Appendix 2: Overview of Energy 2020

The Bagc Verson of ENERGY 2020

ENERGY 2020 isamulti-sector energy analysis system that simulates the supply, price and
demand for al fuels. It can beinteractively configured to any level of detail with regard to the energy
system by changing the structure of themodel. Additiona sectorsor modulesfrom other non-ENERGY
2020 related model s (such asamacroeconomic model) can beincorporated directly intothe ENERGY
2020 framework. Thisflexibility allowsthe model to evolve over timein response to the changing
objectivesof the decision maker.

ENERGY 2020 OVERVIEW
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ENERGY 2020 differsfrom many of the utility modelsin usetoday. ENERGY 2020 doesnot
contain e asticitiesand obscurely specified parameters. To makemode results understandableand real -
istic, aone-to-onerelationship awaysexists between themodel and therea world. For example, cus-
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tomer responsesto relative price changesare not model ed using priceand incomeeladticities. Instead, all
thefactorsthat determine the choices one makeswhen a purchaseis made, such astheamount of money
you have, what your preferencesare, and how well informed you are about other prices, aredl explicitly
modeledin ENERGY 2020.

ENERGY 2020 ismade up of model sectorsthat can be modified, expanded or deleted to suit
individua client needs. FigureA2.1illustratesthe current model configuration. Commontoal versonsof
ENERGY 2020isan economy sector where economic growth ratesare determined. Theeconomy sector
can berun either interactively with the Regional Economic Models, Inc. (REMI) economic mode or with
any accurate twenty-year economic forecast. The ENERGY 2020 model runsunder the PROMULA
simulation system. PROMULA allows mainframe modelsto run on microcomputers. It also allows
programswritteninany other languageto run smultaneoudy withit. PROMULA provides sophisticated,
but easy-to-use and fast database manager, program editor, decision tree, smulation, statistical/regres-
sion, graphics, and report generator capabilities. Programswritten for any other computer can be auto-
matically converted to run quickly onamicrocomputer. Withminimal additiona effort sophisticated menus
and database capabilities can be added.

Energy demand itself iscreated from five model sectors: Residential, Commercial, Industrial,
Agricultureand Transportation. Most versionsof ENERGY 2020 have at |east thefirst three sectors
operating; itisnot uncommonto useall five. Inadditionto these basic demand model sectors, two more
sectors- electric and gas DSM and the Cogeneration sectors, modify the demand sectors. All sector
demandsareinfluenced by DSM and most, especially industrial, are modified by cogeneration capabil-
ity. Demand isdynamically simulated by end-use and economic sector for all fuels (electric, gas, oil,
LPG coal, biomassand solar).

Thedisaggregation of end-use and economic sectors can bedetailed in many ways. A “typica”
model hasafew residentia and commercial classes, industrial demand divided intotwo digit SIC code
subclasses, trangportation demand model ed by classand mode, and about six to eight end-usesfor each
class. Gas-refrigeration and air-conditioning are standard end-uses. Marginal and average energy intensity
at both the processand devicelevel aredetermined. ENERGY 2020’ sunique capability to model how
consumersmakefuel and efficiency choicesintheface of personal preference, price, and utility incentives
iscritical to DSM and competitiveanalyss.

