Contract 2 19,566 3

PV-504 Rooftop  PV Fish & Game Commission Milford Fish Hatchery -            16,050 1                  16,050 3  $                 0.1310 3 18,050 3

PV-019 Rooftop  PV Administrative Services Johnson Hall -            27,840 3                    9,280 2  $                 0.0757  Hess Contract 2 14,608 3
PV-044 Rooftop  PV Administrative Services South Carroll County District Courthouse -            34,000 3                  11,333 3  $                 0.0757  Hess Contract 2 13,143 3

PV-011 Rooftop  PV Administrative Services Storrs St. Garage -            42,432 2                  21,216 3  $                 0.0757  Hess Contract 2 11,207 3

PV-529 Rooftop  PV Employment Security Nashua Employment Security -            12,000 1                  12,000 3  $                 0.0757  Hess Contract 2 6,630 3
PV-010 Rooftop  PV Liquor Commission Retail Store #38 - Portsmouth -            12,042 1                  12,042 3  $                 0.0757  Hess Contract 2 6,095 3
PV-009 Rooftop  PV Administrative Services Dolloff Building -            36,888 3                  12,296 3  $                 0.0765  Hess Contract 2 5,338 3

PV-045 Rooftop  PV Administrative Services Spaulding Hall -            25,000 4                    6,250 2  $                 0.0757  Hess Contract 2 25,216 3

PV-040 Rooftop  PV Administrative Services Revenue Administration -            28,808 3                    9,603 2  $                 0.0757  Hess Contract 2 18,844 3

PV-037 Rooftop  PV Administrative Services Plymouth District Courthouse -            16,000 2                    8,000 2  $                 0.0757  Hess Contract 2 10,726 3
PV-030 Rooftop  PV Administrative Services Monadnock Mill -            27,280 4                    6,820 2  $                 0.0757  Hess Contract 2 10,697 3
PV-027 Rooftop  PV Administrative Services Manchester District Courthouse -            60,441 3                  20,147 3  $                 0.0757  Hess Contract 2 10,584 3

PV-444 Rooftop  PV Employment Security Somersworth Employment Security -            10,000 1                  10,000 2  $                 0.0757  Hess Contract 2 8,964 3
PV-441 Rooftop  PV Administrative Services Laconia District Courthouse -            22,700 1                  22,700 3  $                 0.0757  Hess Contract 2 6,330 3

PV-533 Rooftop  PV Liquor Commission Retail Store #15 - Keene -            10,000 1                  10,000 2  $                 0.0757  Hess Contract 2 5,265 3
PV-017 Rooftop  PV Administrative Services Hillsborough Superior Courthouse North -            78,486 3                  26,162 3  $                 0.0757  Hess Contract 2 50,850 3

PV-541 Rooftop  PV Environmental Services
WRBP Maintenance Bldg/Winnisquam 

Pump Station -            10,900 2                    5,450 2  $                 0.0757  Hess Contract 2 33,520 3

PV-024 Rooftop  PV Administrative Services Londergan Hall -            50,766 3                  16,922 3  $                 0.0757  Hess Contract 2 23,768 3

PV-005 Rooftop  PV Administrative Services Coos Superior Courthouse -            33,443 4                    8,361 2  $                 0.0757  Hess Contract 2 22,176 3

PV-101 Rooftop  PV Administrative Services Jaffrey-Peterborough District Courthouse -            24,000 1                  24,000 3  $                 0.0757  Hess Contract 2 10,987 3
PV-537 Rooftop  PV Liquor Commission Retail Store #32 - Nashua -              9,610 1                    9,610 2  $                 0.0757  Hess Contract 2 10,300 3

PV-032 Rooftop  PV Administrative Services Nashua District Courthouse -            26,100 3                    8,700 2  $                 0.0757  Hess Contract 2 7,822 3

PV-243 Rooftop  PV DOT District 5 - Shed 543 Salem WC -              5,324 1                    5,324 2  $                 0.1599 3 7,093 3

PV-435 Rooftop  PV Employment Security Conway Employment Security -              5,300 1                    5,300 2  $                 0.0757  Hess Contract 2 7,013 3

PV-179 Rooftop  PV DOT District 3 - Conway Rest Area -              5,965 2                    2,983 2  $                 0.0757  Hess Contract 2 6,347 3
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Rooftop PV

Project ID

PV-524
PV-551

PV-051
PV-099
PV-014

PV-023

PV-370

PV-504

PV-019
PV-044

PV-011

PV-529
PV-010
PV-009

PV-045

PV-040

PV-037
PV-030
PV-027

PV-444
PV-441

PV-533
PV-017

PV-541

PV-024

PV-005

PV-101
PV-537

PV-032

PV-243

PV-435

PV-179

 

Score

Global 
Horizontal 
Irradiance 

(GHI) kW/m2 Score

Estimated Capacity 
Based on Estimated 
Building Footprint at 

200 ft/kW

Available Roof Area 
Obstructions/ Contiguous Roof 

Space Score Comment Score Comment
Technology Sub-

Score
TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Public RelationsIrradiance Capacity Score Cost & Incentives

1 1,265.30 3 254.9

Nice Roof, guaranteed 100 kW, 
seems to be adjacent to John 
Sununu YSC. Not sure Where 

one begins and ends 3

A lot of available open roof 
space despite obstructions 

multiple pitches etc.. 
Capabilities for Economies 

of Scale 2

Visible, not due to 
proximity but has PR 

value 9 17 81% 642
2 1,322.00 3 518.1 GROUND MOUNT 1 GROUND MOUNT 3 Highly Visible 9 16 76% 2,174

3 1,423.60 2 265.2
Open, Various Pitches, reduced 

system size 1 Multiple Arrays 2 Highly Visible 8 16 76% 1,113
3 1,423.60 2 73.3 Small Open Area, HVAC 1 Multiple Arrays, ULA 2 Visible 8 16 76% 308
3 1,423.60 2 50.0 HVAC Equipment 1 Multiple Arrays 3 Highly Visible 9 16 76% 157

3 1,423.60 1 85.7 1 Flat Area, Reduced Capacity 1
Reduce System Size, less 

available space 3 Highly visible 8 16 76% 90

1 1,282.10 3 79.7
Skylights, various pitches, roof 

equipment reduce capacity 1 Multiple Arrays, obstructions 3 Highly visible 8 16 76% 239

1 1,265.30 3 50.0 Open Flat Roof 2 Ideal Installation 1 Not Visible 7 16 76% 210

3 1,423.60 2 46.4

Eaves will limit capacity in the 
20 kW range. Minimal 

obstructions 1 Normal installation 3 Visible 9 16 76% 136
3 1,408.04 2 56.7 One Open Space, other tilts 1 Multiple Arrays 2 Visible 8 16 76% 238

3 1,423.60 2 106.1 Open Area, center out 1 Carport 2 Visible 8 16 76% 445

1 1,265.30 3 60.0

Flat roof, HVAC Equipment, 
Reduced Capacity but not 

significant 2

Nice roof, Flat easy install, 
likely higher profile due to 

obstructions 2 Visible 8 16 76% 252
1 1,282.10 2 60.2 Some Open Space 2 Multi-pitch/Roof face 3 Highly Visible 8 16 76% 253
3 1,423.60 2 61.5 Flat roof with obstructions 1 Lower System Size 2 Not visible 8 16 76% 129

3 1,423.60 1 31.3
Eaves and multiple pitches will 
reduce capacity below 25 kW 1 Normal installation 3 Not visible 8 15 71% 98

3 1,423.60 2 48.0

Nice South Facing Roof Pitch, 
reduces capacity by about half of 

estimate by footprint 1

One nice open space already 
tilted for easy flush mount. 

Tree removal necessary 2 Visible 8 15 71% 121

3 1,408.04 1 40.0 Multiple Pitches/No flat space 1 Multiple Arrays 3 Highly Visible 8 15 71% 168
1 1,236.20 2 34.1 Flat Roof wide open 2 Ideal Installation 3 Highly Visible 8 15 71% 143
1 1,265.30 2 100.7 Flat with Open Space HVAC 1 Multiple Arrays 3 Highly Visible 7 15 71% 211

1 1,282.10 3 50.0
Nice open Roof. Need to confirm 

location 2 Routine Install 2 Visible 8 15 71% 210
3 1,423.60 1 113.5 Small Open Area, Multi Pitch 1 Multi Pitch 2 Visible 7 15 71% 48

2 1,378.40 2 50.0

Nice open roof, south facing 
pitch. Likely reduced system size 

to 25kW 1 Multiple Arrays 3 Highly Visible 8 15 71% 105
1 1,265.30 1 130.8 Not Favorable 1 High Cost 3 Highly Visible 6 14 67% 55

3 1,408.04 2 27.3
If location is correct, roof looks 

wide open 1

If location is correct typical 
installation, no economies 

of scale 1 Not visible 7 14 67% 114

3 1,423.60 1 84.6
 Pitched Roof with eaves 

Significantly Reduced Capacity 1 Reduced System Size 1 Not visible 6 14 67% 53

1 1,201.12 2 41.8
Few different roof levels, some 

equipment 1
Open Areas, some shading 

from multiple levels 3 Highly Visible 7 14 67% 132

2 1,378.40 1 120.0
Likely has more floors, smaller 

footprint. 1
Multiple Pitches, lower 

capacity 2 Visible 6 14 67% 126
2 1,322.00 1 48.1 Could not find location 1 Assume High Cost 3 Highly Visible 7 14 67% 202

1 1,265.30 2 43.5
Slight reduction in capacity due 

to HVAC 1
Nice Flat Roof Minimal 

obstructions 3 Highly Visible 7 14 67% 183

1 1,266.90 2 26.6
Roof Looks wide open , Need to 

confirm location 1 Normal installation 2
Visible, right off of I-

93 6 14 67% 112

2 1,322.00 2 26.5
Roof Looks clear, no reduction in 

capacity 1 Routine Install 2 Visible 7 14 67% 111

2 1,322.00 1 14.9 Flat Roof Area, large obstructions 1
Multiple arrays, large 

obstructions 3 Visible 7 14 67% 63
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Rooftop PV  Note project summary in each row continues on the following page.

Energy Load

Project ID Project Type Agency Facility Name Land Building (s.f.) Floors

Estimated Building 
Footprint (Area 

Divided By Floors) Sub-Score 1 Energy Cost Comment Sub-Score 2 Electricity Load (kWh) Sub-Score 3

Area Building Systems Energy Cost

PV-140 Rooftop  PV DOT District 1 - Shed 107L -            10,376 1                  10,376 3  $                 0.0757 
 Hess Contract; two 
entries: two meters? 2 6,049 3

PV-439 Rooftop  PV Administrative Services Dover District Court -            24,000 2                  12,000 3  $                 0.0757  Hess Contract 2 5,644 3

PV-022 Rooftop  PV Administrative Services Lebanon District Courthouse -              9,482 2                    4,741 2  $                 0.0757  Hess Contract 2 5,600 3

PV-237 Rooftop  PV DOT District 5 - Shed 526 -              6,000 1                    6,000 2  $                 0.0757  Hess Contract 2 4,942 3

PV-545 Rooftop  PV Liquor Commission Retail Store #55 - Bedford -              7,000 1                    7,000 2  $                 0.1686 3 4,920 3

PV-532 Rooftop  PV Liquor Commission Retail Store #06 - Portsmouth -              5,625 1                    5,625 2  $                 0.1600 3 4,820 3

PV-079 Rooftop  PV Corrections Goffstown - Women's Prison -            14,450 1                  14,450 3  $                 0.1142 3 66,995 3
PV-266 Rooftop  PV DOT Turnpikes - Bedford Main Toll -              3,000 1                    3,000 2  $                 0.1310 3 24,211 3

PV-028 Rooftop  PV Administrative Services Merrimack Courthouse -            28,000 3                    9,333 2  $                 0.1496 

 Not listed on Hess 
Contract-Other 

name? 3 21,878 3

PV-001 Rooftop  PV Administrative Services Berlin District Court -              9,780 2                    4,890 1  $                 0.1592 3 16,335 3

PV-277 Rooftop  PV DOT Turnpikes - Merrimack Industrial Toll -              1,250 1                    1,250 2  $                 0.1456 3 13,314 3

PV-270 Rooftop  PV DOT Turnpikes - Exit 11 Toll -              2,000 1                    2,000 2  $                 0.1410 3 12,626 3

PV-267 Rooftop  PV DOT Turnpikes - Bedford Road Toll -              1,250 1                    1,250 2  $                 0.1343 3 6,861 3

PV-089 Rooftop  PV Corrections Manchester - Calumet House -            10,260 3                    3,420 2  $                 0.0757  Hess Contract 2 6,460 3

PV-429 Rooftop  PV DRED Turnpikes - Hooksett NB Rest Area -              1,500 1                    1,500 2  $                 0.0757 
 Hess Contract; two 
entries: two meters? 2 6,180 3

PV-430 Rooftop  PV DRED Turnpikes - Hooksett SB Rest Area -              1,500 1                    1,500 2  $                 0.0757  Hess Contract 2 5,940 3

PV-057 Rooftop  PV Behavioral Health Tirrell House -              4,305 2                    2,153 2  $                 0.0757  Hess Contract 2 4,759 3

PV-229 Rooftop  PV DOT District 5 - Shed 511 NEW -              8,000 1                    8,000 2  $                 0.0757  Hess Contract 2 4,466 3

PV-274 Rooftop  PV DOT
Turnpikes - Hooksett NB Rest Area 

(Duplicate?) -              1,500 1                    1,500 2  $                 0.1410 
 Hess Contract; two 
entries: two meters? 3 4,257 3

PV-498 Rooftop  PV Fish & Game Commission Barry Conservation Camp -              2,800 1                    2,800 2  $                 0.2917  Clear Outlier 1 14,201 3

PV-139 Rooftop  PV DOT District 1 - Shed 107L -              8,960 1                    8,960 2  $                 0.0757 
 Hess Contract; two 
entries: two meters? 2 6,240 3

PV-138 Rooftop  PV DOT District 1 - Shed 107L -              5,120 1                    5,120 2  $                 0.0757 
 Hess Contract; two 
entries: two meters? 2 6,060 3

PV-278 Rooftop  PV DOT Turnpikes - Merrimack Maintenance -              5,002 1                    5,002 2  $                 0.0757  Hess Contract 2 5,220 3
PV-238 Rooftop  PV DOT District 5 - Shed 527 -              6,000 1                    6,000 2  $                 0.0757  Hess Contract 2 4,500 3
PV-268 Rooftop  PV DOT Turnpikes - Dover Maintenance -              4,880 1                    4,880 2  $                 0.0757  Hess Contract 2 4,465 3
PV-271 Rooftop  PV DOT Turnpikes - Hampton Main Toll -              1,978 1                    1,978 2  $                    0.01  Clear Outlier 1 4,438 3
PV-082 Rooftop  PV Corrections Concord - Central Core Area -          423,510 1                423,510 3  $                    0.01 0 157,707 3

PV-073 Rooftop  PV NH Veterans Home NH Veterans Home-Entire Facility -          183,600 2                  91,800 3  $                 0.1308 3 115,969 3
PV-489 Rooftop  PV Environmental Services WRBP N. Main Pump Station -                900 1                       900 0  $                    0.05 1 23,733 3
PV-491 Rooftop  PV Environmental Services WRBP Paugus Park Pump Station -                900 1                       900 0  $                    0.08 1 18,429 3
PV-269 Rooftop  PV DOT Turnpikes - Dover Toll -                814 1                       814 0  $                    0.14 3 15,433 3
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Rooftop PV

Project ID

PV-140

PV-439

PV-022

PV-237

PV-545

PV-532

PV-079
PV-266

PV-028

PV-001

PV-277

PV-270

PV-267

PV-089

PV-429

PV-430

PV-057

PV-229

PV-274

PV-498

PV-139

PV-138

PV-278
PV-238
PV-268
PV-271
PV-082

PV-073
PV-489
PV-491
PV-269

 

Score

Global 
Horizontal 
Irradiance 

(GHI) kW/m2 Score

Estimated Capacity 
Based on Estimated 
Building Footprint at 

200 ft/kW

Available Roof Area 
Obstructions/ Contiguous Roof 

Space Score Comment Score Comment
Technology Sub-

Score
TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Public RelationsIrradiance Capacity Score Cost & Incentives

1 1,201.12 3 51.9 Could not Confirm Location 1 Assume High Cost 1 Not visible 6 14 67% 218

1 1,282.10 1 60.0
Odd Shaped roof. 20 kW best 

scenario 1 Multiple Arrays, 3 Highly Visible 6 14 67% 84

1 1,254.40 2 23.7
Scoring as a 2: roof looks more 

like 20,000 1

If location is correct typical 
installation, no economies 

of scale 3 Highly Visible 7 14 67% 99

3 1,423.60 2 30.0

Roof Looks wide open , Need to 
confirm which building but both 

look good 1 Normal installation 1 Not visible 7 14 67% 126

1 1,265.30 1 35.0 Open Roof HVAC. Renting? 1
Nice Roof, Flat easy install, 

low capacity 3 Highly Visible 6 14 67% 73

1 1,282.10 1 28.1

Nice open roof, south facing 
pitch. Likely reduced system size 

to below 20 kW 1 Multiple Arrays 3 Highly Visible 6 14 67% 89

1 1,265.30 1 72.3
Pitched Roof with eaves limits 

capacity 1
Smaller system, multiple 

arrays higher cost 1 Not visible 4 13 62% 30
1 1,265.30 1 15.0 PV- 1 Could not review 2 Visible 5 13 62% 63

1 1,265.30 1 46.7 Open Flat Areas, Reduced Size 1 Multiple Roofs 2  Visible 5 13 62% 98

1 1,201.12 1 24.5
Lower Capacity due to pitches. 
Still possibility for 15-20 kW 2

No obstructions, open areas, 
short wire runs 2  Visible 6 13 62% 77

1 1,265.30 1 6.3 Could not confirm PV-278a/b? 1 Could not review 2 Visible 5 13 62% 26

1 1,265.30 1 10.0 Could Not Confirm Location 1 Could not review 2 Visible 5 13 62% 42

1 1,265.30 1 6.3
Could not Confirm Location; 
Which is main toll/Road Toll 1 Could not review 2 Visible 5 13 62% 26

1 1,265.30 1 17.1
Roof Looks open, Need to 

confirm location 1 Assume High Cost 3 Highly Visible 6 13 62% 72

1 1,265.30 1 7.5
Nice Open Roof, good size for a 

small installation. 1
Easy Installation even 

though small. 3 Visible 6 13 62% 31

1 1,265.30 1 7.5
Nice Open Roof, good size for a 

small installation. 1
Easy Installation even 

though small. 3 Visible 6 13 62% 31

1 1,265.30 1 10.8
A tough roof; Capacity limited 

with eaves 1
High cost with multiple 

arrays 3

Highly Visible in a 
densely populated 

area and positive PR 6 13 62% 45

1 1,265.30 2 40.0

Roof Looks wide open , Need to 
confirm which building but both 

look good 2 Normal installation 1 Not visible 6 13 62% 168

1 1,265.30 1 7.5
Nice Open Roof, good size for a 

small installation. 1
Easy Installation even 

though small. 2 Visible 5 13 62% 31

1 1,201.12 1 14.0

Can't confirm location. Evaluate 
in Conjunction with Berlin Fish 

Hatchery 1 Assume High Cost 3 Highly Visible 6 12 57% 59

1 1,201.12 2 44.8
Roof Looks open, Need to 

confirm location 1 Assume High Cost 1 Not visible 5 12 57% 188

1 1,201.12 2 25.6
Roof Looks open, Need to 

confirm location 1 Assume High Cost 1 Not visible 5 12 57% 107

1 1,265.30 1 25.0

Two Buildings account for the 
5,000 square feet. Split system 

likely to be less, not sure if 
mastermetered. 1

Smaller system, multiple 
arrays higher cost 2 Visible 5 12 57% 105

1 1,265.30 2 30.0 Could not find location 1 Assume High Cost 1 Not visible 5 12 57% 126
1 1,282.10 1 24.4 Could Not Confirm Location 1 Could not review 2 Visible 5 12 57% 102
1 1,282.10 1 9.9 Roof Looks open 1 Assume High Cost 3 Highly Visible 6 12 57% 42
3 1,423.60 3 2117.6 1 Not visible 7 F FAIL

3 1,408.04 0 459.0
 Recent Rooftop Solar 
Installation: Fatal Flaw 1

Multiple Arrays, roof faces, 
skylights, equipment 3 Highly Visible F F FAIL

3 1,408.04 0 4.5 1 Not visible F F FAIL
3 1,408.04 0 4.5 1 Not visible F F FAIL
1 1,282.10 0 4.1 1 Not visible F F FAIL

Rooftop PV, Page 6

prc
Line



Tighe&Bond, Inc.
6/28/2012TABLE 3

Rooftop PV  Note project summary in each row continues on the following page.

