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1. INTRODUCTION

1.1 Purpose of the Rer)ort

The NationalEnergyModelingSystem (NEMS) is a computermodelingsystem developedbythe Energy
InformationAdministration(EIA). The NEMS producesintegratedforecasts for energy markets in the
United States by achievinga general equilibriumsolutionfor energysupply and demand. Currently,for
each year duringthe period from 1990 through2010, the NEMS describesenergy supply,conversion,
consumption, and pricing, it contains individualmodulesto represent specific fuel supply industries,

, conversion activities, and end-use consumption sectors.1 The NEMS provided energy forecasts for the
Annual Energy Outlook 1994.2 It replaced the Intermediate Future Forecasting System (IFFS), which was
used by EIA to produce the Annual Energy Outlook and other analyses from 1982 through 1993.3

" The Electricity Market Module (EMM) is the electricity supplycomponentof the National Energy Modeling
System (NEMS). The supply of electricity is a conversion activity since electricity is produced from other
energy sources (e.g., fossil, nuclear, and renewable). The EMM represents the generation, transmission,
and pricing of electricity. The EMM consists of four main submodules: Electricity Capacity Planning (ECP),
Electricity Fuel Dispatching (EFD), Electricity Finance and Pricing (EFP), and Load and Demand-Side
Management (LDSM). The ECP evaluates changes in the mix of generating capacity that are necessary
to meet future demands for electricity and comply with environmental regulations. The EFD represents
dispatching (i.e., operating) decisions and determines how to allocate available capacity to meet the current
demand for electricity. Using investment expenditures from the ECP and operating costs from the EFD,
the EFP calculates the price of electricity, accounting for state-level regulations involving the allocation of
costs. The LDSMtranslates annual demands for electricity into distributions that describe hourly, seasonal,
and time-of-day variations. These distributions are used by the EFDand the ECP to determine the quantity
and types of generating capacity that are required to insure reliable and economical supplies of electricity.
The EMM also represents nonutUitysuppliers and interregional and international transmission and trade.
These activities are included in the EFD and the ECP.

This report documents the objectives and analytical approach of the ECP, which determines investment
decisions such as capacity additions and compliance strategies for environmental regulations. It includes
the key assumptions, computational methodology, and data requirements of the model, it is intended as
a reference document providing a detailed description of the model for analysts, users and the public. It
is also intended to meet the legal obligation of the Energy Information Administration (EIA) to provide
adequate documentation in support of its models (Public Law 93-275, section 57(b)(1). The EFD, EFP,
and LDSM are documented in separate reports.

1.2 Model Summary

The ECP considersplanningdecisionsinvolvingchangesincapitalstockthat occuroverseveral years and
- require a substantial capital investment. It projects how the electric power industry will change its

generatingcapabilityin responseto changesinenvironmentalregulationsand increasesindemand. The
ECP containsa dispatchingcomponentsothat planningdecisionsconsiderthe tradeoffbetween investment
and operatingcosts.

The ECP examines strategies for complying with environmental legislation, such as the Clean Air Act
Amendments of 1990 (CAAA), limits on carbon emissions, and externality costs. Planning options for

1TheNationalEnergyModelingSystemalsocontainsmodulesrepresentingintemationalenergymarketsandmacroec,onomic
activity.ForadditJonaiinformation,seeEnergyInformationAdministration,NEMSIntegratingModuleDocumentationReport,DOE/EIA-
M057(Washington,DC,December1993).

2EnergyInformationAdministration,AnnualEnergyOutiook1994,DOE/EIA-0383(94)(Washington,DC,January1994).
3Foradditionalinformation,seeEnergyInformationAdministration,IntermediateFutureForecas_hgSystem:ExecutiveSummary,

DOE/EIA-0430(Washington,DO,October1983).
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achievingthe emissions restrictionsin the CAAA include installing pollutioncontrolequipment on existing
power plants,implementingDSM programs,andbuildingnew power plantswith lowemissionrates.4 The
ECP alsoconsiders"banking"emissionsallowances(i.e., each year utilitiesare allocatedallowancesthat
entitlethem to emit sulfur dioxide (SO2) and these allowances can be saved for future use). These
methods for reducingemissionare compared against dispatchingoptions such as fuel switching and
allowancetrading. Environmentalregulationsalsoaffect capacityexpansiondecisions. Forinstance,new
plantsare notallocatedemissionsallowancesaccordingto the CAA.A. Consequently,the decisionto build
a particularcapacitytype must considerthe cost (if any) of obtainingsufficientallowances. This could
involve purchasingallowances or overcomplyingat an existing unit. The ECP is also capable of
representingregulationsforcarbon emissionsand externalitycostsfor various pollutants.

a

Potentialoptionsfor new generatingcapacity include fossil-fuel, nuclear, and renewablepower plants,
includingintermittenttechnologiessuch as solar and wind. Both utility and nonutilitysuppliers are
evaluatedtogetheras sourcesof new generatingcapability. The ECP also includesconstructionof new
generationand transmissioncapacity in Canada for export to a U.S. regionand/or inone U.S. regionfor
exportto anotherU.S. region. As newtechnologiesbecome available,they willcompetewithconventional
planttypesas sourcesof supplyinthe ECP. However,the representationof new technologiesis limited
in the current version of the EMM. A future enhancement will incorporate the New Technologies
Submodule,whichwillconsiderthe impactsof learningeffects, riskand uncertainty,s Similarly,the ECP
containsstructureto competesupplyand demand options(i.e., the need for new capacitycan be reduced
byprogramsto loweror shiftdemand),but the penetrationof demand-sidemanagement(DSM) programs
is not presentlydeterminedbecausethe requiredlinkages with the LDSM Submodulehave not yet been
completed. Futureenhancementsare also plannedto includelife extensionand repoweringdecisionsin
the ECP.

1.3 Model Contact and Archival Citation

• Model Name: ElectricityCapacity PlanningSubmodule

• M_el Acronym: ECP

• Office: IntegratedAnalysisand Forecasting

• Division: EnergySupplyand Conversion

• Branch: Nuclearand ElectricityAnalysis

• Contact: JeffreyS. Jones
EI-821

U.S. Departmentof Energy
1000 IndependenceAvenue S.W.
Washington,D.C. 20585
(202) 586-2038

• Archival Citation: The ECP will be archivedas partof the NEMS for the version usedfor the Annual B
Energy Outlook 1994. This will be available in early 1994.

4Fora more detaileddescriptionof the Clean Air ActAmendments,see Energy InformationAdministration,Component Design
Report Electricity Fuel Dispatch (Washington,DC, May 1992).

SFora moredetailed description,see EnergyInformationAdministration, NEMS Component Design Report Modeling Technology
Pene_'ation (Washington,DC, March 1993).
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1.4 Report Organization

The remainderof this report is presented in the followingorder:

Chapter 2. Model Purpose

This chapterprovidesa descriptionof the objectivesof the ECP, the interactionof the model withother
submodulesof the EMM and components of the NEMS, and levelsof aggregationrepresentedin the
model.

i

Chapter 3. Model Overview and Rationale
4b

This chaptersummarizesthe theoreticalapproach and fundamentalassumptionsusedinthe ECP. It also
discussesalternativeapproachesfor modelingplanningdecisions,includingthe modelpreviouslyusedby
the EIA.

Chapter 4. _xlel Structure

This chapter providesa detailed descriptionof the solution algorithmfor the ECP, which uses a linear
programming formulation to determine planning decisions. It includes the mathematical specification of the
objective function and constraint matrix.

Appendix

The appendicescontaina detailed inventoryof the inputdata, parameterestimates, and model outputs.
They providea correspondencebetween the variables in the documentationand their locationin the
computercode. Includedis a descriptionof the FORTRAN subroutinesand equationsused to derivethe
coefficientsof the objective function and the constraintsof the linear programmingmodel. Additional
informationincludesa bibliographyand a model abstract.

EnergyInformationAdministration/Documentation- ElectricityCapacityPlanningSubmodule 3



2. MODEL PURPOSE

2.1 Model Objectives

The purpose of the ECP isto determine howthe electricpower industrywill changeitsmix of generating
capacityover the forecast horizon. It is intendedto considerinvestmentdecisionsfor bothdemand- and
supply-sideoptionsand capturechanges inthe competitivestructure,suchas the penetrationof nonutility
suppliers,and responsesto environmentalregulations,such as the CAAA or limits on carbon emissions.
It represents traditional and nontraditionalsourcesof supply.

Technologychoicesin the ECP includesall of the fuel types used by electricutilities--coal, naturalgas,
petroleum,uranium,and renewable. The ECP representscapacityadditionsof conventionaland advanced tl,

technologies. Conventionaltechnologiesare identifiedby fuel type (coal,naturalgas, petroleum,uranium,
and renewable)andprime mover(e.g. steam,combinedcycle,combustionturbine,hydraulicturbine,wind
turbine). These categories correspondto data collectedon Form EIA-860, "AnnualElectric Generator
Report." Steam turbinesuse fossilfuel, nuclear,and some renewableenergysources(e.g., geothermal).
Combinedcycle andcombustionturbineunits primarilyuse naturalgas andpetroleumalthoughsome use
waste heat. Hydraulicturbines includeconventionaland pumpedstorage. Newtechnologiesare expected
to includeatmosphericfluidizedbed, pressurizeclfluidizedbed, integratedgasificationcombinedcycle, fuel
cells, and advanced nuclear reactors, although initially generic technologieswill be represented.
Renewable technologies includegeothermal, biomass (wood), and municipalsolidwaste. Intermittent
renewable capacity(e.g., wind and solar)will also be considered.

In the ECP, planningdecisionsarecurrentlyrepresentedfor 13 electricitysupplyregions(Figure1). Inthe
future, two additional regions for Alaska (AK) and Hawaii (HI) will be added. Of the 13 regions, 6
correspondto North AmericanElectricReliabilityCouncil(NERC) Regions. Thesearethe EastCoastArea
ReliabilityCoordinationAgreement(ECAR),ElectricReliabilityCouncilofTexas(ERCOT), Mid-AtlanticArea
Council (MAAC), Mid-AmericaInterconnectedNetwork(MAIN), Mid-ContinentArea Power Pool (MAPP),
and Southwest Power Pool (SPP) Regions. The remaining3 NERC Regionsare dividedinto a totalof 6
Subregionsto isolatekey statesor areas. Inthe NortheastPowerCoordinatingCouncil(NPCC), the New
England (NE) statesconstitute one region and New York (NY) representsanother. In the Southeastern
Electric Reliability Council (SERC), Florida(FL) is separated from the rest of the Region (STV). The
Western Systems CoordinatingCouncil(WSCC) is partitionedinto 3 Subregions. The RockyMountain
Power Area and Arizona-New Mexico Power Area Subcouncilsare combinedinto 1 region (RA). The
Northwest Power Pool Area (NWP) and California,SouthernNevada PowerArea (CNV) formthe other 2
electricitysupplyregions.

The general level of aggregationfor the NEMS is Census Divisions,which are collectionsof states.8
However, many utilitiesoperate acrossstate boundariesand the NERC Regionsand Subregionsprovide
a better representationof electricity operations. This geographicrepresentationalso facilitates collection
of data and comparisonswith industryprojections,bothof which are generallyconductedat the utility-or
NERC region-level.

The ECP, as a component of the EMM and the NEMS, is designed to provideforecastsfor the Annual j
Energy Outlook and otheranalyses. Forthe electricpower industry,themodelprojectsplanningdecisions
for each year inthe midtermforecasthorizon,currentlydefined asthrough2010. It isdesignedto examine
environmentalpolicies such as the CAAA, limitson carbon emissions,and externalitycosts. It is also
intendedto examinethe economictradeoffsbetween the potential suppliers(utilityand nonutility)andthe

_l'he demand, conversion,and supply modules of the NEMS use the regional aggregationthat is most appropriate for the
correspondingenergy market. However, the requireddata flows provided to the IntegratingModule for convergencetesting and
reporting (e.g., energy prices and quantities) are specifiedfor the 9 Census Divisions. For additional information,see Energy
InformationAdministration,NEMS Integration Module Documentation Report, DOE/EIA-M057 (Washington,DC, December 1993).
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Figure 1. Electricity Supply Regions
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available generating technologies in response to different fuel price trajectories, environmental
requirements,and macroeconomicconditions. The ECP can examine issues relatedto internationaland
interregionaltrade, but it does not representintrarregionaltrade for the 13 electricityregions.The number
and combinationsof interregionaland internationaltrade opportunitiesinthe ECP are restrictedto those
areas of the countrywherebulk powertransferscurrentlyexist. These transactionsincludethe electricity
supplyregionsinthe West (regions11, 12 and 13), in the Southeast(8, and9), and betweenCanada and
the U.S. (regions1, 4, 5, 6, 7, 11, and 13). When the linkagesare completed,the ECP can.also consider
the competition between supply-side and demand-side options for meeting demand growth and
environmentalregulations.Similarly,the developmentof the New TechnologiesSubmoduleswill enable
the ECP to examine key issuesrelatedto the introductionof advanced technologies,such as leaming
effects, risk, and uncertainty.

2.2 Relationship to Other Models

In additionto exogenoussources,the ECP requiresinputdata from other modulesof the NEMS andother
submodulesof the EMM (Figure2) Exogenousinputsincludeexistingoperablecapacity,plannedcapacity
additions,and announcedcapacityretirements7. Data inputsalso includethe age of existingunits include
the remaininglife,whichwill be used in the representationof refurbishment,repowering, and retirement
decisions. Foreachcapacitytype that isa candidatefor capacity expansion,externalassumptionsinclude
overnightconstructioncost (i.e., without interest), and construction expenditure profile,operating life,
maximumfuel shares,heat rate, andoutagerates. Transmissionand trade, and nonutilitycapacity data
inputsare alsoexogenouslyspecified. Non-utilityinputdata includeplanned nonutilityadditionsand cost
andperformancecharacteristicsfor nonutilitycapacityadditions. Transmissionand ;.radedata includethe
expectedlevel of intemationaiand interregionalelectricitytrade based on knowncontracts,and the costs
of constructingnew generatingunitsin selectedregionsto serve loads in a neighboringregion.

The IntegratingModuleof the NEMS providesexpectedfuel pricesand expected electricitydemands.The
end-use demand modulesfurnishelectricitysuppliesfrom cogenerators,which decreasesthe generation
requirementsfrom power plants. Costand performancedata for planttypes fueled by renewableenergy
sourcesare obtainedfromthe RenewableFuels Module (RFM). For intermittenttechnologies,the RFM
will also provide the capacity credit, which represents the corresponding contributionto reliability
requirements.

The ElectricityFinanceandPricing(EFP) Submodulesuppliesthe capital structure(debt/equityshares) and
the cost of capital. When the linkagesare completed, the Load and Demand-Side Management(LDSM)
Submodulewill furnishthe load curvesandthe costsand impactsof DSM programs.

The outputsof the ECP, which are determined by the selection of the least-cost optionsfor meeting
expectedgrowthindemand, interactwith other modulesof the NEMS and Submodulesof the EMM. The
ECP providesits decisionvariablesto other submodulesof the EMM (Figure2). Capacity additionsfor
coal-andgas-firedgeneratingcapacityare providedto the Coal Market Module(CSM) andthe NaturalGas
Transmissionand DistributionModule (NGTDM), which are used for planning decisions inthe respective
modules. The RFM also receivescapacity additionsof renewable technologies. In particular,this is
requiredfor technologieswith resourceconstraintsor limitedsites.

The EFP Submodulerequiresthe capital expendituresfor buildingnew capacity and installingpollution
controldeviceson existingunitsin order to calculateelectricityprices. The ElectricityFuel Dispatching
(EFD) Submodule uses capacity additionsfrom the ECP to determine available capacity for meeting
demand in a givenyear. The ECP will alsoprovideavoidedcosts to the LDSM Submodulefor the

7Generatingunitsplacedintoservicepriorto thefirstmodelyear (1990) are consideredexistingcapacity. Unitsthatbeginoperation
thereafterare considerednew capacity.
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Figure 2. Input/Output Flows for Electricity Capacity Planning (ECP) Submodule of the EMM
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evaluation of demand-side resource options.8 The LDSM Submodule will also use the level of capacity
for intermittent technologies to adjust the load curves. However, the required data flows betweenthe LDSM
and other components of the EMM have not been completed so the LDSM was not used to produce the
Annual Energy Outlook 1994.

8For informationon the calculation of avoided costs,see Energy InformationAdministration,Component Design Report Nonutility
Generation Supply (Washington, DC, May 1992).
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3. MODEL OVERVIEW AND RATIONALE

3.1 Theoretical Approach

The ECP uses a LPformulationto determineplanningdecisionsforthe electricpower industry. The ECP
containsa representationof planningand dispatchingin orderto examinethetradeoffbetweencapitaland
operating costs. It simulatesleast-cost planningand competitivemarkets by selectingstrategies for
meeting expected demands andcomplyingwith environmentalrestrictionsthat minimizethe discounted,

- present value of investmentand operatingcosts. The ECP explicitlyincorporatesemissionsrestrictions
imposedbythe CAAAandprovidesthe flexibilityto examinepotentialregulationssuchas emissionstaxes
and carbon stabilization.

The ECP determinesdecisionsfora six-yearplanninghorizonandusesmulti-yearoptimizationbysolving
all the years simultaneously.The ECP "keeps" onlythosedecisionsthat mustbe initiatedinthe current
forecastyear sincethe remainingdecisionscan be reevaluatedin a futureyear. The availableoptionsfor
capacityexpansbn and environmentalcomplianceencompassa numberof intertemporalissuesthat need
tobe addressedusinga multi-periodplanninghorizon.Forexample,generatingtechnologieshavedifferent
licensingand constructionperiods. Early inthe planninghorizon,the optionsare limitedto strategieswith
shorter leacltimes,such as constructionof peakingunitsor implementationof DSM programs. However,
the available options increaseover a longer period. Additionalcapacityrequirementscouldbe met by
initiatingconstructionof a plantwith a longerleadtimeor waitinga few yearsand implementinga shorter-
term option.

Furthermore, it may be beneficialto implement a particularoptionpriorto the actual need. Utilities in a
given region may have a surplusof capacityto serve a particularloadcategory. Nevertheless,it may be
cost-effective to builda newunitto replace or lowerthe utilizationof a lesseconomicalexistingunit. If the
publicservice commissionis willingto allowthe new assetto be added to the rate base, thenthisdecision
depends onwhether or notthe resultingfuel savings can offsetthe investmentcoststhat wouldbe incurred
earlierthan required.

Decisions to invest in DSM may also involve a multi-periodevaluation. Some of these programsare
phased-inover time sothat the impactgrows until it reachesitsmaximumlevel. The attractivenessof the
investment depends on the combinedimpact over the years, which is affected by the date of program
initiationand the rate in whichthe program is phased-in. A delay in initiatingthe programmay diminish
the potential impact, dependingon the supply option it would replace. The ECP will evaluate the
implementation of a particularDSM program in each year of the planninghorizonand selectthe initiation
date, if any, that resultsinthe lowestcombinationof investmentandoperatingcosts (presentvalue)for all
years.

Emissionsbanking is another intertemporalissue that needsto be evaluatedin a multi-yearframework.
" Dependingon the valueof allowances,itmay be advantageousto reduceemissionsbeyondrequiredlevels

in an earlier year in order to undercornplyin a later year. In the ECP, the value of an allowance is
assumed to be the market-clearingprice, which is basedon the revenuerequirementsfor the capitaland

, operating expenses associatedwith compliance? Based on th6 allowancesallocated accordingto the
CAAA, some utilitiesmay have relativelylow compliancecosts for Phase 1 but incur much highercosts
during Phase 2 sincethe restrictionsare muchtighter. Bankingwouldlowerthe overallcostof compliance
ifthe discounted,presentvalue ofthe compliancecostsina givenyear is lessthan the correspondingcost
in a later year.

value of allowances could be affected by several issues, includingcost recovery schedules for compliance costs (i.e.,
capitalizedor expensed) and tax treatment(both federal and state). These regulatorydecisionshave not been determinedyet.

Energy Information Administration/Documentation - Electricity Capacity Planning Submodule 9



The ECP uses a modified load duration curve to describe the demands for electric power. A typical load
duration curve arranges hourly loads in descending order, but does not identify power requirements
chronologically. The ECP categorizes the load requirements into specific seasonal/time of day segments,
which are then reordered to provide a monotonically decreasing curve (Section 3.2). Maintaining the
chronological identity of the demands for electric power allows the ECP to better represent time-dependent
variations in both the demand for and supply of electricity.

In the ECP, the available supply options are characterized by the degree of control they provide the
operatorof the system. Assumingadequatefuel supplies,fossil-fueland nuclear units are considered
"dispatchable"since they can usuallycan beoperated at any time as long as they are not out-of-service
dueto plannedorforcedoutages. Somerenewablegeneratingcapacity,suchas geothermalandbiomass,
are similarto fossil-firedandnuclearplantsinthat they can be dispatchedat thediscretionof the operator,
subject to limits on the renewable energy source and maintenance schedules. The utilizationof
hydroelectric plants typically depends on the available water supply, which varies considerably by region
and season. Intermittent technologies, such as solar and wind, are less flexible since they can only be
operated when the resource occurs (unless accompanied by some storage capability).

DSM programs can be used to offset the need for additional supplies or reallocate the use of existing
supplies. DSM can alter load requirements, either by reducing demand (including switching to an alternate
fuel such as electric-to-gas air conditioning) or by shifting it from peak to off-peak periods. Like the
intermittent technologies, these programs may be effective only for certain load segments. For example,
switches to cycle air conditioners on and off will only impact power demand during the summer. The
attractiveness of DSM programs dependson several factors, including load characteristics, effective reserve
margins, the attitude of state regulators, legal mandates, and rate and cost recovery schedules.1°

Althoughthe ECP structureis designedto represent investmentdecisions for DSM programs, it dit _ot
includean endogenousrepresentationof DSM for the Annual Energy Outlook 1994 becausethe required
linkageswith the LDSM have not been completed. Furthermore,the ECP representsconventionaland
advancedtechnologiesas separatecapacitytypes, but the New TechnologiesSubmodulehas not been
implementedso the penetrationof new technologiesis limitedby the absence of key factors such as
learningeffects,technologicaloptimism,risk,anduncertainty. Also,some of the requiredinteractionswith
the RenewableFuelsModule(RFM) are notcompleted,soseveralof the necessarydata transfers(i.e, cost
and performancecharacteristics)are currentlyincorporateda=!_input data withinthe ECP.

In the Component Design Report (CDR) for the ECP, it was proposed to augment the LP model with a
market-sharing algorithm that adjusts the solution from the LP model to allow penetration of "competitive"
but not "least-cost" alternatives.11 The LP model evaluates planning decisions on the basis of average
(expected) costs and chooses the options that result in the minimum combination of investment and

.operating costs. However, cost andperformance parameters for technologies are typically probabilistic and
are more accurately represented by distributions rather than single point estimates such as the means.
If the distributions of two or more technologies overlap, then the lowest-cost option is not likely to capture
the entire market since some quantity of the selected activity will be more expensive than some quantity
of the option(s) that is not selected on the basis of average costs. To deal with this issue, the CDR
described a methodologyto adjust the decisionsfrom the LP model using a procedure to evaluate

. technologiesthat do not penetrate based on average costs but that may actually be competitive withthe
capacitytypes that are selected. Thecurrentversionof the ECP does not contain the proposedmarket- ,,
sharingalgorithm.

In the CDR, a ten-year planninghorizonwas recommended. However,the sizeof the model was restricted
by the software used to solve the LP. Therefore, the current version of the ECP examines planning

1°Fora more specificdiscussionof DSM programs,see EnergyInformationAdminis_atJon,Component Design Report Load and
Demand-Side Management Submodu/e (Washington,DC, October 1992).

"For moreinformationsee Energy'InformationAdministration,Component Design ReportE/ectdcity Capacity Planning (Washington,
DC, August1992).
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decisions during a six-year period, including the current forecast year. 12This required some adjustments
to the proposed formulation. Some supply options such as coal-fired steam plants have leadtimes that
exceed the length of the planning horizon. Since the model evaluates decisions that are initiated and
completed during the planning horizon, it was necessary to compress licensing and construction periods
for longer leadtime options. For instance, a new coal-fired project typically requires 6 to 8 years before it
begins commercial operation. In the ECP, a four-year schedule is assumed because of the 6-year planning
horizon. In order to compensate for the shortened leadtime, the initial availability of new capacity for each
plant type is not permitted until the actual leadtime has elapsed.13 The construction expenditure profiles
(the percent of total expenditures incurred in each year of construction) are also "front-loaded" so that the
total cost of building new capacity, are essentially equivalent to the corresponding costs based on the

o longer constructionleadtime. Otherwise, the interestcharges and the present value of the construction
expenditures would be underestimated as a result of the compressed leadtime.

. Many of the design features of the ECP are intended to represent issues that could not be adequately
addressed in the Intermediate Future Forecasting System (IFFS), which was the predecessor to the NEMS.
In the IFFS, the electricity component used a heuristic procedure to determine the mix (types and
quantities) of unplanned capacity additions.TM It determined the need for new generating capacity by
subtracting the expected available capacity (existing capacity plus planned additions less retirements) from
the total capacity requirement (peak demand plus the minimum reserve margin),is It searched alternative
mixes of new capacity additions and selected the one that combined with the existing capacity to provide
the lowest total system cost, which was the sum of the levelized fixed and variable costs.16

In the capacity expansion algorithm of the IFFS, the planning horizon was defined by the licensing and
construction lead times of the available options. The initial year corresponded to the shortest leadtime and
the final year was determined by the longest leadtime. The model evaluated capacity expansion plans for
each year sequentially rather than solving for the "least-cost" solution for the entire planning horizon. In
contrast, the ECP uses multi-year optimization so that the short- and long-term decisions are determined

, simultaneously.

In the IFFS, both utility and nonutility suppliers were represented in the model, they did not compete
directly. The algorithmfirst searched for the least-cost capacity expansion plan for electric utilities. It then
determined if nonutility sources could provide generating capacity more economically.17 Capacity
additions of renewable technologies were exogenous inputs. Domestic and international bulk power
purchases were also exogenous assumptions. Furthermore, the planning component of the IFFS did not
compete supply and demand options. Reductions in the need for generating capacity due to conservation
and demand-side management were determined in the demand modules of IFFS and represented as
exogenous adjustments to the expected demand for electricity.

Furthermore, contributions from renewable technologies (e.g., hydroelectric, wind, wood, solar, geothermal,
biomass, and solid waste) and demand-side management (DSM) programs were also specified
exogenously in the IFFS. The load duration curves used in the capacity planning component of the IFFS
could not adequately represent these supply and demand options. These curves, which plot demands for

" electric power (loads) versustime (i.e., the number of hours that a given load exists). The loads were

1=IntheECP,eachcost(e.g.,capitalandfuel)forthefinalyearofthesix-yearplanninghorizonactuallyrepresentsthesumofthe
presentvalueofcorrespondingexpendituresinyears6 through30sothatdecisionscanbeevaluatedovera30-yearperiod.

13Forexample,a newcoal-firedthatisnotalreadyplannedorunderconstructioncouldnotbeginoperationuntilat least2000.In
theECP,theop'_ontoinitiateandcompletea coal-firedunitduringthe1990'sisexcluded.

14FormoreinformationoncapacityplanningintheIFFS,seeEnergyInformationAdministration,Mode/MethodologyandData
Descriptionof theElectricityMarketModule,Volume2, PlanningComponent,DOE/EIA-M039(Washington,DC,August1989).

_SInthecapacityexpansioncomponentoftheIFFS,existingunitsthatsatisfieda predeterminedsetofcritedawereassumedtobe
life-extendedratherthanretired.Formoreinformationontherequirementsforlifeextension,seeEnergyInformationAdministration,
AssumptionsfortheAnnua/EnergyOutlook1993,DOE/EIA-0527(g3)(Washington,DC,January1993).

I_r'helevelizedcostistheannuity(i.e.constantamountofdollarsineachyear)thatprovidesthesamepresentvalueastheactual
streamofcostsovertheservicelifeoftheplant.

_Adetaileddescriptionof thecapacityexpansionmodelfornonutilitysourcescanbefoundinEnergyInformationAdministration,
NonutilityGenerationSupplyMode/,DOE/EIA-M043(Washington,DC,October1990).
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arranged in descending order to obtain a monotonically, decreasing curve. However, these curves did not
maintain the chronological identity of the loads, which is critical to representing seasonal and time-of-day
variations in contributions from renewable technologies and DSM programs.

Finally, the IFFS did not endogenously represent environmental regulations such as the CAAA. Instead,
compliance strategies were determined using the National Coal Model (NCM), which was a linear
programming model of the coal and electric utility industries.18 The NCM was used in conjunction with
the IFFSto produce integrated forecasts. Using demands for electricity and fuel prices from an appropriate
IFFS run as an initial set of inputs, the NCM was run to determine strategies for complying with the CAAA.
Impacts of the CAAA, including the cost and quantity of retrofitting existing units with scrubbers, fuel
switchingto lower sulfur coal and oil (resulting in higher fuel costs), and the cost and quantity of allowances
traded, and distribution of coal (shares by heat and sulfur content) were then used as inputs to the IFFS.
The allowance cost was also included in capacity expansion decisions in the IFFS.

3.2 Fundamental Assumptions

It is assumed that capacity additions that have been announced by utilitiesand nonutilitieswill be
completed as reported.1_ Scheduled retirementsof existingunitsare also assumedto occur. However,
a large numberof fossil-firedsteam generatingunits are approachingthe end of their normaloperating
lives,but utilitieshavenot indicatedany plansto retirethem. It is assumedthat mostof thiscapacitywill
be maintainedand operatedthroughoutthe forecast period.2° Thus, the ECP only determinescapacity
additionsoverand abovethoseprojectscurrentlyplannedorunderconstruction.It includesbothutilityand
nonutilitysuppliers. However, contributionsfrom cogeneratorsare determinedby the end-usedemand
modules.

The capacityadditionsdeterminedbythe ECP mustbe sufficientto satisfyminimumreliabilityrequirements
in each of the electricity supply regions. In the ECP, it is assumedthat the sum of existingcapacity(net
of retirements)and plannedcapacity additions,and unplannedadditionsmustbe greaterthanor equalto
the expectedpeak demand by a pre-specifiedreserve margin. These reserve marginsare derivedusing
ten-year projectionsfromthe NERC for generatingcapabilityand peak demands.21

The ECP determines planningstrategies that are to be implementedto meet electricitydemandsand
environmentalrequirements in "future" years; therefore, it is necessaryto have informationaboutfuture
demandsandfuel prices. Forthe Annual Energy Outlook 1994, adaptiveexpectc,tions,whichassumethat
future trends can be extrapolated from historicalpatterns, are used for future demands and prices,zz
Estimatesof futureinterestrates and inflationratesare notavailable. Therefore,the ECP usesthe myopic
expectations,which assumethat rateswill remainconstant at currentlevels(i.e., the latestavailablerates,
which correspondto the results from the previousforecast year). Similarly,the capital structurefor
financingnew investmentsis assumedto bethe currentshareof debt and equity. The discountrateisthe
after-tax,weighted average cost of capital.

The expected demands represent annual electricity sales for the nine Census Divisions. Foreach year in
the planning horizon, the corresponding demands are mapped into the 13 electricity supply regions using

18Fora detailed description of the NCM, see Energy Information Administration, National Coal Model: Executive Summary, DOE/EIA-
0325 (Washington, DC, April 1982).

19Planned capacity additions for electdc utilities are reported on Form EIA-860, "Annual Electric Generator Report". Scheduled
additions for nonutilities are collected on Form EIA-867, "Annual Nonutility Power Producer Report".