I ndependent power producer and cogenerator behavior (acrossten technologies) aswell aspol-
|ution generation (across eight pollutants) both at the end-use and supply level aredynamically caculat-
ed. Additional pollutant typesand technol ogiesto represent land and water pollution can be added as
desired. The other half of the energy demand market, the supply sector, ismodeled in several partsas
well, depending on client needs. Thetwo most common arethe el ectric and gas utility sectorswhich
generate energy used to meet energy demands. The renewable resources sector usually impactsthe
electric utility sector but also affectsthe demand sectorsaswell through such things as solar water heat
and biomassprocessheat. Lessused, but also available, areacompleteoil and gasrefining sector which
tracksthe exploration, refining, production and storage of oil and gasaswell asasimilar sector for coal
supply. Any supply sectorsnot specifically modeled are captured in ageneric supply sector that gener-
atesfuel pricesand availability. For example, acommon supply sector configuration would bean el ec-
tric utility sector, agas utility sector and ageneric supply sector for oil and coa supplies. For electric and
gasuutilities (separate or combined), ENERGY 2020 internally and self-consistently smulates sales,
load (by end-use, time-of-use, and class), production (acrossthirty-six dispatch types), demand-side
management (by technology), forecasting, capacity expansion (new generation, independent-power-pro-
ducers, purchases, and DSM), finance, and rates (by class, end-use, and time-of-use). Utility bypassand
transportation areinternally estimated. Supply dispatch order can be pre-specified, based on variable
costs, or based on attributes (asin the case of pollution minimization). The dispatch process can be
modeled by fast advanced derating, chronol ogical-probabilistic, or linear programming methods. Mul-
tiplesarviceareasaresmply linked together. Firm contract and spot market interactions can be specified,
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and ENERGY 2020 can andyze utility deregulation dynamics.

ENERGY 2020 addresses both demand-side and (conventional and renewable-fudl) supply op-
tion impacts on financial health, rates, and the customer. Peak and off-peak avoided, marginal, and
incremental costsarecalculated. Transmission, distribution, and cogeneration issuesare al so addressed.
ENERGY 2020 providesacomplete, redlistic description of supply and demand processes, options, and
issuesthat must be considered for adequate | RP and L CP assessment. Over 250 pre-specified scenarios/
options can be combined and easily modified to test amost any scenario imaginable. A summary of the
possibleoutput generated by ENERGY 2020isshowninTableA2.1. ENERGY 2020 isautomatically
calibrated to aspecific serviceareaor region with minimal datarequirements- much of thedataareon
default databases specified by state. Model input routines provide automatic error checking and input
screen display templatesof standard utility reporting forms (for example, FERC Form 1, EIA Form 412,
and/or Annual Financia Reports). Mode output can be displayed in the same standard report formats or
with high resolution color graphics. Model resultscan be sent to aprinter or plotter.

TableA2.1. ENERGY 2020 Outputs

Basic Data
Balance Sheet
Sourcesand Usesof Funds
Income Statement
Capacity
Generation
Sdes
End-UseLoads

Comparison Studies
Service-ArealEmployment Impacts
DSM Market Dynamics
Pollution Emissons
Rate Schedule Effects
GasversusElectric Market Dynamics
Alternative Regul atory Trestment

Sandard Sudies
Codt Benefit Andysswith Externdities
Uncertainty/confidenceAnalyss
DynamiclmpactAndyss
PerspectiveAnalysis

Special Studies
Mergers
Acgquistions
Deregulation
Decentraization

Datafiles can beread and mani pul ated using standard spreadsheets such asEX CEL and Lotus 1-
2-3. ENERGY 2020 hasan uncertainty package called HY PERSENSto aid the user in policy testing.
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HY PERSENS quantifiestheimpactsof conservation technology uncertainty on utility/consumer cost/
benefitswherethe components of the cost/benefit measure may bethe priceof dectricity, revenuerequire-
ments, capacity requirements, and energy costsper consumer unit. Other measures can be calculated as
determined by the user. Theuncertainty analysis usesthe efficient L atin-Hypercube Sampling approach
developed at LosAlamosNationa Laboratory. Uncertain parameters can be described by any arbitrary
distribution. Input parametersare varied smultaneoudy to capturethe moreredlistic* al-el se-not-equal”
conditions. ENERGY 2020 a so has attribute and post-processing capabilities.