Energy Load

Project ID Project Type Agency Facility Name Land Building (s.f.) Floors

Estimated Building 
Footprint (Area 

Divided By Floors) Sub-Score 1 Energy Cost Comment Sub-Score 2 Electricity Load (kWh) Sub-Score 3

Area Building Systems Energy Cost

PV-557 Rooftop  PV NH Hospital Acute Psychiatric Services (APS) -          198,000 3                  66,000 3  $                    0.01  Clear Outlier 1 14,519 3
PV-281 Rooftop  PV DOT Turnpikes - Rochester Toll -                814 1                       814 0  $                    0.14 3 11,306 3

PV-047 Rooftop  PV Administrative Services State Library -            38,568 3                  12,856 3  $                 0.0757  Hess Contract 2 9,379 3
PV-480 Rooftop  PV Environmental Services Scenic Rd -                900 1                       900 0  $                    0.14 3 7,108 3

PV-538 Rooftop  PV Liquor Commission Retail Store #33 - Manchester -              4,000 1                    4,000 2  $                 0.1569 3 5,868 3
PV-007 Rooftop  PV Administrative Services Derry District Courthouse -            16,000 3                    5,333 2  $                 0.0757  Hess Contract 2 4,723 3
PV-493 Rooftop  PV Environmental Services WRBP River Street Pump Station -                900 1                       900 0  $                    0.07 1 4,542 3
PV-492 Rooftop  PV Environmental Services WRBP Pendleton Beach PUmp Station -                900 1                       900 0  $                    0.06 1 4,281 3
PV-300 Rooftop  PV DRED (BBW83) - DRED Warehouse -            10,000 1                  10,000 2  $                 0.0757  Hess Contract 2 4,257 3
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Project ID

PV-557
PV-281

PV-047
PV-480

PV-538
PV-007
PV-493
PV-492
PV-300

 

Score

Global 
Horizontal 
Irradiance 

(GHI) kW/m2 Score

Estimated Capacity 
Based on Estimated 
Building Footprint at 

200 ft/kW

Available Roof Area 
Obstructions/ Contiguous Roof 

Space Score Comment Score Comment
Technology Sub-

Score
TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Public RelationsIrradiance Capacity Score Cost & Incentives

3 1,423.60 0 330.0

Recent Solar Thermal 
Improvements on rooftop: fatal 

flaw 3
Typical Installation, 
economies of scale 3 Highly Visible F F FAIL

2 1,341.50 0 4.1 1 Not visible F F FAIL

3 1,423.60 0 64.3 No Open Space 1 High Cost 3 Highly Visible F F FAIL 270
3 1,408.04 0 4.5 1 Not visible F F FAIL

1 1,265.30 0 20.0 Looks like renting in large plaza 1 HVAC 3 Highly Visible F F FAIL 84
1 1,265.30 2 26.7 3 Highly Visible F F FAIL 112
3 1,408.04 0 4.5 1 Not visible F F FAIL
3 1,408.04 0 4.5 1 Not visible F F FAIL
3 1,423.60 3 50.0 2 Visible F F FAIL 210
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Ground Mounted PV  Note project summary in each row continues on the following page.

Project ID Project Type Agency Facility Name Land Building (s.f.)
Potential Array 

Area (Acres
Population 

Density Wetlands Habitat Cultural Topography Infrastructure Land Cover Sub-Score 1 Energy Cost Comment Sub-Score 2

GPV-001 Ground Mount PV Administrative Services

Hazen Drive Complex - Health & 
Welfare, Safety Building, Fish & Game 

Headquarters. -                   316,230 2.5 High

Site surrounded 
closely by 
wetlands, 

potential on-
site wetlands

1/3 of Hazen 
Drive complex 

in habitat

No historic or 
recreational 
use on site Flat

Transmission on-
site; several 
buildings and 

parking, 
constrained area Forest and parking 2  $            0.0757  Hess Contract 2

GPV-009 Ground Mount PV Administrative Services DOT - Mechanical Services -                     85,900 4.4 Moderate

Proximate to 
wetlands, none 
in solar area None

No historic or 
recreational 
use on site Flat

Several 
buildings, 
parking Forested 2  $            0.0757  Hess Contract 2

GPV-039 Ground Mount PV Administrative Services Walker Building -                   110,000 0.7 High None None

No 
recreational or 

historic use Flat
Parking, adjacent 

to building
 Cleared some tree 
removal necessary 2  $            0.0757  Hess Contract 2

GPV-042 Ground Mount PV Administrative Services
South Carroll County District 

Courthouse -                     34,000 2.8 Low None None
No historic use 

on site Flat

Related buildings 
and clear land 

across the street; 
adjacent to farm  Clear 3  $            0.0757  Hess Contract 2

GPV-044 Ground Mount PV Administrative Services Supreme Courthouse -                     53,045 1 High
Wetlands 

adjacent to site
Surrounded 
by Habitat Flat  Wooded Area 1  $            0.0757  Hess Contract 2

GPV-014 Ground Mount PV DOT Turnpikes - Hooksett Toll -                     13,880 7.0 Moderate None 100% Habitat

No historic or 
recreational 
use on site; 

adjacent to I-
95; 

Gravel/junk  
pit on site

Flat area to NE 
of toll

Transmission 
0.23 mi away; 3-

phase on site
Forested/ gravel 

piles 1  $            0.1431 

 Rest Area on Hess 
Contract. Same 

meter? 3

GPV-058 Ground Mount PV Glencliff Home Entire Facility -                   256,904 12 Low None
Surrounded 
by Habitat

Hunting and 
Natural Area

Variable 
Terrain  Dense Trees 2  $                0.14 3

GPV-034 Ground Mount PV Administrative Services Emergency Operations Center -                     67,644 0.7 High None None

No historic or 
recreational 
use on site Variable terrain

Onsite building 
and Parking  Cleared 2  $            0.0757  Hess Contract 2

GPV-003 Ground Mount PV Administrative Services Rockingham Superior Courthouse -                   100,000 6.4 High

Proximate to 
wetlands, none 

on site None

No historic or 
recreational 
use on site Flat

Transmission on-
site; one building 

and parking

Thinned Forest and 
parking; significant 

tree removal 
necessary 2  $            0.0757  Hess Contract 2

GPV-027 Ground Mount PV Juvenile Justice Services John Sununu YSC -                   115,040 20.0 High None

50% of solar 
area in 
habitat

No historic 
use; 

recreational 
use by 

residents Flat

Several 
buildings, 
parking Cleared 3  $            0.0757  Hess Contract 2

GPV-028 Ground Mount PV Corrections Concord - Warehouse - New -                     48,580 4.5 Moderate None
100% in 
habitat

No historic 
locations 

noted near 
site Flat

Field adjacent to 
warehouses; part 
of Concord Farm 

Property Cleared 3  $                0.01  Clear Outlier 1

GPV-047 Ground Mount PV Dept. of Safety Safety Warehouse -                     16,000 2.2 High None None

No historic use 
on site; 

adjacent to 
residential

Flat with steep 
drop off to the 

west

Adjacent to 
Hazen Drive 

complex; 3-phase 
on Hazen Drive  Forested 2  $            0.0757  Hess Contract 2

GPV-059 Ground Mount PV Dept. of Safety E-911 Laconia PSAP -                     11,000 1 Moderate None

None on site; 
Adjacent to 

site

No near by 
historic use; 
on campus of 

public 
buildings Flat

Buildings, roads 
on site, potential 

expansion to 
Governors State 

Park  Clear 3  $            0.0757  Hess Contract 2

GPV-033 Ground Mount PV Administrative Services Div. of Motor Vehicles -                     79,388 0.4 High

Wetlands to the 
Northwest, 

none in solar 
area Flat

Buildings, 
parking adjacent 

to road  Cleared 2  $            0.0757  Hess Contract 2

GPV-038 Ground Mount PV Administrative Services Morton Building -                     96,800 2 High None

100% of solar 
area in 
habitat

Possible 
Recreational 

use Flat Parking to west
 Cleared some tree 
removal necessary 2  $            0.0757  Hess Contract 2

GPV-005 Ground Mount PV Corrections Berlin Corrections Facility -                   198,952 35.0 Low None None

No historic or 
recreational 
use on site

Plateau - 
potential 

historic fill area

Prison facility, 
parking, and 
warehouse Heavily Forested 2  $            0.0757  Hess Contract 2

GPV-075 Ground Mount PV Environmental Services WRBP Paugus Park Pump Station -                         900 1 Moderate None
100% in 
habitat

No historic 
use; adjacent 
to golf course 
and lakefront 
community Flat

Pump station on 
site; likely 3-
phase power 

access at pump 
station  Forested 2  $                0.08 1

GPV-050 Ground Mount PV DOT District 5 - Shed 543 Salem WC -                      5,324 5 Moderate None
Habitat to the 

East
Flat and dense 

forest  Partially Cleared 3  $            0.1599 3

GPV-051 Ground Mount PV DOT District 5 - Shed 543 Salem WC -                      5,324 5 Moderate None
Habitat to the 

East
Flat and dense 

forest  Partially Cleared 3  $            0.1599 3

GPV-041 Ground Mount PV Administrative Services Thayer Hall -                     97,164 0.4 High None None
In NH Hospital 

Complex Flat

Several nearby 
buildings and 
roads; check 

hospital build out 
plans  Clear 2  $            0.0757  Hess Contract 2

Area Energy CostEnvironmental Characteristics
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Ground Mounted PV

Project ID

GPV-001

GPV-009

GPV-039

GPV-042

GPV-044

GPV-014

GPV-058

GPV-034

GPV-003

GPV-027

GPV-028

GPV-047

GPV-059

GPV-033

GPV-038

GPV-005

GPV-075

GPV-050

GPV-051

GPV-041

Energy Load  

Electricity Load (kWh) Sub-Score 3 Score

Global Horizontal 
Irradiance (GHI) 

kW/m2 Score

Estimated 
Capacity Based 

on Acreage Comment Score Comment Score Comment
Technology Sub-

Score
TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

959,819 3 3 1,423.60 3 417

Only two thirds of area 
available. Still viable to build 

out to capacity given onsite load 3
Economies of scale will 

reduce cost 3 Highly Visible 12 19 90% 1,749

43,028 3 3 1,423.60 3 725 Significant offset 3
Economies of scale will 

reduce cost 2 Visible 11 18 86% 3,043

141,672 3 3 1,423.60 3 117
High potential to offset 
significant onsite load 2

Good ground mount, more 
expensive than it's rooftop 

counterpart. 3 Highly  visible 11 18 86% 490

13,143 3 3 1,408.04 2 467
Available capacity larger than 

load 2

System required will be 
smaller. Moderate 
economies of scale 2 Visible 9 17 81% 1,958

44,902 3 3 1,423.60 3 167
High potential to offset 
significant onsite load 2 Good Size 3 Highly Visible 11 17 81% 4,197

51,922 3 1 1,265.30 3 1,167
1 MW Cap;  Potential for 100% 

offset 3
Economies of scale will 

reduce cost 3 Highly visible 10 17 81% 4,197

85,765 3 3 1,423.60 3 2,000
Good size for economies of 

scale and incentives 2 Economies of scale 1
Aging facility,  not 

visible 9 17 81% 4,197

113,539 3 3 1,423.60 3 117
High potential to offset 
significant onsite load 2

Good ground mount, more 
expensive than it's rooftop 

counterpart. 2 Not visible 10 17 81% 490

159,160 3 1 1,282.10 3 1,067
1 MW Cap  with large load to 

offset 3
Economies of scale will 

reduce cost; 3 Highly Visible 10 17 81% 4,197

247,189 3 1 1,265.30 3 3,333
1 MW Cap  with large load to 

offset 3

Economies of scale will 
reduce cost; major issue will 

be location of point of 
interconnection 2

Visible, not due to 
proximity but has PR 

value 9 17 81% 4,197

8,213 3 3 1,423.60 2 750 Higher offset than in necessary 1

Economies of scale possible 
for a large system, but not 

enough load to require large 
system 3 Highly Visible 9 16 76% 3,148

10,327 3 3 1,423.60 2 367
Potential to offset other 

buildings on Hazen Campus 2
Long Wire runs, site 

preparation 2 Visible 9 16 76% 1,539

14,185 3 3 1,408.04 2 167
Available capacity larger than 

load 2
Moderate for economies of 
scale good for  incentives 1 Not visible 8 16 76% 699

41,592 3 3 1,423.60 2 67
Good target size for 

incentives/offset 1

High cost due to lack of 
economies of scale on the 
ground. Trenching through 

parking lot 3 Visible 9 16 76% 280

183,815 3 3 1,423.60 2 333 High potential offset of 2
Economies of scale will 

reduce cost 2 Not Visible 9 16 76% 1,399

305,905 3 1 1,201.12 3 5,833
1 MW Cap  with large load to 

offset 3

Economies of scale will 
reduce cost; major issue will 

be location of point of 
interconnection 2

Visible, not due to 
proximity but has PR 

value 9 16 76% 4,197

18,429 3 3 1,408.04 3 167
Ideal for economies of scale and 

offset of load 2

Ideal for economies of scale 
to drive down cost and 

maximize incentives; site 
preparation 1 Not visible 7 13 72%

7,093 3 1 1,266.90 2 833
Available capacity larger than 

load 1
System size smaller due to 

on site load 2
Visible, right off of I-

93 6 15 71% 3,497

7,093 3 1 1,266.90 2 833
Available capacity larger than 

load 1
Smaller system size 

increases cost 2
Visible, right off of I-

93 6 15 71% 3,497

12,200 3 3 1,423.60 1 67 Low offset 1
Good for incentives, Poor 

economies of scale 3 Highly visible 8 15 71% 280

Cost & Incentives Public RelationsIrradiance Capacity
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TABLE 4
Ground Mounted PV  Note project summary in each row continues on the following page.

Project ID Project Type Agency Facility Name Land Building (s.f.)
Potential Array 

Area (Acres
Population 

Density Wetlands Habitat Cultural Topography Infrastructure Land Cover Sub-Score 1 Energy Cost Comment Sub-Score 2

Area Energy CostEnvironmental Characteristics

GPV-035 Ground Mount PV Administrative Services Johnson Hall -                     27,840 0.2 High None None

Same land 
area as 

Spaulding Hall Flat
Buildings & 
Parking Lot

 Cleared, sparse 
trees 2  $            0.0757  Hess Contract 2

GPV-020 Ground Mount PV DRED (ODN01) Science Center -                     15,940 5.0 High

Proximate to 
wetlands; none 

in solar area None

Science and 
Learning 

center and 
state park; no 

proximate 
historic sites Flat

Science Center 
and parking; 

trails and picnic 
area; solar area 
on both sides of 

access Forested 2  $            0.0757  Hess Contract 2

GPV-043 Ground Mount PV Administrative Services Spaulding Hall -                     25,000 0.2 High None None Flat
Buildings & 
Parking Lot

 Cleared, sparse 
trees 2  $            0.0757  Hess Contract 2

GPV-046 Ground Mount PV Corrections Goffstown - Women's Prison -                     14,450 0.9 Low To the North None

Current 
Recreational 

Use Flat
Onsite building 

and Parking  Cleared 2  $            0.1142 3

GPV-026 Ground Mount PV Fish & Game Commission Warren Fish and Wildlife Center -                      9,510 14.2 Low None

Habitat on 
small area, 
<5% of site

No historic or 
recreational 
use on site

14 acres are on 
flat; mountain 
on N of site; 

1.4 acres 
available in 

clearing
Building, ponds 

and raceway Forested/Cleared 3  $                0.18 3

GPV-056 Ground Mount PV Dept. of Safety State Police Troop B Bedford -                     10,888 0.2 Moderate None None
No historic use 

on site; Flat

3-Phase on site; 
several buildings, 

roads and 
parking  Clear 3  $            0.0757  Hess Contract 2

GPV-052 Ground Mount PV DOT Turnpikes - Merrimack Industrial Toll -                      1,250 2 High None None

No historic use 
on site; 
abutting 

residential 
area Flat

Adjacent to 
Highway and toll 
booth; 3-phase 

on site  Forested 2  $            0.1456 3

GPV-025 Ground Mount PV Fish & Game Commission Milford Fish Hatchery -                     16,050 4.8 Low
Wetlands 

adjacent to site None

No historic or 
recreational 
use on site Flat

Building and 
several covered 
and uncovered 

ponds Forested 2  $            0.1310 3

GPV-013 Ground Mount PV DRED Turnpikes - Hooksett SB Rest Area -                      1,500 1 Moderate None None

No historic or 
recreational 
use on site; 

adjacent to I-
95

Cleared land is 
significantly 

sloped to E or 
W, remaining 
state owned 
land unclear

Transmission 0.3 
mi away, rest 
area, parking  Cleared 1  $            0.0757  Hess Contract 2

GPV-057 Ground Mount PV Fish & Game Commission Barry Conservation Camp -                      2,800 6 Low None None

Fish Hatchery 
on Site; Other 
use includes 
sleepover 

camp, 
archery, 

hunting, etc. 