=°Units that are life-extended are assumed to maintain their current level of performa
nce. For more details on life-extension and other assumptions see Energy Information Administration, Assumptions for the Annual

Energy Outlook 1994, (Washington, DC, forthcoming).
21These projections are contained in North American Electric Reliability, Electricity Supply & Demand 1992-2001 (Princeton, NJ, June

1992).
"For more information on foresight assumptions for the AEO94, see Energy Information Administration, NEMS Integrating Module

Documentation Report, DOE/EIA-M057 (Washington, DC, December 1993).
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constant shares derived from historical data. Chronological variations in the load are captured using a
historical distribution of hourly load data from the North American Electric Reliability Council (NERC). The
hourly loads are then classified into nine different combinations of season (summer, winter, and spring/fall)
and time-of-day (daytime, morning/evening,and night) prior to creating the load duration curves (Table 1).
Demands for electric power are typically similar in the spring and fall so the corresponding loads are
combined to reduce the size of the model. Morning and evening loads are combined for similar reasons.
These categories are also designed to accommodate variations in potential contributions from renewable
generating technologies and DSM programs.

Table 1. Definition of Seasonal/Time-of-Day Load Segments

Load Group Months Hours

Summer Daytime June - September 7:00 a.m. - 6:00 p.m.

Summer Moming/Evening June - September 5:00 a.m. - 7:00 a.m.,
6:00 p.m. - 12:00 p.m.

Summer Night June - September 12:00 p.m. - 5:00 a.m.

Winter Daytime December- March 7:00 a.m. - 6:00 p.m.

Winter Morning/Evening December- March 5:00 a.m. - 7:00 a.m.,
6:00 p.m.- 12:00 p.m.

Winter Night December - March 12:00 p.m. - 5:00 a.m.

Fall/Spring April - May, 7:00 a.m. - 6:00 p.m.
Daytime October- November

Fall/Spring April - May, 5:00 a.m. - 7:00 a.m.,
Morning/Evening October- November 6:00 p.m. - 12:00 p.m.

Fall/Spring April- May, 12:00 p.m. - 5:00 a.m.
Night October- November

The hourly loads in each of the nine categories, which produce a continuous curve, are approximated by
vertical blocks (slices) representing peak and offpeak loads. In order to improve the approximation, a third

b

(near-peak) slice is added for the four categories with the most variation (summer daytime, summer
morning/evening, winter daytime, and winter morning evening). For each region, the resulting 22 blocks
are then arranged in descending order to produce the load duration curve (Figure 3).

Planning decisions are determined for each of the 13 Electricity Supply Regions represented in the EMM.
Each of the 13 regions is treated as a single "firm" as intraregional electricity trade is not explicitly
represented. Within each region, the available capacity is allocated to meet the demand for electricity on
the basis of cost minimization, subject to relevant regulatory and environmental constraints. Bulk power
purchases between the electricity supply regions are represented with the limits on power flows based on
region to region transmission constraints._ It has been assumed that this initial capability (as of 1992)

_lnterregional transmission constraints are derived from Department of Energy, Form OE-411, "Coordinated Bulk Power Supply
Program Report".
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Figure 3. Load Duration Curve with Time-of-Day and Seasonal Load Segmentation
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is availablethroughoutthe NEMS forecasttime horizon. Transmissionline capabilityavailablefor new
transactionsis calculatedby subtractingknown contracted capacityfrom the originaltransmissionline
capability. Basedon establishedrelationshipsbetween selectedelectricitysupplyregions, interregional
transmissioncapacity can be added and new plants can be built in one regionto serve another region.
Internationaltrade with Canada is also incorporated,but it is assumed that firm power transactionswith
Mexicodo not occursince there are no existingor plannedagreements.

In the ECP, availablesupplyoptionsincludefossil-fired,nuclear,and renewabletechnologies(Table 2).
For a givenelectricitysupplyregion,the existingcapacityfor each categoryrepresentsthe sum of all the
operatingunits for that capacity type. In the Annual Energy Outlook 1994, it is assumed that no new
nuclear unitswill be ordered through 2010 due to concerns about radioactive waste disposal,safety,
economic and financial risk, and uncertainty in the licensingand.regulatory process.24 Capacity additions
for hydroelectric, biomass, and municipal solid waste plants, unlike other renewable technologies (i.e.,
geothermal, solar, and wind), do not compete within the ECP, but are exogenously specified by the
Renewable Fuels Module. The commercial availability of new technologies is also an exogenous input.2_

Potential options for reducing SO2 emissions in accordance with the CAAA include installing pollution
control equipment at existing units, building new units with lower emission rates, switching to a lower sulfur
fuel, and revising the dispatch order to utilize capacity types with lower emission rates more intensively.

=_Formore infermation,see Energy Information Administration,Supplement to the Annual Energy Outlook 1994(Washington,DC,
forthcoming).

==Formoreinfo.,Tnation,see EnergyInformationAdminis_atJon,Requirements for a Nalional Energy ModefingSystem (Washington,
DC, November1991.
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Allowance trading is represented in the ECP by imposing a national-level limit on emissions. This limit is
determined by summing the unit-level emissions allowances allocated in the CAAA.

In addition to the CAAA, it is also assumed that emissions from generating units satisfy state regulations.
The total capacity for each technology option is determined from unit-level data and the applicable federal
and state standards are identified for each unit prior to aggregation (Table 2). Each unit is assigned to the
category that corresponds to the most stringent standard. Consequently, compliance options are limited
to those that violate none of the standards. For example, consider an existing coal-fired unit without a
scrubber that is allocated allowances in the CAAA based on an emission rate of 1.2 pounds of SO2per
million Btu. Suppose the state standard imposes the same limit. According to the CAAA, emissions from

• this unit could exceed this level if additional allowances are purchased. However, this unit is classified in
the first category, in which the allowable input fuels are limited to low-sulfur coals with a sulfur content that
does not exceed 1.2 pounds of SO2per million Btu. This eliminates the option of buming a medium- or

, high-sulfur coal and purchasing allowances, which would violate the state standard.

Table 2. Capacity Types Represented in the Electricity Capacity Planning Submodule

Category
................ . ............ ....... .......... . ..... . ............... . ................... ....

Existing Unscrubbed Coal with SO2standard _<1.20 Ibs / Million Btu
Existing Unscrubbed Coal with SO2 standard < 2.50 Ibs / Million Btu
Existing Unscrubbed Coal with SO2standard < 3.34 Ibs / Million Btu
Existing Unscrubbed Coal with SO2 standard > 3.34 Ibs / Million Btu
Existing Scrubbed Coal with SO2standard < 1.20 Ibs / Mill_:)nBtu
Existing Scrubbed Coal with SO2standard < 2.50 Ibs / Million Btu
Existing Scrubbed Coal with SO2 standard < 3.34 Ibs / Million Btu
Existing Scrubbed Coal with SO2 standard > 3.34 Ibs / Million Btu
New Pulverized Coal with Scrubber
Advanced Clean Coal Technology
Gas/Oil Steam (New or existing)
Conventional Gas/Oil Combined Cycle (New or existing)
Advanced Gas/Oil Combined Cycle
Conventional Combustion Turbine (New or existing)
Advanced Combustion Turbine
Conventional Nuclear (New or existing)
Advanced Nuclear
Conventional Hydroelectric
Pump Storage Hydroelectric
Geothermal
Biomass
Municipal Solid Waste
Solar

" Wind

; • 3.3 Alternative Approaches and Reasons for Selection
i

I Planningdecisionsforthe electricpowerindustryare affectedby a numberof increasinglycomplexissues,
includingthe abilityof demand-sideprogramsto modifyload shapes, the capabilityof non-regulatedutility
suppliers(NUGS) to compete for market shares of electricity productionbased on the avoided cost of
expansionfor investor-ownedutilities (IOU), and the expanded influenceof advanced technologiesas
economiccompetitorswith conventionaltechnologiesinthe marketplace. Inthis context,seven capacity
expansion models have been examined:
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• Electric Generation Expansion Analysis System (EGEAS), from the Electric Power Research
Institute (EPRI) and Stone and Webster Management Consultants, Inc.

• Integrated Utility Planning and Analysis System (PROSCREEN II), from Energy Management
Associates, Inc.

• Electric and Gas Utility Modeling System (EGUMS), from the U.S. EnvironmentalProtection Agency
and RCG/Hagler, Bailly, Inc.

• National Energy Strategy Integrating Forecasting Model (FOSSIL2), from the U.S. Department of
Energy.

• Advanced Utility Simulation Model and Utility Planning and Coal Demand Module
(AUSM/UPCODE), from the U.S. Environmental Protection Agency and Science Applications o
International Corporation.

• Argonne Utility Simulation Model (ARGUS), from the U.S. Department of Energy, Argonne National
Laboratory.

• OVER/UNDER Capacity Planning Model, from the Electric Power Research Institute and Decision
Focus Incorporated.

While each of the models reviewed is a very useful tool for their intended audience, none of them meet all
of the requirements of the ECP. Some of the models are not designed to operate at a regional level,
require a large amount of unit and system specific data not normally available to EIA, do not explicitly
compete DSM programs with supply options, are narrowly focused on a particular issue (i.e., environmental
impacts), do not represent the nonutility sector, and do not address many of the issues associated with the
penetration of new technologies (e.g., first costs versus nth-of-a-kind costs, and learning curves). Where
possible the methodologies used in the models described will be incorporated in the ECP.

The following sections examine how each model manages capacity expansion decisions based on demand-
side management programs, non-utility generators, renewable technologies, advanced technologies, life
extension/refurbishment, environmental compliance, time periods, regions, solution techniques and data
requirements.

3.3.1 FOSSIL2

FOSSIL2, the integrating analysistool used for the National EnergyStrategy, is a dynamic simulation model
which forecasts long term (30 to 40 years) behavior of the U.S. energy system. The model is an
equilibrium energy market model in which energy markets "clear" over time as a result of feedback among
prices, demand, and production capacity. FOSSIL2 uses a system dynamics methodology, based on
modern control theory, bywhich system behavior is represented using differential and integrating equations.
FOSSIL2 is written in the PC-Dynamo computer language.

FOSSIL2 addresses demand-side management considerationsexplicitly as end-use "conservation"
technologies. These technologiesare representedin "supply" curvesthat plot cumulativesavings(percent) =
againstcapitalcosts (S/MillionBtu) for each enduse and fuel type. The modelcomputeswhethercapital
investedinthe conservationtechnologyhas a projectedpaybackperiodinthe rangeof 2 to 5 years. The
technologiesare arrayed in a least-costorder on the curveand the cheapestmeasuresare implemented
first. The model also allows simulationof electricutilityinvestmentsin end-useconservation.

An ElectricityGenerationSector containedinthe model extrapolateshistoricloadgrowthsforwardover a
horizonof five to seven years anddividesthe projectedloadintopeakingandcombined intermediate/base
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components to assess forecasted generation requirements.26 By comparing these requirements to
existing resources (less expected retirements) and resources under construction, new capacity needs over
the horizon are estimated. Using cost and performance data from 23 types of utility generators and 11
types of non-utility generators, the projected cost per kilowatthour is calculated for each point in time from
capital costs, fuel costs, and non-fuel operating costs. By comparing each non-regulated utility supplier's
(NUGS) levelized costs to the utility's avoided costs, a least-cost combination of nonutility technologies is
selected to fill the non-utilities market share. Utilities technologies supply the remaining capacity
requirements.

User-defined parameters are used to extend the lives of oil, gas, and coal-steam plants slated for
" retirement. Part of the remaining coal plants can be repowered by implementing atmospheric fluidized bed

and integrated gasification combined cycle technologies. Coal gasification for gas combined cycle, steam
injected gas turbines, and natural gas fuel cells is selected when this option becomes economically

. attractive.

Demand is split into base, intermediate, and peaking load requirements using an annualized load-duration
curve. Base load is satisfied by nuclear and some renewable technologies (including geothermal and
biomass) followed by part of coal and oil/gas capacity specified as base-load. Although not explicitly stated
in the documentation, a graphical representation of a load curve shows that base nuclear, renewable, coal,
and oil/gas generation occupy the region of the curve extending from the base to the knee. Intermediate
load is supplied by intermediate renewable (solar, wind) and the remaining coal and oil/gas capacity which
is dispatched on a relative operating cost basis. Peak capacity requirements are filled by combustion
turbines, storage, photovoltaic, and solar thermal technologies. The resulting capacity factors are then used
to calculate operating costs for use in ratemaking calculations.

The user can choose several policy options. All cost and performance data is user-specified. Furthermore,
the user can designate limits on expenditures for conservatior measures, the percentage of utilities which
participate in these programs, and whether the utility expenses these costs or puts them into the ratebase.

Renewable energy sources are represented in FOSSIL2 in two groups: those which are located at the
user's facility (dispersed), and those used to generate electricity for a utility. Utility renewable generation
is represented in the electricity sector while dispersed renewable are handled by the demand sector. Each
group is further sub-divided into utility and non-utility clusters. In FOSSIL2, renewable technologies
compete with conventional base and intermediate load technologies using the same least-c0st approach
described above for non-utility generation. Photovoltaic and solar thermal technologies are allowed to
compete with combustion turbines for a limited share of peaking capacity. Renewable technologies
including solar and wind technologies, which are assumed to have gas turbine backups providing up to 25
percent of the facility's total outout, are allowed to operate at their full availability. Utility hydropower,
pumped storage and non-utility municipal wastes are treated exogenously; however, non-utility small hydro
is competed with other technologies for market share.

Carbon, methane, nitrogenoxide (NO,), and SO2 emissionsassociated with end-use consumption and
" conversion activities are computed by FOSSIL2 using separate emissioncoefficients for each fuel. As

policy options for meeting the Clean Air Act standards, the user can specify that utilities switch from high
to low sulfur coal, retrofit coal plants with scrubbers, repower conventional coal plants with an advanced

- technology, increaseefficiencyof existingscrubbers, or purchase emission allowances. However, the
model can not choose these options on an economic basis.

The model is regularly simulated from 1950 onward to validate its appropriateness for national energy
policy analysis. It has been tested at extreme values (oil price shocks of 1973 and 1978) and with high
carbon taxes, it has also been used in several studies conducted by the Energy Modeling Forum at
Stanford University.

Ze'l'hepeak load,whichoccursforonlya few hoursduringa year, is the maximumdemandfor electricpower. The baseload is the
minimumloadthat existscontinuously. Intermediateload refers to power demands betweenthe base and peak loads.
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3.3.2 AUSM/UPCODE

EPA's Advanced Utility Simulation Model (AUSM) is an emissions cost and forecast model composed of
two sub-models: the National Loop Model and the State Model. The State model has been installed on
a desk top computer (a Sun Workstation) and a Utility Planning and Coal Demand Module (UPCODE) has
been designed to replace the multi-period, multi-state segment of the National Loop in order to facilitate
installation of the Loop in the workstation environment.

t

UPCODE uses a multi-period LP methodology to calculate least-cost forecasts (over _ 40-50 year period) :'
of utility dispatch patterns, capacity expansion and coal selection decisions, and transmission levels subject
to constraints on generation, equipment operation, transmission, and regional or state SO2emissions. The
user must create 14 data files containing region selection, break years, types of emissionsconstraints, fuel
prices, individual state demand levels and demand growth rates, coal prices, available capacity by region,
load factors, escalation and discount rates, regional SO2limits, regional transfer limits, technology specific
operations and maintenance costs, capacity factors and heat rates. Moreover, transfer costs, loss factors,
and transfer limits between each state pair must be input as user-supplied data. These data files determine
the coefficients of the objective function and constraint equations for each user-specified region.

AUSM/UPCODE does not explicitly address DSM programs, non-regulated utility competitors, or life
extension/refurbishment capabilities. Also, the model does not explicitly differentiate between advanced
and conventional technologies or renewable and non-renewable fuel technologies. For environmental
compliance, the model minimizes costs subject to constraints on the maximum numberof scrubber retrofits
and state or regional user-specified SO2 emissions limits.

3.3.3 PROSCREEN II

PROSCREEN II is an integratedplanningmodel designedto support electric utilitymanagers in the areas
of decision analysis and corporate planning and is capable of reporting unit-by-unit generation statistics
including unit emissions. The system consists of five modules that can be executed individually, in any
combination, or globally as an integrated package: a Load Forecast Adjustment Module (LFA) which
creates and modifies load forecasts and evaluates DSM options, a Generation and Fuel Module (GAF)
which is essentially an electricity dispatching model, a Capital Expenditure and Recovery Module (CER)
which computes the capital costs and financial ramifications attributed to capacity expansion, a Financial
Reporting and Analysis Module (FIR) which constructs financial statements based on results obtained from
the LFA, GAF, and CER modules, and PROVlEW which is a resource optimization module designed to
determine the least cost supply and demand strategy to optimize utility resources. Of these five modules,
only the LFA, CER, GAF and PROVlEW modules are relevant to requirements for the ECP Submodule of
the EMM.

The LFA Model builds load forecasts from user-defined, end-use load groups based on hourly load shapes.
If the data are unavailable for a particular load group, then the model allows the user to input such factors
as the peak, energy, and coincidence factors of unknown groups. The LFA module will then approximate
the requisite load shapes. It evaluates the impact of DSM programs on these groups. By ranking each.:
individual DSM program on the basis of total cost, utility cost, and ratepayer impact, the module screens
demand-side management programs to evaluate various cost effectiveness measures and works in unison
with the PROVlEW model's optimization algorithm to modify load requirements. Calculations in the LFA
are performed on a user-specified, seasonal basis. Additionally, estimates of net changes in seasonal
demand, energy, and hourly customer load shapes can be used to measure the impact of direct end-use
load control programs.

The CER Module compares and evaluates the economic impact of generation alternatives. While the CER
module addresses many facets of the financial effects of construction alternatives (cash flows,
depreciation,and tax credits to name a few), its function in examining the capital cost profiles of optimized
expansion plans returned by the PROVIEW module allows the CER to create a user-selected data base
which lists in-service dates for expansion units.
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The GAF Module reports environmental emissions ranging from NOxand SO2to CO2and particulates. The
user must specify the pollution content of each fuel and also emission factors for each effluent at each
generating unit. The dispatching order of emissions-affected units is modelled by incorporating an
emissions penalty cost based on the cost of emissions removal or regulatory compliance or using the
PROVIEW module to optimize compliance by adding scrubbers, shutting down units, or converting to use
other fuels. The module accounts for uncertainty in year-to-year water conditions of hydro-based systems.
Thermal production costs are probabiiistically weighted for a user-specified number of "water years" to
account for this uncertainty.

The PROVIEW module is a resource planning optimization model which computes the cost and reliability
" o; adding new capacity to the system or modifying load through DSM programs. PROVIEW grants the user

a choice of five objective functions to be used in the least cost optimization: minimize revenue
requirements, minimize average study period rates, minimize customer class rates, and minimize societal

. costs, or to maximize consumer value. According to the documentation, the module also incorporates
alternative technologies, unit conversions, cogeneration, independent power producers, marketing and
conservation programs, emissions trading and environmental policy options as parameters in determining
least-cost strategies.

3.3.4 EGUMS

The Electric and Gas Utility Modeling System (EGUMS) is an integrated environmental assessment model
which projects (1) demand for electricity and natural gas in the industrial, commercial, and residential
sectors, (2) technical, economic, and achievable levels of improved end-use efficiency, and (3) changes
in greenhouse gas emissions due to changes in end-use demand levels. Examiningonly U.S. territory in
NERC regions, the model assesses regional energy consumption and emissions levels for the near term
in increments of five years from 1990 through 2010.

UsingEIA consumptionsurveysto calculate base-year electricandgas consumptioninnineNERC regions,
the simulation incorporates EPRI end-use demand models to forecast demand for energy services in the
residential, commercial, and industrial sectors. By compiling energy conservation measures by sector for
each end-use, the impact of alternative combinations of purchased electricity and natural gas and
purchases of advanced end-use technologies on demand is examined to ascertain estimates of energy
savings, coincident demand capacity savings, technical and physical applicability, usable lifetime of the
energy conservation measures and the capital costs of effecting these measures.

The maximum savings achievable through immediate implementationof all commercially available
technologiesthat provide increased levelsof energyservice,termed the technicalpotentialfor savings, is
then translatedinto a more realisticrepresentationof the underlyingeconomicand market constraintsthat
affect penetration of these technologies.The energy savings resultingfrom these scenariosare then
translatedinto avoidedcarbon emissionsfor each fuel type inthe region.

The model consists of five modules: (1) an Energy Use Database that determinesbase-year consumption
of electricity and natural gas by region, sector, segment and end-use, (2) an End-Use Sector Model that
forecasts a "no-conservation" scenario using EPRi's models, (3) an Energy Conservation Measures Model
(ECM) that estimates the technical potential savings of demand-side measures, (4) a Regional End-Use

• Savings Model that translates the technical potential into cost-effective("economic")potential and likely
("market achievable") energy savings and (5) a Carbon Emissions Model that converts the energy savings
into avoided carbon emissions. This division tends to enhance modular flexibility.

Additionally,the modelassessesthe growthofunregulatedenergyservicecompanies,appliancestandards
and buildingcodes,subsidiesandratesof productpromotionfor energyefficientend-useappliances,and
utility sponsored demand-side management. EGUMS does not include advanced and speculative
technologiesnor does it explicitlyaddress renewabletechnologiesand life extension/refurbishmentas
supply-sideconservationoptions.
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3.3.5 EGEAS

The Electric Generation ExpansionAnalysisSystem (EGEAS) is a modular generation expansion package
that enables utility planners to evaluate the caliber of least cost strategies, the influence of independent
power producers on utility expansion, and alternatives regarding avoided costs and/or life extension
scenarios. EGEAS is not an integrating model. The model enumerates the type, size, and installation date
for each selected demand- and supply-side alternative. Furthermore, a PC version of the model contains
a direct load control dispatching algorithm to expand measures involving demand-side alternatives.

EGEAS uses a demand-side workstation developed by Synergic Resources Corporation, to screen DSM
programsto a more reasonablenumber and to pass the resultsto EGEAS for evaluation. The model then
associates these programs with various supply-side alternatives to acquire a least-cost mix of options that
satisfies reliability criteria. EGEAS uses two autonomous optimization programs-one developed at the
Massachusetts Institute of Technology and the other developed by Stone and Webster Management
Consultants, Inc.-to develop LP anddynamic programming solutions, respectively. Additionally, the model's
design can incorporate Generalized Bender's Decomposition (an efficient method that partitions large,
multidivisional problems into a series of smaller subproblems that are solved), Year-End Optimization, and
Specified Expansion Pathway Analysis Optimization algorithms to appropriately model fractional and
m_L;iplecapacity expansions and to execute sub-yearly production costing analysis.

The model can use hourly load values which it converts to annual load duration curves. An Edit program
constructs a data base containing the rated, reserve, emergency, and operating capacities for each
generating unit. Also required are forced outage rates, maintenance rates, heat rates, and storage
efficiencies.

EGEAS also possesses the unique capability to model the impact of non-dispatchable Technologies (NDT)
like run-of-river hydro, cogeneration, solar, customer-owned, and photovoltaic generation on conventional
production cost and system reliability. The model employs a stochastic algorithm which describes the
association between customer load and NDT generation and positions this generation as a decision
variable in capacity expansion calculations. Moreover, EG-EASefficiently addresses fuel savings and
reliability issues affiliated with storage technologies by representing operational decisions in two distinct
domains: generation and charging as opposed to storage level capacity.

EGEAS has the ability to model environmental consequences of capacity expansion. User-defined limits
on the annual amounts of fuel burned can be utilized by the linear programming package to impose
emissions and land usage constraints on system expansion. The model calculates the amounts of
emissions based on two classes: input and output emissions. Input emissions, such as SO2and NOx,are

defined as those contaminants released to the environment by fuel consumption. Output class emissions
refer to environmental effects not directly related to fuel consumption such as cooling water consumption
and output heat that warms a body of water. For each class and type of emissions, user-supplied fuel
types and emission production rates are required to evaluate the amount of emissions produced by each
plant. Since the production rate indicates which percentage of the fuel is released to the environment,
these rates indicate which method of pollution control, if any, the generating unit will use.

The modeldoes not address regional divisions; however, EGEAS does provide for system interconnections
by allowingthe user to specify two systems (A or B) to model power exchanges and adjust for tie-line
capacity limits.

EGEAS contains a Describing Function Program (DESFUN) as a post processor to examine the results
of optional sensitivity analysis reports. The user designates which variables are to be perturbed and
DESFUN relates the magnitude of variation to user-specified polynomial functions using a weighted least-
squares algorithm. The resultant describing functions are used for trade-off and uncertainty analysis
external to EGEAS.
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The system'sanalysisoptionshave beentestedusingthree different data sets: two data sets adopted from
an EPRI synthetic utility system and another constructed from data concerning existing and committed
generating units supplied by Pacific Gas and Electric. The model claims good correlation between the
Generalized Bender's Decompositionand Dynamic Programming options with respect to yearly production
costing analysis excluding integer versus capacity additions in the optimal solution. Because the Dynamic
Programming and Specified Expansion Pathway Analysis Optimization options can execute sub-yearly
calculations, they are professed to be preferable to the LP and Generalized Bender's Decomposition
methods regarding storage, hydro, and maintenance scheduling evolutions. Although strong in the areas
of modeling simplicity and computational efficiency, the Linear Programming option was found to be inferior
to that of the Generalized Bender's Decomposition and Dynamic Programming methods. However, the LP

" option is considered the methodof choice for preliminary system analysis.

3.3.6 ARGUS

The ARGUS Model is a dynamic integrated utility system representationof the economic, environmental,
and technological concerns influencing energy policy issues and emission control strategies. The model
contains four distinct components that model individual facets of the utility sector: the Build Cost Module
(BCM) which satisfies future demand by adding new units or repowering old units; the ICARUS module
which effects unit dispatching and performs related production-cost analysis; the Emissions and Control
Module (ECM) which calculates quantities of emissions and the costs of implementing emission control
strategies and regulations; and the Coal Supply and Transportation Module (CSTM) which forecasts
delivered coal prices. Each module has the ability to function as a stand-alone unit.

Using target reserve margins, projected growth rates for peak demand, and amounts of existing and
planned capacity on line for a given year, BCM employs a least-cost strategy to increase capacity by
building new units or repowering existing units. BCM divides the forecast period into three exclusive
periods: near-term (approximately 10 years), mid-term (user-specified, typically an additional 10years), and
long term (ARGUS specified period of 25 years). The module does not add unplanned capacity during the
near-term period. If, at the end of the near-term period, capacity is below the sum of the expected peak
and the target reserve margin, then BCM phases in new capacity over a user-specified mid-term period
until capacity requirements are satisfied. During the long-term period, new capacity is added to maintain
the target reserve margin.

Preference is given to repowering over new construction to meet capacity specifications. User-specified
inputs (vintage, variable costs, and emissions of units) can be used to determine the order by which units
are repowered. Any group of electricitygenerating units constitutes a system; however, the model normally
uses 33 power-pool systems which are each sub-divided into state and coal-supply transportation regions.
If system-wide capacity goals are not achieved, then new units are built based on exogenous or
endogenous build mixes. The user can exogenously assign a percentage based build mix. BCM will then
assignpollutioncontroloptionson a least-cost basis to each type of unit to be constructed. The module
also ascertains the type of fuel and flue gas desulfurization(FGD) technology for coal units. In the
endogenousprocedure,BCMcalculatessystem-widefuel costsandcostsof emissionsoptions.The model

" selectsthe least-costoptionfor construction,addingone unit at a time to the system, bydisplacingunits
with lower loading-ordernumbers(typicallyequal to the variable cost) on an Annual Equivalent Load
DurationCurve (ELDC).

==

ICARUS is a probabilisticdispatchingmodel that assignscapacity factors to electricitygeneratingunits
usinga convolutionprocess,whichcalculatesa cumulativeprobabilitycurve for each unit bycombiningtwo
separate curves--onethat assumesconstantavailabilityfor the unit and another that assumes constant
unavailability.Datasent fromICARUS are used by BCM to decide which types and numbersof new units
to add to fulfill reserve margins. The module explicitlyaccounts for routine maintenanceoutages, net
electricity imports or sales, monthly system load factors, and the effect unit failures have on unit
assignments,fuel use and generatingcosts.
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ECM computesthe cost of emissioncontrolstrategies and regulationsin additionto the amounts of SO2,
NOx,CO2,and particulate emissions generated in the electric utility sector. Control strategies considered
by the module include unit level limits on emission rates, emissions trading, economic incentives and least-
emissions dispatching.

Based on volume of coal, supply region, and transportation route, CSTM forecasts delivered coal prices.
CSTM depicts the coal supply using an exogenous set of demand curves from the Resource Allocation and
Mine Costing Model (RAMC).27

ARGUS uses a unit inventory data base containing infdrmation on each electricity generating unit in the
continental U.S. Unit characteristicsstored in this file include fuel prices, fuel quality, fuel origin, and
operational characteristics regarding heat rates, plant maintenance rates, forced outage rates, and pollution
control equipment. The data base is modified through each step of the simulation.

The model does not address advanced technologies or DSM incentive programs. Furthermore, ARGUS
does not explicitly differentiate between investor-owned utilities and non-utility generators.

3.3.7 OVER/UNDER

OVER/UNDER is a capacity planning model which can be used to study the projected costs and benefits
of alternative planning reserve margins in an environment of uncertain demand. This demand uncertainty
is addressed by using decision trees to trace out the costs and benefits enumerated by each alternative
expansion scenario. The model compares the cost of overplanning capacity against the probability of
generation deficiencies as a result of underplanning to calculate the total cost of alternative capacity
additions for consumers and shareholders.

Using probability trees, the model simulates demand over 20 to 30 years with each level of branching in
the tree representing one or more years and constituting a "period." At the conclusion of the planning
horizon, the model calculates capacity additions, production costing, and financial estimates over a t.,ser
specified "terminal horizon". Demand uncertainty is input to the model by constructing cumulative
probability curves based on direct or indirect assessment methods. Direct assessment entails judgmental
factors supplied by experts in electricity demand whereas indirect assessment exploits computer analysis
of structurally related variables and historical data affecting demand. The probability curves are
transformed into demand probability trees with branches representing high, medium, or low demand effects.
The number of branches grows exponentially based on the number of branch nodes and periods.

OVER/UNDER makes capacity decisions by examining the planning process from three perspectives: initial
planning and studies; licensing; and construction and startup. Commitments to each stage are justified only
when compelled by power need expectations based on the demand probability tree. Capacity types are
selected based on a desired long-run mix of technologies, technological availability, and lead time
constraints. Once peak demand, load shapes, and installed plants are specified for a tree path, a
probabilistic simulation algorithm determines the expected energy generated yearly by each plant, the cost q,

of system generation, and the amounts of forced outages (energy demand not served). The model can
represent variations in hydroelectric generation in terms of wet, dry, and normal weather conditions.

OVER/UNDER computes system environmentalcosts for each technologyas the productof its expected
energygeneration and a user-suppliedenvironmentalcharge rate that increasesat the rate of inflation.
The model does not address non-utilitygenerators or life extensiorVrepoweringoptions. The model
requiresdetailed system data regardingpeak demand, demand growthprobabilitycurves obtainedfrom
externalprobabilityencodingtechniques,targettechnologymix,loadtime for new additions,andunit sizes.

3.3.8 Summary

ZTFormore information,see Energy InformationAdministration,Documentation of the Resource Allocation and Mine Costing Mode/,
DOE/EiA-M021 (Washington,CD, May 1987).