Although ENERGY 2020 isnot an optimizing model, users can definetheir “ objective func-
tion” for model results- stablerates, reduced peak demand, maximum return on investment, etc. Com-
binations of attributes can be weighted to obtain composite measures for ranking scenarios. These
multi-attribute functions can be used with HY PERSENSto find the optimally robust strategy to achieve
the desired objectives, in effect, determining the“ optimal” path. Added post processing capabilitiesal-
low the user to manipul ate model -generated datato automatically perform unique analyses. ENERGY
2020 cal culatesthe market penetration, sales/load impacts, program costs, reliability impacts, revenue
impacts, cost/benefit figures of merit, etc. of DSM options. Peak and off-peak avoided, marginal, and
incremental costs can be calculated. Cogeneration issues are also addressed. Peak clipping, valley
filling, load shifting, strategic conservation, and strategic load growth (by day and season) optionscan be
specified. Consideration of focus (small versuslarge customer) and level (aggressive versuslimited
implementation) are part of the DSM option selection process. ENERGY 2020 providesacomplete,
realistic description of the demand processes, options, and i ssuesthat organi zations must consider for
adequate demand-si de option assessment.

Insummary, ENERGY 2020 sintegrated planning framework smulatesthe dynamicinteractions
within the energy sector under various plansand uncertainties (scenarios). TheENERGY 2020 frame-
work can beautomaticaly calibrated, usng generaly available data, and modified to represent any partic-
ular energy source, utility company, or geographica area. 1t then becomesadescriptivetool that dynamicaly
smulatescurrent and future conditions. It providesalaboratory in which plannerscan examinethelong-
rangeimplicationsof programsand policies. TableA2.2 providesan overview of ENERGY 2020'sfea
tures.

ENERGY2020 is an End-Use (Disaggregate) Model

Higtorically, energy use hasbeen forecast either by customer classor rateclass. Further delinea-
tion based on energy usewasnot consdered. But many models, including ENERGY 2020, now forecast
energy use by customer-designated end-uses such as space heating and lighting.

Although both types of modeling have strengths and weaknesses, end-usemodelsaregainingin
popularity for severa reasons. First, they areoften required in many states. Utilitiesseethem asaway
to get toknow their customersbetter in an increasingly more competitive and customer-centered energy
market. Regulatorsoften prefer themfor their ease of policy testing, particularly DSM policiesthat are
difficult to handle with econometric models.

Their clear advantagein policy testing isthe second reason causal modelsare gaining popul ari-
ty. For example, to determinetheimpact of arebate on high efficiency electric hot water heatersitis
necessary to know the energy use of existing hot water heaters(isit large or small relativeto total oad),
to estimate theimpact of thepolicy. If electric hot water heaters contribute only minutely tototal load,
then DSM programs designed to minimizethisalready small load will not have asignificant effect on
utility sdes.

Thethird reason for the gaining popul arity of end-use modelsisthe availability of structural en-
hancementsthat alow model changesin the causesof energy demand, and not ssmply changesin demand
itself. For example, if you havearesidentia electric econometric forecast and you areimplementing a
policy encouraging fuel switching, al you can do isreduce electric load by some estimated amount.
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TableA2.2. General ENERGY 2020 M odd Features

Integrates energy supply, price, demand, economy, and regulation. Includesall
fuel demand and supply model with detailed electric and gas utility capability. Has
detailed Cogeneration and Qualified Facility sectors. Smulatesall decision or strategy
points of energy supplier and consumer (both short and long-term). Capturesthe
feedback dynamics between Utility, Demand, Economy and Regulation sectors.

Analyzes Mid to Long-Term Planning. Smulates continuous dynamics of supply,
price, load, pollution emissions and end use demand from 1975 - 2020 time frame.
Includes critical feedback shown by NERC as most important to forecasting.

Performs cost-benefit analysis of DSM programs and any scenario with externality
pollution costs, and uncertainty.

Providesboth least cost and consumer preference decision criteria.-Performs
historical validation and automatically calibratesto unique utility servicearea
conditions. Uses publicly available data.

Automatic uncertainty and sensitivity analysis produces actual confidenceintervals
rather than high and low cases.

Provides scenario database for user specified definition and initiation of scenario
packages. Cal cul ates decision-maker preference-function for each scenario.