Flat Plateau on 
S. side of Deer 

Mountain

Cabins, Fish 
raceway and 

buildings  Forested 2  $            0.2917  Clear Outlier 1

GPV-048 Ground Mount PV Administrative Services DOT-Materials & Research -                     29,318 0.1 Moderate
Adjacent to 
wetlands 100% habitat

No 
recreational or 

historic use Variable terrain  Forested 1  $            0.0757  Hess Contract 2

GPV-017 Ground Mount PV DRED
(BBW83) - DRED Warehouses, 

Allenstown -                     10,000 40.0 Low None 100% of site

No historic use 
on site, 

recreational 
use in park

Flat - slope up 
on W

Transmission 0.7 
mi away; 3-phase 

likely on 
Deerfield Rd Forested 2  $                0.05 1

GPV-061 Ground Mount PV Environmental Services
WRBP Maintenance Bldg./Winnisquam 

Pump Station -                     10,900 0.1 Low

Adjacent to 
Lake 

Winnisquam, 
wetlands area 

to the East

Habitat 
surrounds 
solar area Flat

Surrounded by 
smaller buildings  Cleared 1  $            0.0757  Hess Contract 2

GPV-012 Ground Mount PV DOT Turnpikes - Hampton Maintenance -                     12,740 1.9 Moderate None None

No historic or 
recreational 
use on site; 

adjacent to I-
95

Flat, slight 
slope to SW 
from I-95 to 

facility/access 
road

I-95, 3 buildings 
and parking Cleared 2  $                0.07 1

GPV-022 Ground Mount PV DRED
(URB01) Admin/Stone House and 

Maintenance Barn -                      5,294 
Wetlands on 

site

Fatal Flaw: 
Recent energy 
improvements

Fatal Flaw: Clearing 
required in urban 
forestry center 0  $                0.11 3

GPV-016 Ground Mount PV DRED (BBR24) CG Registration Building -                         734 8.0 Low None 100% of site

No historic use 
on site, 

recreational 
use in park - 

camping Flat

Transmission 0.7 
mi away; 3-phase 

likely on 
Deerfield Rd Forested 2  $                0.04 1

GPV-021 Ground Mount PV DRED
(SUN04) Sunapee Campground Bath 

house -                      1,551 
Hilltop on N 
side of Mt. 0  $                1.63 3

GPV-007 Ground Mount PV Corrections Concord - Farm -                     22,960 60.0 Moderate
Fatal Flaw: 
Flood Plain 0  $                0.02  Clear Outlier 0

GPV-018 Ground Mount PV DRED
(HMB01 - 03; HMS-04-07) Hampton 

Beach all facilities -                      2,265 None Fatal Flaw

Fatal Flaw: No 
available land 

area 0  $                0.10 3

GPV-008 Ground Mount PV Corrections Concord - Shea Farm -                     10,060 2.9 Low

Proximate to 
wetlands, none 
in solar area None

No historic or 
recreational 
use on site; 

abutting 
Russell Shea 
State Forest Flat

3-phase power on 
Iron Works Rd Cleared 3  $                0.01  Clear Outlier 0

GPV-015 Ground Mount PV DOT Turnpikes - Seabrook Rest Area -                      5,289 8.0 High None None

No historic or 
recreational 
use on site Flat

3-phase on 
Lafayette Rd and 
Fort Mill Terrave Forested 2  $                0.01  Clear Outlier 0

GPV-023 Ground Mount PV Employment Security Manchester Training & Appeals -                     11,160 

Fatal Flaw: No 
available land 

area 0  $                0.06 1
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TABLE 4
Ground Mounted PV

Project ID

GPV-035

GPV-020

GPV-043

GPV-046

GPV-026

GPV-056

GPV-052

GPV-025

GPV-013

GPV-057

GPV-048

GPV-017

GPV-061

GPV-012

GPV-022

GPV-016

GPV-021

GPV-007

GPV-018

GPV-008

GPV-015

GPV-023

Energy Load  

Electricity Load (kWh) Sub-Score 3 Score

Global Horizontal 
Irradiance (GHI) 

kW/m2 Score

Estimated 
Capacity Based 

on Acreage Comment Score Comment Score Comment
Technology Sub-

Score
TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Cost & Incentives Public RelationsIrradiance Capacity

14,608 3 3 1,423.60 1 33 Low offset 1 Smaller ground mount 3 Highly Visible 8 15 71% 140

19,566 3 1 1,282.10 2 833 Higher offset than in necessary 2
Economies of scale and 
maximizing incentives 3 Highly visible 8 15 71% 3,497

25,216 3 3 1,423.60 1 33 Low offset 1 Smaller ground mount 3 Highly Visible 8 15 71% 140

66,995 3 1 1,265.30 3 150
Sized well for significant offset 

and incentives 2

Good ground mount, more 
expensive than it's rooftop 

counterpart. 1 Not visible 7 15 71% 630

1,957 1 1 1,254.40 2 2,367
Available capacity much larger 

than load 2
Could size for load, high 

incentives 2 Visible 7 14 67%

11,665 3 1 1,265.30 1 33 Low offset 1

Poor incentives and 
economies of scale;  Long 

wire  runs 3 Highly Visible 6 14 67% 140

13,314 3 1 1,265.30 2 333
Available capacity larger than 

load 1

Moderate for economies of 
scale and incentives; land 

prep 2 Visible 6 14 67% 1,399

18,050 3 1 1,265.30 2 800
Available capacity much larger 

than load 2
Economies of scale and 
maximizing incentives 1 Not Visible 6 14 67% 3,357

5,940 3 1 1,265.30 1 167
Available capacity larger than 

load 2

Good for incentives, 
Moderate for economies of 

scale 3 Visible 7 13 62% 699

14,201 3 1 1,201.12 2 1,000
Available capacity larger than 

load 1
Land preparation will be cost 

burden 3 Highly Visible 7 13 62% 4,197

36,215 3 3 1,423.60 1 17 Low offset 1 High cost 2 Visible 7 13 62% 70

4,257 3 3 1,423.60 1 6,667
Available capacity larger than 

load 1
System size required by load 

would be under 50 kW 1 Not visible 6 12 57% 27,978

33,520 3 3 1,408.04 1 17 Low offset 1 Smaller ground mount 1 Not visible 6 12 57% 70

3,498 2 1 1,282.10 1 317
Economies of scale, but not 

enough load to offset 1
System size required by load 

is likely much less 2 Visible 5 10 48% 1,329

519 1 1 1,282.10 0 0.0 2 Visible F F FAIL

587 0 3 1,423.60 1 1,333
Available capacity larger than 

load 0
System size required by load 

is tiny F F FAIL

762 1 1 1,265.30 0 0.0 2 Visible F F FAIL

1,038 1 3 1,423.60 F F FAIL

1,148 1 1 1,282.10 2 Visible F F FAIL

1,655 1 3 1,423.60 1 477
Available capacity larger than 

load 1
System size required by load 

is likely much less 2 Visible 7 F FAIL

2,005 1 1 1,282.10 F F FAIL

2,901 2 1 1,265.30 0 0.0 2 Visible F F FAIL
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TABLE 4
Ground Mounted PV  Note project summary in each row continues on the following page.

Project ID Project Type Agency Facility Name Land Building (s.f.)
Potential Array 

Area (Acres
Population 

Density Wetlands Habitat Cultural Topography Infrastructure Land Cover Sub-Score 1 Energy Cost Comment Sub-Score 2

Area Energy CostEnvironmental Characteristics

GPV-011 Ground Mount PV DOT Turnpikes - Hampton Main Toll -                      1,978 None Fatal Flaw
Fatal Flaw: 

100% wetlands 0  $                0.01  Clear Outlier 1

GPV-060 Ground Mount PV Liquor Commission Retail Store #32 - Nashua -                      9,610 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-036 Ground Mount PV Administrative Services Manchester District Courthouse -                     60,441 None Fatal Flaw  $            0.0757  Hess Contract 2

GPV-037 Ground Mount PV Administrative Services Monadnock Mill -                     27,280 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-040 Ground Mount PV Administrative Services Plymouth District Courthouse -                     16,000 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-049 Ground Mount PV Administrative Services
Jaffrey-Peterborough District 

Courthouse -                     24,000 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-063 Ground Mount PV Administrative Services Storrs St. Garage -                     42,432 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-073 Ground Mount PV DOT Turnpikes - Rochester Toll -                         814 None Fatal Flaw                        814 0  $                0.14 3

GPV-054 Ground Mount PV DOT Turnpikes - Exit 11 Toll -                      2,000 None Fatal Flaw 0  $            0.1410 3

GPV-029 Ground Mount PV NH Hospital Acute Psychiatric Services (APS) -                   198,000 None Fatal Flaw 0  $                0.01  Clear Outlier 1

GPV-072 Ground Mount PV DOT Turnpikes - Dover Toll -                         814 None Fatal Flaw 0  $                0.14 3

GPV-031 Ground Mount PV Administrative Services Berlin District Court -                      9,780 None Fatal Flaw 0  $            0.1592 3

GPV-067 Ground Mount PV Administrative Services Revenue Administration -                     28,808 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-066 Ground Mount PV Administrative Services Merrimack Courthouse -                     28,000 
Limited Fatal 

Flaw High 0  $            0.1496 

 Not listed on Hess 
Contract-Other 

name? 3

GPV-062 Ground Mount PV Administrative Services Coos Superior Courthouse -                     33,443 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-024 Ground Mount PV Environmental Services WRBP N. Main Pump Station -                         900 

Fatal Flaw: No 
available land 

area 0  $                0.05 1

GPV-074 Ground Mount PV Environmental Services WRBP N. Main Pump Station -                         900 None Fatal Flaw

Fatal Flaw: No 
available land 

area 0  $                0.05 1

GPV-065 Ground Mount PV Administrative Services Londergan Hall -                     50,766 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-071 Ground Mount PV DOT Turnpikes - Bedford Main Toll -                      3,000 

Fatal Flaw: 
Minimal with 

many constraints Moderate

Large wetlands 
on W. Side of 

toll 

Wildlife 
Management 
Area abutting 

highway

Dense 
residential on 
E. side of toll flat

Sheds and 
materials storage 

on site  Forested 0  $            0.1310 3

GPV-070 Ground Mount PV Administrative Services Records & Archives -                     35,302 None Fatal Flaw

Adjacent 
cleared land is 
playing fields 0  $            0.0757  Hess Contract 2

GPV-069 Ground Mount PV Administrative Services M&S Building -                     79,296 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-068 Ground Mount PV Administrative Services Storrs St. Warehouse (P&P) -                     46,733 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-045 Ground Mount PV Liquor Commission Retail Store #69- Nashua (new bldg.) -                     20,000 None Fatal Flaw 0  $            0.7790 
 9/11 on Hess 

Contract 2

GPV-064 Ground Mount PV Administrative Services Legislative Office Building -                     68,530 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-019 Ground Mount PV DRED (MTW01) Sherman Adams Building -                     19,085 

Mountain top;  
Fatal Flaw: 

Wind loading 
on panels Lab and parking Exposed Rock; 0  $            0.0757  Hess Contract 2

GPV-053 Ground Mount PV Employment Security Manchester Employment Security -                     21,000 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-010 Ground Mount PV Employment Security Manchester Employment Security - None Fatal Flaw

Fatal Flaw: No 
available land 

area  $            1.0757  Hess Contract 2

GPV-032 Ground Mount PV Administrative Services Department of Justice -                     58,149 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-002 Ground Mount PV Administrative Services
Hillsborough Superior Courthouse 

South -                     86,600 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-076 Ground Mount PV DRED (FRN00) Fran Notch S.P Main Meter -                   103,620 

Fatal Flaw - N. 
side of 

mountain, 
steepness 0  $                0.03  Clear Outlier 1

GPV-030 Ground Mount PV Administrative Services State House Annex -                   161,348 None Fatal Flaw 0  $            0.0757  Hess Contract 2

GPV-006 Ground Mount PV Corrections Concord - Central Core Area -                   423,510 60.0 Moderate
Limited, pond 
on S of site None

No historic or 
recreational 
use on site

Flat hill on the 
S of the site

Transmission on 
site Forested 2  $                0.01  Clear Outlier 0

GPV-055 Ground Mount PV Environmental Services WRBP Wastewater Treatment Plant -                     67,578 1.6 Low None

100% of solar 
area in 
habitat

No historic 
use; 

recreational 
use by 

residents Flat

Several 
buildings, 
parking  Cleared 0  $            0.0757  Hess Contract 2
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TABLE 4
Ground Mounted PV

Project ID

GPV-011

GPV-060

GPV-036

GPV-037

GPV-040

GPV-049

GPV-063

GPV-073

GPV-054

GPV-029

GPV-072

GPV-031

GPV-067

GPV-066

GPV-062

GPV-024

GPV-074

GPV-065

GPV-071

GPV-070

GPV-069

GPV-068

GPV-045

GPV-064

GPV-019

GPV-053

GPV-010

GPV-032

GPV-002

GPV-076

GPV-030

GPV-006

GPV-055

Energy Load  

Electricity Load (kWh) Sub-Score 3 Score

Global Horizontal 
Irradiance (GHI) 

kW/m2 Score

Estimated 
Capacity Based 

on Acreage Comment Score Comment Score Comment
Technology Sub-

Score
TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Cost & Incentives Public RelationsIrradiance Capacity

4,438 3 1 1,282.10 F F FAIL

10,300 3 2 1,322.00 3 Highly Visible F F FAIL

10,584 3 1 1,265.30 3 Highly Visible F F FAIL

10,697 3 1 1,236.20 3 Highly Visible F F FAIL

10,726 3 3 1,408.04 3 Highly Visible F F FAIL

10,987 3 2 1,378.40 2 Visible F F FAIL

11,207 3 3 1,423.60 2 Visible F F FAIL

11,306 3 2 1,341.50 1 Not visible F F FAIL

12,626 3 1 1,265.30 2 Visible F F FAIL

14,519 3 3 1,423.60 3 Highly Visible F F FAIL

15,433 3 1 1,282.10 1 Not visible F F FAIL

16,335 3 1 1,201.12 2  Visible F F FAIL

18,844 3 3 1,423.60 2 Visible F F FAIL

21,878 3 1 1,265.30 2  Visible F F FAIL

22,176 3 1 1,201.12 3 Highly Visible F F FAIL

23,733 3 3 1,408.04 0 0.0 1 Not visible F F FAIL

23,733 3 3 1,408.04 1 Not visible F F FAIL

23,768 3 3 1,423.60 1 Not visible F F FAIL

24,211 3 1 1,265.30 2 Visible F F FAIL

24,432 3 3 1,423.60 3 Highly Visible F F FAIL

25,360 3 3 1,423.60 1 Not visible F F FAIL

28,813 3 3 1,423.60 1 Not visible F F FAIL

29,200 3 2 1,322.00 3 Highly Visible F F FAIL

30,638 3 3 1,423.60 3 Highly visible F F FAIL

33,193 3 2 1,322.00 3 Highly Visible F F FAIL

38,837 3 1 1,265.30 F F FAIL

43,028 3 3 Visible F F FAIL

43,910 3 3 1,423.60 2 3 Highly Visible F F FAIL

63,300 3 1 1,265.30 F F FAIL

75,788 3 2 1,322.00 3 Highly Visible F F FAIL

104,995 3 3 1,423.60 F F FAIL

157,707 3 3 1,423.60 3 10,000
High Potential for Significant 

Offset 2

Economies of scale, 
maximize incentives, 
significant load offset 3 Highly Visible 11 F FAIL

241,688 3 3 1,408.04 3 267
High potential to offset 
significant onsite load 3

Economies of scale will 
reduce cost; major issue will 

be location of point of 
interconnection 2 Visible 11 F FAIL
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TABLE 5
Wind  Note project summary in each row continues on the following page.

Project ID
Project 
Type Agency Facility Name Land (acres) Building (s.f.)

Population 
Density Wetlands Habitat Cultural Topography

Land 
Cover

Sub-Score 
1 Site Access Infrastructure Residences

Property 
Line

FAA 
(Airports)

Sub-Score 
2

W-039 Wind DRED

Miller State Park, 
Temple Mountain State 

Reservation 895 - Low
Minimal - ski area 

pond None

Surrounding land has 
significant land use 
impacts; former ski 

area
Mountain; N-S 

ridgeline
Forested, 
Ski trails 3

Site access by Miller 
Park Road; Ski area 

access

Substation/Transmis
sion 5 mi away; 3-

phase likely on 
Wilton Rd. 

Very few: 1800' at 
MSP; 1200' at TMSR

100' at 
MSP; 300' 
at TMSR

18 mi to 
Nashua; 
22 mi to 

Manchester 3

W-022 Wind DRED
Odiorne State Park - 

Multiple 323 22,810 Moderate

Wetlands cover 
southern parcels; 

scattered in northern 
parcel

Habitat covers 
southern parcels; 

scattered in northern 
parcel

Seacoast Science 
Center; high visitor 

traffic Coastal; small ridge
Forested/
Wetland 2

Site access from State 
Park access

Substation/Transmis
sion 1.3 mi away; 3-
phase likely on-site

2,300' across 
channel on Little 

Harbor Rd 250'
4.6 mi to 
Pease AFB 3

W-050 Wind DRED Coleman State Forest 1,685 - Low Minimal
Habitat on 3/4 of site 

with wind speeds

Camp, 
fishing/boating, 

picnicking, 
playground, hunting 

on site 

W slope of N-S 
ridge; mild 
topography Forested 2

Access to property by 
Diamond Pond Rd; 1 

mi access road needed 
to wind site

Transmission 21 mi 
away; likely 3-phase 
at camp on Diamond 

Pond Road
4,300' to Sugar Hill 

Rd. Residence 200'
11.5 mi to 

Errol 3

W-051 Wind DRED
Connecticut Lakes 
Headwaters (East) 77,400 - Low

Moderate - scattered 
over area; USFWS 

Wetlands 
Conservation 

Program
Habitat on majority 
of area, scattered

Preservation of 
headwaters

Highland; rounded 
peaks, ridges

Forested/
Wetland 2

Access to majority of 
area with limited 

extreme topography; 
access roads to ridges 

necessary
Transmission 25 mi 

away; 
2.7 mi to Diamond 
Pond Residences 1,000'

13 mi to 
Errol 2

W-053 Wind DRED
Rhododendron State 

Park (Little Monadnock) 2,748 - Low
Minimal - none on 

ridge No Habitat on site

M&M Trail; National 
Landmark 

Rhododendron Grove
Mountain - rounded 

N-S ridgeline Forested 2

Site access by 
Rhododendron Rd/Rt. 
119 or transmission 

line access Transmission on site
3,500' to Richmond 

Rd Residence 200'
6.6 mi to 

Keene 3

W-054 Wind DRED Jericho State Park 5,815 - Low Minimal Minimal
Active forestry 

operations on site

Mild N-S ridgeline on 
north of Black 

Crescent Mountain Forested 3
Site access by heavily 
traveled logging roads

Substation/Transmis
sion 4.5 mi away; 3-

Phase likely same 
distance 4.2 mi 150'

8 mi to 
Berlin 

Municipal 2

W-023 Wind DRED
Sunapee State Park - 

Multiple 20,000 + 1,619 Low

Lakes and streams 
spread across 

property

Southern Pillsbury 
State Park is mostly 

habitat Active ski area

Mountainous: many 
separated peaks, 

generally N-S
Forested/
Wetland 2

Site access to ski area 
summit by 

trails/service road, no 
site access to areas 

beyond, several 
stream crossings

Substation/Transmis
sion 5.5 mi away; 3-
Phase likely to Ski 

Area Base 1.24 mi 3,700 ft
21 mi to 
Concord 2

W-056 Wind DRED Belknap State Forest 2,322 - Low Minimal Habitat in lowlands Adjacent to ski area
Mild W-E ridges 

south of mountain; Forest 3

Moderate access; 0.75 
mi access road from 
Escarol Rd. feasible

Transmission 15 mi 
away; 3-phase likely 

0.75 mi on Valley 
Drive 0.75 mi 300'