22 Energy Information Administration/Documentation - Eleetd©ity Capacity Planning Submodule



None of the models reviewedachieve all of the currentrequirementsof the ECP module. Three models
(EGEAS, ARGUS, and OVER/UNDER) do not include integral fuel supply and demand components.
EGUMS, whilebeinganaggregatemodel,is primarilyan environmentalassessmentmodelconcernedwith
the impactof energyconservationmeasuresonfuturecarbonemissions.PROSCREEN II, OVER/UNDER
and AUSM/UPCODE are utilityor regional planning models designed to representthe operationsof
individualutilitiesor powerpools. Consequently,they requiredetaileduser-specifiedandutility-specificdata
basedon narrowlydefinedclusterssuchas customerclass,end-usergroup,oruser-definedstate andlocal
regions. Finally,althoughFOSSIL2 computescarbon, methane,NOx,and SO2emissionsunderdifferent
policyoptions,the modeldoes not evaluateemissionsreductionsoptionson aneconomicbasis. However,
if alternative models are modifiedto incc,rporatethe proper linkageswith the other componentsof the

• NEMS, the modular designof the system will allowthe flexibilityto substitutethem.

Energy Information Administration/Documentation - Electricity Capacity Planning Submodule 23



4. MODEL STRUCTURE

4.1 Introduction

The ECP is executed once a year to determine planningdecisionsthat must be initiatedin the current
forecast year and completed withinthe planninghorizon. The ECP uses a linear programming (LP)
formulationto compete supply-sideanddemand-sideoptionsfor meetingfuturedemandsfor electricityand
complyingwith environmentalregulations. It selectsthe strategiesthat minimizethe total present value
of the investmentand operating costs over a 30-year period, subject to certain conditions. These
conditionsincluderequirementsthatdemandsforelectricity(accountingfor seasonaland dailyfluctuations
variationsandtransmission/distributionslosses)aremet, minimumreliabilityrequirementsare satisfied,and
emissionslimitsare not exceeded.

The ECP preparesthe input data, solvesthe LP model, and providesthe requiredoutputs to the other
submodulesof the EMM and modulesof the NEMS. The initial matrixand objectivefunction is an input
to the ECP. However,mostof the coefficientsinthe modelchange overtime. For instance,the objective
functionrepresentsthe costs of buildingandoperatinggeneratingcapacity,implementingDSM programs,
and installingpollutioncontrol equipmentanditscoefficientsincludecapital expenditures,interestcharges,
andfuel costs, allof whichvary over time. Similarly,coefficientsinthe constraintmatrix,which describes
the total capacity needs based on peak demands and reserve margin requirements, the allocation of
availablecapacityto meet demandsforelectricity,andapplicableemissionsrestrictions,alsochangeduring
the forecast horizon.

Section 4.2 summarizesthe sequence of operationsin the ECP, focusing on the primary routinesthat
revisethe coefficients of the LP model. Section4.3 providesa mathematicaldescriptionof the LP model
and specifiesthe objectivefunctionand equationsof the constraintmatrix. The equationsthat derivethe
revisedcoefficients for the LP model are describedin greater detailin Appendix Bo The model relies on
theOptimizationand Modeling(OML)software,a proprietarymathematicalprogrammingpackage, to create
and storecoefficients in a database, solvethe problem,and retrievethe solution. The OML subroutines
are brieflydescribed in Appendix C, but are not documentedin this report.28

4.2 Flow Diagram

The EMM is modularandcan be executedwithor withoutthe ECP. A user-specifiedswitch, USW_ECP,
controlsthe execution of the ECP. The subroutineELECP initializesvariables and checks the value of
USW_ECP. If the ECP isturned off,then the EMM usesthe capacityplanningdecisionsfrom a previous
NEMS run. Otherwise, ELECP calls ECPOML, which contn:)lsthe setupand solutionof the LP model.
ECPOML initializesthe LP database and sets up the starting matrixusing OML subroutines. It then
executesa seriesof FORTRAN subroutinesthat control the revisionof coefficientsfor the ECP (Figure3).
The modifiedcoefficientsincludecosts intheobjectivefunction,constraintmatrix(row/columnintersections
andright-handsides)and bounds(lowerandupperlimits)ondecisionvariables. Oncethe matrix revisions
are completed,the LP model is solved usingOML subroutines.

,=

ECPOML calls EPSALLOW, which setsup the right-handside of the emissionsconstraintsfor each year
of the planning horizon(Figure 3). For SO2,the right-handsiderepresentsthe limitcorrespondingto the
sum of the emissionsallowances allocatedin accordancewith the Clean Air Act Amendmentsof 1991.

Restrictionson SO2 emissionsare implementedas national constraintssince allowancescan be traded.
If emissionsallowanceshave been bankedby overcomplyingin previousyears (i.e., emittingless sulfur

==Formoreinformation,seeKetronManagementScience,OptimizationandModelingUbrary(Draft),(Arlington,VA,November
1992).

24 EnergyInformationAdministration/Documentation- BectricityCapacityPlanningSubmodule



Figure 4. Flow Diagram for the Electricity Capacity PlanningSubmodule
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dioxide than the sum of the allowances), then the right-hand side is adjusted accordingly. EP$ALLOWcalIs
GETS02, which is a data processing routine that obtains the SO2allowances from an EMM input file.

Next, ECPOML calls EP$ETT, which imposes interregional transmission constraints and incorporates limits
on importsfrom new Canadian hydroelectric projects. The corresponding contributions to reserve margin
requirements are also included. EP$ETT calls GETEIJ, which is a data processing routine that obtains
transmission and trade data from an EMM input file.

EP$BLD simulatesdisincentives for overbuilding generatingcapacity such as the disallowance by public
utility commissions of capital additions to the rate base for new plants that are excess capacity. Electric
utilitiesmust havesufficientgeneratingcapacityto satisfyminimumreliabilityrequirements,which isdefined "
as the peak demand plus an assumed amount of reserve capacity in case of unexpected demands or
unavailable supply (e.g., unplanned maintenance). EP$BLD revises the coefficients for constraints that limit
capacity additions in excess of the minimum reliability requirements._ It aP';_:uses GETEIJ in order to
incorporate contributions to the reserve margin requirement of Canadian hydroelectric projects and plants
built in one region to serve another.

Foreach of the electricitysupply regions,the data processingroutineGETBLD reads a file that stores input
data requiredto generate coefficientsinthe LP model. These data are initiallyused inthe subroutines
EPSPCL and EPFLPRC. EP$PCL establisheslimitsonthe amountof capacitypurchasedfrom nonutilities
so that the interestcoverage ratio for utilitiesdoes not fall below a prespecifiedlevel. This represents
recentsituationswhere the bond ratingsfor some utilitieswere lowereddue to their relianceon capacity
purchasesfrom nonutilities,whichare consideredto bethe equivalentof debt. EPFLPRC determinesthe
expectedfuel prices. These fuel pricesare used to determinethe coefficientsfor the discountedpresent
value of fuel costsover the 30-year period inwhich projectexpendituresare evaluated.3°

Next, an additional set of operations are performed to revise coefficients for each electricity supply region
and year in the planning horizon. Data on firm interregional power flows are obtained by again calling the
data processing routine GETEIJ. EP$MRMcomputes the total capacity needed to meet the reserve margin
requirement. In contrast to EP$BLD, which places an upper limit on the amount of capacity, EP$MRM
determines minimum capacity for insuring reliable suppE:s. EPSLOAD establishes the required allocation
of capacity to meet the demand for electric power in each seasonal/time-of-day load segments in the ECP.
The calculations in EPSMRM and EP$LOAD represent the respective right-hand sides of the reserve
margin rows and electricity load requirement rows in the LP model (Section 4.3).

The remainingrevisionsprimarily involveupdating coefficientsfor the decisionvariables in the ECP. These
coefficients describe cost and performance characteristics for activities such as retrofitting existing units with
scrubbers, building new capacity, and generating electricity from available capacity. EPSRETRO revises
coefficients of the objective function and constraint matrix for the variables represent retrofits of existing
coal-fired units with scrubbers. The primary function of EPSBDSP is to calculate the objective function
coefficient for decision variables to build new fossil-fuel and nuclear units (referred to as "build vectors").
This coefficient corresponds to the discounted present value of the revenue requirements for construction
expenditures and fixed operations and maintenance costs for buildirlg new generating capacity and the
associated transmission equipment? 1 EPSBRNW updates the corresponding objective function value for
new renewable capacity (e.g., geothermal, hydroelectric,biomass), excluding intermittent technologies (e.g.,
wind and solar). For some renewable technologies, the Energy Policy Act of 1992 (EPACT) established
cost credits, which are subtracted from the corresponding capital costs. EP$BRNW also imposes limits
(upper bounds) on capacity additions for renewable technologies due to resource constraints, if appropriate.

_Somecapacitytypes,suchaswindandsolar,areprimarilybuilttodisplacegenerationfromlesseconomicalexistingplantsrather
thantosatisfyreliabilityrequirements.EPSBLDdoesnotrestrictcapacityadditionsof these"fuelsavers'.

=)TheplanninghorizonfortheECPis 6 years,sothecostcoefficientsforthelastyearactuallyrepresentthetotalpresentvalue
ofexpendituresincurredinyears6 through30.

31Revenuerequirementsarethecoststhata ratemakingauthority(i.e.,publicutilitycommission)allowsaregulatedutilitytorecover
fromratepayers.Capitalcostsareincludedinratesovera periodofyears,whichcanvarydependingonthetypeofasset.
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EP$ODSP modifies the coefficients for decision variables that describe the allocation of fossil-fuel and
nuclear to meet the demand for electricity (referred to as "operate vectors"). It determines the cost of
operating fossil-fuel and nuclear capacity types, based on the discounted, present value of operating
expenses (fuel and variable operating and maintenance costs). These capacity types are considered
"dispatchable" since they are generally available to generate electricity except for planned and unplanned
outages. One of the decisions evaluated by the ECP is the mode of operation for these capacity types,
which ranges from "baseload" (continuous operation except for outages) to "peaking" (operated only du_'ing
periods when demand is high). The total variable cost depends on the utilization rate and the per-unit
operatingcosts. EP$ODSP calls EPDRA TE,which calculates the derating factors for dispatchable capacity
types across all load slices. The derating factor is a function of the forced outage rate, planned

° maintenance rate, and load following rate of the capacity type and of the load shape.

EP$ORNW is similar to EP$ODSP except it determines the operating cost and performance coefficients
_ for renewable capacity types, excluding intermittent technologies. If appropriate, the variable costs for

renewabletechnologies are reduced to account for subsidies specified in EPACT. The renewable capacity
types described in EP$ORNW are similar to fossil-fuel and nuclear units in that they are generally
dispatchable but they may be subject to an energy constraint (e.g., steam for geothermal and water for
hydroelectric) that imposes a maximum utilization rate.

EP$1NTrevisesthe cost and performance coefficients for intermittent technologies. Unlike thedispatchable
capacity types, which have separate decision variables for the construction and operation on capacity, a
single variable is used for intermittent technologies. The ECP essentiallydetermines whether or not to build
these capacity types because they will be operated if available since they have relatively low operating
costs. However, the utilization of these technologies varies according to the season and time-of-day
depending on the availability of the resource (e.g., sun and wind). The objective function coefficient is the
present value of building and operating intermittent technologies. As with the other renewable technologies,
the capital and operating costs are decreased to reflect subsidies from EPACT. The coefficients in the
constraint matrix describe the variations in utilization rates across the seasonal and time-of-day load
segments.

EP$DSM is designed to modify the coefficients for decision variables that describe investments in DSM
programs.=z These coefficients represent the costs and reductions in load requirements associated with
DSM programs. These programs are similar to intermittent technologies in that the impacts can vary
according to the season and time of day (e.g., cycling devices for air conditioners).

Once the computations to revise the coefficients for the LP model are completed, ECPOML executes
several OML routines to process the data, load the matrix, and solve the model (Figure 3). ECPOMLthen
calls a series of subroutines to obtain solution values that are provided to other components of the EMM.
EPO$BANK retrieves and stores the allowances banked in the current year. The banked allowances are
provided to the Electricity Fuel Dispatching (EFD) Submodule so that the emissions limit for the current
forecast year can be increased by the corresponding amount. EPOSETTcaptures the decision to purchase
electric power from new Canadian hydroelectric projects. This information is used to increase firm
Canadian imports when evaluating subsequent dispatching and planning decisions. Prior to getting the
remaining planning decisions, the data processing routine GETBLD retrieves input data such as capital
costs and the cost of capital in order to calculate the required expenditures.

For eachelectricity supply region, EPO$A VOID obtains the avoided cost of electricity (the cost of producing
an additional unit of electricity). This value is determined so that the Load and Demand-Side Management
Submodule will be able to pre-screen candidates and eliminate programs that are not competitive with
supply options. EPO$BILD retrieves capacity expansion decisions and provides them to the EFD so that
the EFD to adjust the available capacity for future dispatching decisions. EPO$BILD also provides
investment costs for new capacity to the Electricity Finance and Pricing Submodule (EFP) to include in the

_r'hedatatomodifythecoefficientswillbeprovidedby theLoadandDemand-SideManagementSubmodulewhenthelinkages
arecompleted.

EnergyInformationAdministration/Documentation- ElectricityCapacityPlanningSubmodule 29



revenue requirements. EPO$RETRO summarizes decisionsto retrofit existing coal-fired units with FGD
equipment, which are used by the EFD to calculate emissions in future dispatching decisions. The
corresponding investment costs are also passed to the EFP to include in electricity prices. The information
from the LP solution is made available to the other subrnodules using STRBOUT and STRPCNTL, which
store the data on direct access files.

4.3 Key Computations and Equations

In the ECP, decision variables include building new generating capacity (conventional and advanced,
renewable and nonrenewable technologies), trading firm power (interregional and international), installing
pollution control devices at existing units, and banking emissions allowances (i.e., overcomplying in a
particular year and saving the allowances for future use). The LP model determines the appropriate mix
of supply and demand options that meets the environmental regulations and provides reliable and
economical supplies of electricity over the planning horizon.

Reliable electricity supplies for each region are represented by a set of constraints that insure that sufficient
generating capability is available to meet the load requirements in each of the 22 load slices and the
minimum reserve margin requirement. Dispatchable capacity types (e.g., fossil-fuel, nuclear, and
nonintermittent renewable technologies) can satisfy capacity and energy requirements for any or all of the
load segments. Their utilization depends primarily on their availability, fuel constraints (if any), and the
relative economics of the potential options. A baseload generating plant type is used in all of the load
categories, whereas a peaking plant type is allocated to the first few segments (Figure 3). Dispatchable
plant types receive full credit towards reliability requirements because they can be used during peak loads
as long as they are not out-of-service. Contributions from intermittent technologies (and DSM programs
when they are added to the model) are limited to the appropriate load segments, depending on the
availability of the resource (e.g., wind or sun). Intermittent technologies receive a partial capacity credit
depending on their capability to provide electricity when the peak load occurs.

Economical supplies are represented by minimizing the objective function of the LP model, which
accumulates the total present value of expenditures associated with investment and operating decisions
during the planning..horizon. Some of the relevant costs associated withplanning horizon are incurred after
the end of the planning horizon, so the ECP evaluates each option on the basis of a 30-year, life-cycle cost.
For instance, capital costs (e.g., construction expenditures, interest charges) associated with investment
decisions are recovered over the economic life of the asset. The cost coefficient for each investment
decision is the sum of the present value of the annual revenue requirements (e.g., depreciation, taxes) over
the 30-year period. Similarly, operating costs are determined for 30 years inorder to consider factors such
as escalating fuel costs. For each operating decision variable in the first 5 years of the model, the cost
coefficient is the present value of the corresponding annual fuel and operations and maintenance costs.
In the last year of the planning horizon, each cost coefficient representsthe sum of the present value of
operating costs for the next 25 years.

The structure of the ECP is described below.

4.3.1 Dimensions

y = Year in the Planning Horizon
z = All Years From Year y to the End of the PlanningHorizon (z=y,y+l,..,6)
n = Next Year In PlanningHorizon
p = PreviousYear In PlanningHorizon
r = ElectricitySupply Region
e = Export Electricity Supply Region
g = Import ElectricitySupply Region
c = DispatchableCapacityType
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n = Renewable Capacity Type
k = Capacity Type Other Than Capacity Type c
i = Intermittent Renewable/Storage Technology
d = Demand-Side Management Technology
f = Fuel Choice
m = Mode of Operation (e.g., "Base," "Intermediate," "Peak")
i - Vertical Load Steps Which Define Total Electricity Load
o = Owner (Utility or Non-Utility)
u = Retrofit Cluster Code
s = Canadian Import Supply Step

,i

4.3.2 Decision Variables

EXCy,° = Utilize ExistingDispatchableCapacity Type c in Year y in Regionr (Gigawatts)
EXam = Utilize Existing Renewable Capacity Type n in Year y in Region r (Gigawatts)
EXly, = Utilize Existing IntermittentCapacity Type i in Year y in Regionr (Gigawatts)
EXHy, = Utilize Existing Hydro Energy in Year y in Region r (Gigawatthours)
OPDy,_m = Allocate Dispatchable Capacity Type c Consuming Fuel f in Mode m in Year y in

Region r (Gigawatts)
OPRymm = Allocate Renewable Capacity Type n in Year y in Region r in Mode m (Gigawatts)
OPHy,_ = Allocate Hydro Capacity inVertical Load Step l in Year y in Regionr (Gigawatts)
BLDy,oo = Build New DispatchableCapacity Type c by Owner Type o BeginningOperation in

Year y in Regionr (Gigawatts)
RNWymo = BuildNew RenewableCapacityType n byOwnerType o BeginningOperationin Year

y in Region r (Gigawatts)
INTyr_o = Allocate/Build IntermittentRenewableType i for Owner Type o BeginningOperation

in Year y in Regionr (Gigawatts)
DSMy,d = ImplementDemand-Side ManagementTechnologyd Startingin Year y in Region r

(Gigawatt Equivalent)
FGDy_. = Convert ExistingCoal Capacity Type c (withoutscrubber)to Coal Capacity Type k

(with scrubber)in RetrofitCluster Code u With the Retrofit Completedin Year y in
Region r (Gigawatts).

BNKy, = Bank Allowancesfor SO2 From Year y to the Next Year n (Thousandsof Tons)
BNKw = Allowances Banked for SO2 In Previous Year p to be Used or Banl_ed In Year y

(Thousands of Tons)
TRN_, = Diapatchable Capacity Type c Transferred from Export Region e to Import Region r in

Year y (Gigawatts)
BDly.=o = Build Dispatchable Capacity Type c by Owner Type o in Export Region e for Import

Region r in Year y (Gigawatts)
BRly_,o = Build Renewable Capacity Type n by Owner Type o in region e for region r in Year y

(Gigawatts)
BIl_,wo = Build Intermittent Capacity Type i by Owner Type o in region e for region r in Year y

(Gigawatts)
BCHy,= = Build Canadian Hydro Capacity in Canadian Import Supply Step s for Region r in Year

. y (Gigawatts)

For dispatchable technologies, separatevariablesare requiredfor the utilizationand additionof generating
capacity because these capacity types involve decisions about their mode of operation. A similar structure
could be used for intermittent technologies, but it is unnecessary because the utilization of the capacity is
not a decision variable but is determined by the availability of the renewable resource. Combining the
decision variables reduces the size of the model.
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The proposed formulation does not explicitly represent intermittent technologies coupled with a back-up
source of power, but it will effectively determine the appropriate back-up technology. If additional capacity
is need to meet reliability requirements and an intermittent technology without a full capacity credit (i.e.,
contribution to reserve margin determined by its ability to generate power during peak load) is economical,
then another capacity type will also have to be built. This structure will allow additions of intermittent
technologies when a capacity surplus exists, as long as the resulting fuel savings offsets the capital
investment. The model could be modifiedto include intermittent technologies coupled with a backup power
source by creating a composite capacity type that combined cost and operating characteristics of both plant
types. This capacity type would receive a full capacity credit and would then be analogous to a
dispatchable capacity type. However, this approach would reduce the flexibility of the model to choose the
backup technology.

4.3.3 Right-Hand Side Values

ELC_, = Capacity RequirementIn the Vertical LoadStep I In Year y and Region r (Gigawatts)
EXPy, = ElectricityCapacity Export Limit in Year y and Regionr (Gigawatts)
RMQy, = Total Capacity RequirementIncludinga Reserve Margin In Year y and Region r

(Gigawatts)
CAP_, = CapacityAdditionLimit In Year y and Regionr (Gigawatts)
ALWy = Total SO2Allowancesfor Year y (MillionTons)
RGSy, = Regional SO2EmissionsLimitsfor Year y and Regionr (MillionTons)
DSM_, = Demand-Side ManagementTechnologyLimits for DSM d and Region r. (Gigawatt

Equivalent)
INTL,, = Intermittent Build Limitfor IntermittentTechnology i and Region r (Gigawatts)
RNW_, = Renewable Build Limit for Renewable Capacity Type n and Region r (Gigawatts)
FGDL_ = Retrofit Limit for Unscrubbed Capacity c and region r (Gigawatts)
EBITX_ = Earnings Before Interest and Taxes from Existing Ratebase (Million Dollars)
INTEXPy, = Interest Expenses from Existing Commitments plus Existing Purchased Capacity

Payments (Million Dollars)
TICR = Target Interest Coverage Ratio (Scalar)

4.3.4 Coefficients

EL/_, = Derating Factor (Adjustmentfor Forced Outage. Planned Maintenance. and Load
FollowingRates)for DispatchableCapacity Allocatedto Meet CapacityRequirements
In Load Step I In Year y. Region r By Capacity Type c With Fuel f In Mode m
(Fraction)

ELRy,,n = DeratingFactor(Adjustmentfor ForcedOutage. PlannedMaintenance.LoadFollowing
Rates and Availabilityof Resource) for Renewable Capacity Allocated to Meet
CapacityRequirements InLoadStep I InYear y. Regionr By Capacity Type n in Mode
m (Fraction)

ELI_ = Derating Factor (Availabilityof Resource)for Intermittentsin Load Step I In Region r
By IntermittentTechnologyType i BeginningOperationin Year y (Fraction)

ELCH_,, = Derating Factor (Availabilityof Resource)for ImportedCanadian Hydro Step s in Load
Step I In Regionr In Year y (Fraction)

RMlyn = ContdbutionMade to Satisfyingthe ReserveMargin Made By IntermittentTechnology
i BeginningOperationInYeary forRegion r (Fraction,0.0 = Resource NeverAvailable
at Peak. 1.0 = Resourceis AlwaysAvailableat Peak)

RMCy,c = ContributionMade to Satisfyingthe Reserve MarginMade By DispatchableCapacity
BuildType c BeginningOperation InYear y for Regionr (Fraction)

RMRyr, = ContributionMade to Satisfyingthe Reserve Margin Made By Renewable Capacity
BuildType n BeginningOperationIn Year y for Regionr (Fraction)
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ELDyz,_l = Amount of Capacity Requirement Eliminatedor Created In Load Step I In Year z By
Demand Side Technology d Initiated In Year y, Region r (Fraction)

RMD_,_ = Contribution Made In Year z to Satisfying the Reserve Margin Made By Demand Side
Management Technology d Started In Year y for Region r (Fraction, 0.0 = Option
Never Available at Peak, 1.0 - Option is Always Available at Peak)

SO2y,_m = Amount of SO2 Produced Per Unit of ElectricityGenerated In Year y, Region r By
Capacity Type c With Fuel f In Mode m (Millions of Tons / Gigawatt)

TLOSSy.r = 1 - Interregional Transmission Loss Factor from region e to region r in Year y
(Fraction)

COPDyr_m = Variable Operating Cost Including Expected Fuel Costs to Operate Dispatchable
" Capacity Type c Using Fuel f In Mode m for Year y and Region r (Million Dollars /

Gigawatt)
COPRym = Variable Operating Cost to Operate Renewable Capacity Type n for Year y and Region

r (Million D,ollars / Gigawatt)
COPHy, = Variable Operating Cost to Operate Hydro Capacity In Load ! for Year y and Region

r (Million Dollars / Gigawatt)
CTRNy_ = Cost of Transferring Capacity Type c from Region e to Region r in Year y (.Millionsof

Dollars / Gigawatt)

CBLDy,=, = Investment Cost to Build Capacity Type c by Owner Type o With Initial Online Year y
in Region r (Millions of Dollars / Gigawatt)

CRNWy_ = Investment Cost to Build Renewable Capacity Type n by Owner Type o With Initial
Online Year y in Region r (Millions of Dollars / Gigawatt)

CBDly,,=o = Investment Cost to Build Dispatchable Capacity Type c by Owner Type o With Initial
Online Year y in Region e for Region r (Millions of Dollars / Gigawatt)

CBRly°,,o = Investment Cost to Build Renewable Capacity Type n by Owner Type o With Initial
Online Year y in Region e for Region r (Millions of Dollars / Gigawatt)

CINTy,o = Investment and Operating Cost to Build/Operate Intermittent Technology i by Owner
Type o Starting Operation In Year y and Region r (Millions of Dollars / Gigawatt)

CBII_..o = Investment and Operating Cost to Build/Operate Intermittent Technology i for Owner
o Starting Operation In Year y in Region e for Region r (Millions of Dollars / Gigawatt)

CBCHy,. = Investment Cost to Build Canadian Hydro Capacity for Region r in Canadian Import
Supply Step s With Initial Online Year y (Millions of Dollars / Gigawatt)

CDSMy_ = Total Investment Cost of Demand Side Management Technology d Starting In Year
y for Region r (Millions of Dollars / Gigawatt Equivalent)

CFGDy,,_, = Investment Cost to Scrub Capacity Type c to Capacity Type k In Retrofit Cluster u in
Year y and Region r (Millions of Dollars / Gigawatt)

PPCDy_= = Incremental Purchased Power Costs in Year j for Dispatchable Capacity Type c, Built
in Year y for Region r (Millions of Dollars / Gigawatt)

PPCR.in = Incremental Purchased Power Costs in Year j for Renewable Capacity Type n, Built
in Year y for Region r (Millions of Dollars / Gigawatt)

PPCly_ = Incremental Purchased Power Costs in Year j for Intermittent Capacity Type i, Built in
Year y for Region r (Millions of Dollars / Gigawatt)

PPCCy,. = Incremental Purchased Power Costs for Canadian Hydroelectric Power Step s in Year
y for Region r (Millions of Dollars / Gigawatt)

EBITD_,_ = Incremental Earnings Before Interest and Taxes in Year j for Dispatchable Capacity
.. Type c, Built in Year y for Region r (Millionsof Dollars/ Gigawatt)

EBITRy,in = Incremental Earnings Before Interest and Taxes in Year j for RenewableCapacity
Type n, Built in Year y for Regionr (Millionsof Dollars/ Gigawatt)

EBITly_ = Incremental Earnings Before Interest and Taxes in Year j for IntermittentCapacity
Type i, Builtin Year y for Region r (Millionsof Dollars/ Gigawatt)

EBITFy_d,. = Incremental EarningsBefore Interestand Taxes in Year j for Investmentin Flue Gas
Desulfurizationfor Capacity Type c Transformingit to CapacityType k, Built inYear
y for Region r (Millionsof Dollars! Gigawatt)

The derivationof these coefficients is contained inAppendix B.
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4.3.5 Objective Function

The objectivefunctionof the planningcomponentisto minimizethe total,discountedpresent value of the
costsof meetingdemand and complyingwith environmentalregulationsoverthe entire planninghorizon.
The coefficientof each decisionvariable representsthe presentvalue of that particularcost component,
discountedto the currentforecast year. The total cost includesboth investmentcosts associated with
changes in capital stock and variablecosts that result from the operation of the available generating
capability. Cost componentsin the objectivefunctioninclude

o operationof dispatchable capacitytypes (COPDy_m" OPDyr=m)
0 operationof renewablecapacity types(COPRymm" OPRym_)
0 operationof hydrocapacity (COPHy,_.OPHy,)
o constructionandoperationof intermittentrenewabletechnologies

(CINTy.o• INTy_o)
o implementationof DSM programs(CDSMy,e• DSMy_)
o installationof pollutioncontroldevicesat existingunits(CFGDy,_u• FGDy,ck.)
o transferof capacity betweenregions(CTRNy.=• TRNy.=).
o constructionof new dispatchablecapacitytypes (CBLDy,co• BLDy=).
o constructionof new dispatchablecapacitytypesfor anotherregion(CBDI._ o • BDly.,,o).
o constructionof Canadian Hydrocapacityfor region(CBCHy,,• BCHy.,).
o constructionof new intermittentcapacitytypes for another region (CBlly.,,o• Blly.J.
o constructionof new renewablecapacitytypes (CRNWymo° RNW_mo).
0 constructionof new renewablecapacitytypes for anotherregion (CBRly..,o• BRly.,J.

The objectivefunctionis expressedas follows:

(1) MIN EE_Z_COPDy_'OPDy_ +E_COPRy_'OPRy.= +_Z_COPHy.I'OPHy., +
y r c m f y r c y r 1

E E E E CINT_" INT_ + E E E CDSM_" DSMmi + E E E E E CFGDr_._"FGD_._ +
y r i o y r d y r c k u

E E E E CTRNy" TRNy_=+ E E E E CBLDy=" BLDy= + E E E E E CBDIy_=o"BDIy_= +
y e c r y r c o y • r c o

E E E CBCHy_"BCHy= + E E E E E CBIIy,_"BIIye_+ E E E E CRNWy=o"RNWno +
y r s y e i r o y r n o

EE E E ECBRI,.-Bm
y • n r o

4.3.6 Description of Constraints

Emissions

These constraintslimit the emissionsproducedas a resultof electricitygeneration. The equations
belowaredescribedfor SO2emissions,butsimilarconstraintscan be includedfor otheremissionssuch
as carbonby substitutingthe appropriateemissionscoefficient. The ECP can accommodatemultiple
emissions restrictionssimultaneouslyby incorporatingeach set of constraintswithinthe model.

Accordingto the CAAA, the allowancesfor SO2 emissionsmay be traded nationwideamong utilities
and nonutilitiesso the correspondinglimiton emissionsin each year is actuallynational rather than
regionalor utility-level. In each year, the emissionslimit is determinedby the sum of the allowances
(ALWy). However, the allowancesdo not have be used in the year that they are allocated--theycan
be banked for future use. In the model,bankingwill be representedby rollingan allowanceforward
to the next year where it can again be used or banked. Therefore, emissionsin a given year can
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exceed the sum of the allowances by using allowances banked in a previous year (BNKpy)or
decreased by banking allowancesfor a subsequentyear (BNKyn). Since the ECP searches for the
planningoptionsthat minimizethe presentvalue of costs for the entire planninghorizon,bankingwill
occur if the present value of the cost of reducingemissions in the given year is less than the
correspondingvalue in the subsequentyear.

Potentially,each capacitytype mayproduceemissions.The level depends on the fuel used, pollution
controldevicesinstalled,andamountofelectricityproduced. The decisionvariableOPRy,=mrepresents
the allocationof generatingcapacity type c and fuel type f to mode of operation m. The coefficient
SO2y,_mdescribesthe correspondingemissionsrate associatedwith the productionof electricity. It

• accountsfor the utilizationrate forthe capacitytype, the fuel consumed,and removalof emissions(if
any) due to pollutioncontrolequipment. The productof the two terms gives the total emissions. A
nationallevel constraintis representedas follows:

" (2) __SO2_'OPD_+BNK -BNK < ALW,r c f m

for every year y in the planninghorizon.

If some states mandate more stringentstandardsby prohibitingallowance trading, then additional
regionalconstraintswouldbe needed. For each region,the limiton emissionswouldbe the sum of
allowancesallocatedto unitswithin the region(RGSv,). The regionalconstraints are structured as
follows:

(3) _[_[_]E_SO2m_m'OPD _ < RGS_c f m

for every year y and for each regionr with more stringent SO2 regulations.