Smulates pollution generation fromboth consumer and utility end-use (Typically
eight pollutants with impact-weighted indices.)-All ows inter active modification of
model structureto include additional or alternative sector representations. Model is
designed to ease modification, extension and scenario additions.

Allows easy execution and comparison of multipleruns/scenarios. Provides
interactiveinput editing, output review, report gener ation, and mathematical
transformations.

Canintegratewith a client’sexisting analysistoolswritten in other languages.

Over 250 experience years of model usage/development at federal, state, energy
company, and utility level. (Early version still used for all U.S. DOE National Energy
Plans.) Model used for energy policy and planning by other 27 states and Canadian
provinces. Over $15 Million spent on model development and testing.

Reviewed favorably in studies by the California Energy Commission, Barakat and
Chamberlin, Inc., Southern Company Services, Inc., and the National Academy of
Sciences(FOSIL2/IDEAS).

Model can befreely given to othersfor review and critique (or cooperative policy
devel opment between adversarial groups). Code is machineindependent(runson

personal computer or mainframe).

With ENERGY 2020, thereisthe gasforecast, the percentage of demand that issubstitutable as
well asprices, and previous energy decision behavior. Itispossbleto directly model the changeinthe
system and havethe energy saleschangein responseto thepaolicy.

Using thewater heating exampl e above, other effectsthat would be captured by ENERGY 2020
includefuel switching from natural gasto electric hot water asthe price of the electric hot water heater is
made more economic by therebate. Not only isthe changein energy demand simulated with acausal
model, but the composition of the changeissimulated aswell. Also, with anintegrated end-use mode,
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FigureA2.2. Energy Demand asaFunction of Capital Sock

therewould be consistency between the natural gas and el ectric assumptions, difficult to achievewith
Separateforecasts.

Finally, theanalyst can feel comfortablewith the simulation results of acausal model because
thereisan understanding of why demand changesoccurred. If residential energy demandisprojectedto
grow by two percent per year, an econometric model usually providesonly two variables- number of
customers and use per customer. With an end-use model, the analyst can see, for example, that the
residential energy growthisdetermined by agrowthin space heating demand (afuel switch from natural
gasto electric), adecreaseinlighting and refrigeration demand (dueto increased efficiencies) and an
increasein miscellaneous el ectricity use.

ENERGY 2020 is a Causal Model

Causa modelsare made up of variablesthat allow the user to directly relate changesinthereal
systemto changesinthemodd. Causal modelsmodel cause and effect relationships. Thisissignificant-
ly different from model sthat 0ok at variable correlation, with noimplied causaity. For example, weather
and energy useare correlated. Given temperature we can make some determination about demand. This
istrueof both causal and correlation models. If temperaturesrisein the summer, demand shouldriseas
well. Thecausal model hasstructurethat causesthetemperatureriseto increase the demand for energy,
the econometric model determinesonly that there existsarel ationship between thetwo variables. With
acorreation, direction doesnot matter. Itisjust astrueto say that theincreasein demand correlateswith
anincreaseintemperaturesasit isto say anincreasein temperature correlateswith anincreasein de-
mand. However, it would be ludicrousto imply that changing demand causes changing weather - cau-
sality hasdirection.

Thiscausal model has structure that mimicsthereal world allowing the analyst to describe how
energy use changes. For example, energy usein ENERGY 2020 depends upon device and process
efficienciesand market share among other variables. Each of thesevariableshasarea world counter-
part and can be modified to reflect changes, either naturaly occurring or through policy implementation.
With econometric modd s, these changesareall captured with an elagticity - acatch-all termthat ishard to
modify toreflect structura or policy changes.

Changesin a causal model “work through” the model and the analyst can see exactly what
effectsthese changeshave. Thistransparency becomes particularly important when policiesare being
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tested. Secondary andtertiary effectsare picked up with acausal mode that might be overlooked in other
modeling endeavors. For example, apolicy increasing theefficiency of eectric air conditioning canlower
peak demand and prices. However, theselower priceshave effectsof their own, including fuel switching
into electric and possibly lower deviceand processefficienciesinthe non-policy end-uses. Theseeffects
arenot captured in model swith incompl ete market structure.