5.3 mi to 
Laconia 

Municipal 2

W-025 Wind DRED

Lake Francis State Park 
(LFR01) Residence w/ 

camp sites 848 Low Minimal 
Habitat on 75% of 

site
Camping; active 

forestry Lake-side ridge
Forest; 

clearings 2
Site access by logging 

roads

Transmission 30 mi 
away; 3-phase likely 
at River Road 1.3 mi 

away 1.3 mi 800'
19 mi to 

Errol 2

W-046 Wind DRED Kearsarge State Forest 5,865 - Low Minimal 100% in Habitat

Fire 
tower/communicatio
ns on peak; popular 

hiking area

Mountain; small N-S 
Ridge and small W-E 
Ridge along access 

road; difficult 
gradient to peak 

ridge Forested 1

Site access by 
Kearsarge Mountain 

Road; along W-E 
ridge; not convenient 

to N-S ridge

Transmission 3 mi 
away; 3-phase 

electrical service to 
peak

1.4 mi to Howe Rd. 
residence 2,000'

23 mi to 
Lebanon 2

W-052 Wind DRED Nash Stream Forest 39,577 - Low Minimal Habitat on ridgeline
Forestry on 

surrounding land

Mountain; gentle 
southern peaks; 
separated peaks 
ridgeline to north Forest 2

Access to valley via 
Nash Stream Road; 
Access to ridge via 

logging roads;
Transmission 2 mi 

away 1.8 mi 200'

10 mi to 
Berlin 

Regional 2

W-026 Wind DRED

Cannon Ski 
Mtn/Franconia Notch - 

Multiple 3,203 64,395 Low Minimal
Habitat on 
peak/ridge Active ski area

Valley; property lines 
along ridges; W-E 

ridgeline with steep 
slopes; one section 

proximate to ski trail
Forested/s

ki area 1
Difficult site access 

due to gradient
3-Phase available at 

ski area 5.6 mi 250'

3 mi to 
Franconia; 
10 mi to 

Twin 
Mountain 1

W-041 Wind DRED Gile State Forest 6,728 - Low

Moderate - 
scattered; potentially 
more than mapped

North of NH4A, 
habitat is Fatal Flaw; 
No habitat south of 

NH4A 
Active forest 

management on site
Highland; separated 

peaks, W-E ridge
Forested/
Wetland 2

Proximity to NH4A; 
Logging roads on site; 
No access to peaks; 
high potential for 
stream crossing

Transmission on 
south of site; 2.5 mi 

from site access
Town of Springfield 

0.9 mi away 3,000'
17 mi to 
Lebanon 1

W-047 Wind DRED
Cardigan Mountain 

State Forest 5,457 - Low Minimal
Habitat on north and 
south extents of site

AMC Cardigan 
Lodge; active 

forestry on site; 
weather station on 

summit

Mountain; south of 
site is separated 

peaks and difficult 
gradient; north of 
site is E-W ridge

Forested, 
Rocky in 

south 1

No site access to south 
of site (Fatal Flaw for 
south); Site access by 
logging roads across 

north

Transmission 4.5 mi 
away; 3-phase likely 
2 mi away on New 

Colony Road

1.4 mi to New 
Colony Rd. 
Residence 2,000'

19 mi to 
Lebanon 1

W-049 Wind
Meadowsend 

Timberlands, LTD 1,639 - Low Minimal
Habitat on majority 

of ridgeline

Conservation 
easement - DRED 

does not own N-S ridgeline Forested 0

Access to area by Rt. 
25C; Site access ends 

0.5 mi from ridge

Transmission 2.52 mi 
away; 3-phase likely 
at 5000' on Rt. 25C 5000' 400'

7.5 mi to 
Dean 

Memorial 3

W-017 Wind DOT
Seabrook Tolls/Rest 

Area 5,289 High

Fatal Flaw: 
proximate to 

residential Area 0

W-019 Wind DRED

Mount Washington 
(MTW01 Sherman 
Adams Building) 18,230 19,085

Mountainous - 
separated peaks and 

steep slopes 1
Fatal Flaw: site access 

to ridgelines 0

Environmental CharacteristicsArea
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TABLE 5
Wind 

Project ID

W-039

W-022

W-050

W-051

W-053

W-054

W-023

W-056

W-025

W-046

W-052

W-026

W-041

W-047

W-049

W-017

W-019

Annual 
Electricity 

Load (MWh)

Peak 
Electricity 
Demand 

(kW)
Total Facility 
Load (kBTU)

Total Facility 
E.U.I. 

(kBTU/s.f.) Fuel Types
Energy Sub-

Score Score Comment Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

- - - - - 1 3
6.5 - 7.5 m/s at 70m 

agl 3
10 MW-Scale WTG; 5 
at MSP; 5 at TMSR 2

Low technology cost; 
moderate access road 
cost; potentially high 

interconnection cost; cost 
savings due to large scale; 

Class I RECS 3

Moderately visible; 
complementary re-

use of highly 
impacted state land 11 18 86% 44,529

287 19.6 834,263 22.8 E,P,FO 1 3
6.0-7.0 m/s at 70m 

agl 2 3 MW-Scale turbines 2

Low technology cost; 
moderate access road and 

interconnection costs; 
Class I RECS 3

Highly visible; 
learning 

enhancement; 
coastal location w/ 

min residence 10 16 76% 13,359

2,008 - 63,162 - E,P 1 3

6.0 - 6.5 m/s at 50m 
agl; Fatal Flaw: Wind 
Speeds are in Legacy 

Tract 3
6 MW-Scale turbines, 

along slope 2

Low technology cost; 
moderate cost of access 

and interconnection; Class 
I RECS 2

Moderately visible; 
addition to camp 10 16 76% 26,717

- - - - - 1 3
7.0 - 8.5 m/s at 70m 

agl 3
Utility Scale:  100+ 
MW-Scale turbines 2

Low technology cost; 
moderate cost of access; 

high cost of 
interconnection; Cost 

savings due to large scale; 
Class I RECS 3

Highly visible; one 
large project to meet 

a lot of load 11 16 76% 445,288

- - - - - 1 3
6.5-7.0 m/s at 70m 

agl 3
11 MW-Scale 

turbines 3

Low technology cost; low 
cost of access and 

interconnection; cost 
savings due to large scale; 

Class I RECS 1

Highly visible, 
proximate to M&M 

trail & Rhododendron 
Grove 10 16 76% 48,982

- - - - - 1 3
> 8.5 m/s at 50m 

agl 3 9 2

Low technology cost; low 
cost of access road; high 
cost of interconnection; 

Class I RECS 2

Moderately visible; 
complementary 

addition to forest 
management 

activities 10 16 76% 40,076

13 22.3 58,184 158.0 E, P 1 3
6.5 -8.0 m/s at 70m 

agl 3

3 Ridgelines out of 
habitat and 

wetlands: 20 MW-
Scale turbines total 1

Low technology cost; high 
access road cost & 

permitting; potentially 
high interconnection cost; 

Class I RECS 3
Highly visible;  

addition to ski area 10 15 71% 89,058

- - - - - 1 2

6.0-7.0 m/s at 50m 
agl; Need directional 

analysis 3
16 MW-Scale 

turbines 2

Low technology cost; 
moderate cost of access 
and interconnection; cost 

savings due to large scale; 
Class I RECS 2

Highly visible, near 
Winnipesaukee; use 

of impacted land 9 15 71% 71,246

1 12.0 423,703 499.7 E,P 1 3 6.0-7.0 at 70m agl 3
13 MW-Scale 

turbines 2

Low technology cost; 
moderate access road 
cost; potentially high 
interconnection costs; 

Cost savings due to large 
scale; Class I RECS 1

Not highly visible, 
not proximate to 

camping area 9 14 67% 57,887

- - - - - 1 3
7.0 - 7.5 m/s at 70m 

agl 3

5-7 MW-scale; 
difficult gradient to 

peak ridge 2

Low technology cost; 
moderate access road cost 
and permitting; moderate 
interconnection cost; Class 

I RECS 2

Highly visible; 
Impact to popular 
recreation area 10 14 67% 31,170

- - - - - 1 3
6.5-7.0 m/s at 70m 

agl 3
Utility Scale:  50+ 
MW-Scale turbines 1

Low technology cost; very 
high cost of access and 
interconnection; cost 

savings due to large scale; 
Class I RECS 2

Moderately visible, 
one large project to 
meet a lot of load 9 14 67% 222,644

1,030 1,765.0 3,524,009 59.7 E,P,FO 2 3
7.5-8.0 m/s at 70m 

agl 2

4 MW-Scale turbines 
on ridge east of ski 

trails 1

Low technology cost; high 
access road cost; 

moderate interconnection 
cost; Class I RECS 3

Highly visible;  
addition to ski area 9 13 62% 17,812

- - - - - 1 3
6.5 - 7.0 m/s at 70m 

agl 3

6 MW-Scale, 1 per 
peak along access 

road 1

Low technology cost; very 
high access road 

improvement cost; 
potentially high 

interconnection cost; Class 
I RECS 2

Moderately visible; 
complementary 

addition to forest 
management 

activities 9 13 62% 26,717

- - - - - 1 3
7.5 - 8.0 m/s at 70m 

agl 1

2-3 MW-Scale 
turbines based on 
poor topography 1

Low technology cost; high 
cost of access and 

interconnection; Class I 
RECS 2

Moderately visible; 
complementary 

addition to forest 
management 

activities 7 10 48% 13,359

- - - - - 1 3
> 8.5 m/s at 70m 

agl 3 8 MW-Scale turbines 2

Low technology cost; 
moderate cost of access 

and interconnection; Class 
I RECS 2

Moderately visible; 
complementary 

addition to forest 
management 

activities 10 F FAIL

22.2 1,083,434 204.9 1 1
6.0 - 6.5 m/s at 70m 

agl F F FAIL

119.0 3,794,769 198.8 1 3

6.0-8.5 m/s at 50m 
agl; > 8.5 m/s at 

70m agl F F FAIL

Energy Load Mapped Wind Speed (m/s) Potential Capacity Cost & Incentives Public Relations
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TABLE 5
Wind  Note project summary in each row continues on the following page.

Project ID
Project 
Type Agency Facility Name Land (acres) Building (s.f.)

Population 
Density Wetlands Habitat Cultural Topography

Land 
Cover

Sub-Score 
1 Site Access Infrastructure Residences

Property 
Line

FAA 
(Airports)

Sub-Score 
2

Environmental CharacteristicsArea

W-020 Wind DRED
Hampton Beach - 

Multiple 14,730
Fatal Flaw: highly 
used beach area 0

Fatal Flaw: 
proximate to 

residential Area 0

W-031 Wind
Fish & Game 
Commission

Powder Mill Fish 
Hatchery and 

Propagation - Multiple 
(Wind in Marks WMA) 241 2,946 Low

Wetlands scattered 
on site None

SE of 
Winnipesaukee; near 

residential area

Small hills and 
wetland valley; peak 

not in property
Forested/
Wetland 2

No access to site; 
access from property 

to Powdermill Rd

Transmission 11 mi 
away; 3-phase likely 
available at the fish 

hatchery 2,000' 200'
6.33 mi to 
Locke Lake 2

W-040 Wind Enfield WMA 2,896 - Low
Mountain; rounded 
top, NW-SE ridge Forested

Site Access Fatal Flaw: 
Vertical and Horizontal 

gradient & stream 
crossings; No existing 

access 0

W-042 Wind Monadnock State Park 808 - Low Minimal None

Adjacent to popular 
hiking area and 

famous viewpoint

Topography Fatal 
Flaw: steep eastern 

slope Forested 0

W-043 Wind Prospect Hill CE 180 - Low Minimal 100% in habitat

In direct view shed 
from neighborhood 

to lake; conservation 
easement - DRED 

does not own
East side of rounded 

NW-SE ridge Forested 0
Through residential 

neighborhood

Fatal Flaw: 500'; 
Proximate to many 
residences, in view 

shed 250' 0

W-044 Wind
Willard Pond/Bald 

Mountain CE 374 - Low Minimal

Partial Fatal Flaw: 
Habitat on higher 

elevations, ridgeline, 

Forest management 
on site; conservation 

easement-DRED 
does not own

Partial Fatal Flaw: 
East side of rounded 

NE-SW ridge; 
separated peaks Forested 0

Site access by Willard 
Pond Rd and logging 

roads, but not 
convenient to peaks

Transmission 5 mi 
away; 3-phase likely 
on Rt. 123, 0.8 mi 

away 1

W-045 Wind DRED Low State Forest 1,792 - Low Minimal
Habitat on high 

elevations of site

Mountain; E-W 
Ridgeline and valley; 
N-S Ridgeline far in 

site Forested 1
Fatal Flaw: site access 

to N-S ridgeline 0

W-048 Wind DRED
Province Road State 

Forest 1,981 - Low Minimal Forest Legacy Tract
3-phase 5000' away 

on Rt. 25C

W-055 Wind DRED
Ossipee Mountains 

Tract 5,339 - Low Minimal
Habitat on lower 

elevations

Conservation 
easement - DRED 

does not own

Fatal Flaw: East 
slopes of N-S 

mountains; W-E 
descending ridges Forest 0

Wind, Page 3
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TABLE 5
Wind 

Project ID

W-020

W-031

W-040

W-042

W-043

W-044

W-045

W-048

W-055

Annual 
Electricity 

Load (MWh)

Peak 
Electricity 
Demand 

(kW)
Total Facility 
Load (kBTU)

Total Facility 
E.U.I. 

(kBTU/s.f.) Fuel Types
Energy Sub-

Score Score Comment Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Energy Load Mapped Wind Speed (m/s) Potential Capacity Cost & Incentives Public Relations

74.8 1,737,812 410.7 1 3
6.5-7.5 m/s at 70m 

agl F F FAIL

54 8.9 661,202 67.8 E,P,FO 1 1
6.0 - 6.5 m/s at 70m 

agl F F FAIL

- - - - - 1 3
6.0 - 7.5 m/s at 70m 

agl 2
2-3 MW-Scale 

turbines 1

Low technology cost; high 
delivery cost & permitting; 

potentially high 
interconnection cost; Class 

I RECS 2

Highly visible; 
perception of impact 
to wildlife may be 
inappropriate for 

WMA 8 F FAIL

- - - - - 1 3
6.0 - 7.0 m/s at 50m 

agl F F FAIL

- - - - - 1 3
6.0-6.5 m/s at 50m 

agl F F FAIL

2

6.0-6.5 m/s at 50m 
agl; only on NE of 

site F F FAIL

2
6.0-6.5 m/s at 50m 
agl; only on ridges F F FAIL

- - - - - 1 0

6.0 - 6.5 m/s at 50m 
agl; Fatal Flaw: Wind 
Speeds are in Legacy 

Tract F F FAIL

2
6.0-6.5 m/s at 50m 

agl; small area F F FAIL

Wind, Page 4
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Tidal  Note project summary in each row continues on the following page.

Project ID Project Type Agency/Owner Facility Name
Drainage 

(ft) Building (s.f.)
Population 

Density Water Body Habitat Cultural/Use Geology
Sub-Score 

1 Bathymetry Infrastructure Depth

Flood 
Current 
(knots)

Ebb 
Current 
(knots)

Sub-Score 
2

T-002 Tidal Schiller Station - - High
Piscataquay 

River None

Power Plant site; 
Fishing/Boating/

Shipping Rocky 3 Channel

Sub-
station/Transmission 
on-site; Wood/Coal 

Power Plan 19m 3.8 4 3

T-001 Tidal I-95 Bridge - - High
Piscataquay 

River None

Interstate 
Bridge; 

Fishing/Boating/
Shipping Gravel 3 Channel

Transmission 0.6 mi 
away, S. of Schiller 

Station 18m 3.4 4 2

T-003 Tidal
General Sullivan 

Bridge - - High
Piscataquay 

River/Little Bay

100% in 
habitat, except 
for Little Bay 

Bridge

Little Bay 
Bridge, Sullivan 

Bridge, 
Fishing/Boating

Gravel/Sand/Rock
y 2

Channel, narrow 
entrance to Bay

Transmission 0.75mi 
away; 2 Bridges

Fatal 
Flaw: 7m 4.0 4 0

Area Environmental Characteristics Site Location

Tidal, Page 1
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Tidal

Project ID

T-002

T-001

T-003 

Electricity 
Load 

(MWh)

Electricity 
Demand 

(kW)
Total Facility 
Load (kBTU)

Total Facility 
E.U.I. 

(kBTU/s.f.)
Fuel 

Types

Energy 
Sub-
Score Score Comment Score Comment Score Comment Score Comment

Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

- - - - - 1 1
Required; No 

Preliminary Permit 2 2-4 MW 2

Moderate Cost of 
equipment and installation; 

Class I RECS 1 Not Visible 6 13 62% 14,843

- - - - - 1 1
Required; No 

Preliminary Permit 2 2-4 MW 2

Moderate Cost of 
equipment and installation; 

Class I RECS 1 Not Visible 6 12 57% 14,843

- - - - - 1 1
Required; No 

Preliminary Permit F F FAIL

Public RelationsFERC/permit Estimated Capacity (MW) Cost & IncentivesEnergy Load
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TABLE 7
Hydro  Note project summary in each row continues on the following page.

Site Location

Project ID Project Type Agency/Owner Facility Name
Drainage 

(mi2) Building (s.f.)
Sub-Score 

1 Use History Infrastructure
Height; 

Freeboard

Est. 
Head 
(ft.)