Withina givenelectricitysupplyregion,somestatesmay impose additionalstandardswhereasothers
may not. If a particularstate prohibitsallowancetrading, then utilitieswithin that state will not be
allowedto exceed theiremissionslimit bypurchasingallowances. Consequently,these utilitiesmust
developcomplianceplans that reflectthe amount of retrofittingand/or fuel switchingthat is required
to meet their allocationof allowances. These complianceplans, which must be reported to the
EnvironmentalProtectionAgency,will be incorporatedin the ECP as lowerboundson retrofittingand
fuel switchingso that utilities in the appropriatestate(s) achieve their emissions targets without
purchasingallowances.

The ECP can also representleast-emissionsdispatchingby minimizingemissionsrather than costs.
In thiscase, the left-hand sideof the emissionsconstraintwouldbecome the objectivefunction. The
originalobjective functionwould be representedas an accountingrow in order to determine the
associated cost. Allother constraintswouldremainunchanged. The flexibilityto minimizecostsor
emissionswill be implementedas a useroption.

" ElectricityLoad Requirements

These constraintsare specifiedbyverticalloadsegment, regionand year. Each load segment has a
- specific capacity (height) and energy (heighttimes width) requirement. Since the load segment

representsa fixed time slice,the capacity andenergyrequirementsare directlyproportionaland can
be measured in either capacityor energyunits. That is, the energy requirement for a given load
segment can be obtainedby multiplyingthe capacityrequirement (gigawatts)by the duration(hours)
of that time period.

The load segments are defined by a combinationof capacityrequirements,time of day, and seasonal
variations. The objective for the segment definitions is to be able to clearly map intermittent
technologies(i.e., solar and wind) and DSM technologiesto the appropriate load segmentswhile
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maintainingthe overall regionalload characteristics. For each segmentofthe loaddurationcurve,the
capacityrequirement(ELCy,_)correspondsto itsheight.

The energy requirementsfor each vertical segment can be satisfied by a number of different
alternatives. First,the energymay be producedby operatingdispatchabletechnologiesinoneor more
capacity factor modes. For example, conventional steam capacity can be operated in base or
intermediatemodes. In base mode, one unit of capacity wouldcontributeenergyto allload segments.
if the same capacityis operated in intermediatemode it wouldnot contributeto those load segments
with lowercapacity requirements. The contributionof a dispatchablecapacitytype towardsmeeting
the requirementsfor a given load segment is the productof the capacity assignedto that mode of
operation(OPDy,_) and the corresponding deratingfactor (ELAy,_r_).

Second, capacity using renewable energy sources (excluding intermittent technologies) such as
geothermal, biomass or municipal waste contribute to load. These technologies are used to their full
capability subject to energy resource constraints. There are two dispatch modes. First, the total
capacitycan be used over as of the peak most load slicesas possibleuntilall the renewableenergy
is used. Second,the capacitycan be operated at the average capacityfactoruniformlyover all the
loadsegments. In eithercase the contributionto load is the productof the capacity (OPRyr,m)and the
correspondingderate / capacityfactor (EL_mJm). For hydroelectricplants,the capacityconstraintis
convertedto anenergyconstraintandcapacity utilization(OPHyr,)isdeterminedindependentlyforeach
load segment. Each operate vector is bounded at the existingcapacity and thus precludingthe
additionof new unplannedcapacity.

Also,generatingcapacitywith intermittentenergysources(Existing- EXly_,New - INTyno,New Import -
Blly,,_o) can be used to satisfyenergyrequirements inthose load segmentsfor which inputenergy is
fully or partially available. For example, solar capacity can be used duringthose load segments in
whichthesunisshining. InvestmentinDSM technologies(DSMy,_)can satisfy(i.e., eliminate)capacity
and energy requirementsfor selected load segments. Each DSM technologycan have a different
profileof load impact to investment,such as general conservationor peak shavingand valleyfilling.
DSM programsthat shiftload requirementseliminatecapacity andenergyneedsinone segmentwhile
creating additionalneeds in anothersegment. Finally, load can be met from the purchaseof new
Canadianhydroelectricpower (BC_,).

Y

c f m n i o z..1
Y

i d z',.1
Y

> ELC+_ _ _ _ ELI=_. TLOSS= • BII_L.° + _ ELCHy,z BCH _ y,_
i 0 • 11=1

for every load step l in year y and region r.

CapacityBalance RoWs

For eachcapacitytype, region,and year, the capacity balanceequationslimit productionof electricity
by the availablegeneratingcapability. They are specifiedfor all availableconventional andadvanced
plant types. Utility and nonutilityplants will be classified as different capacity types so that their
respectivecontributionsto electricity supplycan be determined. New and existingunitsof the same
plant type will be considered separate capacity types if warranted by differences in cost and
performancecharacteristics.Units .vithand withoutscrubbersare alsoplacedintoseparatecategories
becausethey have differentcosts and emission rates.

Eachoperatevector (OPDy,_) willconsume/usecapacity inorderto produceelectricity. The available
generatingcapabilityfor capacitytype c in each year is the sum of the existingcapacity (EXCyr_)and
the cumulativenew capacity (BLDy,=oor BDl_,oo)that has been placed into service. The amountof
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existingcapacityis also affected by decisionsto retrofitunitsand decisionsto exportor importexiting
capacity. For retrofits(FGDyr=I,the capacity balance row for coal capacitywithoutscrubbershas a
positivetermto indicatea decrease inthe availablecapacityandcorrespondingequationforcoalplants
with scrubbershas a negative term to reflect an increasein generatingcapability. Exports(TRN_,_)
have a positive term representinga use of nativecapacity. Imports (TRNy_) add to the available
capacitywith negativeterm. Renewablecapacity is representedin muchthe same way exceptthere
are no retrofits. Hydroelectric capacity is further restrictedto include only existingor committed
capacitywithno imports/ exportsor new buildsof any type. This recognizesthat the decisionto build
new hydroelectricfacilitiesis more stronglyinfluencedbythe availabilityof sites, environmentalissues
and other noneconomicfactors.

o

Dispatchab/e Capacity Ba/ance Row

- y Y Y

(5) E EOPD_=-EEBLD;_o + EFGD_-EFGDj,_ + ETRNy_g- ETRNy_,'TLOSSy,,
f m o j=l j,,1 j-l 8 •

Y

- E E E BDI_" TLOSSj_, - EXCr_ < 0.0
o e j=l

For every dispatchable capacity type c in year y in region r.

Renewab/e Capacity Ba/ance Row

y y
< 0.0

(6) OPRy_ - E E RNW_o - E E E BRI_="TLOSS_,r + E TRN_ 8 - E TRNye_r"TLOSSyer- EXRy_ _
o ]-1 o e j,,1 8 e

For every renewablecapacitytype n in year y in regionr.

Hydro Energy Balance Row

(7) _ OPHx,,.F.LR_ - EXH_ _<0.0
1

For every year y in regionr.

Reserve Marain ReCluirement

The reserve marginconstraintsinsurethat the planningdecisionsthat increasesupplyby addingnew
•. generatingcapabilityor reduce or shiftdemand by implementingdemand-sidemanagementprograms

are sufficientto satisfyregionalreliabilityrequirements.Planningdecisionswillhaveto be implemented
ifthetotalcapacityrequirement(RMQy,)exceedsthe existingcapacity(_EXCy,=+ T.,,EXF_m+ _EXly,).
Decisionsto retrofitexistingcoal-firedunitswithscrubbers(FGDy_) willhavenoeffectontotalcapacity
but it will shift capacity between two types (unscrubbedto scrubbed). Available capacitycan be
increased by building new capacity--either dispatchable(BLDy= , BDly,oo),renewable(RNWyr,o,
BRI_.,_)or intermittent(INTy,o, Blly._o).Alternatively,the needfor additionalcapacitycanbe offsetby
DSM programs. For an intermittenttechnology,its capacitycredit (RMly_)will dependon itsabilityto
proviaeelectricitywhen the peak demand occurs. Similarly,the contributionfor a givenDSM program
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(RMDiy,d)will depend on its ability to reduce the peak load. In addition, the amount of capacity is
affected by imports / exports (TRNy,_ / TRNy_,I and by Canadian hydroelectric imports (BCHy_)

The reserve margin constraintis formulated as follows:
Y Y Y Y

(8) EE E BLDj. E E E . E E E . E ER jDSM,
c o j-1 i o j=l n o j-1 d j-1

y Y Y

+/ - E E E E FGDj,_ + E E E E BDI_" TLOSS_, + E E E E RMRB"TLOSS_r"BRI,n_o
c k u j-1 c o e j-1 n o e j_l

Y

+ E E E E BII TLOSS_"RMI_ + EXCy_+ E EXRy" RMRy_ yri y,i
i o e j-1 _ n i

y

+E E BCH_" RMRm +E TRNy_s- E TRNy..r"TLOSSyer> RMQy,
s j=l 8 e

For everyyear y and region r.

PurchasedCapacityConstraint

The purchasedcapacityconstraintisdesignedto establishanappropriatebalancebetweenpurchased
capacity and utilityowned capacity. There are two basic conceptsbehind the formulationof this
constraint. First, purchasedpowerpaymentsare consideredto bethe equivalentof debt. Like debt,
purchased power payments limitthe financial flexibilityof utilitiesand tend to diminish the utilities
attractivenessto investors. Second, the interestcoverageratioisthe measurechosento quantifythe
financial acceptabilityof the mix between purchasedpower and utilityowned capacity. The interest
coverageratio isdefinedas the earningsbefore interestandtaxes dividedby interestexpenses.Inthe
model structurethe interestcoverageratiohasbeen modifiedto includepurchasepower payments as
debt and a minimumtarget ratio is specified.

Calculationof earningsbefore taxes, interestandpurchasedpower paymentscome from three basic
sourceswithinthe modelstructure.First,earningsfromthe existingratebase(EBITXy,)are inputto the
ECP for each year y and region r. Second, revenues requiredto pay for new purchased power
contracts are a functionof the unplannednon-utilitybuilds(ownershiptype o = N) and contractsfor
power from new Canadian hydroelectricprojectsdeterminedbythe ECP. The new purchasedpower
payments are expressedas:

Y Y Y

(9) E E PPCDm:" BLD_o._ + E E PPCRm,,"RNW_,o._ +E E PPCI_-INT_<o.._c j,,_ n j< i _,1

+ _ PPCCy." BCH
S

For every year y and region r.

Third, the earnings generated from new utilityinvestments(Ownershiptype o = U) are a functionof
the utilitygeneration capacity additionsand investmentin new FGD units determined by the ECP.
These contributionsto earningsfrom unplannedutility additionsare expressedas:

y Y Y

(10) E E EBITD_" BLDj_o.u_+ E E EB1TR_" RNW_,o.U)+ E E EBITIy_"INT_,o.L_
c j,.z y n j-1 i j=l

+ E E E E EB1TFm_" FGD_
c k u j_1

For every year y and region r.
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Interestexpense is a combinationof interestexpensefrom existingsources(INTEXPy,) and the new
• purchasedpower costsas defined above.The ratioof earned incometo interestexpense is required

to meet or exceeda target interestcoverageratio(TICR) for all regionsr and years y. This resultsin
the followingequation:

(11) EBITX + _ _ PPCD • BLDj_(o_ +_ _ PPCRmn"RNWj_(o._
Y yr c j=l yqc = n j=l y

+ E _[_PPCI_" INTj,_,o.N_+ ? PPCC m. BCHm, _ _ EBITD:_. BLDj,_o.t_i j,,1 c
Y Y Y

• *_ _ EBITR_."RNW_.<o.=*]_ }_EBITI_"INT_<o.=*_ _ _ _ EBITFm=k.="FGDj,_
n j=l i j=l c k u j=l

- INTEXP * E E PPCDy_" BLD_o.N_+ E E PPCRmn"RNW_,o.N) \

c j-1 n j-l y /

Ji j=l s

> TICR

For every year y and region r.

When this equationis restructuredto placethe modeldependent computationson the left-handside
and the previouslydeterminedvalues onthe right-handside, this constraintappears as follows:

y Y y

(12) ]_ _ PPCDm="BLDj_o._ * ]E_]_ PPCRm_"RNWj_(o-N)+ _ _ PPCIm/INTj,(o-_
c _._ n j< i j-1

I' 1.I;PPCC, 'BCH,- EBIT

-77, TICR - 1.0 "INT_c°'u_
_, i ,1=1

- k j=l

EBITX - INTEXP
> yr yr

" TICR - 1.0

For every year y and region r.

ElectricityExDortConstraint

The export constraint limitsthe interregionalflow of electricityout of a region in accordance with
existingtransmissioncapability.

(13) _ _ TRNm_ < EXPy,
c 8

For every year y and region r.
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DispatchableCapacityBuildLimit

The dispatchablecapacitybuildlimitsimulatesdisincentivesfor overbuildingsuchas the disallowance
by public utilitycommissionsof capital additionsto the rate base for new plants that are excess
capacity.Thisconstraintalso incorporatescontributionsto the reservemarginrequirementofCanadian
hydroelectricprojectsand plantsbuiltin one regionto serve another.

y Y

(14) ]E_]E_BLD +_:_:_:_:_BDI. -TLOSS +]E_BCHFoo F'cro Fr T_s
c O j=! C o e j-l s

Y Y

+ E E E _'BO + E E E E BRI_m° TLOSS_er
n o j-1 n o e j_l

<_MAX(RM%-_ EXC,_-__X_, 0.0
¢ n

For everyyear y and regionr.

Demand-SideManaQementImplementationLimit

Each DSM programcan only be activatedup to 100% penetrationover all forecastyear. Thus it can
be constrainedto less than 100% in one planningcycle if it has been partiallyselectedin a previous
planning cycle.

Y

(15) :_DSMi_ < DSML_
j=:

For every demand-sidemanagementtechnologyd and region r.

IntermittentBuildLimit

The limit on new intermittentcapacity result from a combinationof resource constraintsand new
technologypenetrationlimits.

y Y

(16) _INT_ +__BII_,_ _<INTLi,
o j=l o e j=l

For every intermittenttechnologyi and region r.

Renewable BuildLimit

The limit on new renewable capacity result from a combinationof resource constraintsand new
technologypenetrationlimits.

y Y

(17) _l_-W_.o+_ _ B__ _<m_,L
o j=l o e j-l

For every renewable capacity type n and region r.
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FGD Retrofit Limit

The FGD retrofit limit reflects the total amount of unscrubbed capacity type c available for retrofit at the
cost given for retrofit cluster u.

y

(18) _ _ FGDj,_._< FGDL=
k j=l

For everyunscrubbedcapacitytype c and cluster groupu in region r.
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AppendixA

INVENTORY OF DATA

This appendix provides a list of variables in the ECP. Each variable is classifiedas a parameter, input, or
output. Parameters are considered to be variables used in the definition of the model, such as the number
of regions and length of the forecast horizon. The listing for input variables contains the source, which
includes exogenous reports and organizations, other modules of the NEMS, and other submodules of the
EMM. Each variable type is accompanied by a definition and the appropriate units. This inventory also
notes if data are aggregated or an alternate naming convention (alias) is used in the mathematical
specification of the model equations (Section 4.3) and the derivation of the coefficients (Appendix B).
Finally, a listing of ECP subroutines containing each variable is provided.

PARAMETERS

ECP Variable: ECP$CAP
Definition: Total numberof plant types represented in the ECP (dispatchable (17) +

intermittent(2) + renewable (5))
Units: Scalar (24)
Arias: None
Level of Aggregatlon: None
Subroutines: EPO$BILD

1 = ExistingUnscrubbedCoal with SO2standard<_1.20 Ibs / MMbtu
2 = ExistingUnscrubbedCoalwith SO2standard_<2.50 Ibs / MMbtu
3 = ExistingUnscrubbedCoalwith SO2standard<_3.34 Ibs / MMbtu
4 = Existing UnscrubbedCoalwith SO2standard> 3.34 Ibs / MMbtu
5 = ExistingScrubbedCoal withSO2 standard<_1.20 Ibs / MMbtu
6 = ExistingScrubbedCoal with SO2standard_<2.50 Ibs / MMbtu
7 = ExistingScrubbed Coal with SO2standard<_3.34 Ibs / MMbtu
8 = ExistingScrubbed Coal with SO2standard> 3.34 Ibs / MMbtu
9 = New PulverizedCoal with Scrubber
10 = AdvancedClean Coal Technology
11 = Gas/Oil Steam (New or existing)
12 = ConventionalGas/Oil CombinedCycle (New or existing)
13 = AdvancedGas/Oil CombinedCycle
14 = ConventionalCombustionTurbine(New or existing)
15 = Advanced CombustionTurbine
16 = ConventionalNuclear (New or existing)
17 = Advanced Nuclear
18 = Solar
19 = Wind
20 = ConventionalHydro
21 = Pump Storage Hydro
22 = Geothermal
23 = Wood
24 = MunicipalSolid Waste
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ECP Variable: ECP$CIS
Definition: Numberof steps for Canadian importsupply curve
Units: Scalar (2 steps)
Alias: LP Dimension: s = 1,ECP$CIS
Level of Aggregation: None
Subroutines: EP$ETT, EPO$ETT

1 = Low Cost SupplyStep
2 = High Cost SupplyStep

g

ECP Variable: ECP$DBNM
. Definition: Name assignedto LP modelfor use byOML

Units: Character ('ACTEMMr)
Alias: None
Level of Aggregation: None
Subroutines: ECPOML

ECP Variable: ECP$DSM
Definition: Numberof DSM programtypes
Units: Scalar (12)
Alias: LP Dimension: d = 1,ECP$DSM
Level of Aggregation: None
Subroutines: EP$DSM

ECP Variable: ECP$DSP
Definition: Number of dispatchablecapacitytypes
Units: Scalar (17) i
Alias: LP Dimension: c = 1,ECP$DSP
Level of Aggregation: None
Subroutines: EP$BLD, EP$RETRO, EP$BDSP, EP$ODSP, EP$1NT, EP$BRNW,

1 = ExistingUnscrubbedCoalwithSO2standard_<1.20 Ibs / MMbtu
2 = ExistingUnscrubbedCoalwithSO2 standard_<2.50 Ibs / MMbtu
3 = ExistingUnscrubbedCoalwithSO2 standard< 3.34 Ibs / MMbtu
4 = ExistingUnscrubbedCoalwithSO2 standard> 3.34 Ibs / MMbtu
5 = ExistingScrubbedCoalwith SO2standard< 1.20 Ibs / MMbtu
6 = ExistingScrubbed Coalwith SO2standard<_2.50 Ibs / MMbtu

, 7 = Existing Scrubbed Coalwith SO2standard __.3.34 Ibs / MMbtu
8 = Existing Scrubbed Coal with SO2standard > 3.34 Ibs / MMbtu
9 = New Pulverized Coal with Scrubber
10 = Advanced Clean Coal Technology

" 11 = Gas/Oil Steam (New or existing)
12 = ConventionalGas/Oil CombinedCycle (New or existing)
13 = Advanced Gas/OilCombinedCycle
14 = ConventionalCombustionTurbine(New or existing)
15 = Advanced CombustionTurbine
16 = ConventionalNuclear (Newor existing)
17 = Advanced Nuclear
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ECP Variable: ECP$FILEB
Definition: Name of LP basis file used by OML
Units: Character('ECP$DECK')
Alias: None
Level of Aggregation: None
Subroutines: ECPOML

ECP Variable: ECP$FPH
Definition: Length of full planning horizon (i.e., number of years for life-cycle cost

calculations)
Units: Years (30)
Alias: LP Dimension: z = 1,ECP$FPH
Level of Aggregation: None
Subroutines: ECPOML, EP$ETT, EPSRETRO, EP$BDSP, EPFLPRC, EP$1NT,EP$BRNW,

EPO$BILD

ECP Variable: ECP$FPP
Definition: Numberof fuel types used by a planttype
Units: Scalar (Maximum=4)
Alias: LPDimension: f = 1,ECP$FPP
Level of Aggregation: None
Subroutines: EP$ODSP

1 = PrimaryFuel
2 = FirstAlternateFuel
3 = SecondAlternateFuel
4 = Third AlternateChoice

ECP Variable: ECP$1NT
Definition: Numberof intermittentcapacitytypes
Units: Scalar (2)
Alias: LP Dimension: i= 1,ECP$1NT
Level of Aggregation: None
Subroutines: EP$BLD, EP$1NT, EP$BRNW, EPO$BILD

1 - Solar
2 = Wind

/,

ECP Variable: ECP$LCP
Definition: Longestconstructionlead time
Units: Scalar (4)
Alias: None
Level of Aggregation: None
Subroutines: EPOSBILD
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ECP Variable: ECP$MSP
Definition: Numberof seasonalperiods
Units: Scalar (3)
Alias: None
Level of Aggregation: None
SubrouUnes: EP$ODSP, EPDRATE

1 = Summer
2 = Winter
3 = Offpeak (Spring,Fall)

I

ECP Variable: ECPSNFL
. Definition: Numberof fuel types used by all capacitytypes

Units: Scalar (20)
AliaS: None
Level of Aggregation: None
Subroutines: EPFLPRC, EP$ODSP

1 = Low-SulfurCoal (SO2-< 1.2 Ib/mmbtu)
2 = Medium Sulfur(1.2 < SO2-<2.5)
3 = High Sulfur (2.5 < SO2 _<3.34)
4 = Very High Sulfur(SO2 > 3.34)
5 = DistillateFuel Oil
6 = Low-SulfurResidualFuel Oil (<1% sulfur)
7 = High-SulfurResidualFuelOil (>1% sulfur)
8 = Natural Gas--Firm(combinedcycle, single-firedsteam)
9 = Natural Gas--Interruptible(combustionturbines)
10 = Natural Gas--Competitive(dual-firedsteam)
11 = Uranium
12 = Water
13 = Geothermal Steam
14 = Refuse
15 = Wood
16 = Wind
17 = Sun
18 = MaximumNatural Gas/MaximumHigh-SuffurResidualFuel Oil/

MinimumLow-SulfurResidualFuel Oil
19 = Maximum NaturalGas/MaximumLow-SulfurResidualFuel Oil/

MinimumHigh-SulfurResidualFuel Oil
20 = Maximum Natural Gas/MinimumDistillateFuel Oil

Note: Each electricitysupplyregion is characteriz_,;:dby a limiton electricitygenerationfrom natural
gas and high-sulfurresidualfuel oildue to fuel availabilityand environmentalregulations. Fuel
types 18 through20 representcombinationsof sharesforgas andoilconsumptionindual-fired

. units.
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ECP Variable: ECP$OWN
Definition: Ownershiptypes
Units: Scalar (2)
Alias: LP Dimension: o = 1,ECP$OWN
Level of Aggregation: None
Subroutines: EP$1NT,EP$BRNW, EPO$BILD

1 = Utility
2 = Nonutility

ECP Variable: ECP$PROB
Definition: Problemname for Ip model

' Units: Character ('ACTPROB')
Alias: None
Level of Aggregation: None
Subroutines: ECPOML

ECP Variable: ECP$RNW
Definition: Numberof non-intermittentrenewablecapacitytypes
Units: Scalar (5)
Alias: LP Dimension: n = 1,ECP$RNW
Level of Aggregation: None
Subroutlrles: EP$BLD, EP$BRNW, EP$ORNW

1 = ConventionalHydro
2 = PumpStorage Hydro
3 = Geothermal
4 = Wood
5 = MunicipalSolid Waste

ECP Variable: ECP$SCR
Definition: Numberof clustersof candidatesfor scrubber retrofits
Units: Scalar (1)
Alias: LP Dimension: u = 1,ECP$SCR
Level of Aggregation: None
Subroutines: EP$RETRO, EPO$RETRO
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ECP Variable: ECP$VLS
Definition: Numberof vertical load slices
Units: Scalar (22)
Alias: LP Dimension: I= 1,ECP$VLS
Level of Aggregation: None
SubrouUnes: EP$ETT, EP$ODSP, EPDRATE, EP$1NT, EP$ORNW, EPO$AVOID

There are 9 seasonal/time-of-dayloadgroups,as defined below.

" LoadGroup Months Hours
Summer Daytime June - September 7:00 a.m. - 6:00 p.m.

. Summer Morning/Evening June - September 5:00 a.m. - 7:00 a.m.,
6:00 p.m. - 12:00 p.m.

SummerNight June - September 12:00 p.m. - 5:00 a.m.

WinterDaytime December- March 7:00 a.m. - 6:00 p.m.

WinterMorning/Evening December- March 5:00 a.m. - 7:00 a.m.,
6:00 p.m. - 12:00 p.m.

Winter Night December - March 12:00 p.m. - 5:00 a.m.

Fall/Spring April - May, 7:00 a.m. - 6:00 p.m.
Daytime October- November

Fall/Spring April - May, 5:00 a.m. - 7:00 a.m.,
Morning/Evening October-November 6:00 p.m. - 12:00 p.m.

Fall/Spring April - May, 12:00 p.m. - 5:00 a.m.
Night October- November

The demandsfor Summer Daytime, Summer Evening, Winter Daytime,and
Winter Evening load groups are approximated using three vertical slices
(rectangles):Peak(highest2% of load), Near Peak(next 49% of load) and
OffPeak (lowest 49% of load). The remaining load groups contain two
segments,Near Peak(highest50% of load)and OffPeak(lowest50% of load)
for a total of 22 loadsegments. The twenty-two load segmentsare assigned
rankingsfrom lowest(l=baseloacl)to highest(22=peak) and the order varies
from regionto region. The maximumhourlydemand is used as the heightof$

the Peak segmentin order to accuratelycapturethe total need for capacity.
The average demand is used for the Near Peak and Offpeak segments to
accuratelycapturethe need for electricitygeneration.

,,i
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ECP Variable: ECP$XPH
Definition: Lengthof explicitplanninghorizon
Units: Years (6)
Alias: LP Dimension: y = 1,ECP$XPH
Level of Aggregation: None
Subroutines: ELECP, ECPOML, EP$ALLOW, EP$E_TI',EPSBLD, EP$PCL, EP$RETRO,

EP$BDSP, EPFLPRC, EP$1NT, EP$BRNW, EP$DSM, EPO$BILD,
EPO$AVOID, EPO$BANK

1 = FirstYear of PlanningHorizon
2 = Second Year of Planning Horizon
3 = ThirdYear of Plav,ningHorizon
4 = FourthYear of Planning Horizon
5 = FifthYear of PlanningHorizon .
6 = Last Year of Planning Horizon

ECP Variable: ECPACT
Definition: Year to writeout ACTFILE (e.g. 1995)
Units: Scalar (Default = First Year of ElectricityCapacity Planning Submodule

Execution.)
Alias: None

Level of Aggregation: None
Source: Run Time Option: User Specified
Subroutines: ECPOML

ECP Variable: ECPBASIS
Definition: Switchto controlstartingbasis
Units: Scalar (Default = 0)
Allas: None
Level of Aggregatlon: None
Source: Run Time Option: User Specified
Subroutines: ECPOML

0 Use startingbasis from previousyear's solution
1 Use startingbasis providedas inputfile
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ECP Variable: EFD$CAP
Definition: Number of dispatchable and renewable capacity types in Electricity Fuel

DispatchingSubmodule
Units: Scalar (EFD$DSP(16) + EFD$RNW(8) = 24)
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD

1 = Bituminous
2 = Bituminous/Subbituminous

- 3 = Subbituminous

4 = Subbituminous/Lignite
5 = Lignite
6 = Oil Steam
7 = Oil/Gas Steam
8 = Gas Steam
9 = Oil Turbine
10 = Oil/GasTurbine
11 = Gas Turbines
12 = Oil CombinedCycle
13 = Oil/Gas CombinedCycle
14 = Gas CombinedCycle
15 = NuclearBoilingWater Reactor
16 = NuclearPressureWater Reactor
17 = ConventionalHydroelectric
18 = HydroPipeline
19 = HydroReversible
20 = Geothermal
21 = MunicipalSolid Waste
22 = Wood/Biomass
23 = Solar
24 = Wind
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ECP Variable: EFD$DSP
Definition: Number of dispatchable capacity types in Electricity Fuel Dispatching

Submodule
Units: Scalar (16)
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD

1 Bituminous
2 Bituminous/Subbituminous
3 Subbituminous
4 Subbituminous/Lignite
5 Lignite
6 Oil Steam .
7 Oil/Gas Steam
8 Gas Steam
9 Oil Turbine
10 Oil/Gas Turbine
11 Gas Turbines
12 Oil CombinedCycle
13 Oil/Gas CombinedCycle
14 Gas CombinedCycle
15 NuclearBoilingWater Reactor
16 NuclearPressureWater Reactor

ECP Variable: EFD$FPP
Definition: Numberof fuel types used by a planttype in ElectricityFuel Dispatching
Units: Scalar (4 -- 1 primaryand 3 alternate fuels)
Allas: None
Level of Aggregation: None
Subroutines: EPO$RETRO

1 PrimaryFuel
2 SecondaryFuel
3 Third Choice Fuel
4 FourthChoice

ECP Variable: EFD$MFRG
DefinlUon: Maximumnumberof fuel supply regions(includingU.S. total) by fuel type in

ElectricityFuel .Dispatching
Unlts: Scalar (24 -- 11 Oil Regions (Census Divisions), 22 Gas Regions,24 Coal t

Regions)
Allas: None
Level of AggregaUon: None
Subroutines: EPFLPRC
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ECP Variable: EFD$MSP
Definition: Number of seasonal periods in ElectricityFuel Dispatching
Units: Scalar (6 2-month periods)
Alias: None

Level of Aggregation: None
Subroutines: EPO$ETT

1 = January and February
2 = December and March
3 = May and April

" 4 = June and September
5 = July and August
6 = November and October

q

ECP Variable: EFD$NFL
Definition: Numberof inputfuel types (includingtotal) in ElectricityFuel Dispatching
Units: Scalar (20)
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EP$ODSP

1 UILL Low Sulfur LigniteCoal
2 UILM Medium SulfurLigniteCoal
3 UILH High Sulfur LigniteCoal
4 UILV Very High Sulfur Coal
5 UISL Low Sulfur SubbituminousCoal
6 UISM Medium SulfurSubbituminousCoal
7 UlSH High Sulfur SubbituminousCoal
8 UISV Very High SulfurSubbituminousCoal
9 UIBL Low Sulfur BituminousCoal
10 UIBM Medium SulfurBituminousCoal
11 UIBH High Sulfur BituminousCoal
12 UIBV Very High SulfurBituminousCoal
13 UIDS DistillateOil
14 UIRL ResidualLow Sulfur Oil
15 UIRH ResidualHigh SulfurOil
16 UIGF Natural Gas - Firm
17 UIGC Natural Gas -Interruptible
18 UIGi Natural Gas - Competitive

, 19 UIUF Nuclear
20 UIUR Uranium

Energy Information Administration/Documentation - Electricity Capacity Planning Submodule 51



ECP Variable: EMMIO

Definition: Memory requirementfor LP model in ECP
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: ECPOML

ECP Variable: MNUMCR
Definition: Numberof Census Divisions
Units: Scalar (11)
Alias: None
Level of Aggregation: None
Source: IntegratingModule
Subroutines: EPFLPRC

1 New England
2 MiddleAtlantic
3 EastNorth Central
4 West North Central
5 SouthAtlantic
6 EastSouth Central
7 West South Central
8 Mountain
9 Pacific
10 California
11 U.S. Total