Finally, using acausal model hel pstheanayst providejustificationsfor adjustmentsto the mod-
el or forecast. Instead of smply lowering theforecast becauseitis“too high,” theanalyst can identify
specific variableswhich may behighly uncertain - fuel prices, technology constraints, behavior variables
- and adjust accordingly.

ENERGY2020 Replicates History

Itisthestructure of the ENERGY 2020 model, representing how decision makersact, rather than
exogenousdatathat primarily determinesthe model results. The ENERGY 2020 structurealowsthe mod-
el to reproduce history. If amodel cannot reproduce history there can be no confidence that it can
properly ssmulatethefuture. Without historical testsitisimpossibleto determinewhether feedback is
properly incorporated, what ismissing, or what isimproperly specified. Other modelscannot reproduce
history becauserea-world systems(e.g. energy consumersand suppliers) fail to follow the models
idealized, optimal, and genericrules. Each real-world case study showsthat “exceptions-to-the-rules’
affected the past and will determinethefuture.

Because ENERGY 2020 s mulates how participantsin an energy syssem makedecisions, itisable
not only to reproduce (and explain) history, it can simulate how decision makerswill act whenthey are
faced with policies/conditionsfor which thereisno historical precedent. M ost scenariosconceived today
fal intothe“no-precedent” category. ENERGY 2020 can be calibrated to any serviceareaor region with
publicly-avallabledata. Itsinternal national and state databases contain historical economic, price, and
demand databy economic sector, fuel, and end-use. Utility datacan be entered viatemplates of standard
utility reportsor, if available, eectronically transferred. Further, any datathe user doesnot enter or isnot
aready onthedatabasewill beprovided “ syntheticaly.”

Thedefault databases contain not only generic data, but aso regional datathat ismodified to be
compatiblewith thedataprovided by theuser. For example, if theuser only knowsthe system peak and
annua customer classsales, theinput routineswill generate estimated end-use load shapes by classby
appropriately scaling detailed state or regional data. Asthe user adds more data, less” default” datais
synthetically created. Thedataset evolvesasbetter dataisaddedtoit. ENERGY 2020isoften used for
anayseswherethe user-specific dataislimited but answersarecritically needed.

Overview of theENERGY 2020 Demand M odd

The demand sector of ENERGY 2020 represents the service area by disaggregating the four
economic sectors. residential, commercial, industrial and transportati on into subsectors based on energy
end-use. Asmany or asfew subsectors can be supported asdesired. The Commercial sector may be
divided into subsectorsthat include offices, restaurants, retail establishments, groceries, warehouses,
elementary and secondary schools, colleges, hedth fieldsand hospital s, hotelsand motels, and amiscel -
laneousbuildingscategory. Theindustrial sector oftenisdivided into subsectorsby two-digit SIC code.
Thetransportation sector model sthe transportation demandsfor each of the sectors; residential, com-
mercial, andindustrial. Theresidential sector may bedivided into singlefamily, multi-family and mo-
bile homes. Multiple end-uses (including transportation and feed stocks) and multiplefuelsare detailed.
Currently, the commercial sector isconfigured to have eight end-uses: Primary Heat, Refrigeration,
Lighting, Water Heating, Cooking, Ventilation, Air Conditioning and Miscellaneous Demands. The
industrial sector hasfour end-uses: ProcessHeat, Motors, Lighting, and Miscellaneous Demands. Fuel
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choicesincludenatura gas, ail, coa biomass, solar, electricand LPG. Cogeneration, fungible demands
(fud switching), municipal resale demands, and power pool resale demandsarea so determined by the.