Average 
Flow

Est. Flow -
90

Sub-Score 
2

Electricity 
Load (MWh)

Electricity 
Demand 

(kW)
Total Facility 
Load (kBTU)

H-021 Hydro-Dam NH DES WATER DIVISION Barnstead Parade Dam 114 0 3

Completed in 1967, forms 
Barnstead Parade Dam 

Pond impoundment
Transmission on site; 
Concrete, 124' crest 16;5.5 10.5 228 57.00 2 - - -

H-023 Hydro-Dam NH DES WATER DIVISION Baker River Site 8 Dam 16 0 3

1968 flood control 
structure; South Branch 
Baker River Reservoir 

impoundment

Transmission 2.2 mi 
away; 1462' earthen 

dam; 63;6 57.0 31 7.79 2 - - -

H-001 Hydro - Dam NH DES WATER DIVISION Sewall Falls Dam 2,233 0 1

Timber crib dam with ROR 
power canal washed out in 
1984; several attempts at 

generation on site

Transmission on site; 
Remains of crib dam, 

Francis turbine generating 
station, turbines 

removed, currently 
storage 36 36.0 4,466 1116.50 2 - - -

H-006 Hydro-Dam NH DES WATER DIVISION York Dam Contoocook River 763 0 1

In Contooncook Park; 
builds head for ROR on 

Rolfe Canal

Interconnection 0.5 mi 
away near Rolfe Canal 

Hydro 14 14.0 1,526 381.50 1 - - -

H-002 Hydro - Dam NH DES WATER DIVISION
Murphy Dam AKA Lake Francis/Lake 

Francis State Park 171 848 1
2,000 acre impoundment 

reservoir

28 mi to transmission; 
2,200' long earth 

embankment, side 
approach channel, good 

condition 106;4 102.0 341 85.25 3 1 12.0 423,703
H-003 Hydro - Dam NH DES WATER DIVISION Allied Leather Forebay 760 0 17 17.0 1,520 380.00 0
H-004 Hydro - Dam NH DES WATER DIVISION Gregg Falls Dam 200 0 Currently leased 60;5 55.0 400 100.00 0
H-005 Hydro - Dam NH DES WATER DIVISION Pontook Reservoir Dam 1,214 0 Currently leased 17;8 9.0 2,428 607.00 0
H-007 Hydro-Dam NH DES WATER DIVISION Opechee Bay Avery Dam 374 0 Currently leased 20.5 20.5 748 187.00 0
H-008 Hydro-Dam NH DES WATER DIVISION Kelley Falls Dam 214 0 Currently leased 31;7 24.0 428 107.00 0
H-009 Hydro-Dam NH DES WATER DIVISION Lochmere Dam 425 0 Currently leased 14;3 11.0 850 212.50 0

H-010 Hydro-Dam NH DES WATER DIVISION Ossipee Lake Dam 357 0 1

Dam controls lake level for 
summer recreation and to 

protect properties in 
fall/winter; need to keep 

4' of head for this flux
Concrete, wood stop logs, 

dam house on top 12

Fatal 
Flaw:12 
(minus 

4') 714 178.50 0 - - -
H-011 Hydro-Dam NH DES WATER DIVISION Winni Lakeport Dam 363 0 Currently leased 10 10.0 726 181.50 0
H-012 Hydro-Dam NH DES WATER DIVISION Hadley Falls Dam 196 0 Currently leased 20;6 14.0 392 98.00 0

H-013 Hydro-Dam NH DES WATER DIVISION Sterling Dam 172 0
Ruins; dam restoration 

required Timber/stone ruins 20;6.5 13.5 344 85.95 0 - - -

H-014 Hydro-Dam NH DES WATER DIVISION Pittsfield Mill Dam 131 0

New hydro plant facilities 
and generation equip 

required 21;4 17.0 262 65.50

H-015 Hydro-Dam NH DES WATER DIVISION Milton Three Ponds Dam 107 0 19 19.0 213 53.25
H-016 Hydro-Dam NH DES WATER DIVISION Watson Waldron Dam 167 0 Currently leased 18;6 12.0 334 83.50 0

H-017 Hydro-Dam NH DES WATER DIVISION Buck Street East Dam 240 0 Being removed in 2011 12;4 8.0 480 120.00 0

H-018 Hydro-Dam NH DES WATER DIVISION Buck Street West Dam 240 0 Being removed in 2011 Concrete, wood stop logs 12;5 7.0 480 120.00 0

H-019 Hydro-Dam NH DES WATER DIVISION Mascoma Lake Dam 153 0 18;8 10.0 306 76.50

H-020 Hydro-Dam NH DES WATER DIVISION Steels Pond Dam 60 0 Currently leased 20 20.0 120 30.00 0

H-022 Hydro-Dam NH DES WATER DIVISION Squam Lake Dam 58 0 Currently leased 16.5 16.5 116 28.90 0

Area Energy Load

Hydroelectric, Page 1



Tighe&Bond, Inc.
6/29/2012

TABLE 7
Hydro

Project ID

H-021

H-023

H-001

H-006

H-002
H-003
H-004
H-005
H-007
H-008
H-009

H-010
H-011
H-012

H-013

H-014

H-015
H-016

H-017

H-018

H-019

H-020

H-022

Total Facility 
E.U.I. 

(kBTU/s.f.) Fuel Types
Energy Sub-

Score Score Comment Score Score Comment Score Comment
Technology Sub-

Score
TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

- - 1 1 None 1 0.2 1,776 2

Moderate 
technology cost; 
moderate cost of 

dam improvement 
and interconnection 2

Visible; Good use 
of existing 
impounded 
reservoir 6 11 52% 1,128

- - 1 1 None 1 0.2 1,317 1

Moderate 
technology cost; 
high cost of dam 

improvement 2

Not Visible; Good 
use of existing 

impounded 
reservoir 5 10 48% 837

- - 1 1 None 3 13.6 119,255 1

Moderate 
technology cost; 

high cost of 
rehabilitation of 

infrastructure; Class 
1 RECS 1

Visible; Impact to 
popular recreation 
area; OEP noted 

potential 
controversy 6 9 43% 75,774

- - 1 1 None 2 1.8 15,847 1
Moderate 

technology cost 1
Visible, proximate 

to park 5 7 33% 10,069

499.7 E,P 1 0

Has preliminary 
permit (Village of W. 
Swanson); potential 

lease, no further 
study 2 2.9 25,799 1 2

Visible; Good use 
of existing 
impounded 
reservoir F F FAIL

1 2 2.2 19,167 F F FAIL
1 2 1.9 16,318 F F FAIL
1 2 1.9 16,209 F F FAIL
1 2 1.3 11,374 F F FAIL
1 1 0.9 7,619 F F FAIL
1 1 0.8 6,935 F F FAIL

- - 1 1 None 1 0.7 6,355 F F FAIL
1 1 0.6 5,385 F F FAIL
1 1 0.5 4,071 F F FAIL

- - 1 1 None 1 0.4 3,443 0

Fatal Flaw: Very 
high cost of dam 
restoration and 

turbine installation F F FAIL

0

Has preliminary 
permit (KC Hydro 

LLC, 2011);  potential 
Lease, no further 

study 1 0.4 3,304 0 Potential dam lease F F FAIL

0

Has preliminary 
permit; potential 
Lease, no further 

study 1 0.3 3,002 Potential dam lease F F FAIL
1 1 0.3 2,973 F F FAIL

0

Has preliminary 
permit; potential 
Lease, no further 

study 1 0.3 2,848 Potential dam lease F F FAIL

1 None 1 0.3 2,492 F F FAIL

0

Has preliminary 
permit (KC Hydro, 

LLC); potential Lease, 
no further study 1 0.3 2,270 Potential dam lease F F FAIL

1 1 0.2 1,780 F F FAIL

1 1 0.2 1,415 F F FAIL

Public Relations

Comment - gross capacity   
(MW)          (MWh)

FERC/permit Estimated Capacity Cost & IncentivesEnergy Load cont'd
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Lg. Biomass  Note project summary in each row continues on the following page.

Environmental Characteristics

Project ID Project Type Agency Facility Name
Land 

(acres) Building (s.f.)
Population 

Density Wetlands Habitat Cultural Topography Land Cover
Sub-Score 

1 Site Access Infrastructure Residences Property Line
Cooling Water 

Availability
Sub-Score 

2

B-002 Biomass DRED Pisgah State Park 13,666 - Moderate
Scattered - 10% 

of site
Scattered - 15% of 

site
Camping, boating, 

biking, hiking Hills and ponds Forest/wetland 2
Good - from Rt 63, 

9, and 78

Substation/Transmi
ssion on site - 

south boundary

Nearby on W 
and S of site - 

0.3 mi 400'

Yes - Ashuelot 
River, several 

water bodies on 
site 3

B-001 Biomass DRED
Bear Brook State 

Park 7,731 - Moderate
Scattered - 15% 

of site
Scattered - 10% of 

site
Camping, boating, 

biking, hiking Hills and ponds Forest/wetland 2
Good - Deerfield 

Rd
Transmission on 

site

Abutting on NW 
and NE site 

boundaries - 0.5 
mi 0.5 mi

Yes - Catamount 
Pond and River 3

B-003 Biomass DRED
Pawtuckaway State 

Park 5,438 - Moderate
Scattered - 20% 

of site 80% of site

Beach, boating, 
hiking, scenic, highly 

visited

Hills and wetlands 
on the west side 
of Pawtuckaway 

Lake Forest/wetland 1

Good - from Rt. 
156, Deerfield Rd.  

Less access to 
west half of site

Substation/Transmi
ssion 3.16 mi away

1,300' to 
Deerfield Rd. 

Residence 850'

Limited - Highly 
visited 

Pawtuckaway 
Lake, but no river 1

B-005 Biomass DRED Sawyer Lot 839 - Low None None

Highly visited area, 
hiking, fishing, 
wildlife viewing, 

hunting
East slope of Mt. 

Monadnock Forest 1

Moderate - access 
on Poole Rd. near 

visitor parking  
Transmission 2.14 

mi away
0.3 mi on Poole 

Rd 600'

Limited - small 
recreational pond 

and related 
streams 1

B-006 Biomass DRED Annett State Forest 1,695 - Moderate

Hubbard pond 
and wetlands on 

40% of site Minimal

Fishing, hunting, 
picnicking, x-country 
ski, walking, Mass 

Audubon camp

Pond and 
surroundings, 

mostly flat, mild 
hills Forest/wetland 1

Good - Hubbard 
Pond Rd.

Transmission 2.3 
mi away

0.5 mi on 
Prescott Road 600'

Limited - stream 
associated with 
reservoir and 
Hubbard Pond 1

B-004 Biomass DRED
Rhododendron State 

Park 2,712 - Moderate

Fatal Flaw - very 
limited availability 
of water resources 0

Area

Large Scale Biomass, Page 1
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Lg. Biomass

Project ID

B-002

B-001

B-003

B-005

B-006

B-004

Energy Load Feedstock Location Potential Capacity Cost & Incentives Public Relations

Electricity Load 
(MWh)

Electricity 
Demand 

(kW)

Total 
Facility 
Load 

(kBTU)

Total 
Facility 
E.U.I. 

(kBTU/s.f.)
Fuel 

Types
Energy Sub-

Score Score Comment Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

Proximate to 
Winchester, 

Keene - - - - 2 3

On-site and at nearby state 
lands; NREL mapping shows 

region has >500 t of 
biomass harvest potential 

per year 3
Utility Scale - 

20+ MW 3

Moderate cost of 
generation facility 

& fuel; Class I 
RECs if <25 MW 3

Highly visible;  
supports NH forestry 12 19 90% 239,113

Proximate to 
Concord, 

Pembrook and 
Hookset - - - - 2 2

On-site and at nearby state 
lands; NREL mapping shows 
region has less than 50 t on 
biomass harvest potential 

per year 3
Utility Scale - 

20+ MW 3

Moderate cost of 
generation facility 

& fuel; Class I 
RECs if <25 MW 3

Highly visible;  
supports NH forestry 11 18 86% 239,113

Proximate to 
densely settled SE 

NH - - - - 2 2

On-site and at nearby state 
lands; NREL mapping shows 
region has less than 50 t on 
biomass harvest potential 

per year 3
Utility Scale - 

20+ MW 3

Moderate cost of 
generation facility 

& fuel; Class I 
RECs if <25 MW 2

Highly visible; 
proximate to 

important 
recreational lands;  

supports NH forestry 10 14 67% 239,113

Proximate to 
Jaffrey, Keene - - - - 1 2

On-site and at nearby state 
lands; NREL mapping shows 

region has >500 t of 
biomass harvest potential 
per year; limited on-site 

resources 3
Utility Scale - 

20+ MW 3

Moderate cost of 
generation facility 

& fuel; Class I 
RECs if <25 MW 2

Highly visible; 
proximate to 

important 
recreational lands;  

supports NH forestry 10 13 62% 239,113

Proximate to 
Jaffrey - - - - 1 2

On-site and at nearby state 
lands; NREL mapping shows 

region has >500 t of 
biomass harvest potential 
per year; limited on-site 

resources 3
Utility Scale - 

20+ MW 3

Moderate cost of 
generation facility 

& fuel; Class I 
RECs if <25 MW 2

Highly visible; 
proximate to 

important 
recreational lands;  

supports NH forestry 10 13 62% 239,113

F F FAIL
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TABLE 9
Solar Thermal  Note project summary in each row continues on the following page.

Building Detail

Project ID Project Type Agency Facility Name
Land 

(acres) Building (s.f.) Fuels
Used for 

Hot Water? Roof Type, Space Ground Space Site Infrastructure
Sub-Score 

1 Use Year Built
Campus / Multiple 
Facilities on-site

Recent/Planned 
Improvements

OEP 
Preferred 
Project

Sub-Score 
2

ST-024 Solar Thermal
Fish & Game 
Commission

Powder Mill Fish 
Hatchery Total 336 2,610 E, FO, P

Appears to 
be partially 
E heating

R1, 1440 s.f.. on N-S 
roof

Land available 
adjacent to ponds, 

clearing required for 
space/shading

1 building, 2.7 acres 
of ponds 3 FH VC 1900 No - No 3

ST-027 Solar Thermal
Fish & Game 
Commission

Milford Fish Hatchery 
Total 16050 E, FO, P

Appears to 
be partially 
E heating

9000 s.f.. flat roof, no 
shading

Land available 
adjacent to ponds, 

clearing required for 
space/shading

1 building, many open 
and covered small 

ponds, 1 large pond 3 FH VC - No - Yes 3

ST-023 Solar Thermal
Fish & Game 
Commission

Twin Mountain Hatchery 
(Fisher) Total 2,395 E, FO  Partial E R1, N-S Shaded roof

Land available 
adjacent to fish 

raceway, clearing 
likely required for 

space/shading

2 buildings and 530' 
fish raceway; 

additional ponds 
across the street 3 FH VC 1900 No - No 3

ST-025 Solar Thermal
Fish & Game 
Commission

Berlin Fish Hatchery 
Total 30,887 E, FO

Appears to 
be partially 
E heating

R1, 1600 s.f. on S-
facing very steep roof

Land available 
adjacent to ponds, 

clearing required for 
space/shading

1 building, several 
open and covered 

raceways and ponds 3 FH VC 1999 No - No 3

ST-026 Solar Thermal
Fish & Game 
Commission

Warren Fish and Wildlife 
Center Total 9510 E, FO, P

Appears to 
be partially 
E heating

1200 s.f.. flat roof, 
heavily shaded

Land available 
adjacent to ponds, 
minimal clearing 

required for 
space/shading

2 Buildings, 1 lg 
raceway, 1 pond 3 FH PS - Yes - Yes 3

ST-076 Solar Thermal DRED
(MTW01) Sherman 

Adams Building Total 36,295 E, FO, P -
R5, 6000 s.f. of 

available S-facing roof

Significant cleared 
land area adjacent to 

building

1 building, parking.  
Wind loading and 

sunshine days  
potential flaw 2 VC 1982 No - Yes 3

ST-078 Solar Thermal DRED
(ODN01) Science Center 

Total 15,985 E, P -
R1, 1600 s.f.. 

available S-facing roof

Limited cleared land 
adjacent to building, 
clearing for shading 

required

Roof has existing solar 
PV, building is central 

Air 2 VC PS
1991, 1972, 

1800 Yes - Yes 3

ST-029 Solar Thermal Juvenile Justice Services John Sununu YSC Total 216,260 E, NG -
R1; Flat, sectioned 

roof, sig s.f.. available
Limited adjacent land 

available
Building on site 

Unclear 2 IF DO 2006

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 3

ST-037 Solar Thermal DRED

(ELL04) 
Laundry/Bathhouse 

Total 1,152 E, P P

R1, 160 s.f.. on S-
Facing roof, steep 
pitch and major 

obstruction
3000 s.f.. cleared land 
on S. side of building

1 building, 1 pavilion, 
campground 2 LV PS 1992 No - No 2

ST-083 Solar Thermal Environmental Services
WRBP Wastewater 

Treatment Plant Total 67,578 E, FO, P -
R1, 3500' available on 

roof

Cleared land adjacent 
to building/operations, 

but need to check 
WWTP's future build 

out plans

1 building and several 
treatment structures, 

extensive 
underground pipe 

system 2 WT 1972 No - No 2

ST-006 Solar Thermal Corrections

Berlin - 
Administration/Public 

Total 198,952 E, NG -
R4, 24000 s.f. 

available
Limited adjacent 
cleared land area

Several adjoined 
buildings, one 

unobstructed roof 
section 2 CF DO 1999 Yes: ST-006; ST-063 Yes 2

ST-010 Solar Thermal DRED
(LFR01) Residence (w/ 

Camp Sites) Total 848 E, P P

R1, limited roof area 
available, N-S peaked 

roof
Adjacent cleared land 

area available

Residence and 
Bathhouse in State 

Park 2 CG PS 1973 Yes - No 2

ST-015 Solar Thermal Dept. of Safety
State Police Troop B 

Bedford Total 10,888 E, FO, P -
R3, 10000 s.f. 

available, N-S roof
Limited adjacent 
cleared land area appears peaked 2 DO 2009 No - No 2

Area Building Systems

Solar Thermal, Page 1
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TABLE 9
Solar Thermal

Project ID

ST-024

ST-027

ST-023

ST-025

ST-026

ST-076

ST-078

ST-029

ST-037

ST-083

ST-006

ST-010

ST-015

Energy Load Solar Radiance & Capacity O&M Requirements Cost & Incentives Public Relations  

Facility Average 
Monthly Energy 
Usage (kBTU)

Facility 
Average 

Monthly Energy 
Cost

Hot Water 
Energy 

Use 
(kBTU)

Total Facility 
E.U.I. 