ECP Variable: MNUMNR

I)efinition: Numberof ElectricitySupply Regions
Units: Scalar (16)
Alias: None

Level of Aggregation: None
Source: Integrating Module
Subroutines: ELECP

1 ECAR East Central
2 ERCOT Texas
3 MAAC Mid-Atlantic
4 MAIN Mid-American
5 MAPP Mid-Continent
6 NY New York
7 NE New England .
8 FL Florida
9 STV Southem & TennesseeValley
10 SPP Southwest PowerPool
11 NWP Northwest PowerPool
12 RA RockyMountain,Arizona, New Mexico
13 CNV California,SouthernNevada
14 ASCC Alaska
15 Hawaii
16 NationalTotal
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ECP Varlabt_: MNUMYR
Definition: Numberof NEMS ForecastYears
Units: Scalar (29)
Alias: None
Level of Aggregation: None
Source: IntegratingModule
Subroutines: ELECP, ECPOML, EP$RETRO, EP$BDSP, EP$1NT,EP$BRNW, EPO$BILD

1990-2015, 2020, 2025, 2030

ECP Variable: UIBL
. Definition: Indexfor low-sulfurbituminouscoal

Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UIBM
Definition: Indexfor medium-sulfurbituminouscoal
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UIBH
Definition: Index for high-sulfurbituminouscoal
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UIBV
Definition: Index for very high-sulfurbituminouscoal
Units: Scalar
Alias: None
Level of Aggregation: None

. Subroutines: EPFLPRC, EPO$BILD
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ECP Variable: UISL
Definition: Index for low-sulfursubbituminouscoal
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UISM
Definition: Indexfor medium-sulfursubbituminouscoal °
Units: Scalar
Alias: None

i

Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UISH
Definition: Indexfor high-sulfursubbituminouscoal
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UISV
Definition: Indexfor very high-sulfursubbiturninouscoal
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UILL
Definition: Indexfor low-sulfurlignite
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD
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ECP Variable: UILM
Definition: Indexfor medium-sulfurlignite
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UILH
Definition: Indexfor high-sulfurlignite
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

.6

ECP Variable: UISV
Definition: Indexfor very high-sulfurlignite
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC, EPO$BILD

ECP Variable: UNFUELS

Definition: Numberof inputfuels for dispatching
Units: Scalar (19)
Alias: None
Level of Aggregation: None
Subroutines: EPFLPRC

1 UILL Low Sulfur Lignite Coal
2 UILM MediumSulfur LigniteCoal
3 UILH High Sulfur LigniteCoal
4 UILV Very High Sulfur Coal
5 UISL Low SulfurSubbituminousCoal
6 UISM Medium Sulfur SubbituminousCoal
7 UISH High Sulfur SubbituminousCoal
8 UISV Very High Sulfur SubbituminousCoal
9 UIBL Low Sulfur BituminousCoal
10 UIBM Medium Sulfur BituminousCoal
11 UIBH High Sulfur BituminousCoal
12 UIBV Very High Sulfur BituminousCoal
13 UIDS DistilliteOil

. 14 UIRL ResidualLow Sulfur Oil
15 UIRH ResidualHigh Sulfur Oil
16 UIGF NaturalGas - Firm
17 UIGC Natural Gas - interruptible

" 18 UIGI Natural Gas - Competitive
19 UIUF Nuclear
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ECP Variable: UNRGNS
Definition: Number of ElectricitySupply Regions
Units: Scalar (13--excludesAlaska and Hawaii)
Alias: LP Dimension: r = 1,UNRGNS
Level of Aggregation: None
Subroutines: ECPOML, EP$ETT, EPO$ETT

1 ECAR East Central
2 ERCOT Texas
3 MAAC Mid-Atlantic
4 MAIN Mid-American
5 MAPP Mid-Continent ,.
6 NY New York
7 NE New England
8 FL Florida
9 STV Southern& Tennessee Valley
0 SPP SouthwestPower Pool
A NWP NorthwestPower Pool
B RA Rocky Mountain, Arizona,New Mexico
C CNV California,Southern Nevada

ECP Variable: UPBND
DefinlUon: Name of bound rowfor LP model
Units: Character ('BNDI')
Alias: None
Level of Aggregation: None
Subroutines: ECPOML, EP$ALLOW, EP$ETT, EP$MRM, EP$BLD, EP$BDSP, EP$1NT,

EP$BRNW, EP$ORNW

ECP Variable: UPDETT
,I)efinition: Switch to allow/disallow interregional build decisions for dispatchable

technologies
Units: Scalar
Alias: None
Level of Aggregation: Dispatchablecapacitytypes
Subroutines: EP$BLD, EP$BDSP, EPO$BILD

0 Disallow
1 Allow
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ECP Variable: UPDMCD
Definition: Code for DSM programgroups
Units: Character ('DI' - 'DB')
Alias: None
Level of Aggregation: DSM programgroups
Source: Load and Demand-SideManagementSubmodule(notyet linked)
Subroutines: EP$DSM

" ECP Variable: UPDNUG
Definition: Switch to allow/disallow nonutilitybuild decisions for dispatchable capacity

types
. Units: Scalar

Alias: None
Level of Aggregation: Dispatchablecapacitytypes
Subroutines: EP$BLD, EP$BDSP

0 Disallow
1 Allow

ECP Variable: UPEFPT
Definition: Assettype for pricing
Units: Character
Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
SubrouUnes: EPO$BILD

'1' Coal
'3' Steam
'5' CombinedCycle
'9' CombustionTurbine
'10' Nuclear
'11' Pumped Storage
'12' Renewables

ECP Variable: UPFLCD
Definition: Fuels codes for column namesin LP model
Units: Character

• Allas: None
Level of Aggregation: Sulfurcategoriesfor coal
Subroutlrms: EPO$DSP

" CL Low-SulfurCoal (SO2-<1.2 Ib/mmbtu)
CM MediumSulfur(1.2 < SO2- 2.5)
CH High Sulfur (2.5 < SO2 _<3.34)
CV Very High Sulfur (SO2 > 3.34)
DS DistillateFuel Oil
RL Low-SulfurResidualFuel Oil (_<1%sulfur)
RH High-SulfurResidualFuel Oil (>1% sulfur)
GF Natural Gas--Firm (combinedcycle,single-firedsteam)
GI Natural Gas-lnterruptible (combustionturbines)
GC Natural Gas--Competitive(dual-firedsteam)
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UR Uranium
WA Water
GS Geothermal Steam
RF Refuse
WO Wood
Wl Wind
SU Sun
GH Max Gas/Max RH/Min RL
GL Max Gas/Max RL/Min RH
GD Max Gas/Min DS

ECP Variable: UPIETT
Definition: Switch to allow/disallow interregional build decisions for intermittent .

technologies
Units: Scalar
Alias: None
Level of Aggregation: Intermittentcapacitytypes
Subroutines: EP$1NT,EPO$BILD

0 Disallow
1 Allow

ECP Variable: UPINCD
Definition: Intermittenttechnologycodes for row/columnnames in LP model
Units: Character
Alias: None
Level of Aggregation: None
Subroutines: EP$1NT,EPO$BILD

SO Solar
WN Wind

ECP Variable: UPINUG
Definition: Switchto allow/disallownonutilitybuilddecisionsfor intermittenttechnologies
Units: Scalar
Alias: None

Level of Aggregation: Intermittenttechnologies
Subroutines: EP$1NT,EP$BDSP

a

0 Disallow
1 Allow

v
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ECP Variable: UPLDCD
Definition: Loadsegmentcodesfor row/column names in LP model
Units: Character('1' 'L')
Alias: None

Level of Aggregation: None
Subroutines: EP$ETT, EP$LOAD, EP$1NT,EP$ORNW, EPO$AVOID

The twenty-twoload slices are derived from the nine load groupsdefined
below.

=

Hoursin Load Group Load Seaments

. 1 SummerDaytime 7:00 a.m. - 6:00 p.m. Peak, Near Peak, Off Peak
2 Summer Evening 5:00 a.m. - 7:00 a.m. Peak, Near Peak, Off Peak

6:00 p.m. - 12:00 p.m.
3 SummerNight 12:00 p.m. - 5:00 a.m. Peak & Off Peak
4 WinterDaytime 7:00 a.m. - 6:00 p.m. Peak, Near Peak, Off Peak
5 WinterEvening 5:00 a.m. - 7:00 a.m. Peak, Near Peak, Off Peak

6:00 p.m. - 12:00 p.m.
6 WinterNight 12:00 p.m. - 5:00 a.m. Peak & Off Peak
7 Fall/SpringDaytime7:00 a.m. - 6:00 p.m. Peak & Off Peak
8 Fall/SpringEvening5:00 a.m. - 7:00 a.m. Peak & Off Peak

6:00 p.m. - 12:00 p.m.
9 Fall/SpringNight 12:00 p.m. - 5:00 a.m. Peak & Off Peak

The SummerDaytime, SummerEvening,Winter DaytimeandWinterEvening
load groups are broken into three segments: Peak(20% of load), Near
Peak(49%of Load) and OffPeak(49% of Load). The remainingload groups
containtwo segments,Peak(50%) and Off Peak(50%) for a total of 22 load
segments. The twenty-two load segmentsare assigned rankingsfrom Base
Load(1)to Peak Load (22) basedon regional loadcurves. The onecharacter
code usedto representthe twenty-two load segmentsinthe ECP are 1 (Base)
throughL (Peak).

ECP Variable: UPMDCD
Definition: Mode of operation(e.g., base, intermediate,peak) codes for column names

in LP model
Units: Character ('1'-'L')
Alias: None

Q

Level of Aggregation: None
Subroutines: EP$ODSP

• 1 Operates in Load Segments 1-22 ("Base" Mode-of-Operation)
2 Operates in Load Segments 2-22
3 Operates in Load Segments3-22
4 Operates in Load Segments 4-22
5 Operates in Load Segments5-22
6 Operates in Load Segments 6-22
7 Operates in Load Segments 7-22
8 Operates in LoadSegments 8-22
9 Operates in LoadSegments 9-22
0 Operatesin LoadSegments 10-22
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A Operates in Load Segments 11-22
B Operates in Load Segments 12-22
C Operates in Load Segments 13-22
D Operates in Load Segments 14-22
E Operates in Load Segments 15-22
F Operates in Load Segments 16-22
G Operates in Load Segments 17-22
H Operates in Load Segments 18-22
I Operates in Load Segments 19-22
J Operates in Load Segments 20-22
K Operates in Load Segments21-22 °
L Operates in Load Segment22 ("Peak" Mode-of-Operation)

ECP Variable: UPOBJ
Definition: Name of objective functionin LP model
Units: Character ('ECPCOSTS')
Alias: None
Level of Aggregation: None
Subroutines: ECPOML, EP$ETT, EP$MRM, EP$BLD, EP$RETRO, EP$BDSP, EP$ODSP,

EP$1NT, EP$BRNW, EP$ORNW, EP$DSM

ECP Variable: UPOWNCD
Definition: Type of ownershipfor row/columnnames in LP model
Units: Character
Allas: None
Level of Aggregation: None
Subroutines: EP$BLD, EP$BDSP, EP$1NT, EP$BRNW, EP$OBILD

U Utility
N Nonutility

ECP Variable: UPPLCD
Definition: Dispatchablecapacity type codesfor row/columnnamesin LP model
Units: Character
Alias: None
Level of Aggregation: None
Subroutines: EP$BLD, EP$RETRO, EP$BDSP, EP$ODSP, EPO$BILD

XL ExistingUnscrubbedCoalwith SO2 standard< 1.20 Ibs/ MMbtu .
XM Existing UnscrubbedCoalwith SO2 standard<_2.50 Ibs/ MMbtu
XH ExistingUnscrubbedCoalwith SO2 standard< 3.34 Ibs / MMbtu
XV ExistingUnscrubbedCoal with SO2 standard> 3.34 Ibs / MMbtu
SL Existing ScrubbedCoalwith SO2 standard_<1.20 Ibs / MMbtu
SM ExistingScrubbedCoal with SO2 standard _<2.50 Ibs / MMbtu
SH ExistingScrubbedCoal with SO2 standard _ 3.34 Ibs / MMbtu
SV ExistingScrubbed Coal with SO2 standard > 3.34 Ibs / MMbtu
PC New PulverizedCoal with Scrubber
IG Advanced Clean Coal Technology
ST Gas/Oil Steam (New or existing)
CC ConventionalGas/Oil CombinedCycle (New or existing)
AC Advanced Gas/Oil CombinedCycle
CT ConventionalCombustionTurbine (New or existing)
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AT AdvancedCombustionTurbine
CN Conventional Nuclear (New or existing)
AN Advanced Nuclear

ECP Variable: UPRETT
Definition: Switchto allow/disallowinterregionalbuilddecisionsfor renewable(excluding

intermittent)technologies
Units: Scalar
Alias: None

' Level of Aggregation: Renewablecapacitytypes
Subroutines: EP$BLD, EP$BRNW, EPO$BILD

• 0 Disallow
1 Allow

ECP Variable: UPRGCD
Definition: ElectricitySupply Regioncodesfor row/columnnames in LP model
Units: Character ('1'-'U')
AliaS: None
Level of Aggregation: None
Subroutines: EP$ETT, EP$MRM, EP$BLD, EP$PCL, EP$LOAD,EP$RETRO, EP$BDSP,

EP$ODSP, EP$1NT, EP$BRNW, EP$ORNW, EP$DSM, EPO$BILD,
EPO$RETRO, EPO$AVOID, EPO$ETT

1 ECAR East Central
2 ERCOT Texas
3 MAAC Mid-Atlantic
4 MAIN Mid-American
5 MAPP Mid-Continent
6 NY New York
7 NE New England
8 FL Florida
9 STV Southern& Tennessee Valley
0 SPP SouthwestPower Pool
A NWP NorthwestPower Pool
B RA RockyMountain, Arizona, New Mexico
C CNV California,Southern Nevada
U Total United States
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ECP Variable: UPRHS
Definition: Name of right-handside vector in LP model
Units: Character ('RHSECP')
Alias: None
Level of Aggregation: None
Subroutines: ECPOML, EP$ALLOW, EP$ETT, EP$MRM, EP$BLD, EP$PCL, EP$LOAD,

EP$RETRO, EP$1NT, EP$BRNW

ECP Variable: UPRNCD
Definition: Renewable (excludingintermittent)technologycodes for row/columnnames

in LP model
Units: Character
AliaS: None
Level of Aggregatlon: None
Subroutines: EP$BLD, EP$BRNW, EP$ORNW, EPO$BILD

HY ConventionalHydro
PS Pump Storage Hydro
GT Geothermal
WD Wood
MS MunicipalSolid Waste

ECP Variable: UPRNUG
Definition: Switch to allow/disallownonutilitybuild decisionsfor renewable (excluding

intermittent)technologies
Units: Scalar
Alias: None
Level of Aggregation: Renewable capacitytypes
Subroutines: EP$1NT, EP$BDSP

0 Disallow
1 Allow

ECP Variable: UPSSCD
Definition: Retrofit clustercode column names in LP model
Unlt$: Character ('1')
Alias: None

Level of Aggregation: None o
Subroutines: EP$RETRO, EPOSRETRO
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ECP Variable: UPVTYP
Definition: Vintagetype
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EP$BLD, EP$BDSP, EP$1NT, EPSBRNW, EPO$BILD

0 Existing
1 New

I

ECP Variable: UPYRCD
Definition: Year code for row/columnnames in LP model

. Units: Character('1'- '6')
Alias: None
Level of Aggregation: None
Subroutines: EP$ALLOW, EP$ETT, EP$MRM, EP$BLD, EP$PCL, EP$LOAD, EP$RETRO,

EP$BDSP, EP$ODSP, EP$1NT, EP$BRNW, EP$ORNW, EP$DSM,
EPO$BILD, EPO$RETRO, EPO$AVOID, EPO$BANK, EPO$ETT

1 FirstYear of PlanningHorizon
2 Second Year of PlanningHorizon
3 Third Year of Planning Horizon
4 FourthYear of PlanningHorizon
5 FifthYear of Planning Horizon
6 Last Year of Planning Horizon

ECP Variable: USW_ECP
Definition: Switchto allow/disallowexecutionof Electricity Capacity PlanningSubmodule(user-

option)
Units: Scalar
Alias: None

Level of Aggregation: None
Subroutines: ELECP

0 Disallow
1 Allow

ECP Variable: USW_RNW
Definition: Switchto allow/disallow penetrationof renewabletechnologies(user-option)

• Units: Scalar
Alias: None

Level of Aggregation: None
Subroutines: EP$1NT, EP$BRNW

0 Disallow
1 Allow
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ECP Variable: USYEAR
I)eflnition: Actual year correspondingto the forecast year
Units: Scalar (e.g,, 1=1990)
Alias: None
Level of Aggregation: None
Subroutines: ELECP, ECPOML, EP$BLD, EPO$BILD, EPO$RETRO
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INPUT VARIABLES

ECP Variable: BIOUP
Definition: Upperbound for biomass capacity additions
Units: Megawatts
Allas: RNWLnr
Level of Aggregation: ElectricitySupply Region
Source: RenewableFuels Module

" Subroutines: EP$BRNW

. ECP Variable: CURITR
Definition: CurrentNEMS Iteration
Unlts: Scalar
Allas: None
Level of Aggregatlon: None
Source: IntegratingModule
Subroutines: ECPOML

ECP Variable: CURIYR
Definition: CurrentNEMS ForecastYear (1 = 1990)
Unlts: Scalar
Allas: None
Level of Aggregatlon: None
Source: IntegratingModule
Subroutines: ELECP, ECPOML, EP$ALLOW, EP$ETT, EP$BLD, EP$RETRO, EP$BDSP,

EPFLPRC, EP$ODSP, EP$1NT,EP$BRNW, EP$ORNW, EPO$BILD, EPO$RETRO,
EPO$BANK,EPO$ETT

ECP Variable: EPALSO2
Definition: Sulfurdioxideemissionsallowances
Units: Thousandtons

Allas: ALWy
Level of Aggregatlon: National
Source: EnvironmentalProtectionAgency,"NationalAllowance Data Base - Version2.11"
Subroutines: EP$ALLOW

Q

ECP Variable: EPCCRF
Definition: Fixedchargefactor for transmission
Units: Fraction

" Alias: None
Level of Aggregation: ElectricitySupply Region/CapacityType
Source: Officeof IntegratedAnalysisand Forecasting
Subroutines: EP$BDSP, EP$1NT, EP$BRNW
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ECP Variable: EPCFOM =
Definition: Fixed operationsand maintenancecostfor transmission
Units: $ per Kilowatt
Alias: CTRNy.=
Level of Aggregation: ElectricitySupply Region/CapacityType
Source: OnLocation,Inc.

"Draft Data Inputsfor Implementationof ETT"
Deliverable 6, Task 92086, Contract DE-AC01-88EI21033
March 1993

Subroutines: EP$BDSP, EP$1NT, EP$BRNW

ECP Variable: EPCLRG
Definition: Coal DistributionSupply (CDS) Regionfor sitingnew coal-firedunits
Units: None
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EPO$BILD

ECP Variable: EPCOVR

Definition: Overnightcapitalcost for transmission
Units: $ per Kilowatt
Alias: None

Level of Aggregation: ElectricitySupply Region
Source: "OnLocation,Inc.

"Draft Data Inputsfor Implementationof ETT"
Deliverable 6, Task 92086, Contract DE-AC01-88EI21033
March 1993

Subroutirms: EP$BDSP, EP$1NT, EP$BRNW, EPO$BILD

ECP Variable: EPCRMP
Definition: ElectricitySupply Regionto Census DivisionMapping
Units: MillionBtu
Alias: None
Level of Aggregation: ElectricitySupply Regions/CensusDivisions
Source: ElectricityFuel Dispatch(EFD) Submodule
Subroutines: EPFLPRC

ECP Variable: EPDCCR
Definition: Contributionto reserve marginmade by Demand-SideManagementTechnologies
Units: Fraction

Alias: RMDy=_
Level of Aggregation: ElectricitySupply Region
Source: Load and Demand-Side Management (LDSM) Submodule
Subroutines: EP$DSM
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ECP Variable: EPDINV
Definition: Cumulativenet presentvalue of DSM investments
Units: $ per Kilowatt(nominal)
Alias: CDSMy_
Level of Aggregation: ElectricitySupply Region
Source: Load and Demand-SideManagement(LDSM) Submodule
Subroutines: EP$DSM

,=

ECP Variable: EPDLSI
Definition: Amount of capacity requirement eliminated or created in vertical load slices by

Demand-SideManagementTechnologies.
o Units: Fraction

Alias: ELDy,.zd,
Level of Aggregation: Electricity SupplyRegion
Source: Load and Demand-SideManagement(LDSM) Submodule
Subroutines: EP$DSM

ECP Variable: EPDSCRT
Definition: Utilitydiscountrate (nominal,tax-adjustedrate of return)
Units: Fraction
Alias: None
Level.of Aggregation: ElectricitySupplyRegion
Source: Electricity Financeand Pricing(EFP) Submodule
Subroutines: EP$ETT, EP$RETRO, EP$BDSP, EPFLPRC, EP$ODSP, EP$1NT, EP$BRNW,

EP$ORNW

ECP Variable: EPFLRG
Definition: ElectricitySupply Regionto Fuel Supply RegionMapping
Units: MillionBtu
Alias: None

Level of Aggregation: ElectricitySupply Region
Source: ElectricityFuel Dispatch(EFD) Subrnodule
Subroutines: EPFLPRC

ECP Variable: EPFLTP
Definition: Inputfuels used in dispatchablecapacitytypes
Units: None

, Alias: None
Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EP$ODSP
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ECP Variable: EPFMAP
Definition: Mappingbetween EFD and ECP fuel types
Units: MillionBtu
Alias: None
Level of Aggregation: None
Source: ElectricityFuel Dispatch(EFD) Submodule
Subroutines: EPFLPRC, EP$ODSP

ECP Variable: EPFSOX
Definition: Sulfur dioxideemission rate by fuel type
Units: Poundsper millionBTU
Alias: None

=,

Leve_ of Aggregation: ElectricitySupply Region
Source: Fuel SupplyModules
Subroutines: EP$ODSP

ECP Variable: EPHGHT
Definition: Height of verticalload slices
Units: Gigawatts
Alias: ELCy,_
Level of Aggregation: ElectricitySupply Region
Source: Load and Demand Side Management(LDSM) Submodule
Subroutines: EP$ODSP, EP$LOAD

ECP Variable: EPIACF

Definition: Average capacityfactorfor intermittentrenewablecapacitytypes
Units: Fraction
Alias: None

Level of Aggregation: ElectricitySupply Region
Source: Renewable Fuels Module
Subroutines: EP$1NT, EP$BILD

ECP Variable: EPIAVL
Definition: Commercialoperationdate for intermittentrenewable capacity types
Units: Year
Alias: None
Level of Aggregation: None
Source: Renewable Fuels Module
Subroutines: EP$1NT
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ECP Variable: EPICAP
Definition: Existingcapacityfor intermittentrenewablecapacity types
Units: Megawatts
Alias: EXly.
Level of Aggregation: ElectricitySupplyRegion
Source: EIA Form-860,EIAForm-867: Existing& PlannedCapacity

PreviousYearsECP modeloutput: UnplannedCapacity
Subroutines: EP$1NT

ECP Variable: EPICCR
Definition: Capacitycreditfor intermittentrenewablecapacity types

. Units: Fraction
AliaS: RMly_
Level of Aggregation: ElectricitySupplyRegion
Source: RenewableFuels Module
Subroutines: EP$1NT

ECP Variable: EPICFC
Definition: Capacityfactorby load segmentfor intermittentrenewablecapacitytypes
Units: Fraction

Alias: ELly,_,
Level of Aggregation: ElectricitySupplyRegionand Seasonal/Time-of-DayPeriod
Source: RenewableFuels Module
Subroutines: EP$1NT

ECP Variable: EPICLT
Definition: Constructionleadtime for intermittentrenewable capacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: RenewableFuelsModule
Subroutines: EP$1NT,EPO$BILD

ECP Variable: EPICPR
Definition: Constructionprofilefor intermittentrenewable capacitytypes
Units: Fraction

. Alias: None
Level of Aggregation: None
Source: Renewable FuelsModule
Subroutines: EP$1NT, EPO$BILD

t,
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ECP Variable: EPIELF
Definition: Economic life for intermittentrenewablecapacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: Renewable Fuels Module
SubrouUnes: EP$1NT, EPO$BILD

ECP Variable: EPIEXT
Definition: Externalitycosts for intermittentrenewablecapacitytypes
Units: $ per Thousand Kilowatthours
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: Putnam, Hayes & Bartlett, Inc.

"Impact of Externality Regulations on Coal-Based Technologies for Electricity
Generation"
April 1993

Subroutines: EP$1NT

ECP Variable: EPIFOM
Definition: Fixed operationsand maintenancecostfor intermittentrenewablecapacitytypes
Units: $ per Kilowatt
Alias: None
Level of Aggregation: None
Source: Renewable Fuels Module
Subroutines: EP$1NT, EPO$BILD

ECP Variable: EPIHRT
Definition: Heat rate for intermittentrenewablecapacitytypes
Units: Btu per Kilowatthour
Alias: None
Level of Aggregation: None
Source: Renewable Fuels Module
Subroutines: EP$1NT, EPO$BILD

ECP Variable: EPINCLF
Definition: Contract life for nonutilityintermittentrenewable capacity types
Units: Years
Alias: None
Level of Aggregation: None
Source: OnLocation, Inc.

"NUGS Model Revisions"
Deliverable9, Task 92080, Contract DE-AC01-88EI21033
January 1993

Subroutines: EP$1NT, EPO$BILD
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ECP Variable: EPINLLF
Definition: Loan life for nonutilityintermittentrenewablecapacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: OnLocation, Inc.

"NUGS Model Revisions"
Deliverable9, Task 92080, Contract DE-AC01-88EI21033
January 1993

" Subroutines: EP$1NT, EPO$BILD

. ECP Variable: EPIOVR
Definition: Overnightcapital cost for intermittentrenewablecapacitytypes
Units: $ per Kilowatt
AliaS: CINTyno
Level of Aggregation: ElectricitySupplyRegion
Source: Renewable Fuels Module
Subroutines: EP$1NT, EPO$BILD

ECP Variable: EPITLF
Definition: Tax life for intermittentrenewablecapacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: Tax ReformAct of 1986
Subroutines: EP$1NT, EPO$BILD

ECP Variable: EPIUCLF
D,afinition: Contract lifefor utilityintermittentrenewablecapacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EP$1NT

ECP Variable: EPIVOM
. Definition: Variable operationsand maintenancecost for intermittentrenewablecapacitytypes

Units: $ per ThousandKilowatthours
Alias: None
Level of Aggregation: ElectricitySupply Region

" Source: Renewable Fuels Module
Subroutines: EP$1NT
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ECP Variable: EPLDGR
Definition: Load groupcategonj
Units: None
Alias: None
Level of Aggregation: Season/Time-of-DayPeriod
Source: Load and Demand-SideManagement(LDSM) Submodule
Subroutines: EP$MRM, EP$BLD, EP$LOAD, EP$ODSP, EP$BRNW

ECP Variable: EPMRM
Definition: Minimumreserve margin
Units: Fraction
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: NorthAmericanElectricReliabilityCouncil

"CoordinatedBulkPowerSupplyReport"
Subroutines: EP$MRM, EP$BLD, EP$BRNW

ECP Variable: EPNFDT
Definition: Nonutilitydebt fraction
Unite: Fraction
Alias: None
Level of Aggregation: ElectricitySupplyRegion
Source: OnLocation,Inc.

"NUGS Model Revisions"
Deliverable9, Task 92080, ContractDE-AC01-88EI21033
January 1993

Subroutines: EP$BDSP, EP$1NT, EP$B,qNW,EPO$BILD

ECP Variable: EPNIPRM
Definition: Nonutilityinterestpremium
Units: Fraction
Alias: None

Level of Aggregation: ElectricitySupply Region
Source: OnLocation,Inc.

"NUGS Model Revisions"
Deliverable9, Task 92080, ContractDE-AC01-88EI21033
January 1993

Subroutines: EP$BDSP, EP$1NT,EP$BRNW, EPO$BILD

ECP Variable: EPNRPRM
I)efinition: Nonutilityreturn-on-equitypremium
Units: Fraction
Alias: None

Levei of Aggregation: ElectricitySupply Region
Source: OnLocation,Inc.

"NUGS Model Revisions"
Deliverable9, Task 92080, ContractDE-AC01-88EI21033
January 1993

Subroutines: EP$BDSP, EP$1NT,EP$BRNW, EPO$BILD
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ECP Variable: EPNSCR
Definition: Numberof plantsin a retrofitgroup (cluster)
Units: None
Alias: None
Level of Aggregation: ElectricitySupplyRegion
Source: ElectricityFuel Dispatch(EFD) Submodule
Subroutines: EPO$RETRO

ECP Variable: EPNSTP

Definition: Numberof verticalsegmentsin load durationcurve
Units: None
Alias: None

. Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EP$LOAD, EP$ODSP

ECP Variable: EPPAVL
Definition: Commercialoperationdate for dispatchablecapacitytypes
Units: Year
Alias: None
Level of Aggregatlon: None
Source: ArgonneNationalLaboratories

"Cost and PerformanceDatabasefor New GeneratingTechnologies"
Subroutines: EP$BDSP, EP$ODSP

ECP Variable: EPPCAP
Definition: Existingcapacity for dispatchablecapacitytypes
Units: Megawatts
Alias: EXCyrc
Level of Aggregation: ElectricitySupplyRegion
Source: EIA Form-860,EIA Form-867:Existing& PlannedCapacity

Previousyears ECP modeloutput:UnplannedCapacity
Subroutines: EP$BLD, EP$BDSP, EP$BRNW

ECP Variable: EPPCFB

Definition: Capacityfactor bounds for dispatchablecapacity types
Units: Fraction

. Alias: None
Level of Aggregation: ElectricitySupplyRegion
Source: ArgonneNationalLaboratories

"Costand PerformanceDatabasefor New GeneratingTechnologies"
" Subroutines: EP$ODSP, EP$BRNW
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ECP Variable: EPPCLT
Definition: Constructionlead time for dispatchablecapacity types
Units: Years
Alias: None
Level of Aggregation: None
Source: Argonne NationalLaboratories

"Cost and PerformanceDatabase for New GeneratingTechnologies"
Subroutines: EP$BLD, EP$BDSP, EP$BRNW

ECP Variable: EPPCPR

Definition: Constructionprofilefor dispatchablecapacitytypes
Units: Fraction
Alias: None
Level of Aggregation: None
Source: Argonne National Laboratories

"Cost and PerformanceDatabase for New GeneratingTechnologies"
Subroutines: EP$BDSP, EPO$BILD

ECP Variable: EPPEAK
Definition: Peak Load
Units: Gigawatts
Alias: RMQy,
Level of Aggregation: None
Source: Load and Demand-Side Management (LDSM) Submodule
Subroutines: EP$MRM, EP$BLD, EP$1NT, EP$BRNW

ECP Variable: EPPELF
Definition: Economic lifefor dispatchablecapacity types
Unlt$: Years
Alias: None

Level of Aggregation: None
Source: Argonne NationalLaboratories

"Costand Performance Database for New GeneratingTechnologies"
Subroutines: EP$BDSP, EPO$BILD

ECP Variable: EPPEXT
Definition: Externalitycostsfor dispatchablecapacitytypes
Units: $ per Thousand Kilowatthours
Alias: None
Level of Aggregation: ElectricitySupply Regions
Source: Putnam, Hayes & Bartlett, Inc.