A few basic conceptsare crucia to an understanding of how ENERGY 2020 modelsthe energy system.
Thecapital stock driver, themodeling of energy efficiency through trade-off curves, thefuel market share
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FigureA2.3. Demand Sector I nteractions

calculation, utilization multipliersand the cogeneration modul e are discussed below in abbreviated form.
FigureA2.3illustratesthe demand sector interactions. TableA2.3 showsthetypical featuresof thede-
mand sector.

Energy Demand as a Function of Capital Sock

ENERGY 2020 assumesthat energy demand isaconsequence of using capital stock inthepro-
duction of output. For example, theindustrial sector producesgoodsin factorieswhich require energy for
production; thecommercia sector requiresbuildingsto provide services, and theresidentia sector needs
housing to provide sustained |abor services. The occupantsof these buildingsrequireenergy for heating,
cooling, and electromechanica (appliance) uses. Theamount of energy used in any end-useisbased on
the concept of energy efficiencies. For example, theenergy efficiency of ahouseaongwiththeconverson
efficiency of thefurnace determine how much energy the house usesto providethe desired warmth. The
energy efficiency of thehouseiscalled the capital stock energy or processefficiency. Thisefficiency is
primarily technologicd (e.g. insulation levels) but can aso be associated with control or life-stylechanges
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(e.0. lesshousehold energy use because both spouseswork outsidethehome.) Thefurnaceefficiency is
cdledthedeviceor thermd efficiency. Thermd efficiency isassociated with air conditioning, € ectromotive
devices, furnacesand appliances. Themoded smulatesinvestment in energy using capital (buildingsand
equipment) from installation to retirement through three age classes or vintages. Thiscapital represents
embodied energy requirementsthat will result inaspecified energy demand asthe capitd isutilized, until it
isretired or modified.

TableA2.3. Demand Sector Features
. Smulates process and device side decisions.

. Trades off capital and efficiency with fuel prices dynamically. Incorporates both
least cost and consumer preference energy efficiency curves.

. Allowstesting of any major scenario (e.g., efficiency standards, subsidies, low
interest loans ,energy taxes, cost sharing, tax credits, risks, indirect costs, expending or
capitalization of conservation costs, technol ogical advances, environmental
regulations, energy shortages).

. Smulates short term effects such as budget constraints and temper ature sensitive
loads.

. Includes socio economic change (femalelabor participation, multi family housing)
and other non energy price effects.

. Smulates marginal investments, fuel smtching, and fuel conversions.

. Allowsarbitrary number of end uses (Example: primary/process heat, cooking,
drying, hot water, lighting, air conditioning, refrigeration, miscellaneous el ectromotive,
feedstock, etc.)

. Allowsarbitrary number of energy consuming sectors

. Smulates energy demandsfor all fuels(standard: gas, oil, high sulfur coal, low
sulfur coal, biomass, solar, electric).

. Smulates cogener ation Investment, construction, and usage.

. Smulatesinter/intraregional energy demands.

The size and efficiency of the capital stock, and hence energy demand, change over time as
consumers make new investmentsand retire old equipment. Consumersdeterminewhich fuel and tech-
nology to usefor new investmentsbased on perceptionsof cost and utility. Marginal trade-offsbetween
changing fudl costsand efficiency determinethe capital cost of the chosen technology. Thesetrade-offs
are dependent on percelved energy prices, capital costs, operating costs, risk, accessto capital, regula-
tionsand other imperfect information.

ENERGY 2020 formulatesthe energy demand equation causally. Rather than using pricedlas-
ticitiesto determine how demand reactsto changesin price, ENERGY 2020 explicitly identifiesthe
multipleways price changesinfluence therel ative economics of aternative technologiesand behaviors,
whichinturn determine consumers demand. Inthissense, priceelasticitiesare outputs, not inputs, of
ENERGY 2020. Themodd accurately recognizesthat price responsesvary over time, and depend upon
factorssuch astherate of investment, age and efficiency of the capital stock, and therelative prices of
alternativetechnologies.