(kBTU/s.f.)
Energy Sub-

Score Score Comment

Potential BTUs 
of heating 
based on 

available area Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

97,374 1930 - 3478 2 3

3.5-4.0 
kWh/m2/Day, 
could size for 

load 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 3

Least expensive type of 
solar panel required, 
Class I RECs for E-

heating offset 2

Visible, raising the 
facility to national 

standard 11 19 90% 39

733,488 19438 - 548 3 2

3.5-4.0 
kWh/m2/Day, 
could size for 

load with clearing 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 3

Least expensive type of 
solar panel required, 
Class I RECs for E-

heating offset 2

Visible, raising the 
facility to national 

standard 10 19 90% 293

55,237 973 - 277 2 2

3.0 - 3.5 
kWh/m2/Day; 
could size for 

load 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 3

Least expensive type of 
solar panel required, 
Class I RECs for E-

heating offset 2

Visible, raising the 
facility to national 

standard 10 18 86% 22

328,260 6640 - 128 3 1

3.0 - 3.5 
kWh/m2/Day; 
could size for 

load with clearing 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 3

Least expensive type of 
solar panel required, 
Class I RECs for E-

heating offset 2

Visible, but raising the 
facility to national 

standard 9 18 86% 131

179,915 4419 - 227 2 1

3.0 - 3.5 
kWh/m2/Day; 
could size for 

load with 
significant 
clearing 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 3

Least expensive type of 
solar panel required, 
Class I RECs for E-

heating offset 3

Highly Visible, 
opportunity for learning 

enhancement 10 18 86% 72

2,514,068 54716 - 831 3 2

3.0 - 3.5 
kWh/m2/Day; 
could size for 

load 795,097 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 1

High initial cost 
evacuated tube system, 

little incentive 3
Highly Visible, public hot 

water use 9 17 81% 795

325,774 11391 245 3 3

3.5-4.0 
kWh/m2/Day, 
could size for 

load 212,026 2

Reduced O&M 
requirements from 

current heating system; 
reduced fuel delivery 

costs and GHG 1

High initial cost 
evacuated tube system, 

little incentive 3

Highly Visible, 
opportunity for learning 

enhancement 9 17 81% 130

2,744,666 54152 - 152 3 2

3.5-4.0 
kWh/m2/Day, 
area unclear, 

could likely size 
for partial load 1

Reduced O&M 
requirements from 

current heating system; 1

High initial cost 
evacuated tube system, 

little incentive 2 Visible 6 14 67% 1,098

67,474 1574 11,036 703 2 2

3.5-4.0 
kWh/m2/Day, 
could size for 

load 397,549 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 1

High initial cost 
evacuated tube system, 

little incentive 2 Visible 8 14 67% 27

2,277,347 48753 404 3 2

3.5-4.0 
kWh/m2/Day, 
could size for 
partial load 463,807 2

Reduced O&M 
requirements from 

current heating system; 
reduced fuel delivery 

costs and GHG 2
Least expensive type of 

solar panel required 1 Visible 7 14 67% 464

4,150,087 76977 - 250 3 3
3.5-4.0 

kWh/m2/Day 3,180,390 1

Reduced O&M 
requirements from 

current heating system; 1

High initial cost 
evacuated tube system, 

little incentive 1 Visible 6 13 62% 1,660

53,175 1053 48,582 752 2 2

3.0 - 3.5 
kWh/m2/Day; 
could size for 

load 2

Reduced O&M 
requirements from 

current heating system; 
reduced fuel delivery 

costs and GHG 1

High initial cost 
evacuated tube system, 

little incentive 2 Visible 7 13 62% 21

178,244 3694 - 196 2 3

3.5-4.0 
kWh/m2/Day, 
could size for 

load 1,325,162 2

Reduced O&M 
requirements from 

current heating system; 
reduced fuel delivery 

costs and GHG 1

High initial cost 
evacuated tube system, 

little incentive 1 Visible 7 13 62% 71
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Solar Thermal  Note project summary in each row continues on the following page.

Building Detail

Project ID Project Type Agency Facility Name
Land 

(acres) Building (s.f.) Fuels
Used for 

Hot Water? Roof Type, Space Ground Space Site Infrastructure
Sub-Score 

1 Use Year Built
Campus / Multiple 
Facilities on-site

Recent/Planned 
Improvements

OEP 
Preferred 
Project

Sub-Score 
2

Area Building Systems

ST-016 Solar Thermal DRED
(URB04) Caretakers 

Residence Total 1,362 FO -
R1, 800 s.f.. S-facing 

roof available
Adjacent cleared land 

area available

FO heating system, 
good opportunity for 

upgrade 3 DO 1920 No
Recent energy 

efficiency upgrades Yes 1

ST-072 Solar Thermal DOT
Turnpikes - Hooksett NB 

Rest Area Total 1,500 E, FO -
R1, 7000 s.f.. NW-SE 

roof

Limited land adjacent 
to building, land 

further from building 
subject to clearing

1 building, 2 
associated structures, 

parking, highway 1 TS PS 1979 No - Yes 2

ST-073 Solar Thermal DOT
Turnpikes - Hooksett SB 

Rest Area Total 1,500 E, FO -
R1, 7000 s.f.. NW-SE 

roof

Limited land adjacent 
to building, land 

further from building 
subject to clearing

1 building, 2 
associated structures, 

parking, highway 1 TS PS 2005 No - Yes 2

ST-075 Solar Thermal DOT
Turnpikes - Seabrook 

Rest Area Total 5,289 E, FO -
R1, 750 s.f.. of 

available S-facing roof

Limited land adjacent 
to building: 5200' of 

picnic area 1 building, parking 1 TS PS 2001 No - Yes 2

ST-001 Solar Thermal Corrections
Concord - Shea Farm 

Total 10,060 E, NG -
R1,  1700+ s.f., NW-

SE Surrounding Farmland

1 building and 
farmland, 3-Phase on 

Iron Works Rd 2 AG DO 1900 No - Yes 2

ST-008 Solar Thermal Corrections
Concord - Central Core 

Area Total 423,510 E, NG -
R1, Sig roof area 

available
Limited adjacent 
cleared land area

Unclear which 
building, easy access 
to mechanical room 

not likely 1 CF DO 1876 Yes - Yes 3

ST-007 Solar Thermal Corrections
Concord - Minimum 
Security Unit Total 14,360 E, NG -

R1, Sig roof area 
available

Limited adjacent 
cleared land area

Unclear which 
building, easy access 
to mechanical room 

not likely 1 CF DO 1989 Yes: ST-007; ST-008 - Yes 3

ST-009 Solar Thermal Juvenile Justice Services Stark House 7,912 E - R1
Building location on 

campus Unclear 1 CF DO 1860

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 3

ST-032 Solar Thermal Glencliff Home Boiler House Total 256,904 E, FO, P - R4, 1600 s.f.. on roof

Limited adjacent 
cleared land area, 

land available on N. of 
plant, clearing 

required

Likely a condensing 
boiler, unless 

retrofitted recently 2 IF 1909 No - No 1

ST-036 Solar Thermal DRED
(COL08) Bath house 

Total 1,652 E, P P
R2, 800 s.f.. on N-S 

roof
Limited adjacent 
cleared land area

1 building, 
campground, tall 
trees on all sides 1 LV 2002 No - No 1

ST-074 Solar Thermal DOT
Turnpikes - Nashua Rest 

Area Total 5,100 E, NG -
R1, 500 s.f.. of 

available S-facing roof

Limited land adjacent 
to building: scenic and 

picnic area 1 building, parking 1 TS PS 2002 No - No 1

ST-002 Solar Thermal Dept. of Safety

Marina Patrol 
Headquarters - 
Boathouse Total 18,032 E, FO, P -

R5, 15000 s.f.., good 
condition None

Large boathouse, 
several small facilities 3 BH  1974 No No 0

ST-003 Solar Thermal Corrections
Goffstown - Women's 

Prison Total 14,450 E, FO, P P R4 0 CF 1930 No No 0

ST-004 Solar Thermal Corrections
Concord - Boiler Plant 

Total 415,610 FO (6) -

R1 (Wrong by ortho), 
Flat, little available 

space

Forest, 0.5 acre 
clearing,  more 

clearing required due 
to shading

Fatal Flaw: Upgrades 
to a #6 FO Plant may 

necessitate major 
improvements/new 

permits 0 CF 1876 No - Yes 2

ST-005 Solar Thermal Corrections
Concord - Warehouse - 

New Total 48,580 E, FO, P -

R1 (Wrong by ortho), 
flat, 22000 s.f. space, 

good condition
Limited adjacent 
cleared land area Next to old warehouse 2 CF 1994 No Yes 0

ST-011 Solar Thermal Administrative Services
Berlin District Court 

Total 9,780 E - R1 Unknown Address CH PS 2010 No - No 0

ST-012 Solar Thermal Administrative Services
Lebanon District 
Courthouse Total 9,482 E, FO, P -

R1, 6680 s.f.. 
available

Limited adjacent 
cleared land area 2 CH PS 1995 No - No 0
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Project ID

ST-016

ST-072

ST-073

ST-075

ST-001

ST-008

ST-007

ST-009

ST-032

ST-036

ST-074

ST-002

ST-003

ST-004

ST-005

ST-011

ST-012

Energy Load Solar Radiance & Capacity O&M Requirements Cost & Incentives Public Relations  

Facility Average 
Monthly Energy 
Usage (kBTU)

Facility 
Average 

Monthly Energy 
Cost

Hot Water 
Energy 

Use 
(kBTU)

Total Facility 
E.U.I. 

(kBTU/s.f.)
Energy Sub-

Score Score Comment

Potential BTUs 
of heating 
based on 

available area Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

13,206 175 - 116 1 3

3.5-4.0 
kWh/m2/Day, 
could size for 

load 106,013 2

Reduced O&M 
requirements from 

current heating system; 
reduced fuel delivery 

costs and GHG 1

High initial cost 
evacuated tube system, 

little incentive 2 Visible 8 13 62% 5

56,273 1306 - 450 2 2

3.5-4.0 
kWh/m2/Day, 
could size for 
partial load 927,614 2

Reduced O&M 
requirements from 

current heating system; 
reduced fuel delivery 

costs and GHG 1

High initial cost 
evacuated tube system, 

little incentive 3
Highly Visible, public hot 

water use 8 13 62% 23

51,726 1207 414 2 2

3.5-4.0 
kWh/m2/Day, 
could size for 
partial load 927,614 2

Reduced O&M 
requirements from 

current heating system; 
reduced fuel delivery 

costs and GHG 1

High initial cost 
evacuated tube system, 

little incentive 3
Highly Visible, public hot 

water use 8 13 62% 21

193,493 4048 439 2 1

3.5-4.0 
kWh/m2/Day, 
could size for 
partial load 99,387 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 1

High initial cost 
evacuated tube system, 

little incentive 3
Highly Visible, public hot 

water use 8 13 62% 77

142,993 2961 - 171 2 3

3.5-4.0 
kWh/m2/Day, 
could size for 

load 225,278 1

Reduced O&M 
requirements from 

current heating system; 1

High initial cost 
evacuated tube system, 

little incentive 1 Visible 6 12 57% 57

3,942,616 127588 - 112 3 2

3.5-4.0 
kWh/m2/Day, 
could size for 

partial load with 
clearing 1

Reduced O&M 
requirements from 

current heating system; 1

High initial cost 
evacuated tube system, 

little incentive 1 Visible 5 12 57% 1,577

155,291 1865 - 130 2 2

3.5-4.0 
kWh/m2/Day, 
area unclear, 

could likely size 
for load with 

clearing 1

Reduced O&M 
requirements from 

current heating system; 1

High initial cost 
evacuated tube system, 

little incentive 1 Visible 5 11 52% 62

21,394 770 - 32 1 1

3.5-4.0 
kWh/m2/Day, 
area unclear, 

could likely size 
for load 1

Reduced O&M 
requirements from 

current heating system; 2

High initial cost 
evacuated tube system, 

Class I RECs 2 Visible 6 11 52% 9

1,929,210 35404 - 90 3 1

3.0 - 3.5 
kWh/m2/Day; 
could size for 

load with 
significant 
clearing 212,026 2

Increased O&M to plant 
infrastructure, reduced 
fuel delivery costs and 

GHG 1

High initial cost 
evacuated tube system, 

little incentive 1 Visible 5 11 52% 212

62,440 1277 58,760 454 2 1

3.0 - 3.5 
kWh/m2/Day; 
could size for 

load with clearing 106,013 3

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 
limits roof O&M, reduced 
fuel delivery costs and 

GHG 1

High initial cost 
evacuated tube system, 

little incentive 2 Visible 7 11 52% 25

57,220 1358 - 135 2 1

3.5-4.0 
kWh/m2/Day, 
could size for 
partial load 66,258 2

Reduced O&M 
requirements from 

current heating system; 
ground mounted system 

limits roof O&M 1

High initial cost 
evacuated tube system, 

little incentive 3
Highly Visible, public hot 

water use 7 11 52% 23

231,496 5264 - 154 F F FAIL

1,008,832 19158 11,490 838 F F FAIL

5,470,531 76459 - 158 3 2

3.5-4.0 
kWh/m2/Day, 
could size for 

partial load with 
clearing 2,915,357 1

High initial cost 
evacuated tube system, 

little incentive 1 Visible F F FAIL

647,424 14065 - 160
3.5-4.0 

kWh/m2/Day F F FAIL

55,752 2505 - 68
3.5-4.0 

kWh/m2/Day F F FAIL

310,610 5263 - 393
3.0 - 3.5 

kWh/m2/Day F F FAIL
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TABLE 9
Solar Thermal  Note project summary in each row continues on the following page.

Building Detail

Project ID Project Type Agency Facility Name
Land 

(acres) Building (s.f.) Fuels
Used for 

Hot Water? Roof Type, Space Ground Space Site Infrastructure
Sub-Score 

1 Use Year Built
Campus / Multiple 
Facilities on-site

Recent/Planned 
Improvements

OEP 
Preferred 
Project

Sub-Score 
2

Area Building Systems

ST-013 Solar Thermal Administrative Services
Rockingham Superior 

Courthouse Total 100,000 E, FO, P P R1 0 CH PS 1996 No - Yes 0

ST-014 Solar Thermal Administrative Services
Hillsborough Superior 

Courthouse South Total 86,600 E, NG - R1, 6575 s.f. available
Limited adjacent 
cleared land area

Several large roof 
obstructions, roof 

appears flat 2 CH PS 1960 No - Yes 0

ST-017 Solar Thermal DRED
(CAN07) - New Peabody 

Lodge Total 12,765 P -

R1, Roof in the North 
slope of Cannon 

Mountain
No available adjacent 

land 0 DO PS 1975 No - Yes 2

ST-028 Solar Thermal Administrative Services NH Hosp. Laundry Total 15,277 NG, S S R1 Steam heat likely 0 IF 1937 Yes
Laundry to Ozone - 

HW reduction No 0

ST-030 Solar Thermal Juvenile Justice Services YDC Boiler Plant Total 43,352 NG -

R1 (wrong by ortho), 
flat and clear, 3480 
s.f., poor condition 

likely
Limited adjacent 
cleared land area

Fatal Flaw:  Boiler 
Plant that has been 

retrofitted with NG is 
likely highly efficient, 
improvements will be 

insignificant 0 IF 1860

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 3

ST-031 Solar Thermal Adjutant General
All Buildings in SMR 

System Total 900,183 E, FO, NG, P P R1 0 IF 1960 No - No 0

ST-033 Solar Thermal NH Hospital
Acute Psychiatric 

Services (APS) Total 198,000 E, NG - R5 IF 1989 No
Fatal Flaw: Solar Hot 

Water Yes 0

ST-034 Solar Thermal Administrative Services
DOT-Materials & 
Research Total 29,318 E, NG -

R4, 1450 s.f.. 
available, many roof 

obstructions
Limited nearby 

cleared land area

Multi-story, easy 
access to mechanical 

room unlikely, air 
handling on roof 0 LF 2006 No - No 0

ST-035 Solar Thermal Administrative Services State Library Total 38,568 E, S - R2 0 LI 1895 No - No 0

ST-038 Solar Thermal Administrative Services
Transportation Garage 

Total 22,227 E, S S R1, 2000 s.f. available
Limited adjacent 
cleared land area

Most of roof 
obstructed by upper-

peak 2 MF 1981 No - No 0

ST-039 Solar Thermal Administrative Services
DOT - Mechanical 

Services Total 85,900 E, NG -
R4, 6000+ s.f.., many 

roof obstructions
Limited adjacent 
cleared land area

Most of roof 
obstructed by 

ventilation system 1 MF 2005 No - Yes 0

ST-040 Solar Thermal DOT

Mechanical Services 
Satellite Garage - 
Lancaster Total 3,840 FO - R1 MF 1981 No - No 0

ST-041 Solar Thermal DOT
Turnpikes - Dover 
Maintenance Total 4,880 E, FO - R3 MF 1961 No - No 0

ST-042 Solar Thermal DOT
Turnpikes - Hooksett  
Maintenance Total 5,788 P P R1 0 MF 1961 Yes - Yes 0

ST-043 Solar Thermal DOT
Turnpikes - Hampton 

Maintenance Total 12,740 E, FO, P - R1 MF 1975 Yes - Yes 0

ST-044 Solar Thermal DRED
(CAN12) - Maintenance 

Garage Total, Tram Base 6,246 FO, P - R3 MF 1982 Yes - Yes 0

ST-045 Solar Thermal Juvenile Justice Services Maint. Garage Total 2,340 NG -
R1, 1155 s.f., updated 

roof
Limited adjacent 
cleared land area

Low hot water use 
likely 1 MF 1860

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 0

ST-046 Solar Thermal Administrative Services
Health & Welfare 

Building Total 316,230 E, NG E R2 0 OF PS 1960 No - Yes 0

ST-047 Solar Thermal Administrative Services State House Annex Total 161,348 E, NG, S S R4 Steam heat likely 0 OF 1938 No No 0

ST-048 Solar Thermal Administrative Services Morton Building Total 96,800 E, NG -
R1, 6300+ s.f.. 

available
Limited adjacent 
cleared land area Appears flat 2 OF PS 1965 No

Fatal Flaw: Recent 
Boiler Replacement No 0

ST-049 Solar Thermal Administrative Services Safety Building Total 117,113 E, NG -

R4; limited available 
space, many roof 

obstructions
Limited adjacent 
cleared land area

Multi-story, easy 
access to mechanical 

room unlikely, air 
handling on roof 0 OF 1960 No

Fatal Flaw: Recent 
Boiler Replacement No 0

ST-050 Solar Thermal Administrative Services Main Building Total 277,955 E, S S R1 Steam heat likely 0 OF 1909 No - Yes 0

ST-051 Solar Thermal Administrative Services Londergan Hall Total 50,766 E, S S R1 Steam heat likely 0 OF 1948 No - No 0

ST-052 Solar Thermal Dept. of Safety
E-911 Laconia PSAP 

Total 11,000 E, FO - R4, multiple
Cleared land adjacent 
to multiple buildings Building Unclear 1 OF 2002 Yes - No 0

ST-053 Solar Thermal DOT
Stickney Avenue - Main 

Building Total 37,334 E, NG - R5 OF 1926 No - No 0
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TABLE 9
Solar Thermal

Project ID

ST-013

ST-014

ST-017

ST-028

ST-030

ST-031

ST-033

ST-034

ST-035

ST-038

ST-039

ST-040

ST-041

ST-042

ST-043

ST-044

ST-045

ST-046

ST-047

ST-048

ST-049

ST-050

ST-051

ST-052

ST-053

Energy Load Solar Radiance & Capacity O&M Requirements Cost & Incentives Public Relations  

Facility Average 
Monthly Energy 
Usage (kBTU)

Facility 
Average 

Monthly Energy 
Cost

Hot Water 
Energy 

Use 
(kBTU)

Total Facility 
E.U.I. 

(kBTU/s.f.)
Energy Sub-

Score Score Comment

Potential BTUs 
of heating 
based on 

available area Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

2,227,202 54885 1,653,988 267 F F FAIL

569,318 16304 - 79
3.5-4.0 

kWh/m2/Day F F FAIL

65,059 1189 61 1 0

3.0 - 3.5 
kWh/m2/Day; 

significant 
shading 2

Reduced O&M 
requirements from 

current heating system; 
reduced fuel delivery 

costs and GHG 1

High initial cost 
evacuated tube system, 

little incentive 2 Visible F F FAIL

373,477 9627 231,474 293 F F FAIL

1,617,997 15917 - 448 3
3.5-4.0 

kWh/m2/Day 1 Visible F F FAIL

4,061,503 92755 725,357 54 F F FAIL

3,862,324 83666 - 234 F F FAIL

477,438 10397 - 195
3.5-4.0 

kWh/m2/Day F F FAIL

134,433 4479 - 42 F F FAIL

189,464 6154 132,477 102
3.5-4.0 

kWh/m2/Day F F FAIL

144,836 14785 - 20
3.5-4.0 

kWh/m2/Day F F FAIL

155,059 2693 - 485 F F FAIL

290,546 5307 - 714 F F FAIL

79,800 1428 79,800 165 F F FAIL

445,835 8400 420 F F FAIL

148,030 2334 - 284 F F FAIL

99,204 2277 - 509 F F FAIL

10,579,164 237147 - 401 F F FAIL

1,374,808 42515 664,160 102 F F FAIL

1,664,929 43159 - 206
3.5-4.0 

kWh/m2/Day F F FAIL

1,699,222 49344 - 174
3.5-4.0 

kWh/m2/Day F F FAIL

1,806,577 55792 1,364,077 78 F F FAIL

325,465 10179 159,233 77 F F FAIL

477,968 11673 - 521
3.5 - 4.0 

kWh/m2/Day F F FAIL

667,354 6694 - 215 F F FAIL
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TABLE 9
Solar Thermal  Note project summary in each row continues on the following page.