"Impact of Externality Regulations on Coal-Based Technologies for Electricity
Generation"
April1993

Subroutines: EP$ODSP
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ECP Variable: EPPFL
Definition: Present value of expectedfuel prices
Units: $ per MillionBtu (nominal) at startyear for current planningcycle
Alias: None
Level of Aggregation: None
Source: IntegratingModule: Constantdollarfuel prices

MacroeconomicModule: Inflationrates
Subroutlnes: EPFLPRC, EP$ODSP

ECP Variable: EPPFOM
Definition: Fixed operationsand maintenancecost for dispatchablecapacitytypes

. Units: $ per Kilowatt
AliaS: None
Level of Aggregation: None
Source: Argonne NationalLaboratories

"Costand PerformanceDatabasefor New GeneratingTechnologies"
Subroutines: EP$BDSP, EPOSBILD

ECP Variable: EPPFOR
Definition: Forced outage rate for dispatchablecapacity types
Units: Fraction
Alias: None

Level of Aggregation: None
Source: Argonne National Laboratories

"Cost and PerformanceDatabase for New GeneratingTechnologies"
Subroutines: EP$ODSP

!

ECP Variable: EPPHRT
Definition: Heat rate for dispatchablecapacitytypes
Units: Btuper Kiiowatthour
Alias: None
Level of Aggregation: None
Source: ArgonneNational Laboratories

"Costand PerformanceDatabase for New Generating
Technologies": New Technologies
EIA Form-860,EIA Form-867: ExistingTechnologies

Subroutines: EP$ODSP, EPO$BILD

ECP Variable: EPPMAP
Definition: Mapping from ECP to EFD planttypes

" Units: None
Alias: None

Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EPO$BILD
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ECP Variable: EPPMCF

Definition: Maximum capacity factorfor dispatchablecapacitytypes
Units: None
AliaS: None
Level of Aggregation: ElectricitySupply Region
Source: ArgonneNational Laboratories

"Costand PerformanceDatabasefor New GeneratingTechnologies"
Subroutines: EP$ODSP

ECP Variable: EPPNCLF
Definition: Contractlife for nonutilitydispatchablecapacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: OnLocation, Inc. i

"NUGS Model Revisions"
Deliverable9, Task 92080, ContractDE-AC01-88EI21033
January 1993

Subroutines: EP$BDSP, EPO$BILD

ECP Variable: EPPNLLF
Definition: Loan life for nonutilitydispatchablecapacitytypes
Units: Years
Alias: None

Level of Aggregation: None
Source: OnLocation,Inc.

"NUGS Model Revisions"
Deliverablu9, Task 92080, ContractDE-AC01-88EI21033
January 1993

Subroutines: EP$BDSP, EPO$BILD

ECP Variable: EPPOVR
Definition: Overnightcapitalcost for dispatchablecapacitytypes
Units: $ per Kilowatt
Alias: CBLD_=o
Level of Aggregation: ElectricitySupply Region
Source: Argonne NationalLaboratories

"Costand PerformanceDatabase for New GeneratingTechnologies"
Subroutines: EP$BDSP, EPO$BILD

ECP Variable: EPPPMR

I)efinition: Planned maintenancerate for dispatchablecapacity types
Units: Fraction
Alias: None

Level of Aggregation: ElectricitySupply Region
Source: Argonne National Laboratories

"Costand PerformanceDatabasefor New GeneratingTechnologies"
Subroutines: EP$ODSP
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ECP Variable: EPPSEF
Definition: Scrubberefficiencyrate
Units: Fraction
Alias: None

Level of Aggregation: None
Source: ArgonneNational Laboratories

"Costand Performance Database for New Generating Technologies"
Subroutines: EP$ODSP

ECP Variable: EPPSRT
Definition: Sulfurdioxideemissionrate for scrubbedplants

. Units: Poundsper MillionBtu
Alias: None
Level of Aggregation: None
Source: ArgonneNational Laboratories

"Costand PerformanceDatabase for New GeneratingTechnologies"
Subroutines: EP$ODSP

ECP Variable: EPPTLF
Datlnltion: Tax lifefor dispatchablecapacity types
Units: Years
Alias: None

Level of Aggregation: None i
Source: Tax ReformAct of 1986
Subroutines: EP$BDSP, EPO$BILD

ECP Variable: EPPUCLF
Definition: Contract life for utilitydispatchablecapacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EP$BDSP

ECP Variable: EPPVOM
Definition: Variableoperations and maintenancecostfor dispatchablecapacitytypes

. Units: $ per Thousand Kilowatthours
Alias: None

Level of Aggregation: None
Source: ArgonneNational Laboratories

" "Costand Performance Database for New GeneratingTechnologies"
Subroutines: EP$ODSP
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ECP Variable: EPRAVL
Definition: Commercialoperationdate for renewable (excludingintermittent)capacitytypes
Units: Year
Alias: None
Level of Aggregation: None
Source: Renewable Fuels Module
Subroutines: EP$BRNW

ECP Variable: EPRCAP
Definition: Existingcapacityfor renewable(excludingintermittent)capacitytypes
Units: Megawatts
Alias: EX_,.
Level of Aggregation: ElectricitySupply Region
Source: EIA Form-860,EIA Form-867: Existing& PlannedCapacity

Previousyears ECP modeloutput:UnplannedCapacity
Subroutlnes: EP$BLD, EP$BRNW, EP$ORNW

ECP Variable: EPRCCR
Definition: Capacitycredit for renewable(excludingintermittent)capacity types
Units: Fraction

Alias: RMRym
Level of Aggregation: ElectricitySupply Region
Source: RenewableFuels Module
Subroutines: EP$BLD, EP$BRNW

ECP Variable: EPRCFC
Definition: Maximumcapacityfactor for renewable(excludingintermittent)capacitytypes
Units: Fraction

Alias: ELRym_m
Level of Aggregation: ElectricitySupply Region
Source: Renewable Fuels Module
Subroutines: EP$ORNW, EPO$BILD

ECP Variable: EPRCLT
Definition: Constructionlead time for renewable(excludingintermittent)capacity types
Units: Years
AliaS: None

Level of Aggregation: None
Source: Renewable Fuels Module
Subroutines: EP$BLD, EP$BRNW, EPO$BILD
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ECP Variable: EPRCPR
Definition: Constructionprofilefor renewable(excludingintermittent)capacitytypes
Units: Fraction
Alias: None
Level of Aggregation: None
Source: Renewable Fuels Module
Subroutines: EP$BRNW, EPO$BILD

" ECP Variable: EPRELF

Definition: Economiclife for renewable(excludingintermittent)capacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: Renewable Fuels Module
Subroutines: EP$BRNW, EPO$BILD

ECP Variable: EPREXT
Definition: Extemalitycostsfor renewable(excludingintermittent)capacitytypes
Units: $ per ThousandKilowatthours
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: Putnam, Hayes & Bartlett,Inc.

"Impact of Externality Regulations on Coal-Based Technologies for Electricity
Generation"
April 1993

Subroutines: EP$ORNW

ECP Variable: EPRFOM

Definition: Fixedoperatior_, ,,Jaintenancecostfor renewable(excludingintermittent)capacity
types

Units: $ per Kilowatt
Alias: None
Level of Aggregation: None
Source: Renewable Fuels Module
Std_mutines: EP$BRNW

. ECP Variable: EPRFOR
Definition: Forced outage rate for renewable(excludingintermittent)capacitytypes
Units: Fraction
Alias: None

" Level of Aggregation: None
Source: Renewable Fuels Module
Subroutines: EP$ORNW
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ECP Variable: EPRHRT
Definition: Heat rate for renewable(excludingintermittent)capacitytypes
Units: Btu per Kilowa_1hour
Alias: None
Level of Aggregatlon: None
Source: Renewable FuelsModule
Subroutines: EPO$BILD

ECP Variable: EPRNCLF

Definition: Contract life for nonutilityrenewable(excludingintermittent)capacitytypes
Units: Years
Alias: None
Level of Aggregation: None
Source: OnLocation,Inc.

"NUGS Model Revisions"
Deliverable9, Task 92080, Contract DE-AC01-88EI21033
January 1993

Subroutines: EP$BRNW, EPO$BILD

ECP Variable: EPRNLLF
Definition: Loan life for nonutilityrenewable(excludingintermittent)capacitytypes
Units: Years
Alias: None

Level of Aggregation: None
Source: OnLocation,Inc.

"NUGS Model Revisions"
Deliverable9, Task 92080, Contract DE-AC01-88EI21033
January 1993

Subroutines: EP$BRNW, EPO$BILD

ECP Variable: EPROVR

Definition: Overnightcapital costfor renewable(excludingintermittent)capacitytypes
Units: $ per Kilowatt
Alias: CRNWymo
Level of Aggregation: ElectricitySupply Region
Source: Renewable Fuels Module
SubmuUnes: EP$BRNW, EPO$BILD

ECP Variable: EPRTBS
Definition: Initialutilityrate base
Units: Millionsof $ (nominal)
Alias: None

Level of Aggregation: ElectricitySupply Region
Source: ElectricityFinance& Pricing(EFP) Submodule
SubmuUnes: EP$PCL
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ECP Variable: EPRTLF
Definition: Tax life for renewable (excluding intermittent)capacity types
Units: Years
Alias: None
Level of Aggregation: None
Source: Tax Reform Act of 1986
Subroutines: EP$BRNW, EPO$BII,_D

• ECP Variable: EPRUCLF

Definition: Contract life for utilityrenewable(excludingintermittent)capacity types
Units: Years

. Alias: None
Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EP$BRNW

ECP Variable: EPRVOM
Definition: Variable operations and maintenance cost for renewable (excluding intermittent)

capacitytypes
Units: $ per Thousand Kilowatthours
Alias: COP_m
Level of Aggregation: ElectricitySupply Region
Source: Renewable Fuels Module
Subroutines: EP$ORNW

ECP Variable: EPSCAP

Definition: Upper limit on existingcapacitythat can be retrofittedwith scrubbers
Units: Megawatts
Alias: FGDL=,u
Level of Aggregation: ElectricitySupply Region
Source: EnvironmentalProtectionAgency

"RetrofitCostsfor SO2 and NOx ControlOptionsat 200 Coal-FiredPlants"
March 1991

Subroutines: EP$RETRO

ECP Variable: EPSCLT
, Definition: Constructionleadtime for installingretrofitson existingcapacity

Units: Years
Alias: None
Level of Aggregation: None
Source: Argonne National Laboratories

"Cost and PerformanceDatabase for New GeneratingTechnologies"
Subroutines: EP$RETRO, EPO$RETRO
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ECP Variable: EPSCPEN
Definition: Capacitypenalty for operatingscrubbers
Units: Fraction
Alias: None
Level of Aggregation: None
Source: Argonne National Laboratories

"Retrofit EmissionControls"
Subroutines: EP$RETRO, EPO$RETRO

ECP Variable: EPSCPR
Definition: Constructionprofilefor installingretrofitson existingcapacity.
Units: Fraction
Alias: None
Level of Aggregation: None
Source: Argonne NationalLaboratories

"Cost and PerformanceDatabase for New GeneratingTechnologies"
Subroutines: E_$RETRO

ECP Variable: EPSCR2
Definition: Capacity type for existingunit retrofittedwith scrubbers (i.e., unscrubbed instead of

scrubbed)
Units: None
Alias: None

Level of Aggregatlon: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EP$RETRO, EPO$RETRO

ECP Variable: EPSELF
Definition: Economiclife for scrubberretrofitson existingcapacity
Units: Years
Alias: None
Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EP$RETRO, EPO$RETRO

ECP Variable: EPSHPEN
Definition: Heat rate (efficiency)penaltyfor operatingscrubbers
Unlts: Fraction
Alias: None
Level of Aggregation: None
Source: Argonne NationalLaboratories

"RetrofitEmissionControls"
Subroutines: EPO$RETRO
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ECP Variable: EPSOVR
Definition: Overnightcapitalcost for retrofittingexistingcapacity with scrubbers
Units: $ per Kilowatt
Alias: CFGDyr_.
Level of Aggregation: ElectricitySupply Regionand RetrofitCluster
Source: EnvironmentalProtectionAgency

"RetrofitCostsfor SO2and NOxControlOptionsat 200 Coal-Fired Plants"
March 1991: Unit-specificretrofitfactors i
Argonne National Laboratories

- "Retrofit Emission Controls": Generic retrofit costs
Subroutines: EP$RETRO, EPO$RETRO

v

ECP Variable: EPSPK
Definition: Peak load
Units: Gigawatts
Alias: None
Level of Aggregation: ElectricitySupplyRegionandSeasonal/Time-of-DayPeriod
Source: Loadand Demand Side ManagementSubmodule
Subroutines: EP$ODSP

ECP Variable: EPSREC
Definition: Plant database recordnumberfor retrofittedcapacity Peak load
Units: Gigawatts
Alias: None
Level of Aggregation: ElectricitySupply Regionand Retrofit Cluster
Source: ElectricityFuel Dispatch(EFD) Submodule
Subroutines: _ EPO$RETRO

ECP Variable: EPTCRF
Definition: Transmissionannuityfactorfor interregionalcapacity additions
Units: Fraction
Alias: None
Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EP$BDSP, EP$1NT,EP$BRNW

ECP Variable: EPTCST
4"

Definition: Transmissioncostfor interreglonalcapacityadditions
Units: $ per Kilowatt
Alias: None

. Level of Aggregation: ElectricitySupply Region
Source: NorthAmericanElectricReliabilityCouncil

"Coordinatc,d BulkPowerSupplyReport"
Subroutines: EP$BDSP, EP$1NT,EP$BRNW
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ECP Variable: EPTiRGN
Definition: Import regionfor interregionalcapacity additions
Units: None
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: North American Electric ReliabilityCouncil

"CoordinatedBulk Power Supply Report"
Subroutines: EP$BLD, EP$BDSP, EP$1NT, EP$BHNW, EPO$BILD

p

ECP Variable: EPTLOSS
Definition: Transmissionloss factor for interregionalcapacityadditions
Units: Fraction

Alias: TLOSS_,,,,
Level of Aggregation: ElectricitySupply Region
Source: OnLocation,Inc.

"DraftData Inputsfor Implementationof ETT"
Deliverable6, Task 92086, Contract DE-AC01-88E121033
March 1993

Subroutines: EP$BLD, EP$BDSP, EP$1NT, EPO$BILD

ECP Variable: EPTXRT
Definition: Net tax rate
Units: Fraction
Alias: None
Level of Aggregation: ElectricityStlpply Region
Source: Tax ReformAct of 1986
Subroutines: EP$PCL, EP$RETRO, EP$BDSP, EP$1NT,EP$BRNW

ECP Vari_de: EPUCRE
Definition: Returnon commonequity for utilities
Units: Fraction
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: Electricityand Finance Pricing(EFP) Submodule
Subroutines: EP$BDSP, EP$1NT, EP$BRNW, EPO$BILD

ECP Variable: EPUFDT .
Definition: Debt fraction for utilities
Units: Fraction
Alias: None
Level of AggregatioLl: ElectricitySupply Region
Source: Electricityand Finance Pricing (EFP) Submodule
Subroutines: EP$BDSP, EP,'_iNT,EP$BRNW, EPO$BILD
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ECP Variable: EPUFPE
Definition: Ratioof equity rate to rate of return for utilities
Units: Fraction
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: Electricityand FinancePricing(EFP) Submodule
Subroutines: EP$BDSP, EP$1NT, EP$BRNW, EPO$BILD

" ECP Variable: EPUIRT
Definition: Interest rate for utilities
Units: Fraction
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: Electricityand FinancePricing(EFP) Submodule
Subroutines: EP$PCL, CRCONST, EP$RETRO, EP$BDSP, EP$1NT,EP$BRNW, EPO$BILD

ECP Variable: EPUROR
Definition: Rate of return (weightedaverageof debt and equity) for utilities
Units: Fraction
Alias: None
Level of Aggregatlton: ElectricitySupply Region
Source: Electricityand Finance Pricing(EFP) Subrnodule
Subroutines: EP$PCL, CRCONST, EP$RETRO, EP$BDSP, EP$1NT, EP$BRNW

ECP Variable: EPWDTH
Definition: Width of vertical load slices
Units: Hours
Alias: None
Level of Aggregation: ElectricitySupply Region
Source: Loadand Demand Side Management (LDSM) Submodule
Subroutines: EP$ODSP, EP$ORNW

ECP Variable: FIRSYR
Definition: Initialforecast year (i.e., 1 = 1990)
Units: None
Alias: None

. Level of Aggregation: None
Source: IntegratingModule
Subroutines: ECPOML
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ECP Variable: MC_PGDP
Definition: Implicitpricedeflator (indexof inflation)
Units: Scalar
Alias: None
Level of Aggregation: None
Source: MacroeconomicModule
Subroutines: ECPOML

ECP Variable: NEMMIO
Definition: Size of Workspacefor EMM Matrix
Units: Kilobytes
Alias: None
Level of Aggregation: None
Source: IntegratingModule
Subroutines: ECPOML

ECP Variable: UCI$CF
Definition: Capacityfactor for Canadian imports
Units: Fraction

AliaS: ELCHy_,I
Level of Aggregation: Electricity Supply Region
Source: Department of Energy

"Northern Lights: The Economic and Practical Potential of Imported Power from
C_'_ada" (DOE.JPE-0079)

Subroutines: EP$ETT, EPO$ETT

ECP Variable: UCI$CST
Definition: Cost for Canadian imports
Units: $ per ThousandKilowatthours
Alias: CBCH_,,
Level of Aggregation: Electricity Supply Region
Source: Department of Energy

"Northern Lights: The Economic and Practical Potential of Importe_ Power from
Canada" (DOEJPE-0079)

Subroutines: EP$ETT, EPO$ETT

ECP Variable: UCI$FMW
Definition: FirmCanadian importcapacityavailable
Units: Megawatts
Alias: None

Level of Aggregation: Electric_ySupply Region
Source: Department of Energy

"Northern Lights: The Economic and Practical Potential of Imported Power from
Canada"(DOE/PE=0079)

Subroutines: EP$E'rr
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ECP Variable: UEITAJ
Definition: Interregionaltransfers
Units: Gigawatts
Alias: None

Level of Aggregation: ElectricitySupply RegionandSeasonal Period
Source: NorthAmericanElectric ReliabilityCouncil

"CoordinatedBulk PowerSupplyReport"
Subroutines: EP$MRM, EP$BLD, EP$LOAD, EP$BRNW

ECP Variable: UIALLW
Definition: Sulfurdioxideallowancesallocated

. Units: ThousandTons
Alias: None
Level of Aggreg&tion: ElectricitySupplyRegion
Source: EnvironmentalProtectionAgency

"The NationalAllowanceDataBase, Version2.11, Technical Support Document"
March 1993: Initialallocationof allowances
ElectricityCapacity PlanningSubmodule: Prior bankingdecisions

Subroutines: EP$ALLOW, EPO$BANK

ECP Variable: UPDLC
Definition: Capital cost learningfactor for dispatchabletechnologies
Units: Fraction
Alias: None

Level of Aggregation: Dispatchablecapacitytypes
Source: Assumedto be 0.0 (willbe providedwhen New TechnologiesSubmoduleis linked)
Subroutines: EP$BDSP, EPO$BILD

ECP Variable: UPDOPT
Definition: Contingencyfactorfor dispatchabletechnologies
Units: Fraction
Alias: None
Level of Aggregation: Dispatchablecapacitytypes
Source: ArgonneNationalLaboratories

"Costand PerformanceDatabas_:_for New GeneratingTechnologies"
Subroutines: EP$BDSP, EPO$BILD

ECP Variable: UPF759
Definition: Primaryfuel code from Form EIA-759
Units: Character

• Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Source: Form EIA-759
Subroutines: EPO$BILD
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ECP Variable: UPF860
Definition: Primaryfuelcode from Form EIA-860
Units: Character
Alias: None _

Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Source: FormEIA-860
Subroutines: EPO$BILD

ECP Variable: IJPFUEL

Definition: Deliveredfuel pricesfor year prior to beginning of forecast horizon
Units: Dollarsper MillionBtu
Alias: None
Level of Aggregation: Fuel SupplyRegions
Source: Fuel SupplyModules
Subroutines: EPFLPRC

ECP Variable: UPGNPD

Definition: Inflationrate for convertingto nominaldollars(equals MC_PGDP)
Units: Scalar
Alias: None
Level of Aggregation: None
Source: MacroeconomicModule
Subroutines: ECPOML, EP$ETT, EP$RETRO, EP$BDSP, EPFLPRC, EP$ODSP, EP$1NT,

EP$BRNW, EP$ORNW

ECP Variable: UPICAPD

Definition: Real escalationrate for interm,tent technologies
Units: Scalar
Alias: None
Level of Aggregation: None
Source: Officeof IntegratedAnalysisand Forecasting(Assumedto be 0.0)
Subroutines: EP$1NT,EPO$BILD

ECP variable: UPILC
Definition: Capitalcost learningfactor for intermittenttechnologies
Units: Fraction
Alias: None
Level of Aggregation: Intermittentcapacitytypes
Source: Assumedto be 0.0 (will be providedwhen New TechnologiesSubmoduleis linked)
Subroutines: EP$BDSP, EPO$BILD

o
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ECP Variable: UPIOPT
Definition: Contingencyfactor for intermittenttechnologies
Units: Fraction
Alias: None
Level of Aggregation: Intermittenttechnologies
Source: ElectricPower Research Institute

"TechnicalAssessmentGuide, ElectricitySupply-1993"
June 1993

Subroutines: EP$BDSP, EPO$BILD
o

ECP Variable: UPM759
. Definition: Primemover (e.g., steam, combustionturbine)code from Form EIA-759

Units: Character
Alias: None
Level of Aggregation: None
Source: Form EIA-759
Subroutines: EPO$BILD

ECP Variable: UPM860
Definition: Primemo,,er (e.g., steam, combustionturbine)code from Form EIA-860
Units: Character
Alias: None
Level of Aggregatlon: None
Source: Form EIA-860
Subro_Ines: EPOSBILD

ECP Variable: UPPCAPD
Definition: Real escalationrate for dispatchablecapacitytypes
Units: Scalar
Alias: None
Level of Aggregation: None
Source: Officeof IntegratedAnalysisand Forecasting(Assumedto be 0.0)
Subroutines: EP$RETRO, EP$BDSP, EPO$BILD

ECP Variable: UPRCAPL3
Definition: Real escalationrate for renewable (excludingintermittent)technologies

. Units: Scalar
Alias: None
Level of Aggregation: None
Source: Office of IntegratedAnalysisand Forecasting(Assumed to be 0.0)

" Subroutines: EP$BRNW, EPO$BILD
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ECP Variable: UPRLC
Definition: Capital cost learningfactor for renewable(excludingintermittent)technologies
Units: Fraction
Alias: None

Level of Aggregation: Renewablecapacitytypes
Source: Assumedto be 0.0 (will be provided when New TechnologiesSubmoduleis linked)
Subroutines: EP$BRNW, EPO$BILD

ECP Variable: UPROPT
Definition: Contingencyfactor for renewable (excludingintermittent)technologies
Units: Fraction
Alias: None
Level of Aggregation: Renewable capacity types
Source: ElectricPower Research Institute

"TechnicalAssessmentGuide, ElectricitySupply-1993"
June 1993

Subroutines: EP$BDSP, EPO$BILD

ECP Variable: UPSTYR
Definition: Initialforecast year for executionof ElectricityCapacity PlanningSubmodule
Units: Year
Alias: None

Level of Aggregation: None
Source: User-specified
Subroutines: ELECP, ECPOML, EP$BLD

ECP Variable: UPTCRT
Definition: Target coverageratio for purchasedcapacity
Units: Fraction
Alias: None
Level of Aggregation: None
Source: OnLocation,Inc.

"EstablishingConstraintson PurchasedNonutilityGeneration"
Deliverable6, Task 92086, Contract DE-AC01-88EI21033
March 1993

Subroutines: EP$PCL, CRCONST, EP$RETRO, EP$BDSP, EP$1NT,EP$BRNW

ECP Variable: URNCST
Definition: Maximum exportcapacityduring summer season
Units: Gigawatts
AliaS: EXPy,
Level of Aggregation: ElectricitySupply Regions
Source: NorthAmericanElectric ReliabilityCouncil

"CoordinatedBulkPower Supply Report"
Subroutin_: EP$ETT
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ECP Variable: URNCWT
Definition: Maximumexportcapacityduringwinter season
Units: Gigawatts
Alias: EXP

yr

Level of Aggregation: ElectricitySupply Regions
Source: NorthAmerican Electric ReliabilityCouncil

"CoordinatedBulk Power SupplyReport"
Subroutines: EP$ETT

o

ECP Variable: USF759
Definition: Secondaryfuel code from Form EIA-759

. Units: Character
Alias: None
Level of Aggregation: None
Source: Form EIA-759
Subroutines: EPOSBILD

ECP Variable: USF860
Definition: Secondaryfuel code from Form EIA-860
Units: Character
Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Source: FormEIA-860
Subroutines: EPOSBILD

ECP Variable: WCAMSEL
Definition: Availablecapacity for MunicipalSolid Waste
Units: Megawatts
Alias: RNWI..,
Lev(I of Aggregation: ElectricitySupply Regions
Source: Renewable Fuels Module
Subroutines: EP$BRNW

ECP Variable: WCASTEL
Definition: Availablecapacityfor solar
Units: Megawatts

• Alias: INTLi,
Level of Aggregation: ElectricitySupply Regions
Source: Renewable Fuels Module
Subroutines: EP$1NT

Q
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ECP Variable: WCAWIEL
Definition: Availablecapacityfor wind
Units: Megawatts
Alias: INTL,,
Level of Aggregation: ElectricitySupplyRegions
Source: Renewable FuelsModule
Subroutines: EP$1NT

ECP Variable: XPCLELN °
Definition: Expoctedcoal price
Units: Dollarsper MillionBtu
Alias: None
Leve_of Aggregation: ElectricitySupply Region
Source: Office of IntegratedAnalysisand Forecasting
Subroutines: EPFLPRC

ECP Variable: XPCLEL
Definition: Expectedcoal price
Units: Dollarsper MillionBtu
Alias: None
Level of Aggregation: CensusDivision
Source: IntegratingModule
Subroutines: EPFLPRC

ECP Variable: XPDSEL
Definition: Expecteddistillatefuel oil price
Units: Dollarsper Million Btu
Alias: None
Level of Aggregation: Census Division
Source: IntegratingModule
Subroutines: EPFLPRC

ECP Variable: XPGFEL
Definition: Expected firmnaturalgas price
Units: Dollarsper Million Btu
Alias: None
Level of Aggregation: CensusDivision
Source: IntegratingModule
Subroutines: EPFLPRC
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ECP Variable: XPGIEL
Definition: Expected interruptiblenatural gas price
Units: Dollarsper MillionBtu
Alias: None
Level of Aggregation: Census Division
Source: IntegratingModule
Subroutines: EPFLPRC

" ECP Variable: XPRHEL
Definition: Expected high-sulfurresidualfueloil price
Units: Dollarsper Million Btu

. Alias: None
Level of Aggregation: Census Division
Source: IntegratingModule
Subroutines: EPFLPRC

ECP Variable: XPRLEL
Definition: Expected low-sulfurresidualfuel oilprice
,Units: Dollarsper MillionBtu
Alias: None
Level of Aggregation: Census Division
Source: IntegratingModule
Subroutines: EPFLPRC

ECP Variable: XPUREL
Definition: Expected uraniumprice
Units: Dollarsper MillionBtu
Alias: None
Level of Aggregation: Census Division
Source: IntegratingModule

• Subroutines: EPFLPRC
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OUTPUT VARIABLES

ECP Variable: BIOBLDS
Definition: CumulativeBiomassAdditions
Units: Megawatts
Alias: RNWymo
Level of Aggregation: ElectricitySupplyRegion
Subroutines: ELECP, EP$BRNW, EPO$BILD

ECP Variable: ECLCAP
Definition: Total coal-firedcapacitybycoal regionand year, includingexistingunits,plannedand

unplannedadditions,and scheduledretirements
Units: Megawatts
Alias: None
Level of Aggregation: Coal DistributionSubmodule(CDS) Regions
Subroutines: EPO$BILD

ECP Variable: EPALLOW
Definition: Current year allowancecost for sulfurdioxide
Units: $ per Ton
Alias: None
Level of Aggregation: National
Subroutines: EPO$BANK

ECP Variable: EPAVOIO
Definition: Avoidedcostof electricity
Units: Million$ per Gigawatt
Alias: None
Level of Aggregation: ElectricitySupply Region
Subroutines: EP$AVOID

ECP Variable: EPBANK
Definition: Current-yearbankingdecisionfor sulfurdioxideemissionsallowances
Units: MillionTons

Alias: BNKyn
Level of Aggregatlon: National
Subroutlnes: EPOSBANK
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ECP Variable: EPRMRGN
Definition: Avoided cost _dual-value)for reserve margin constraint
Units: $ per Kilowatt
Alias: None
Level of Aggregation: ElectricitySupply Region
Subroutines: EPO$AVOID

ECP Variable: UCANBLD
" Definition: Canadianbuilddecisions

Units: Gigawatts
Alias: BCHy_

. Level of Aggregation: ElectricitySupply Region
Subroutines: EPO$ETT

ECP Variable: WCFLAG
Definition: Code to identitysourceof average capacityfactor
Units: Scalar (4=ElectricityCapacityPlanningSubmodule)
Alias: None
Level of Aggregation: Dispatchableand renewabletechnologies
Subroutines: EPO$BILD

ECP Variable: WCOMB
Definition: Code to indicateif unitsare groupedor not for dispatching
Units: Scalar (0=not grouped,1=grouped)
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WCPLUS
DefinlUon: Code to identityplant location
Units: Character
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

Energy Information Administration/Documentation - Electricity Capacity Planning Submodule 95



ECP Variable: WC_NP
Definition: Nameplatecapacity of capacity planning decisions
Units: Megawatts
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WC_SUM
Definition: Net summer capabilityof capacity planning decisions
Units: Megawatts
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPOSRETRO

ECP Variable: WC_TOT
Definition: Total nameplate capacity of capacity planningdecisions
Units: Megawatts
Alias: None

Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WC_WIN
Definition: Net winter capability of capacity planning decisions
Units: Megawatts
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WEFPT
Definition: Financialasset type code for capacity planning decisions
Units: Character
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

96 Energy Information Administration/Documentation - Electricity Capacity Planning Submodule



ECP Variable: WFLT
Definition: Fuel type codesfor capacity planning decisions for use in ElectricityFuel Dispatching

Submodule
Units: Character
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

" ECP Variable: WFOWN
Definition: Ownershiptype for capacity planningdecisions
Units: Character

• Alias: None
Level of Aggregation: None
Subroutines: EPOSBILD, EPO$RETRO

ECP Variable: WHFLAG
Definition: Code to identifysourceof heatrate
Units: Scalar (4=ElectricityCapacity PlanningSubmodule)
Alias: None
Level of Aggregation: Dispatchableand renewabletechnologies
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WMKWH
Definition: Weightedaverage cost of electricity
Units: Dollarsper ThousandKUowatthours
Alias: None

"evei of Aggregation: None
Subroutines: EPO$BILD

ECP Variable: WMKWH1
Definition: Average cost of electricityusingprimaryfuel
Units: Dollarsper Thousand Kilowatthours
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD
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ECP Variable: WMKWH2
Type: Output
Definition: Average cost of electricityusing secondary fuel
Units: Dollars per ThousandKilowatthours
Alias: None
Level of Aggregation: None
Source:
Subroutines: EPO$BILD

,=

ECP Variable: WNEMST
Definition: Plant type code for capacity planningdecisions
Units: Character
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WNEWGRP
Definition: Code to identifyplantgroupfor new unplannedcapacity additions
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WNGRPS
Definition: Numberof new plantgroups
Units: Scalar
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WO RMO
Definition: Month of completionfor retrofittingexisting capacity with scrubbers (i.e., existing

unscrubbedunitis retiredand new scrubbedunit beginsoperation)
Units: Month (e.g., 1--January)
Alias: None
Level of Aggregation: None
Subroutines: EPO$RETRO
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ECP Variable: WO_RYR
Definition: Year of completion for retrofitting existing capacity with scrubbers (i.e., existing

unscrubbedunit is retired and new scrubbedunit beginsoperation)
Units: Year (e.g., 1995)
Alias: None
Level of Aggregation: None
Subroutines: EPOSRETRO

" ECP Variable: WPCST
Definition: Overnight capital cost of build or retrofit decision
Units: Dollarsper Kilowatt

, Alias: None

Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WPF759
Definition: Primaryfuelcode correspondingto Form EIA-759 for capacityaddition
Units: Character
Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable, and intermittent)
Subroutines: EPO$BILD

ECP Variable: WPF860
Definition: Primaryfuel code correspondingto Form EIA-860
Units: Character
Alias: ' None
Level of Aggregation: Capacitytypes (dispatchable,renewable, and intermittent)
Subroutines: EPO$BILD

ECP Variable: WPFSHR
Definition: Maximumfuel share for primary fuel
Units: Character
Alias: None
Level of Aggregation: Capacity types (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD
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ECP Variable: WPM759
Definition: Prime movercode (e.g., steam) correspondingto Form EIA-759 for capacityaddition
Units: Character
Alias: None
Level of Aggregation: Capacity types (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD

ECP Variable: WPM860
Definition: Prime mover code (e.g., steam) correspondingto FormEIA-860
Units: Character
Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD

ECP Variable: WS2ACT
Definition: Actual sulfurdioxide emission rate (assumedto equal standardfor new units)
Units: Poundsper MillionBtu
Alias: None
Level of Aggregation: Capacity types (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD

ECP Variable: WS2STD
Definition: Sulfurdioxideemissionstandard
Units: Poundsper MillionBtu
Allas: None

Level of Aggregation: Capacity types (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD

ECP Variable: WSCBEF
Definition: Sulfur dioxide removal rate for scrubbersretrofits
Units: Fraction
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO
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ECP Variable: WSCBTP
Definition: Code to indicate scrubber is a retrofit
Units: Character
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WSCBYR
• Definition: Initial operating date for existing capacityretrofittedwith scrubber

Units: Year
Alias: None

, Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WSF759
Definition: Secondaryfuel code correspondingto Form EIA-759 for capacityaddition
Units: Character
Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD

ECP Variable: WSF860
Definition: Secondaryfuel code correspondingto Form EIA-860
Units: Character
Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD

ECP Variable: WSFSHR
Definition: Maximumfuel share for secondaryfuel
Units: Character
Alias: None

Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD
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ECP Variable: WSTAT1
Definition: Currentstatuscode
Units: Character
Alias: None
Level of Aggregation: Capacitytypes(dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD

ECP Variable: WSTAT2
DefinlUon: Futurestatuscode
Units: Character
Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD

ECP Variable: WTYPE
Definition: Codeto indicatetype of new unit
Units: Scalar(0=renewable,1=nonrenewable)
Alias: None
Level of Aggregation: Capacitytypes (dispatchable,renewable,and intermittent)
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: WVIN
Definition: Code to indicatetype of new unit
Units: Scalar (3=capacityexpansiondecision,9=retrofitdecision)
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

J

ECP Variable: W_CF
Dofinltion: Average capacityfactor for new capacity
Units: Fraction
Alias: None
Level of Aggregation: Renewabletechnologies
Subroutines: EPO$BILD
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ECP Variable: W_RMO
Definition: Month that capacity addition or retrofittedunit will be retired
Units: Month(e.g., 1=January)
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: W_RYR
• Definition: Year that capacity additionor retrofittedunit will be retired

Units: Year (e.g., 1995)
Alias: None

. Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: W_SMO
Definition: Monththat capacity addition or retrofittedunit will begin cperation !
Units: Month(e.g., 1=January)
Alias: None
Level of Aggregation: None
Subroutines: EPOSBILD,EPO$RETRO

ECP Variable: W_SYR
Definition: Year that capacityadditionor retrofittedunitwill begin operation
Units: Year (e.g., 1995)
Alias: None
Level of Aggregation: None
Subroutines: EPO$BILD, EPO$RETRO

ECP Variable: ZTIMPD
Definition: Cost of firm Canadianpower imports
Units: Millionsof $
Alias: None
Level of Aggregation: ElectricitySupply Region
Subroutines: EPO$EI-I"
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Appendix B

ELECTRICITY CAPACITY PLANNING (ECP)
SUBMODULE SUBROUTINES AND FUNCTIONS

This appendix contains a description of the FORTRAN subroutinesof the ECP, includinga mathematical
specification of the equations that derive the coefficients of the objective function and constraint matrix of the LP
model.
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SUBROUTINE: ELECP

Description: This subroutine is the maincontrollingmoduleof the ECP. ELECP initializesvariables and checks
a user-specified switch that determines if the ECP will be executed. If the ECP is turned off, then
the capacity planning decisions from a previous NEMS run are used.