Deviceand Process Energy Efficiency
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Theenergy requirement embodied in the capital stock can be changed by new investments, retire-
ments, or retrofitting. Theefficiency of capital useshasislimited by technological or physical congtraints.
Thetrade-off between efficiency and other factors (such ascapita costs) isdepictedin FigureA2.4. The
efficiency of new capital depends on the consumer’s perception of thistrade-off. For example, asfuel
pricesincrease, the efficiency consumerschoosefor anew furnaceisincreased despite higher capital
costs. Theamount of theincreasein efficiency depends on the perceived priceincreaseand itsrelevance
to the consumer’scash flow.

MAXIMUM
technology I f(time)

E

<OZm—O— mm

FUEL PRICE OR CAPITAL COST

FigureA2.4. Efficiency/Capital Cost Trade-Off

Thestandard ENERGY 2020 efficiency trade-off curvesare called consumer-preference curves
becausethey are estimated using cross-sectional (historical) datashowing the decisions made based on
their perception of value. Many plannersareinterested in measure-by-measureor least-cost curveswhich
use engineering cal culations and discount ratesto show how consumers should respond to changing pric-
es. Another analys sfocuseson thetechnical/price differencesin dternativetechnol ogiesand theincentives
needed to increasethe market-share or market penetration of aspecific technology. This perspectiveon
the choice process uses market share curves.

ENERGY 2020 alowstheuser to select any of thesethreetypesof curvesto represent theway
consumersmaketheir choices. Shared savings, rebate, subsidy programs, etc. can betested using any of
thecurves. Cumulativeinvestmentsdeterminetheaverage“ embodied” efficiency. Theefficiency of new
investmentsversusthe average efficiency of existing equipment isone measure of the gap betweenreal -
ized and potential conservation savings.

ENERGY 2020 uses saturation rates for devicesto represent the amount of energy services
necessary to produceagivenlevel of output. Saturation ratesmay changeover timeto reflect changesin
standard of living or technological improvements. For example, air conditioning hashistorically in-
creased with rising disposableincomes. Theserates can be specified exogenously or can bedefinedin
relation to other variableswithin the model (such asdisposableincome).

TheMarket Share Calculation

Not al investment funds are allocated to theleast expensive energy option. Uncertainty, region-
al variations, and limited knowledge make the perceived price adistribution. Theinvestmentsallocated
to any fuel typearethen proportional to thefraction of timesonefuel isperceived aslessexpensive (has
ahigher percelved value) than al others. Thisprocessisshown graphically in FigureA2.4.

A short-term, temporary responseto budget constraintsisincluded in ENERGY 2020. Custom-
ersreduce usage of energy if they notice asignificant increasein their energy bills. The customers
budgetsarelimited and energy use must be reduced to keep expenditureswithin thoselimits. Thesecut-
backs aretemporary behavioral reactionsto changesin price, and will phase out as budgets adjust and
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efficiency improvementsareimplemented. Thiscausestheinitial responseto changing pricesto bemore
exaggerated than thelong-term response, aphenomenon called “ take-back.”
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FigureA2.6 Cogeneration Concepts

Modeling Cogeneration

Most energy users purchasetheir electricity requirementsfrom autility. Somelargeuserscan
convert some of their waste heat into el ectricity when economicswarrant it. Other users(residentia and
commercia) can purchase self-generation energy sources such asgasturbinesand diesel -generators.

Inthe ENERGY 2020 system, all energy used for heating isacandidatefor cogeneration. The
cost of cogenerationisthefixed capital cost of theinvestment plusthevariablefuel costs(net of efficiency
gans). Thiscogeneration cost isestimated for al fuels'technol ogiesand compared to the price of eectric-
ity. Themargina market sharefor each cogeneration technol ogy isbased on thiscomparison. FigureA2.6
showsasmplified overview of the cogeneration structure. Cogeneration isrestricted to consumerswho
directly produce part of their own electricity requirement. Qualifying Facilities(QFs), which generate
power for resaleto theutility, are considered independently by ENERGY 2020. A1