Building Detail

Project ID Project Type Agency Facility Name
Land 

(acres) Building (s.f.) Fuels
Used for 

Hot Water? Roof Type, Space Ground Space Site Infrastructure
Sub-Score 

1 Use Year Built
Campus / Multiple 
Facilities on-site

Recent/Planned 
Improvements

OEP 
Preferred 
Project

Sub-Score 
2

Area Building Systems

ST-054 Solar Thermal Employment Security
Manchester Employment 

Security Total 21,000 E, NG - R5 OF PS 1960 No - Yes 0

ST-055 Solar Thermal Employment Security
Manchester Training & 

Appeals Total 11,160 E, NG - R2 0 OF 1920 No - Yes 0

ST-056 Solar Thermal
Fish & Game 
Commission

Region 2 Lakes Region 
Office Total 3,955 E, FO - R1 OF 1900 No - No 0

ST-057 Solar Thermal Juvenile Justice Services
Administration Building 

YDC Total 50,980 E, P -
R1; obstructed N-S 

roof
Limited adjacent 
cleared land area

Building Unclear; P Air 
handling system likely 1 OF 1860

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 0

ST-058 Solar Thermal Environmental Services

WRBP Maintenance 
Bldg./Winnisquam Pump 

Station Total 10,900 E, FO, P - R1 PU  1972 No - No 0

ST-059 Solar Thermal DRED
(CAN01) Ski Op. Hq. 

Total 7,621 FO, P - R1 RE 1937 Yes - Yes 0

ST-060 Solar Thermal DRED
(CAN57) Brookside 

Learning Center 4,728 P - R1 RE 1991 No - Yes 0

ST-061 Solar Thermal Liquor Commission
Retail Store #15 - Keene 

Total 10,000 E, NG - R4 RF PS 2005 No - No 0

ST-062 Solar Thermal Liquor Commission
Retail Store #73 - 

Hampton South Total 18,990 E, FO - R1 RF PS 2003 No - No 0

ST-063 Solar Thermal Corrections
Berlin - 

Warehouse/Garage Total 25,100 E, NG - R3, R4 SF 1999 Yes: ST-006; ST-063 - Yes 0

ST-064 Solar Thermal Dept. of Safety

Marine Patrol Boater Ed 
& Boat Storage Bldg. 

Total 39,000 E, P P R3 0 SF PS 1987 NO
Fatal Flaw: Recent 
Boiler Replacement No 0

ST-065 Solar Thermal DOT
District 6 - Shed 605 

Total 3,009 E, FO - R1 SF 1965 NO - No 0

ST-066 Solar Thermal DOT
District 2 - Shed 216 

Total 3,000 E, FO - R1 SF 1981 NO - No 0

ST-067 Solar Thermal DRED
(FRN00) Fran Notch S.P 

Main Meter Total 103,620 E - R1 SP PS 1960 NO - No 0

ST-068 Solar Thermal DOT
Turnpikes - Hooksett Toll 

Total 13,880 TB PS

Fatal Flaw: 
Conversion to Open 

Tolling Yes 0

ST-069 Solar Thermal DOT
Turnpikes - Hampton 

Main Toll Total 1,978 TB PS

Fatal Flaw: 
Conversion to Open 

Tolling Yes 0

ST-070 Solar Thermal DOT
Turnpikes - Hampton 

Side Toll Total 2,450 TB PS

Fatal Flaw: 
Conversion to Open 

Tolling Yes 0

ST-071 Solar Thermal DOT
Turnpikes - Hooksett 

Side Toll Total 2,000 TB PS

Fatal Flaw: 
Conversion to Open 

Tolling Yes 0

ST-077 Solar Thermal DRED
(CAN08) - Old Peabody 
Base (Notchview) Total 12,059 VC PS - Yes

ST-079 Solar Thermal DRED
(CAN04) - Tram Base 

Total 19,676 VC PS - Yes

ST-080 Solar Thermal
Fish & Game 
Commission

Twin Mountain Visitor 
Center Total 12,098 VC PS - No

Solar Thermal, Page 7
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Solar Thermal

Project ID

ST-054

ST-055

ST-056

ST-057

ST-058

ST-059

ST-060

ST-061

ST-062

ST-063

ST-064

ST-065

ST-066

ST-067

ST-068

ST-069

ST-070

ST-071

ST-077

ST-079

ST-080

Energy Load Solar Radiance & Capacity O&M Requirements Cost & Incentives Public Relations  

Facility Average 
Monthly Energy 
Usage (kBTU)

Facility 
Average 

Monthly Energy 
Cost

Hot Water 
Energy 

Use 
(kBTU)

Total Facility 
E.U.I. 

(kBTU/s.f.)
Energy Sub-

Score Score Comment

Potential BTUs 
of heating 
based on 

available area Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

312,834 8019 - 179 F F FAIL

58,193 1567 - 63 F F FAIL

147,479 2534 - 447 F F FAIL

69,910 1908 - 16 F F FAIL

273,120 7552 - 301 F F FAIL

153,087 2380 - 241 F F FAIL

59,346 1095 - 151 F F FAIL

131,566 3595 - 158 F F FAIL

351,979 7646 - 222 F F FAIL

153,846 2428 - 74 F F FAIL

672,945 12118 652,406 207 F F FAIL

81,571 1641 - 325 F F FAIL

90,205 1370 - 361 F F FAIL

258,663 37064 - 30 F F FAIL

969,361 18927 838 F F FAIL

668,097 13228 4053 F F FAIL

758,947 15268 3717 F F FAIL

128,145 1815 769 F F FAIL

312,716 5229 311 F F FAIL

211,393 6435 129 F F FAIL

53,586 1295 53 F F FAIL

Solar Thermal, Page 8

prc
Line



Tighe&Bond, Inc.
6/29/2012

Biomass Thermal, Page 1

TABLE 10
Biomass Thermal  Note project summary in each row continues on the following page.

Project ID Project Type Agency Facility Name
Land 

(acres) Building (s.f.) Fuels

Used for 
Hot 

Water? Roof Type, Space Ground Space Site Infrastructure Sub-Score 1 Use Year Built
Campus / Multiple 
Facilities on-site

Recent/Planned 
Improvements OEP Preferred Project

Sub-Score 
2

Facility Average 
Monthly Energy 
Usage (kBTU)

Facility Average 
Monthly Energy 

Cost

BT-025
Biomass 
Thermal

Fish & Game 
Commission Berlin Fish Hatchery Total 30,887 E, FO -

R1, 1,600 s.f. on S-
facing very steep roof

Land available adjacent to 
building, space for silo

1 building, several 
open and covered 

raceways and ponds 3 FH VC 1999 No - No 3 328,260 6640

BT-027
Biomass 
Thermal

Fish & Game 
Commission Milford Fish Hatchery Total 16050 E, FO, P -

9,000 s.f.. flat roof, 
no shading

Land available adjacent to 
building, space for silo

1 building, many 
open and covered 

small ponds, 1 large 
pond 3 FH VC - No - Yes 3 733,488 19438

BT-076
Biomass 
Thermal DRED

(MTW01) Sherman Adams Building 
Total 36,295 E, FO, P -

R5, 6,000 s.f. of 
available S-facing 

roof

Significant cleared land area 
adjacent to building, space for 

silo

1 building, parking.  
Wind loading and 

sunshine days  
potential flaw 2 VC 1982 No - Yes 3 2,514,068 54716

BT-078
Biomass 
Thermal DRED (ODN01) Science Center Total 15,985 E, P -

R1, 1600 s.f.. 
available S-facing 

roof
Limited cleared land adjacent 

to building,  space for silo

Roof has existing 
solar PV, building is 

central air 2 VC PS 1991, 1972, 1800 Yes - Yes 3 325,774 11391

BT-079
Biomass 
Thermal DRED (CAN04) - Tram Base Total 19,676 FO, P - R1

Limited cleared land adjacent 
to building, space for silo with 

clearing

Large base lodge and 
adjacent NE Ski 

Museum, parking 2 VC PS 1938 Yes - Yes 3 211,393 6435

BT-026
Biomass 
Thermal

Fish & Game 
Commission

Warren Fish and Wildlife Center 
Total 9510 E, FO, P -

1,200 s.f.. flat roof, 
heavily shaded

Land available adjacent to 
ponds, space for silo

2 Buildings, 1 lg 
raceway, 1 pond 3 FH PS - Yes - Yes 3 179,915 4419

BT-062
Biomass 
Thermal Liquor Commission

Retail Store #73 - Hampton South 
Total 18,990 E, FO - R1

Limited space on N side of 
building, other sides have 
accessible space for silo

One building, parking, 
delivery area 2 RF PS 2003 No - No 2 351,979 7646

BT-077
Biomass 
Thermal DRED

(CAN08) - Old Peabody Base 
(Notchview) Total 12,059 FO, P - R1

Limited space adjacent to base 
lodge, highly trafficked by 

skiers, potential space for silo 
depending on mech. room 

location
Two base lodges close 

together 1 VC PS 1956 Yes - Yes 3 312,716 5229

BT-080
Biomass 
Thermal

Fish & Game 
Commission Twin Mountain Visitor Center Total 12,098 E, FO E R1

Cleared land adjacent to 
building, space for silo

Visitors center, 2 
barn-type buildings, 

fish raceway and 
ponds 3 VC PS 1900 Yes - No 2 53,586 1295

BT-005
Biomass 
Thermal Corrections Concord - Warehouse - New Total 48,580 E, FO, P -

R1 (wrong by ortho), 
flat, 22,000 s.f. 

space, good condition
Limited adjacent cleared land 

area, space for silo
Next to old 
warehouse 2 CF 1994 No - Yes 2 647,424 14065

BT-043
Biomass 
Thermal DOT

Turnpikes - Hampton Maintenance 
Total 12,740 E, FO, P - R1

Adequate space for silo, may 
need to reallocate vehicle 

space

1 main building and 3 
smaller buildings, 

large paved parking 
area 2 MF 1975 Yes - Yes 2 445,835 8400

BT-052
Biomass 
Thermal Dept. of Safety E-911 Laconia PSAP Total 11,000 E, FO - R4, multiple

Cleared land adjacent to 
multiple buildings, space for 

silo Building Unclear 2 OF 2002 Yes - No 2 477,968 11673

BT-058
Biomass 
Thermal Environmental Services

WRBP Maintenance 
Bldg./Winnisquam Pump Station 

Total 10,900 E, FO, P - R1

Limited space surrounding 
building easily accessible for 
fuel delivery, difficult to site 

silo

Several buildings 
close together 

adjacent to WWTP 
property 1 PU  1972 No - No 2 273,120 7552

BT-015
Biomass 
Thermal Dept. of Safety State Police Troop B Bedford Total 10,888 E, FO, P -

R3, 10,000 s.f. 
available, N-S roof

Limited adjacent cleared land 
area, accessible space for silo 

in parking/delivery area Appears peaked 2 DO 2009 No - No 2 178,244 3694

BT-057
Biomass 
Thermal Juvenile Justice Services Administration Building YDC Total 50,980 E, P -

R1; obstructed N-S 
roof

Limited adjacent cleared land 
area, space for silo

Building Unclear; P 
Air handling system 

likely 2 OF 1860

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 2 69,910 1908

BT-001
Biomass 
Thermal Corrections Concord - Shea Farm Total 10,060 E, NG -

R1,  1,700+ s.f., NW-
SE Surrounding Farmland

1 building and 
farmland, 3-Phase on 

Iron Works Rd 0 AG DO 1900 No - Yes 2 142,993 2961

BT-002
Biomass 
Thermal Dept. of Safety

Marina Patrol Headquarters - 
Boathouse Total 18,032 E, FO, P -

R5, 15,000 s.f., good 
condition Fatal Flaw: None

Large boathouse, 
several small 

facilities 0 BH  1974 No - No 0 231,496 5264

BT-003
Biomass 
Thermal Corrections Goffstown - Women's Prison Total 14,450 E, FO, P P R4 0 CF 1930 No - No 0 1,008,832 19158

BT-004
Biomass 
Thermal Corrections Concord - Boiler Plant Total 415,610 FO (6) -

R1 (wrong by ortho), 
flat, little available 

space

Forest, 0.5 acre clearing,  more 
clearing required due to 

shading

Fatal Flaw: Upgrades 
to a #6 FO Plant may 

necessitate major 
improvements/new 

permits 0 CF 1876 No - Yes 2 5,470,531 76459

BT-006
Biomass 
Thermal Corrections Berlin - Administration/Public Total 198,952 E, NG -

R4, 24,000 s.f. 
available

Limited adjacent cleared land 
area

Several adjoined 
buildings, one 

unobstructed roof 
section 0 CF DO 1999 Yes: ST-006; ST-063 - Yes 0 4,150,087 76977

BT-007
Biomass 
Thermal Corrections

Concord - Minimum Security Unit 
Total 14,360 E, NG -

R1, sig. roof area 
available

Limited adjacent cleared land 
area

Unclear which 
building, easy access 
to mechanical room 

not likely 0 CF DO 1989 Yes: ST-007; ST-008 - Yes 3 155,291 1865

BT-008
Biomass 
Thermal Corrections Concord - Central Core Area Total 423,510 E, NG -

R1, sig. roof area 
available

Limited adjacent cleared land 
area

Unclear which 
building, easy access 
to mechanical room 

not likely 0 CF DO 1876 Yes - Yes 3 3,942,616 127588

BT-009
Biomass 
Thermal Juvenile Justice Services Stark House 7,912 E - R1

Building location on 
campus Unclear 0 CF DO 1860

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 3 21,394 770

BT-010
Biomass 
Thermal DRED

(LFR01) Residence (w/ Camp Sites) 
Total 848 E, P P

R1, limited roof area 
available, N-S peaked 

roof
Adjacent cleared land area 

available

Residence and 
bathhouse in state 

park 0 CG PS 1973 Yes - No 2 53,175 1053

BT-011
Biomass 
Thermal Administrative Services Berlin District Court Total 9,780 E - R1 Unknown Address 0 CH PS 2010 No - No 0 55,752 2505

BT-012
Biomass 
Thermal Administrative Services Lebanon District Courthouse Total 9,482 E, FO, P -

R1, 6,680 s.f.. 
available

Limited adjacent cleared land 
area 0 CH PS 1995 No - No 0 310,610 5263

Area Building Systems Building Detail Energy Load
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TABLE 10
Biomass Thermal

Project ID

BT-025

BT-027

BT-076

BT-078

BT-079

BT-026

BT-062

BT-077

BT-080

BT-005

BT-043

BT-052

BT-058

BT-015

BT-057

BT-001

BT-002

BT-003

BT-004

BT-006

BT-007

BT-008

BT-009

BT-010

BT-011

BT-012

 

Hot Water 
Energy Use 

(kBTU)

Total 
Facility 
E.U.I. 

(kBTU/s.f.)
Energy Sub-

Score Score
Comment (Monthly 

Thermal Load (kBTU) Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

- 128 3 3 131,304 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 2

Not highly visible, but 
raising the facility to 

national standard 8 17 81% 131

- 548 3 3 293,395 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 2

Not highly visible, but 
raising the facility to 

national standard 8 17 81% 293

- 831 3 3 1,005,627 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 3
Highly visible, public 

hot water use 9 17 81% 1,006

245 3 3 130,310 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 3

Highly Visible, 
opportunity for learning 

enhancement 9 17 81% 130

129 3 3 84,557 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 3 Highly visible 9 17 81% 85

- 227 2 2 71,966 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 3

Highly visible, 
opportunity for learning 

enhancement 8 16 76% 72

- 222 3 3 140,792 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 3 Highly visible 9 16 76% 141

311 3 3 125,086 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 3 Highly visible 9 16 76% 125

- 53 2 2 21,434 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 3 Highly visible 8 15 71% 21

- 160 3 3 258,970 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 1 Not Highly Visible 7 14 67% 259

420 3 3 178,334 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 1 Not highly visible 7 14 67% 178

- 521 3 3 191,187 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 1 Not highly visible 7 14 67% 191

- 301 3 3 109,248 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 1 Not highly visible 7 13 62% 109

- 196 2 2 71,298 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 1 Not highly visible 6 12 57% 71

- 16 2 2 27,964 1
Similar O&M to existing 

heating system 1
Moderate technology 

cost; minimal incentives 2 Moderately visible 6 12 57% 28

- 171 2
Similar O&M to existing 

heating system 1 Not highly visible F F FAIL 0

- 154
Similar O&M to existing 

heating system F F FAIL 0

11,490 838
Similar O&M to existing 

heating system F F FAIL 0

- 158 3
Similar O&M to existing 

heating system 1 Not highly visible F F FAIL 0

- 250
Similar O&M to existing 

heating system F F FAIL 0

- 130 2
Similar O&M to existing 

heating system 1 Not highly visible F F FAIL 0

- 112 3
Similar O&M to existing 

heating system 1 Not highly visible F F FAIL 0

- 32 1
Similar O&M to existing 

heating system 2 Moderately visible F F FAIL 0

48,582 752 2
Similar O&M to existing 

heating system 2 Moderately visible F F FAIL 0

- 68
Similar O&M to existing 

heating system F F FAIL 0

- 393
Similar O&M to existing 

heating system F F FAIL 0

O&M Requirements Cost & Incentives Public RelationsCapacityEnergy Load Con'td
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Project ID Project Type Agency Facility Name
Land 

(acres) Building (s.f.) Fuels

Used for 
Hot 

Water? Roof Type, Space Ground Space Site Infrastructure Sub-Score 1 Use Year Built
Campus / Multiple 
Facilities on-site

Recent/Planned 
Improvements OEP Preferred Project

Sub-Score 
2

Facility Average 
Monthly Energy 
Usage (kBTU)

Facility Average 
Monthly Energy 

Cost

Area Building Systems Building Detail Energy Load

BT-013
Biomass 
Thermal Administrative Services

Rockingham Superior Courthouse 
Total 100,000 E, FO, P P R1 0 CH PS 1996 No - Yes 0 2,227,202 54885