Called By: UTIL
Calls: ECPOML

Equations: NONE
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SUBROUTINE: ECPOML

Description: ECPOML initializes the LP database and sets up the starting matrix using OML subroutines. Next,
it calls a series of subroutines that compute the revisions to objective function coefficients,
row/column intersections, and right-hand sides for the constraint matrix. ECPOML then executes
OML subroutines to load the matrix and starting basis, solve the model, and retrieve the solution.

Called By: ELECP
Calls: EP$AI.LOW,EP$ETT,GETBLD,EP$BLD,EP$PCL,EPFLPRC,

GETEIJ,EP$MRM,EP$LOAD,EP$RETRO,EP$BDSP,EP$BRNW,
EP$ODSP,EP$ORNW,EP$1NT,EP$DSM,EPO$BANK,EPO$ETT,
EPO$AVOID,EPO$BILD,EPO$RETRO,STRBOUT

Equations: NONE
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SUBROUTINE: EP$ALLOW

Description: EP$ALLOW revises the right-handside of the emissions constraints andsets upper bounds on the
allowance banking columns for each year of the planning horizon. For sulfur dioxide (SO2),the
limit corresponds to the sum of the emissions allowances allocated in accordance with the CAAA
and is adjusted as a result of prior banking decisions. The limit is implemented as a national
constraint since allowances can be traded. This subroutine calls GETSO2, which obtains the SO2
allowances from an EMM input file.

Called By: ECPOML
Calls: GETSO2

. Equations: Revise the RHS value of the SOTEmissionsConstraintsfor each year y. (MillionTons)

ALWy <= UIALLWy* 0.001
for y = 1995, 1996,..., 2010.

ALWy<= 22000.0
for y = 1990, 1991, 1992, 1993, 1994.

where" UIALLWy= Initial SO2Allowances for year y. (Thousand Tons)

Revise the Upper Boundon the AllowanceBankingColumns (ALW_.,),,,,,foreach year v. (Million
Tons)

BNKy.t<= 50000.0
for y = 1995, 1996..... 2010 and n LE last year in planninghorizon.

BNKy.t= 0.0
for y = 1990, 1991, 1992, 1993, 1994

where: n = the year that allowancesare bankedto (y+l)
t = pollutantSO2
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SUBROUTINE: EP$ETT

Description: EP$ETT sets up the interregional transmission constraints and incorporates limits on imports from
new Canadian hydroelectric projects for each region for all years in the planning horizon. The
corresponding contributions to reserve margin requirements are also included. EP$ETT calls
GETEIJ, which obtains transmission and trade data from an EMM input file.

Called By: ECPOML
Calls: GETEIJ

Equations: Revise the RHS value of the interreclionaltransmissionconstraintsfor each reqion r and year y "
.(Gi.clawatts).

EXPy,= MAX( URNCSTv,, URNCWTy,)

where: URNCSTy, = Summer Exports for year y, region r. (Gigawatt)
URNCWTyr= Winter Exports for year y, region r. (Gigawatt)

Revisethe matrixcoefficientsof the buildcanadianhydrocapacityvectors (BCH...,,=)for eachimport
reaionr, year y and canadiaqimport supplystep s.

Column Upper Bou:,d (Gigawatts):

BCHv,, <= UCI$FMW_,,,* 0.001

where: UCI$FMWy,== Firm canadian supply capacity available for year y, region r and
canadian supply step s. (Megawatts)

Objective Function Coefficient (Million $ / Gigawatt):

VALUE = UCI$CSTyr,* UCI$CFy,, * UPGNPDy* 0.0876

If last year of planning horizon
VALUE = VALUE / CRF(EPDSCRT , (ECP$FPH - ECP$XPH))

Endif

CBCHy_ = VALUE * PWF(EPDSCRT,YEAR)

where: UCI$CSTy_,- Variable operating cost for canadian hydroelectric capacity for
year y, import region r and canadian supply step s. (S/Thousand
Kilowatthours)

UCI$CFy_, = Maximum Capacity Factor for canadian hydroelectric capacity ,
for year y, import region r and canadian supply step s. (Percent)

UPGNPDy = Inflation rate for converting to nominal dollars.
EPDSCRT = Utility discount rate (nominal,tax-adjusted rate of return)
ECP$FPH - Length of Full Planning Horizon (30 Years)
ECP$XPH = Length of Explicit Planning Horizon (6 Years)
CRF = Capital Recovery Factor Function
PWF = Present Worth Factor Function
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Reserve Margin Coefficient (Fraction):

RMCy,c= UCI$CFy,,* 0.01

where: UCI$CFy== Maximum Capacity Factor for canadian hydroelectric capacity for year
y, import region r and canadian supply step s. (Percent)

Purchased Capacity Coefficient (Million $/Gigawatt):

" PPCCy,,= CBCHy,_

The contribution to the purchase capacity is set to the objective value function calculated
above.

Load Requirements Row Coefficient (Fraction):

ELRyml= UCI$CFy=* 0.01
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SUBROUTINE: EP$MRM

Description: This subroutine determines the minimum capacity requirements for each electricity supply region
in each year of the planning horizon. The total available capacity must exceed the expected peak
demand by at leastthe minimum reserve margin, accounting for imports/exports of electricity during
the peak load segment. This quantity is represented as the right-hand side of the reserve margin
constraint.

Called By: ECPOML

Equations" The total capacity requirement (Gigawatt) for each region r and year y is given by

RMQy,= EPPEAK_,* (1 + EEMRMr) + UEITAJy,,.

where" EPPEAKyr = Peak Load for region r year y. (Gigawatt)
EEMRM, = Minimum Reserve Margin Requirement for region r. (Fraction)
UEITAJy,, = Interregional transfers for year y region r and season s (the season in

which the peak load occurs for region r).

\
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SUBROUTINE: EP$BLD

Description" EP$BLD revises the right-hand sides and row/column intersections of constraints that restrict
capacity additions over and above the reserve margin requirement. This simulates disincentives
for overbuilding such as the disallowance by public utility commissions of capital additions to the
rate base for new plants that are excess capacity. EP$BLD also calls GETEIJ in order to
incorporate contributions to the reserve margin requirement of plants built in one region to serve
another.

- Called By: ECPOML
Calls: GETEIJ

Equations: Revise the RHS value of the dispatchable ca.q..acitybuildconstraintsfor each re.qionr and year y

CA.PLy,-EPPPEAKy" (1 +EPMR ) +UEITAJ,,-

EPPCAP ".001-_ EPRCAP ".001
¢ n

where: EPPEAK_r = Peak Load for region r year y. (Gigawatt)
EEMRM, = MinimumReserve Margin Requirementfor regionr. (Fraction)
UEITAJy,, = Interregionaltransfers for year y region r and season s (the season in

whichthe peak load occurs for region r).
EPPCAPyrc= Existing Capacity for dispatchable capacity c in region r year y.

(Megawatt)
EPRCAPym= ExistingCapacityfor renewabledispatchablecapacityn inregionr year

y. (Megawatt)

Revisethe matrixcoefficientsof the dispatchab_uUd constraintsfor eachr_.._gjonr and
e

Build new dispatchable capacity (BLDy=): 1.0

Build dispatchablecapacity for another region (BDly,_o)'EPTLOSS_

Buildnew renewablecapacity(RNWyr,o)"EPRCC_m

Buildrenewablecapacity for anotherregion (BRly,Qno):EPRCCP_m* EPTLOSSy,g

for j = (y + construction lead time for :.,ispatchablecapacity type c or renewable dispatchable
. capacity type n,ECP$XPH)

where: EPTLOSSy,g = Transmissionloss factor for interregionalcapacity additions from
region r to region g in year y. (Fraction)

EPRCCRym = Capacity credit for renewable capacity type n in region r year y.
(Fraction)

ECP$XPH = Length of explicit planning horizon. (6 Years)
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SUBROUTINE: EP$PCL

Description: EP$PCL places limits on the amount of capacity that can be purchased from nonutility suppliers.
In a given region, capacity additions by nonutility suppliers are allowed as long as the interest
coverage ratio for utilities does not fall below a prespecified level. This represents recentsituations
where the bond ratings for some utilities were lowered due to their reliance on capacity purchases
from nonutilities, which are considered to be the equivalent of debt.

Called By: ECPOML

Equations: Revise RHS value of the purchasedcapacityconstraintsfor each reclionr and year y (MillionS).

B = (EPURORy, * EPUFPEy,) / (1.0 - EPTXRTy,) (Equity Component)
D = (EPUFDTr, * EPUIRTr,) (Debt Component)
VALUe, = EPRTBSy,* COEFCR(B,D,UPTCRT)
VALU_, = MAX(0.0,VALUEy,)

For first year of planning horizon:

VALUe, = VALUEr,

For second through last year of planning horizon:

VALUe, = VALUEr, * (1.0-.03)

where: EPUROR_, = Utility Rate of Retum for region r year y.
EPUFPF_v,= Taxable portion of utility rate of return for region r year y. (Fraction)
EPTXRTyr = Net Tax Rate for region r year y.
EPUFDTy, = Utility debt fraction for region r year y. (Fraction)
EPUIRTy, = Utility interest rate for region r year y.
EPRTBSr, = Initial utility rate base for region r year y.
UPTCRT = Target coverage ratio for purchased capacity in region r year y.
COEFCR = function that calculates the excess dollars available to 'cover' purchase

power payments as though they were debt payments.
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SUBROUTINE: EP$LOAD

Description: EP$LOAD revises the right-hand side of the load requirements constraints, which insure that
sufficient generating capacity is allocated or DSM programs are implemented to satisfy both the
capacity and energy needs in each region and year of the planning horizon. These right-hand side
values are computed for each of the seasonal/time-of-day load segments in the ECP.

Called By: ECPOML

Equations: Revisethe RHS value of the Electricityload reauirementconstraintsfor each reqionr, year y and
verticalload step I (Gi.clawatt).

ELCyrl= EPHGHTyrt+ UEITAJy_

where: EPHGHTy, = Height of the vertical load segment I for region r year y. (Gigawatt)
UEITAJ_,,, = Interregional transfers for year y region r and season s (the season in

which the load segment I occurs for region r). (Gigawatt)
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SUBROUTINE: EP$RETRO

Description: EP$RETRO revises the right-hand side of the constraints that limits scrubber retrofits to units that
satisfy prespecified criteria for size and age and adjusting for prior retrofit decisions. This
subroutine also computes the cost coefficients for retrofit decisions. EP$RETRO calls EPINCST
to calculate the installed cost of a generating unit, and EPNBLD to compute the present value of
the revenue requirements for installing retrofits. This subroutine also adjusts the row/column
coefficients in the capacity balance rows, which shift capacity from unscrubbed to scrubbed to
reflect the resulting lower emission rates.

Called By: ECPOML
Calls: EPNBLD,EPINCST

Equations: Revise the RHS value of the Retrofit constraints for each unscrubbed capacity type c, retrofit .
cluster u and region r (Giqawatt).

FGDL,= = EPSCAPy,c,,* .001

where: EPSCAPy,cu = Upper limit on existing capacity c that can be retrofitted in region r
year r and retrofit cluster code u. (Megawatt)

Revisethe matrixcoefficientsof the retrofitunscrubbedcoal capacityvectors(FGDv,_=Jfor each
unscrubbedcapacityWDec, scrubbedcapacitytype k, retrofitclusteru, regionr, and year y_

Objective Function Coefficient (Million$/Gigawatt):

OVRCST = EPSOVRy,_
CALL EPINCST(MNUMYR,ECP$XPH, ECP$FPH,EPSCLTy,o,CURIYR,y,

OVRCST,EPSCP_,=,UPPCAPDo,UPGNPDy,EPUlRTy,,
EPUFDTy,,EPURORy,TXBOOK,FNBOOK)

URATIO = TXBOOK / FNBOOK
CAPUNSTL = FNBOOK
CALL EPNBLD(EPURORy,,EPDSCRT,URATIO,EPUFP_r, EPSELFy=,EPSELFy_¢,

EPTXRTy,,EPSELFyr=,CAPUTIL)
CFGDy,_ = ((CAPUNSTL * CAPUTIL) / CRF(EPDSCRT,IFPH2) *

PWF(EPDSCRT,OLYR)

where: EPSOVRv._ = Overnight capital cost for retrofittingexisting capacity with
scrubbers. (S/Kilowatt)

MNUMYR = Number of years in NEMS forecast horizon(29 years).
ECP$FPH = Lengthof FullPlanningHorizon (30 Years).
ECP$XPH = Lengthof Explicit PlanningHorizon(6 Years).
EPSCLTy,_ = Construction lead time for installing retrofits on existing .

dispatchablecapacitytype c in region r year y. (Years)
CURIYR = Currentforecast year of NEMS run (1 = 1990)
EPSCPRyr_ = Constructionprofilefor retrofittingdispatchablecapacitytype c

in regionr year y. (Fraction)
UPPCAPD= = Real capital cost deflator for dispatchablecapacity type c.

(Fraction)
UPGNPDy = Inflationrate for convertingto nominaldollars
EPUIRTy, = UtilityInterest Rate for region r year y.
EPUFDTyr = Utilitydebt fractionfor region r year y. (Fraction)
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EPURORy, = Utility Rate of Return for region r year y.
TXBOOK = Tax basis installed costs returned from EPINCST
FNBOOK = Book value installed costs returned from EPINCST
EPDSCRT = Utility discount rate (nominal,tax-adjusted rate of return)
EPUFP_, = Taxable portion of utility rate of return in region r year y..,

(Fraction)
EPSELFyrc = Economic life for scrubber retrofits on existing capacity c in

region r year y. (Years)
EPTXRTy, = Net Tax Rate for region r year y.
CAPUTIL = Fixed charged factor to transform the installed book value into

" a fixed nominal annuity returned from EPNBLD.
CRF = Capital Recovery Factor Function
PWF = Present Worth Factor Function

, OLYR = On line year for retrofit (y + EPSCLTy,c)
IFPH2 = ECP$FPH - OLYR

I

Reserve Margin Row Coefficient (Fraction)"

VALUEjr=ku= (EPSCPENy,k,,-1.0)

for j = OLYR,ECP$XPH

where: EPSCPENy,ku = Capacity penalty for operating scrubbed capacity type k, retrofit
cluster u in region r, and year y. (Fraction)

PurchasedCapacity Row Coefficient(Million $/Gigawatt):

VALUEy_u = CAPUNSTL * CRCONST(UPTCRT,EPUFP_,,EPURORy,,EPUFDTy,,
EPUIRTyr,EPTXRT_r,EPSELFy,c,EPSELFy,c,URATIO,PYR)

for j = OLYR,ECP$XPH

where: CRCONST = Functionthat calculates a scalar that represents the excess
eamings available to utility to support its fixed commitmentsto
purchasedpower contractsper dollar investedin rate base.

UPTCRT = Target coverageratio.
PYR = j- OLYR + 1

Capacity Balance Row Coefficientfor Scrubbed Capacity Type k (Fraction):

VALUEj_,u= -EPSCPENy,=k=

, for j = OLYR,ECP$XPH
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SUBROUTINE: EP$BDSP

Description: EP$BDSP revisesthe upper boundson existingdispatchablecapacity vectors for each year of the
current planning horizon. However, EP$BDSP's primary function is the revision of the objective
function value for the build vectors of eachdispatchable capacity type. For each capacity type there
are up to four build types as defined by the combination of ownership (utility versus non-utility) and
end use market (own use versus export). The choice of ownership is reflected in both the cost of
financing and the resulting impact on the financial health of the electric utility which will use the new
generation capacity. Building for export includes the additional cost of transmission capacity
requiredto deliver electricity to the import region,as well as,a decrementto the available capacity
to capture the additional transmission losses.The objective function value is the present value at
the beginning of the planning horizon of all electric utility cash flows including fixed operations and
maintenance expenses required to pay for one unit of generationcapacity and the associated ,
increment of transmission capacity.

Several financial functions are used to produce the objective function value. The PW function
determines the present value of a vector of numbers. The PWF function calculates a factor that
equates a future value to present value terms. The EPINCST function converts an overnight cost,
a construction profile and the cost of capital into an installed cost on both a book and a tax basis.
For utility builds, EPNBLD function determines the fixed charge factor to transform the installed
book value into a fixed nominal annuity. Similarly, EPCNBLD function determines the fixed charge
factor for non-utility builds. The CRF function returns an annuity factor associated with a discount
rate and a term. Consequently, the reciprocal of the CRF function converts an annuity over a given
term to a present value.

This subroutine also computes the contribution/decrement to the purchased capacity constraint for
utility/non-utility build vectors, respectfully. For non-utility vectors the decrement to the purchased
capacity constraint is the capital cost annuity. For utility vectors, the CRCONST function calculates
a factor relating excessearnings available to support purchased power contracts to an investment
in rate base and thus defines the contribution to the purchased capacity constraint.

Called By: ECPOML
Calls: EPNBLD,EPINCST,EPCNBLD

Equations: Reviseup,perboundon the existingcapacityvectors(EXC._,,)for each dispatchablecapacitytype
c, r_ion r ,andyear v (Gklawatt).

EXCy,c<= EPPCAPy,o* .001

where: EPPCAPy,o= Existing Capacity for dispatchable capacity c in region r year y.
(Megawatt)

Calculate presentvalue offixedo&mcostsatOL.YR(on lineyear for plantbuild- constructionlead
time ..+y.

FOMj= (EPPFOMv,o+ EPCFOMy,=)* UPGNPD0.=,,yr.o_,.2)

for j= 1 , IFPH2

•, PV$FOM = PW(FOM,ECP$FPH,IFPH2,EPDSCRT) *
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PWF(EPDSCRT,OLYR)

where: EPPFOMy,c = Fixed operating and maintenance costs for dispatchable capacity
type c in region r year y. (S/Kilowatt)

EPCFOMy,c - Fixed operating and maintenance transmission costs for
dispatchable capacity type c in region r year y. (S/Kilowatt)

UPGNPDy = Inflation rate for converting to nominal dollars
OLYR = On line year for capacity type c build.
IFPH2 = ECP$FPH - OLYR + 1

• ECP$FPH = Length of Full PlanningHorizon (30 Years)
EPDSCRT = Utility discount rate (nominal,tax-adjusted rate of return)
PVV = function that calculates the present value of a vector of numbers.
PWF = Present Worth Factor Function

8

Revise matrix cnef_icientsof the utilitybuildS.(o=U)

Revisematrixcoefficientsof the builddispatchablecapacityvectors(BLDg,) for eachdispatchable
capacity type c, reqionr and year y.

Objective Function Coefficient(Million$/Gigawatt):

OVRCST = EPPOVI:_ * UPDOPTc * UPDLC=
CALL EPINCST(MNUMYR,ECPSXPH,ECP$FPH,EPPCLTy,o,CURIYR,y,

OVRCST,EPPCPRy,o,UPPCAPDo,UPGNPDy,EPUlRTy,,
EPUFDTy,,EPURORyr,TXBOOK,FNBOOK)

URATIO = TXBOOK/FNBOOK
CAPUNSTL = FNBOOK

CALL EPNBLD(EPURORy,,EPDSCRT,URATIO,EPUFPEy,,EPPELFyr=,EPPTLFy,_,
EPTXRTy,,EPPUCLFy,o,CAPUTIL)

TRANS = EPCOV_ro* UPGNPDy EPCCRFy,=
OBJVAL = ((CAPUNSTL * CAPUTIL + TRANS) / (CRF(EPDSCRT, IFPH2) *

PWF(EPDSCRT,OLYR)
CBLDy,oo= OBJVAL + PV$FOM

where: EPPOV_, c = Overnightcapital cost for dispatchablecapacitytype c in region
r year y. (S/Kilowatt)

UPDOPT= = Technicaloptimismfactor for dispatchablecapacity type c.
" UPDLCo = LearningCurve factorfor dispatchablecapacitytype c.

MNUMYR = Currentyear of NEMS run (1990 - 2010)
ECP$FPH = Lengthof FullPlanningHorizon (30 Years)

. ECP$XPH = Lengthof ExplicitPlanningHorizon (6 Years)

EPPCLTy,c = Constructionlead time for dispatchable capacitytype c in region
r year y. (Years)

CURIYR = Current forecast year of NEMS run (1 = 1990)
EPPCPRy,¢ = Construction profile for dispatchable capacity type c in region r

year y. (Fraction)
UPPCAPD¢ = Real capital cost deflator for dispatchable capacity type c.
EPUIRTy, = Utility Interest Rate in region r year y.
EPUFDTy, = Utility debt fraction for region r year y. (Fraction)
EPURORyF = Utility Rate of Return for region r year y.
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TXBOOK = Tax basis installed costs returnedfrom EPINCST
FNBOOK = Bookvalue installedcosts returnedfrom EPINCST

EPUFP_, = Taxable portion of utility rate of return in region r year y.
(Fraction)

EPPELFy,c = Economiclife for dispatchablecapacitytype c in region r year
y. (Years)

EPPTLFy,c = Tax life for dispatchablecapacity type c i.n region r year y.
(Years)

EPPUCLF_,o = Contractlife for utilitydispatchablecapacitytype c in region r
year y. (Years)

EPTXRTy, = Net Tax Rate for region r year yo
CAPUTIL = Fixed charged factor to transformthe installedbook value into

a fixed nominal annuity returned from EPNBLD.
EPCOVRy,c = Overnight capital costs for transmissions for dispatchable

capacity type c in region r year y. (S/Kilowatt)
UPGNPDy = Inflation rate for converting to nominal dollars
EPCCRF_,_ = Fixed charge factor for transmissionsfor dispatchablecapacity

type c in region r year y. (Fraction)
CRF = Capital Recovery Factor Function
PWF = Present Worth Factor Function

PurchasedCapacity Row Coefficient (Million$/Gigawatt):

VALUF.x_j== CAPUNSTL * CRCONST(UPTCRT,EPUFPE_r,EPURORy,,EPUFDTyr,
EPUlRT_r,EPTXRTy,,EPPTLFy,c,EPPELF_,=,URATIO,PYR)

for j = OLYR,ECP$XPH

where: CRCONST = Function that calculates a scalar that represents the excess
earnings available to utility to support its fixed commitments to
purchasedpower contractsper dollar invested in rate base.

UPTCRT = Target coverage ratio.
PYR = j - OLYR + 1.

Revisematrixcoefficientsofthe builddispatchablecapacityfor anotherregionvectors(BDly,_
eachdisDatchablecapacity type c, regionr, importre.aion.a. andyear v.

ObjectiveFunctionCoefficient (Million$/Gigawatt):

TRANS = EPTCSTy,6* UPGNPDy* EPTCRFy_
OBJVAL= ((CAPUNSTL * CAPUTIL + TRAN_) / (CRF(EPDSCRT,IFPH2) *

PWF(EPDSCRT,OLYR)
CBDly,=go= OBJVAL + PV$FOM

where: EPTCSTy,g = Transmissioncosts for interregionalcapacity additionsfrom region
r to region g in year y. (S/Kilowatt)

EPTCRFy,g = Transmissionannuityfactor for interregionalcapacityadditionsfrom
region r to region g in year y. (Fraction)

PurchasedCapacity Row (for importregion)Coefficient (Million$/Gigawatt)"

118 Energy Information Administration/Documentation - Electricity Capacity Planning Submodule



VALUF_.yg_= CAPUNSTL * CRCONST(UPTCRT,EPUFPEy,,EPURORyr,EPUFDTy,,
EPUIRTyr,EPTXRTy,,EPPTLFy,c,EPPELF,,re,URATIO,PYR)

for j = OLYR,ECP$XPH

Reserve Margin Row (for import region) Coefficient (Fraction):

VALUEig¢ = EPTLOSSv,0

" for j = OLYR,ECP$XPH

where: EPTLOSSy,o = Transmission loss factor for interregional capacityadditions from
• region r to regiong in year y. (Fraction)

Capacity Balance Row (for import region)Coefficient (Fraction):

VALUEjgc= - EPTLOSSyro

for j = OLYR,ECP$XPH

Revise matrixcoefficientsof t.henon-utilitybuilds.(o=N)

Revisematrixcoefficientsofthe builddispatchablecapacityvectors(BLDy_) for eachdispatchable
capacity type c, r_ion r and year y.

Objective FunctionCoefficient (Million$/Gigawatt):

EWGROE = EPUCR_, + EPNRPRM_,r
EWGINT = EPUIRTy,+ EPNIPRMyr
EWGROR = EWGROE * (1.0 - EPNFDTy,)+ EWGINT * EPNFDTy,
OVRCST = EPPOV_r c * UPDOPTc* UPDLCc
CALL EPINCST(MNUMYR,ECP$XPH,ECP$FPH,EPPCLTy,o,CURIYR,y,

OVRCST,EPPCPF_, UPPCAPDo,UPGNPDy,EWGINT,
EPNFDTyr,EWGROR,TXBOOK,FNBOOK)

PRATIO = TXBOOK/FNBOOK
CAPNNSTL = FNBOOK

q

CALL EPCNBLD(EPNFDTy,,PRATIO,EPNRPRM_,r,EPNIPRMy,,EPUCREy,,
EPUIRTy,,EPTXRTy,,EPPTLFym,EPPNCLFy,_,EPPNLLFyr=,CAPNUG)

TRANS = EPCOVI:_,=* UPGNPDy* EPCCRFy,o
. OBJVAL = ((CAPNNSTL * CAPNUG + TRANS) / (CRF(EPDSCRT,IFPH2) *

PWF(EPDSCRT,OLYR)
CBLDy_o= OBJVAL + PV$FOM

where: EPUCR_, = Utility return on common equity in region r year y.
EPNRPRMy, = Non-utility retum-on-equity premium in region r year y.
EPNIPRMy, = Non-utility interest premium in region r year y.
EPNFDTy, = Non-utilitydebt fraction for regionr year y.
EPPNNLFy,= = Loan life for non-utility dispatchable capacity type c in region r

year y. (Years)
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EPPNCLFy,o = Contract life for non-utility dispatchable capacity type c in region
r year y. (Years)

CAPNUG = Fixed charged factor to transform the installed book value into
a fixed nominal annuity for non-utility builds returned from
EPNCBLD.

Purchased Capacity Row Coefficient (Million$/Gigawatt):

VALU_rjc = OBJVAL (from above calculation)

for j = OLYR,ECP$XPH

Revisematrixcoefficientsofthe builddispatchablecapacityforanother reqionvectors(BDI,,,_)..f._
each dispatchable capacity type c, region r, import reqion .Cl,and year y.

Objective Function Coefficient (Million $/Gigawatt):

TRANS= EPTCSTy,g UPGNPDy EPTCRFy,g
OBJVAL = ((CAPNNSTL * CAPNUG + TRANS) / (CRF(EPDSCRT,IFPH2) *

PWF(EPDSCRT,OLYR)
CBDly,_o-- OBJVAL + PV$FOM

Purchased Capacity Row (for importregion) Coefficient(Million $/Gigawatt):

VALU_g_== OBJVAL (from abovecalculation)

for j = OLYR,ECP$XPH

ReserveMargin Row (for import region) Coefficient(Fracti( n):

VALU.F__._= EPTLOSSv,_

for j = OLYR,ECP$XPH

Capacity Balance Row (for import region) Coefficient (Fraction):

VALUF__._== - EPTLOSSy_ .

for j = OLYR,ECP$XPH
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SUBROUTINE: EPINCST

Description: EPINCST converts anovernightcost,a construction profile and the costof capital intoan installed
cost on both a book and a tax basis.