BT-014
Biomass 
Thermal Administrative Services

Hillsborough Superior Courthouse 
South Total 86,600 E, NG -

R1, 6,575 s.f. 
available

Limited adjacent cleared land 
area

Several large roof 
obstructions, roof 

appears flat 0 CH PS 1960 No - Yes 0 569,318 16304

BT-016
Biomass 
Thermal DRED

(URB04) Caretakers Residence 
Total 1,362 FO -

R1, 800 s.f.. S-facing 
roof available

Adjacent cleared land area 
available

FO heating system, 
good opportunity for 

upgrade 0 DO 1920 No
Recent energy 

efficiency upgrades Yes 1 13,206 175

BT-017
Biomass 
Thermal DRED

(CAN07) - New Peabody Lodge 
Total 12,765 P -

R1, Roof in the North 
slope of Cannon 

Mountain No available adjacent land 0 DO PS 1975 No - Yes 2 65,059 1189

BT-018
Biomass 
Thermal NH Veterans Home

NH Veterans Home-Entire Facility 
Total 183,600 E, FO, P P

R1, 3,700 s.f.. on 
peaked S-facing roof, 
2,600 s.f.. on flat roof No available adjacent land 0 DO 1971 No

Laundry to Ozone - 
HW reduction Yes 1 3,672,815 73615

BT-023
Biomass 
Thermal

Fish & Game 
Commission

Twin Mountain Hatchery (Fisher) 
Total 2,395 E, FO - R1, N-S Shaded roof

Land available adjacent to fish 
raceway, clearing likely 

required for space/shading

2 buildings and 530' 
fish raceway; 

additional ponds 
across the street 0 FH VC 1900 No - No 3 55,237 973

BT-024
Biomass 
Thermal

Fish & Game 
Commission Powder Mill Fish Hatchery Total 336 2,610 E, FO, P -

R1, 1,440 s.f.. on N-S 
roof

Land available adjacent to 
ponds, clearing required for 

space/shading
1 building, 2.7 acres 

of ponds 0 FH VC 1900 No - No 3 97,374 1930

BT-028
Biomass 
Thermal Administrative Services NH Hosp. Laundry Total 15,277 NG, S S R1 Steam heat likely 0 IF 1937 Yes

Laundry to ozone - 
HW reduction No 0 373,477 9627

BT-029
Biomass 
Thermal Juvenile Justice Services John Sununu YSC Total 216,260 E, NG -

R1; Flat, sectioned 
roof, sig s.f. available Limited adjacent land available

Building on site 
unclear 0 IF DO 2006

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 3 2,744,666 54152

BT-030
Biomass 
Thermal Juvenile Justice Services YDC Boiler Plant Total 43,352 NG -

R1 (wrong by ortho), 
flat and clear, 3,480 
s.f.., poor condition 

likely
Limited adjacent cleared land 

area

Fatal Flaw:  Boiler 
Plant that has been 

retrofitted with NG is 
likely highly efficient, 
improvements will be 

insignificant 0 IF 1860

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 3 1,617,997 15917

BT-031
Biomass 
Thermal Adjutant General All Buildings in SMR System Total 900,183

E, FO, NG, 
P P R1 0 IF 1960 No - No 0 4,061,503 92755

BT-032
Biomass 
Thermal Glencliff Home Boiler House Total 256,904 E, FO, P - R4, 1,600 s.f.. on roof

Limited adjacent cleared land 
area, land available on N. of 

plant, clearing required

Likely a condensing 
boiler, unless 

retrofitted recently 0 IF 1909 No - No 1 1,929,210 35404

BT-033
Biomass 
Thermal NH Hospital

Acute Psychiatric Services (APS) 
Total 198,000 E, NG - R5 0 IF 1989 No

Fatal Flaw: Solar Hot 
Water Yes 0 3,862,324 83666

BT-034
Biomass 
Thermal Administrative Services DOT-Materials & Research Total 29,318 E, NG -

R4, 1,450 s.f.. 
available, many roof 

obstructions
Limited nearby cleared land 

area

Multi-story, easy 
access to mechanical 

room unlikely, air 
handling on roof 0 LF 2006 No - No 0 477,438 10397

BT-035
Biomass 
Thermal Administrative Services State Library Total 38,568 E, S - R2 0 LI 1895 No - No 0 134,433 4479

BT-036
Biomass 
Thermal DRED (COL08) Bath house Total 1,652 E, P P

R2, 800 s.f.. on N-S 
roof

Limited adjacent cleared land 
area

1 building, 
campground, tall 
trees on all sides 0 LV 2002 No - No 1 62,440 1277

BT-037
Biomass 
Thermal DRED (ELL04) Laundry/Bathhouse Total 1,152 E, P P

R1, 160 s.f. on S-
Facing roof, steep 
pitch and major 

obstruction
3,000 s.f.. cleared land on S. 

side of building
1 building, 1 pavilion, 

campground 0 LV PS 1992 No - No 2 67,474 1574

BT-038
Biomass 
Thermal Administrative Services Transportation Garage Total 22,227 E, S S

R1, 2,000 s.f. 
available

Limited adjacent cleared land 
area

Most of roof 
obstructed by upper-

peak 0 MF 1981 No - No 0 189,464 6154

BT-039
Biomass 
Thermal Administrative Services DOT - Mechanical Services Total 85,900 E, NG -

R4, 6,000+ s.f.., 
many roof 

obstructions
Limited adjacent cleared land 

area

Most of roof 
obstructed by 

ventilation system 0 MF 2005 No - Yes 0 144,836 14785

BT-040
Biomass 
Thermal DOT

Mechanical Services Satellite 
Garage - Lancaster Total 3,840 FO - R1 0 MF 1981 No - No 0 155,059 2693

BT-041
Biomass 
Thermal DOT

Turnpikes - Dover Maintenance 
Total 4,880 E, FO - R3 0 MF 1961 No - No 0 290,546 5307

BT-042
Biomass 
Thermal DOT

Turnpikes - Hooksett  Maintenance 
Total 5,788 P P R1 0 MF 1961 Yes - Yes 0 79,800 1428

BT-044
Biomass 
Thermal DRED

(CAN12) - Maintenance Garage 
Total, Tram Base 6,246 FO, P - R3 0 MF 1982 Yes - Yes 0 148,030 2334

BT-045
Biomass 
Thermal Juvenile Justice Services Maint.. Garage Total 2,340 NG -

R1, 1,155 s.f., 
updated roof

Limited adjacent cleared land 
area

Low hot water use 
likely 0 MF 1860

Yes: ST-003; ST-029; 
ST-030; ST-045; ST-

057 - Yes 0 99,204 2277

BT-046
Biomass 
Thermal Administrative Services Health & Welfare Building Total 316,230 E, NG E R2 0 OF PS 1960 No - Yes 0 10,579,164 237147

BT-047
Biomass 
Thermal Administrative Services State House Annex Total 161,348 E, NG, S S R4 Steam heat likely 0 OF 1938 No No 0 1,374,808 42515

BT-048
Biomass 
Thermal Administrative Services Morton Building Total 96,800 E, NG -

R1, 6,300+ s.f.. 
available

Limited adjacent cleared land 
area Appears flat 0 OF PS 1965 No

Fatal Flaw: Recent 
boiler replacement No 0 1,664,929 43159

BT-049
Biomass 
Thermal Administrative Services Safety Building Total 117,113 E, NG -

R4; limited available 
space, many roof 

obstructions
Limited adjacent cleared land 

area

Multi-story, easy 
access to mechanical 

room unlikely, air 
handling on roof 0 OF 1960 No

Fatal Flaw: Recent 
boiler replacement No 0 1,699,222 49344

BT-050
Biomass 
Thermal Administrative Services Main Building Total 277,955 E, S S R1 Steam heat likely 0 OF 1909 No - Yes 0 1,806,577 55792
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BT-016

BT-017

BT-018

BT-023

BT-024

BT-028

BT-029

BT-030

BT-031

BT-032

BT-033

BT-034

BT-035

BT-036

BT-037

BT-038

BT-039

BT-040

BT-041

BT-042

BT-044

BT-045

BT-046

BT-047

BT-048

BT-049

BT-050

 

Hot Water 
Energy Use 

(kBTU)

Total 
Facility 
E.U.I. 

(kBTU/s.f.)
Energy Sub-

Score Score
Comment (Monthly 

Thermal Load (kBTU) Score Comment Score Comment Score Comment
Technology 
Sub-Score

TOTAL 
SCORE

Percentage 
Score

Potential Energy 
Reduction/Offset 
(MMBTU per year)

O&M Requirements Cost & Incentives Public RelationsCapacityEnergy Load Con'td

1,653,988 267
Similar O&M to existing 

heating system F F FAIL 0

- 79
Similar O&M to existing 

heating system F F FAIL 0

- 116 1
Similar O&M to existing 

heating system 2 Moderately visible F F FAIL 0

61 1
Similar O&M to existing 

heating system 2 Moderately visible F F FAIL 0

187,994 240 3
Similar O&M to existing 

heating system 2 Moderately visible F F FAIL 0

- 277 2
Similar O&M to existing 

heating system 2

Not highly visible, but 
raising the facility to 

national standard F F FAIL 0

- 3478 2
Similar O&M to existing 

heating system 2

Not highly visible, but 
raising the facility to 

national standard F F FAIL 0

231,474 293
Similar O&M to existing 

heating system F F FAIL 0

- 152 3
Similar O&M to existing 

heating system 2 Moderately visible F F FAIL 0

- 448 3
Similar O&M to existing 

heating system 1 Not highly visible F F FAIL 0

725,357 54
Similar O&M to existing 

heating system F F FAIL 0

- 90 3
Similar O&M to existing 

heating system 1 Not highly visible F F FAIL 0

- 234
Similar O&M to existing 

heating system F F FAIL 0

- 195
Similar O&M to existing 

heating system F F FAIL 0

- 42
Similar O&M to existing 

heating system F F FAIL 0

58,760 454 2
Similar O&M to existing 

heating system 2 Moderately visible F F FAIL 0

11,036 703 2
Similar O&M to existing 

heating system 2 Moderately visible F F FAIL 0

132,477 102
Similar O&M to existing 

heating system F F FAIL 0

- 20
Similar O&M to existing 

heating system F F FAIL 0

- 485
Similar O&M to existing 

heating system F F FAIL 0

- 714
Similar O&M to existing 

heating system F F FAIL 0

79,800 165
Similar O&M to existing 

heating system F F FAIL 0

- 284
Similar O&M to existing 

heating system F F FAIL 0

- 509
Similar O&M to existing 

heating system F F FAIL 0

- 401
Similar O&M to existing 

heating system F F FAIL 0

664,160 102
Similar O&M to existing 

heating system F F FAIL 0

- 206
Similar O&M to existing 

heating system F F FAIL 0

- 174
Similar O&M to existing 

heating system F F FAIL 0

1,364,077 78
Similar O&M to existing 

heating system F F FAIL 0

prc
Line
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Project ID Project Type Agency Facility Name
Land 

(acres) Building (s.f.) Fuels
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Hot 

Water? Roof Type, Space Ground Space Site Infrastructure Sub-Score 1 Use Year Built
Campus / Multiple 
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Recent/Planned 
Improvements OEP Preferred Project

Sub-Score 
2

Facility Average 
Monthly Energy 
Usage (kBTU)

Facility Average 
Monthly Energy 

Cost

Area Building Systems Building Detail Energy Load

BT-051
Biomass 
Thermal Administrative Services Londergan Hall Total 50,766 E, S S R1 Steam heat likely 0 OF 1948 No - No 0 325,465 10179

BT-053
Biomass 
Thermal DOT

Stickney Avenue - Main Building 
Total 37,334 E, NG - R5 0 OF 1926 No - No 0 667,354 6694

BT-054
Biomass 
Thermal Employment Security

Manchester Employment Security 
Total 21,000 E, NG - R5 0 OF PS 1960 No - Yes 0 312,834 8019

BT-055
Biomass 
Thermal Employment Security

Manchester Training & Appeals 
Total 11,160 E, NG - R2 0 OF 1920 No - Yes 0 58,193 1567

BT-056
Biomass 
Thermal

Fish & Game 
Commission Region 2 Lakes Region Office Total 3,955 E, FO - R1 0 OF 1900 No - No 0 147,479 2534

BT-059
Biomass 
Thermal DRED (CAN01) Ski Op. Hq. Total 7,621 FO, P - R1 0 RE 1937 Yes - Yes 0 153,087 2380

BT-060
Biomass 
Thermal DRED (CAN57) Brookside Learning Center 4,728 P - R1 0 RE 1991 No - Yes 0 59,346 1095

BT-061
Biomass 
Thermal Liquor Commission Retail Store #15 - Keene Total 10,000 E, NG - R4 0 RF PS 2005 No - No 0 131,566 3595

BT-063
Biomass 
Thermal Corrections Berlin - Warehouse/Garage Total 25,100 E, NG - R3 0 SF 1999 Yes: ST-006; ST-063 - Yes 0 153,846 2428

BT-064
Biomass 
Thermal Dept. of Safety

Marine Patrol Boater Ed & Boat 
Storage Bldg. Total 39,000 E, P P R3 0 SF PS 1987 NO

Fatal Flaw: Recent 
boiler replacement No 0 672,945 12118

BT-065
Biomass 
Thermal DOT District 6 - Shed 605 Total 3,009 E, FO - R1 0 SF 1965 NO - No 0 81,571 1641

BT-066
Biomass 
Thermal DOT District 2 - Shed 216 Total 3,000 E, FO - R1 0 SF 1981 NO - No 0 90,205 1370

BT-067
Biomass 
Thermal DRED

(FRN00) Fran Notch S.P Main Meter 
Total 103,620 E - R1 0 SP PS 1960 NO - No 0 258,663 37064

BT-068
Biomass 
Thermal DOT Turnpikes - Hooksett Toll Total 13,880 E, FO R1

Space surrounding building and 
on either side of toll booths for 

silo, potential parking/road 
upgrade required for fuel 

delivery
Toll booths across 
road, one building 2 TB PS 1979 -

Fatal Flaw: 
Conversion to open 

tolling Yes 0 969,361 18927

BT-069
Biomass 
Thermal DOT

Turnpikes - Hampton Main Toll 
Total 1,978 0 TB PS - -

Fatal Flaw: 
Conversion to open 

tolling Yes 0 668,097 13228

BT-070
Biomass 
Thermal DOT

Turnpikes - Hampton Side Toll 
Total 2,450 0 TB PS - -

Fatal Flaw: 
Conversion to open 

tolling Yes 0 758,947 15268

BT-071
Biomass 
Thermal DOT

Turnpikes - Hooksett Side Toll 
Total 2,000 0 TB PS - -

Fatal Flaw: 
Conversion to open 

tolling Yes 0 128,145 1815

BT-072
Biomass 
Thermal DOT

Turnpikes - Hooksett NB Rest Area 
Total 1,500 E, FO -

R1, 7,000 s.f.. NW-SE 
roof

Limited land adjacent to 
building, land further from 
building subject to clearing

1 building, 2 
associated structures, 

parking, highway 0 TS PS 1979 No - Yes 2 56,273 1306

BT-073
Biomass 
Thermal DOT

Turnpikes - Hooksett SB Rest Area 
Total 1,500 E, FO -

R1, 7,000 s.f.. NW-SE 
roof

Limited land adjacent to 
building, land further from 
building subject to clearing

1 building, 2 
associated structures, 

parking, highway 0 TS PS 2005 No - Yes 2 51,726 1207

BT-074
Biomass 
Thermal DOT Turnpikes - Nashua Rest Area Total 5,100 E, NG -

R1, 500 s.f.. of 
available S-facing 

roof
Limited land adjacent to 

building: scenic and picnic area 1 building, parking 0 TS PS 2002 No - No 1 57,220 1358

BT-075
Biomass 
Thermal DOT

Turnpikes - Seabrook Rest Area 
Total 5,289 E, FO -

R1, 750 s.f.. of 
available S-facing 

roof
Limited land adjacent to 

building: 5,200' of picnic area 1 building, parking 0 TS PS 2001 No - Yes 2 193,493 4048

BT-081
Biomass 
Thermal

McAuliffe Shepard 
Discovery Center

McAuliffe-Shepard Discovery 
Center (Classic) Total 10,890 E, NG -

R5, R3, 2754 s.f.. on 
S-facing roof, several 

smaller roofs
Limited cleared land adjacent 

to building

Roof has sky light 
peak, one roof may 
be solar thermal air 

panel, several 
buildings surrounding 

quad 0 VC PS 1990, 2009
Yes (addition in 

2009) - No 2 159,656 3908

BT-082
Biomass 
Thermal

McAuliffe Shepard 
Discovery Center

McAuliffe-Shepard Discovery 
Center (Addition) Total 34,000 E, NG R3 0 VC PS 2009

Fatal Flaw: Recent 
Improvements No 0 327,273 7596

BT-083
Biomass 
Thermal Environmental Services

WRBP Wastewater Treatment Plant 
Total 67,578 E, FO, P -

R1, 3500' available 
on roof

Cleared land adjacent to 
building/operations, space for 
silo but need to check WWTP's 

future build out plans

1 building and several 
treatment structures, 

extensive 
underground pipe 
system; anaerobic 
digestion on site 3 WT 1972 No

Fatal Flaw: Recent 
Improvements No 0 2,277,347 48753
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Facility 
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Energy Sub-

Score Score
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SCORE
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(MMBTU per year)
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159,233 77
Similar O&M to existing 

heating system F F FAIL 0

- 215
Similar O&M to existing 

heating system F F FAIL 0

- 179
Similar O&M to existing 

heating system F F FAIL 0

- 63
Similar O&M to existing 

heating system F F FAIL 0

- 447
Similar O&M to existing 

heating system F F FAIL 0

- 241
Similar O&M to existing 

heating system F F FAIL 0

- 151
Similar O&M to existing 

heating system F F FAIL 0

- 158
Similar O&M to existing 

heating system F F FAIL 0

- 74
Similar O&M to existing 

heating system F F FAIL 0

652,406 207
Similar O&M to existing 

heating system F F FAIL 0

- 325
Similar O&M to existing 

heating system F F FAIL 0

- 361
Similar O&M to existing 

heating system F F FAIL 0

- 30
Similar O&M to existing 

heating system F F FAIL 0

838 3 3 387,744 1
Similar O&M to existing 

heating system 2
Moderate technology 

cost; minimal incentives 3 Highly visible 9 F FAIL 0

4053
Similar O&M to existing 

heating system F F FAIL 0

3717
Similar O&M to existing 

heating system F F FAIL 0

769
Similar O&M to existing 

heating system F F FAIL 0

- 450 2
Similar O&M to existing 

heating system 3
Highly visible, public 

hot water use F F FAIL 0

414 2
Similar O&M to existing 

heating system 3
Highly visible, public 

hot water use F F FAIL 0

- 135 2
Similar O&M to existing 

heating system 3
Highly visible, public 

hot water use F F FAIL 0

439 2
Similar O&M to existing 

heating system 3
Highly visible, public 

hot water use F F FAIL 0

- 176 2
Similar O&M to existing 

heating system 3

Highly visible, 
opportunity for learning 

enhancement F F FAIL 0

116 3 3 130909 1
Similar O&M to existing 

heating system 3 Highly visible F F FAIL

404 3 3 910,939 1
Similar O&M to existing 

heating system 3

Moderate technology 
cost; minimal 

incentives; potential 
further cost savings 
through use of AD 

biogas 1 Not highly visible 8 F FAIL
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