Called By: EP$RETRO,EP$BDSP,EP$1NT,EP$BRNW

Equations: CLT
TXBOOK = _E_(YCWP + (TXBOOK + (0.5-YCWP)) • INTR. DEBT_F)

, I-I

CLT

BVBOOK - ___(YCWP + (BVBOOK + (0.5" YCWP)) "ROR)
I,,1

where: YCWP = OVRCST * PROFILE(I) * CAPESC(J) * GNPF(J)
J = CYR + FYR + ! - 2

CLT = Construction Lead Time
INTR = Interest Costs
DEBT_F = Construction Debt Financing
ROR -- Rate of Return
TXBOOK = Tax Basis Installed Costs
BVBOOK = Book Value Installed Costs
YCWP = Annual ConstructionWork in Progress
CYR = CurrentModelYear
FYR = FirstYear in the ConstructionCycle
OVRCST = OvernightCosts
PROFILE(XPH) = Annual expenditure Percentage
CAPESC(NYR+XPH) = Capital Escalation/Real
GNPF(NYR+FPH) = General Inflation
NYR = Number of Model Years
XPH = # of Years in Full Planning Horizon (6 Years)
FPH = # of Years in Full Planning Horizon (30 Years)
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SUBROUTINE: EPNBLD

Description: EPNBLD determines the fixed charge factor to transform the ins*.ailedbook value into a fixed
nominal annuity for utility builds.

Called By: EP$RETRO,EP$BDSP,EP$1NT,EP$BRNW

Equations: Calculate Present Value of Rate Base

Calculate Present Value of Accumulated Tax Depreciation °

X = TAXDEPR(J,I)
D(J) = U
U=U+X

where j = 1,21
I = 1-5, based on tax life of unit

Z = PVV(D,CL,CL,DR)

Calculate Present Value of the Rate Base

Y = PVBV(EL,CL,DR)
X = I/CRF(DR,CL)
PVRB = X- Y-(Z-Y) * T * RATIO

Calculate Remainder of the Capital Charge

X = PVRB * ROR
Y = (1/REAL(EL))/CRF(DR,CL)
Z - PVRB* PE * ROR * T / (l-T)
UTIL = X + Y + Z
NBLDP1 = UTIL * CRF(DR,CL)

where:

TAXDEPR = Tax depreciation rates.
CRF = Function that calculates the present value of the book value outstanding.
PVV = Function that calculates the present value of a vector of numbers.
PVBV = Function that calculates the present value of the book value outstanding.
ROR = Rate of Retum

DR = UtilP,y Discount Rate (nominal,tax-adjusted rate of return)
RATIO = Ratio of tax basis to book basis.
PE = Taxable Portion of ROR
EL = Economic Life of Unit
TL = Tax Life of Unit
T = Net Tax Rate
CL = Contract Life of Unit
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SUBROUTINE: EPCNBLD

Description: EPCNBLD determines the fixed charge factor to transform the installed book value into a fixed
nominal annuity for non-utility builds.

Called By: EP$BDSP,EP$1NT,EP$BRNW

Equations: EWGROE = ROEPRM + UTROE
EWGINT = INTPRM + UTINT

• EFRAC2 = 1 - DF2
X = REAL(DE2)

DPP = 1/X * DF2
PVDPP = DPP/CRF(EWGROE, DL2)
PVDEBT = (X/EWGROE * (1-((1-(I+EWGROE)**(-X))/(X*EWGROE)))/X)*DF2
PVlNT -- PVDEBT

D(J) = TAXDEPR(J,I)

where J = 1,21
I = 1-5, based on tax life of unit

PVTB - PVV(TAXDEPR(1,1),21,TL,EWGROE) * RATIO
CAP - (EFRAC2/(1-TR)+PVlNT-(TR/(1-TR)*PVTB)+PVDPP/(1-TR)
CAP = CAP * CRF(EWGROE,CL)

where:

TAXDEPR = Tax depreciation rates.
CRF = Function that calculates the present value of the book value outstanding.
PVV = Function that calculates the present value of a vector of numbers.
PVBV = Function that calculates the present value of the book value outstanding.
RATIO = Ratio of tax basis to book basis.
EL = Economic Life of Unit
TL = Tax Life of Unit
TR = Net Tax Rate
CL = Non-Utility Contract Life of Unit
UTROE = Utility ROE
UTINT = Utility Interest Rate
INTPRM = Non-Utility Interest Rate Premium

• ROEPRM = Non-Utility Equity ROR Premium
DF2 = Non-Utility Debt Fraction
DL2 = Non-Utility Debt Loan Life <= Contract Life
EWGROE = Non-Utility Required ROE (Utility plus Premium)
EWGINT = Non-Utility Required Interest (Utility + Premium)
EFRAC2 = Non-Utility Equity Fraction
DPP ---Debt Principal Payment
PVDPP = Present Value of Debt Principal Payment
PVDEBT = Present Value of Outstanding Debt Principal
PVINT = Present Value of Interest Payments
PVTB = Present Value of Tax Depreciation Benefits
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SUBROUTINE: EPFLPRC

Description: EPFLPRC creates expected fuel prices for each ECP fuel category in each time period of the
planning horizon and for each planning region. This is accomplished by combining previous model
year EFD supply region prices, real price growth expectations computed at either supply, reporting
or planning regions, expected inflation index, utilitydiscount rate and three sets of mapping factors.
First, a quantity weighted average price is computed at the planning region level across the supply

regions for each EFD fuel type. Second, a weighted average real price growth index is computed
for each year in the full planning horizon and for each planning region. Finally, the results of the
first two steps is combined with mapping from EFD to ECP fuel categories and the inflation index
to produce nominal ECP fuel prices for each period in the planning horizon. The discount rate is
used to discount these prices to the beginning of the planning horizon.

Called By: ECPOML
Calls: PWF,PVV
Equations: Average Real Cost of Fuels by EFD Cate_qoryi

AVGEFD, = _ LTPFUEL,,• EPFLRG,. / _EEPFLRC,,
r r

For r = 1 to Maximum Number of Fuel Supply Regions

where: UPFUEL_, = Delivered price of EFD Fuel i in fuel supply region r.
EPFLRG_, = Electricity supply region to fuel supply region mapping

Average GrowthRate by EFD Catec|oryi and PianninoYear y

EFDPRC,y = ]E_GROWTH,_ • EPCRMP,,/ _EPCRMP,,
r r

For y = 1 to ECP$FPH and r = 1 to Maximum Numberof Census Regions

where: GROW'I'H_y, = Expected price of EFD fuel i in census region r year y.
EPCRMP_, = Electricity supply region to census region mapping.

Nominal PresentValue ECP prices, Categoryi and PlanningYear y - single Year Periods

EPPFLiy = PWF(EPDSCRT,y) * UPGNPDy * ( _ AVGEFDt * EFDPRCiy * EPFMAPij
l

/ _ EPFMAPiy)
i

For y = 1 to ECP$XPH - 1

where: UPGNPD_ = Inflationrate for convertingto nominaldollars
PWF = PresentWorth FactorFunction
EPDSCRT = Utilitydiscountrate (nominal,tax-adjustedrate of return)
EPFMAP_, = EFD fuel type to ECP fuel type mapping.

Nominal PresentValue ECP Pricefor Final MultiyearPlanningPeriod,CateQoryi

124 Energy Information Administration/Documentation - Electricity Capacity Planning Submodule



ECPPRC2,y = UPGNPDy * (_[: AVGEFD_ * EFDPRC,y * EPFMAPii / _ EPFMAPty)

EPPFLiy = PW ( ECPPRC2iy , ECP$FPH - ECP$XPH - 1 , EPDSCRT )
i

• PWF ( EPDSCRT , ECP$XPH )

For Y = EOP$XPH and y - ECP$XPH to ECP$FPH

where: PVV = function that calculates the present value of a vector of
" numbers.

ECP$FPH - Length of Full Planning Horizon (30 Years)
ECP$XPH = Length of Explicit Planning Horizon (6 Years)
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SUBROUTINE: EP$ODSP

Description: EP$ODSP revised the operate vectorsfor dispatchablecapacitytypes to reflect current fuel price
expectations and shifts in the load shape. Subroutine EPDRATE is called to determine the
appropriate derate factor for each capacity type in each load slice for every time period in the
planning horizon. The product of the derate factor times the width of the load slice gives the
quantity of electricity produced by one unit of capacity for the load slice. The sum of this product
across all the load slices sewed by an operate vector provides the quantity of electricity produced
per unit of capacity utilized by the operate vector. The objective function value for the operate is
determined by computing the fuel cost and other variable operation and maintenance costs "
required to produce this amount of electricity. Similarly, the amount of sulfur dioxide added to the
emission constraint is a function of the electricity produced.

t

Called By: ECPOML
Calls: EPDRATE

Equations: Cal.culatethe SO2 content of ECP fuels by maDl:}in.clthe SO2 content of the ElectricityFuel
DisDatch(EFD) fuels to ECP fuels.

SO2_CNT, - _ EPFSOXm .EPFMAPm,d

SO2_WGHT = _ EPFMAP_d

SO2_CNTf ---SO2_CNTf/SO2 WGHT

where: EPFSOXm = Sulfurdioxide emissionrate for EFD fuel type d in region r year y.
(Pounds/ MillionBtu)

EPFMAPy,_ = Mappingbetween EFD fuel type d and ECP fuel type f in region r
year y.

RevisematrixcoefficientsofoperatedisPa.tchablecapacityvectors(OPDv,_) foreachdisDatchable
capacitytvi_eC,fuel type f, mode m, reaion r and year y.

Load RequirementsRow Coefficient- Derate (Fraction):
Derates updated only as necessaryduringspecial 1-2 year runsof the ECP LP because of
time constraintsduringNEMS productionruns.

CALL EPDRATE(EPHGHTy,,EPWDTHy,,EPSPKy,_,EPLDGRy,,EPPMCFm,
EPPPMRm,EPPFORm,DERA'rE)

ELAy,_,_= DERAT_,d,

for l = 1, (ECP$VLS - m + 1)

where: EPHGHTy, = Height of vertical load segment I in region r year I. (Gigawatt)
EPWDTHy, = Width of vertical load segment l in region r year i. (Hours)
EPSPKm = Peak load for season s in region r year y. (Hours)
EPLDGRy, = Load group for vertical load segment I in region r year y.
EPPMCFy,== Maximum capacity factor for dispatchable capacity type c in region

r year y. (Fraction)
EPPPMRm = Planned maintenance rate for dispatchable capacity type c in region

r year y. (Fraction)
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EPPFORy,c= Forced outage rate for dispatchable capacity type c in regionr year
y. (Fraction)

DERATE = Derate factor returned from EPDRATE (Fraction)
ECP$VLS = Number of vertical load slices (22).

Calculate the total generation over all load segments in the current mode.

GEN =_ DERATEr_l"EPWDTHy_I
l

ObjectiveFunctionCoefficient(Million $/Gigawatt):
m

VOMCST = UPGNPDy* (EPPVOMy,c+ EPPEXTy,=)
VOMCST = VOMCST * PWF(EPDSCRT,y)
COPDy_m= 0.000001 * GEN* (VOMCST + EPPHRTy,=* EPPFLv,)

where: EPPVOMy,o = Variable operating and maintenance costs for dlspatchable
capacity type c in region r year y. (S/Thousandkilowatthours)

EPPEXTy,= = Externalitycostsfor intermittentcapacitytype i in regionr year
y. (S/Thousand kilowatthours)

EPPHRTy,o = Heat rate for dispatchablecapacitytype c in regionr year y.
(BTU/Kilowatthour)

EPPFI._ = Present value of expected fuel pricefor fuel type f in region r
year y. (S/MillionBtu)

SO2 Emission ConstraintCoefficient (MilltonTONS/Gigawatt)"

SO2y._m= 0.0000005 * GEN * EPPHRTy,=* SO2_CNT_* (1.0 - EPPSEFy,=)

where: EPPSEFy,= = Scrubberefficiency rate fordispatchablecapacityc inregion r year
y. (Fraction)
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SUBROUTINE: EPDRATE

Description' EPDRATEcalculatesthe derates factorsfor dispatchablecapacitytypesacross all load slices.The
derate factor is a function o! the forced outage rate, planned maintenance rate and load following
rate of the capacity type and of the load shape. The forced outages apply equally to all load
segments. Planned maintenance outage_ are inversely proportional to the height of the peak
segment in each season. The load following outages are inversely proportional to height of each
segment within a daily load cycle. This methodology tends to levelize the risk of a loss of load
across all load segments.

Called By: EP$ODSP

Equations: Derate Factorfor Load Seoment I

DERATEl = T$FOl • TSPMl • TSLFl

i

ForcedOutage Factor LoadSeament I

TSFO_ = 1.0 - FOR

PlannedMaintenance_aoe Factorfor Load SeomentI

TSPM1 = MIN ( 1.0, PEAK1 / PMSHGFIT )

PEAK_is peak in the season containingsegmentI.
PM$HGHT is minimumheightwhichallowsall planned maintenanceto be scheduled.

LOadF01_wingOutage Factorfor Load SegmentI

TSLF] = MIN ( 1.0, HGHT] / LFSHGHT )

HGHT_is heightof segment I.
LF$HGHT is minimumdaily heightwhichallowsall loadfollowingto be performed.
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SUBROUTINE: EP$1NT
i

Description: EP$1N'Frevises the upper bounds on existingintermittentcapacity vectors for each year of the
current planning horizon. Like EP$BDSP, EP$1NT'sprimary function is the revision of the objective
function value for the build vectors of each intermittent capacity type. The same four build types
apply and the same financial functions are used (PVV, PWF, EPINCST, EPNBLD, EPCNBLD, CRF,
and CRCONST) to calculate the objective function values and coefficients in the purchased
capacity constraint. For intermittents with applicable subsides, the objective function values are
adjusted to reflect these subsides. The contributions to load are also revised in this subroutine. In

" addition, penetrationand resourceconstraintsare revised in this subroutine.

CalledBy: ECPOML
Calls: EPINCST.EPNBLD.EPCNBLD

Equations: Revise matrixcoefficientsof the existingintermittentcapacityvectors(EXI.,)fo r each intermittent
capacitytype i. reqion r and year y.

Column Upper Bound

EXly,<= EPICAPy,i* .001

where: EPICAP_, = Existing Capacity for intermittentcapacity i in region r year y.
(Megawatt)

Reserve Margin Row Coefficient (Fraction):

RMly, = EPICFCy,1* 0.5

where: EPICFCy,1 = Maximumcapacityfactor for peak load (verticalloadsegment1) for
intermittentcapacityi in regionr year y. (Megawatt)

Load RequirementsRow Coefficient:

ELly,i = EPICFC_,,

where: EPICFCy,_ = Maximumcapacityfactor for vertical load segmentI for intermittent
capacity i in regionr year y. (Megawatt)

Calculatepresentvalue of intermittentvariablecostsubsidies,variablecostsandfixed O&M costs
at on line year (constructionlead time + v).

. SOMi = WCSUWN(j.curiyr.1)* UPGNPD(j.=,_.oly,.2)

• FOMj = (EPIFOMy,_+ EPCFOMyn)* UPGNPD0.cu,_.o=yr.2)

VOMi = (EPIVOMy, * 8.76 * EPIACFyri+EPIEXTy,) * UPGNPD_u,_,.oly,.2)

for j= 1 . IFPH2 (ECP$FPH - OLYR + 1)

PV$SOM = PVV(SOM.ECP$FPH.IFPH2.EPDSCR'I')*
PWF(EPDSCRT.OLYR)
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PV$FOM = PVV(FOM,ECP$FPH,IFPH2,EPDSCRT) *
PWF(EPDSCRT,OLYR)

PV$VOM = PVV(VOM,ECP$FPH,IFPH2,EPDSCRT) *
PWF(EPDSCRT,OLYR)

where: WCSUWNy - Variable cost subsidies for wind capacity in year y.
(S/Thousand Kilowatthours) Note: There are no variable cost
subsidies for solar thermal capacity.

UPGNPDy = Inflation rate for converting to nominal dollars.
EPIFOMv,_ - Fixed operating and maintenance costs for intermittent capacity

type i in region r year y. ($/Kilowatthour) •
EPCFOMy, = Fixed operating and maintenance transmission costs for

capacitytype i in regionr year y. ($/Kilowatthour)
EPIVOMy, = Variable operating and maintenance costs for intermittent .

capacity type i in region r year y. (S/Thousand Kilowatthours)
EPIACFy, = Average capacity factor for intermittent capacity type i in region

r year y. (Fraction)
EPIEXTy, = Externalitycostsfor intermittentcapacity type i in region r year

y. (S/ThousandKilowatthours)
OLYR = On line year for capacitytype c build.
IFPH2 = ECP$FPH - OLYR + 1
ECP$FPH = Lengthof FullPlanningHorizon(30 Years)
EPDSCRT = Utilitydiscountrate (nominal,tax-adjustedrate of return)
PVV = function that calculates the present value of a vector of

numbers.
PWF = PresentWorthFactorFunction

Revise RHSvalue of the intermittentbuildlimitconstraintsfor each intermittentca acitytype i, and
regionr.

INTLi,= (ILIMIT1,- EPICAPy_ * .001

where: ILIMIT1, = WCAWlEL1, - Totalavailablewind capacityin the firstyear of the
planninghorizon in regionr. (Megawatt)
= WCASTEL1, - Total availablesolarthermal capacity in the first
year of the planninghorizonin region r. (Megawatt)

Revise matrixcoefficientsof the utilityintermittentbuilds(o=U)
m

Revisematrixcoefficientsof buildintermittentcapacityvectors(INTy,_)foreachintermittentcapacity
type i, regionr, and year y.

ObjectiveFunction Coefficient(Million$/Gigawatt):

OVRCST = EPIOVP,xn* UPIOPT_* UPILC_
CALL EPINCST(MNUMYR,ECP$XPH,ECP$FPH,EPICLTy_,CURIYR,y,

OVRCST,EPICPRy,,UPICAPDi,UPGNPDy,EPUIRTy,,
EPU FDTy,,EPURORy,,TXBOOK,FNBOOK)

URATIO = TXBOOK/FNBOOK
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CAPUNSTL- FNBOOK

CALL EPNBLD(EPURORy,,EPDSCRT,URATIO,EPUFPEy,,EPIELFyri,EPITLFy,i,
EPTXRTy,,EPIUCLFyri,CAPUTIL)

TRANS = EPCOV_,i * UPGNPDy* EPCCRFyri
OBJVAL = ((CAPUNSTL * CAPUTIL + TRANS) / (CRF(EPDSCRT, IFPH2) *

PWF(EPDSCRT,OLYR)

CINTy,o= OBJVAL + PV$FOM + PV$VOM - PV$SOM

where: EPIOVRy,i = Overnight capital cost for intermittent capacity type i in region
• r year y. (S/Kilowatt)

UPIOPT_ = Technical optimism factor for intermittent capacity type i.
UPILC= = Learning Curve factor for intermittent capacity type i.
MNUMYR - Current year of NEMS run (1990 - 2010)
ECP$FPH = Length of Full Planning Horizon (30 Years)
ECP$XPH = Length of Explicit Planning Horizon (6 Years)
EPICLTy,_ = Construction lead time for intermittent capacity type i in region

r year y. (Years)
CURIYR = Current forecast year of NEMS run (1 - 1990)
EPICPRy, = Construction profile for intermittent capacity type i in region r

year y. (Fraction)
UPICAPD_ = Real capital cost deflator for intermittent capacity type i.
EPUlRTy, = Utility Interest Rate in region r year y.
EPUFDTy, = Utility debt fraction for region r year y. (Fraction)
EPURORy, = Utility Rate of Return for region r year y.
TXBOOK = Tax basis installed costs returned from EPINCST
FNBOOK = Book value installed costs returned from EPINCST
EPDSCRT = Utility discount rate (nominal,tax-adjusted rate of return)
EPUFP_, = Taxable portion of utility rate of return in region r year y.

(Fraction)
EPIELFy, = Economic life for intermittent capacity type i in region r year y.

(Years)
EPITLFy, = Tax life for intermittent capacity type i in region r year y. (Years)

EPlUCLFy, = Contract life for utility intermittent capacity type i in region r year
y. (Years)

EPTXRTy, = Net Tax Rate for region r year y.
CAPUTIL = Fixed charged factor to transform the installed book value into

a fixed nominal annuity returned from EPNBLD.
EPCOVRy, = Overnight capital costs for transmissions for capacity type i in

region r year y. (S/Kilowatt)
UPGNPDy = Inflation rate for converting to nominal dollars

' EPCCRFy, = Fixed charge factor for transmissionsfor capacity type i in
region r year y. (Fraction)

CRF = Capital Recovery Factor Function
PWF = Present Worth Factor Function

m

ReserveMargin Row Coefficient(Fraction)"

RMlt,i = EPICFCynl* 0.5

for j = OLYR,ECP$XPH
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LoadRequirement Row Coefficient (Fraction)"

ELIj,I= EPICFC_,t

for j = OLYR,ECP$XPH

PurchasedCapacity Row Coefficient (Million $/Gigawatt)"

VALU_i = CAPUNSTL * CRCONST(UPTCRT,EPUFPEyr,EPURORyr,EPUFDTyr,
EPUIRTyr,EPTXRTyr,EPITLFy_,EPIELFyri,URATIO,PYR)

for j = OLYR,ECP$XPH

where: CRCONST = Function that calculates a scalar that represents the excess
earnings available to utility to support its fixed commitments to
purchasedpower contractsper dollar invested in rate base.

UPTCRT = Target coverage ratio.
PYR = j - OLYR + 1.

Revisematrixcoefficientsof the build intermittentcapacityfor anotherregion vectors,,(BIl..,ig_
each intermittent capacity i, regionr, importregion .a,and year y.

ObjectiveFunctionCoefficient(Million$/Gigawatt):

TRANS = EPTCST_ * UPGNPDv * EPTCRFvrg
OBJVAL = ((CAPUNSTL * CAPUTIL + TRANS) / (CRF(EPDSCRT, IFPH2) *
PWF(EPDSCRT,OLYR)
CBII_go= OBJVAL + PV$FOM + PV$VOM - PV$SOM

where: EPTCSTy,g= Transmissioncosts for interregionalcapacity additions from region
rto regiong in year y. (S/Kilowatt)

EPTCRFy_ = Transmissionannuityfactor for interregionalcapacityadditionsfrom
regionr to region g inyear y. (Fraction)

PurchasedCapacityRow (for import region) Coefficient (Million$/Gigawatt)"

VALUF_._j_= CAPUNSTL * CRCONST(UPTCRT,EPUFP_,EPURORyr, EPUFDTyr,
EPUIRTy,,EPTXRTy,,EP!TLF_, EPIELFy_,URATIO,PYR)

for j = OLYR,ECP$XPH

i

ReserveMargin Row (for importregion)Coefficient (Fraction):

VALU_gi= EPICFCv_I* EPTLOSSy,g* .05

= for j = OLYR,ECP$XPH

where: EPTLOSSy,g = Transmissionlossfactorfor interregionalcapacityadditionsfrom
regionr to region g in year y. (Fraction)
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Load Requirements Row (for import region) Coefficient (Fraction):

ELIjg_= EPICFCy_

for j = OLYR,ECP$XPH

Revisematrix,coefficientsof the intermittent non-uti.!.ity.bUildS(0=..N..)

e

Revise matd×coefficientsof the build intermittentcapacity vectors (INT._r.,O_forea.ch intermittent
capacity type i, regio..nr and year y.

Objective Function Coefficient (Million $/Gigawatt):

EWGROE = EPUCR_, + EPNRPRM_,
EWGINT = EPUIRTyr+ EPNIPRMy,
EWGROR -- EWGROE * (1.0 - EPNFDTyr)+ EWGINT * EPNFDTy,
OVRCST = EPIOVR_ * UPIOPT_* UPILC_
CALL EPINCST(MN UMYR,ECP$XPH,ECP$FPH,EPICLTy,,CURIYR,y,

OVRCST,EPICP_,,UPICAPDi,UPGNPDy, EWGINT,
EPN FDTy,,EWGROR,TXBOOK,FNBOOK)

PRATIO = TXBOOK/FNBOOK
CAPNNSTL = FNBOOK

CALL EPCNBLD(EPNFDTy,,PRATIO,EPNRPRMy,EPNIPRM_,EPUCR_,,
EPUIRT_,,EPTXRTy,,EPITLF_,EPINCLFy,,EPINLLFv,,CAPNUG)

TRANS = EPCOVP_, * UPGNPDv * EPCCRFy,
OBJVAL = ((CAPNNSTL * CAPNUG + TRANS) / (CRF(EPDSCRT,IFPH2) *
PWF(EPDSCRT,OLYR)
CINTy,o= OBJVAL + PV$FOM + PV$VOM - PV$SOM

where: EPUCR_, = Utility return on common equity in region r year y.
EPNRPRMy, = Non-utility return-on-equity premium in region r year y.
EPNIPRM_, = Non-utility interest premium in region r year y.
EPNFDTy, = Non-utility debt fraction for region r year y.
EPPINLFy,= = Loan life for non-utility intermittent capacity type c in region r

year y. (Years)
EPPICLFy,= = Contract life for non-utility intermittent capacity type c in region

r year y. (Years)
CAPNUG = Fixed charged factor to transform the installed book value into

a fixed nominal annuity for non-utility builds returned from
EPNCBLD.

. Reserve Margin Row Coefficient (Fraction):

RMIj, = EPICFC_ * 0.5

for j = OLYR,ECP$XPH

Load Requirements Row Coefficient (Fraction):
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ELli,;,= EPICFCy,,

for j = OLYR,ECP$XPH

Purchased Capacity Row Coefficient (Million $/Gigawatt):

VALU_ = OBJVAL (from above calculation)

for j = OLYR,ECP$XPH
i

Revise matrix coefficients of the build intermittent capacity for another regionvectors (BIIv,_gJ._LE
each intermittent capacity i, reaion r, import reQionq, and year y.

Objective Function Coefficient (Million $/Gigawatt):

TRANS = EPTCSTy_* UPGNPDy* EPTCRFy,g
OBJVAL - ((CAPNNSTL * CAPNUG + TRANS) / (CRF(EPDSCRT,IFPH2) *
PWF(EPDSCRT,OLYR)
CBIly,_ = OBJVAL + PV$FOM + PV$VOM - PV$SOM

PurchasedCapacity Row (for import region) Coefficient(MillionS/Gigawatt)"

VALU_gj_= OBJVAL (from above calculation)

for j = OLYR,ECP$XPH

Reserve Margin Row (for import region)Coefficient(Fraction):

VALUEj_i = EPICFCy,1* EPTLOSSyr_* .05

for j = OLYR,ECP$XPH

Load RequirementsRow (for importregion)Coefficient(Fraction):

ELlig_= EPICFC_I

for j = OLYR,ECP$XPH

I
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SUBROUTINE: EP$BRNW

Description: EP$BRNW revises the upperbounds on existing renewablecapacity vectors for each year of the
current planning horizon. Like EP$BDSP and EP$1NT,EP$1NT'sprimary function is the revision
of the objective function value for the build vectors of each non-intermittent renewable capacity
type. The same four build types apply and the same financial functions are used (PVV, PWF,
EPINCST, EPNBLD, EPCNBLD, CRF, and CRCONST) to calculate the objective function values
and coefficients in the purchased capacity constraint. In addition, penetration and resource
constraints are revised in this subroutine.

"4

I

Called By: ECPOML
Calls: EPINCST,EPNBLD,EPCNBLD

Equations: Revise upper bound on existing,renewablecapacityvectorsfor eachrenewablecapacity n, re.clion
r and year y. (Giqawatt)

EXRym<= EPRCAPym* .001

where: EPRCAPym = ExistingCapacity for renewable capacity n in region r year y.
(Megawatt)

Calculatepresentvalue of fixed O&M costsat on lineyear (constructionlead time + y).

FOMj = (EPRFOMym+ EPCFOM_ * UPGNPD0.,_,_.o_,.2)

for j= 1, IFPH2 (ECP$FPH - OLYR + 1)

PV$FOM = PW(FOM,ECPSFPH,IFPH2,EPDSCRT) *
PWF(EPDSCRT,OLYR)

where: UPGNPDy = Inflation rate for converting to nominal dollars.
EPRFOM_ = Fixed operating and maintenance costs for renewable capacity

type n in region r year y. (S/Kilowatt)
EPCFOMym = Fixed operating and maintenance transmission costs for

capacity type n in region r year y. (S/Kilowatt)
OLYR = On line year for capacity type n build.
CURIYR = Current year of NEMS run. (1 = 1990)

" IFPH2 = ECP$FPH - OLYR + 1
ECP$FPH = Length of Full Planning Horizon (30 Years)
EPDSCRT - Utility discount rate (nominal,tax-adjusted rate of return)

o PVV = function that calculates the present value of a vector of
numbers.

PWF = PresentWorth Factor Function

Revise RHS value for renewablebuildlimit constraintsfor each renewablecapacity type n and
reclionr. (Gigawatt)
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RNWL.,;= (RLIMIT1,- EPRCAPlrn)* .001

where: RLIMIT_, = WCAGFEL_,- Total available geothermal capacity in the first year of the
planning horizon in region r. (Megawatt)
= WCABMEL_,- Total available biomass capacity in the first year of the
planning horizon in region r. (Megawatt)
= WCAMSELI, - Total available MSW capacity in the first year of the
planning horizon in region r. (Megawatt)

Revise matrixcoefficientsof the renewableutilitybuilds (o=U)

Revise matrixcoefficientsof the buildrenewable capacityvectors (RNW_m,Jfor each renewable
capacityt_e n, region r, and yeary.

Objective Function Coefficient (Million $/Gigawatt):

OVRCST = EPROVRym* UPROPT, * UPRLCn
CALL EPINCST(MNUMYR,ECP$XPH, ECP$FPH,EPRCLTvr,,CURIYR,y,

OVRCST, EPRCPRym,UPRCAPDn,UPGNPDr EPUlRTy,,
EPUFDTy,,EPURORy,,TXBOOK,FNBOOK)

URATIO = TXBOOK/FNBOOK
CAPUNSTL = FNBOOK

CALL EPNBLD(EPUROR_ EPDSCRT,URATIO,EPUFPEy,,EPRELFym,
EPRTLF_m,EPTXRT_,,EPRUCLF_,,,,CAPUTIL)

TRANS = EPCOVP_m* UPGNPDy * EPCCRFy,,
OBJVAL = ((CAPUNSTL * CAPUTIL + TRANS) /

(CRF(EPDSCRT,IFPH2) * PWF(EPDSCRT,OLYR)
CRNWy_ = OBJVAL + PV$FOM

where: EPROVRym = Overnight capital cost for renewable capacity type n in
region r year y. (S/Kilowatt)

UPROPT, = Technical optimism factor for renewable capacity type n.
UPRLC, = Learning Curve factor for renewable capacity type n.
MNUMYR = Current year of NEMS run (1990 - 2010)
ECP$FPH = Length of Full Planning Horizon (30 Years)
ECP$XPH = Length of Explicit Planning Horizon (6 Years)
EPRCLTym = Construction lead time for renewable capacity type n in

region r year y. (Years)
CURIYR = Currentforecast year of NEMS run(1 = 1990)
EPRCPP_m = Constructionprofilefor renewablecapacitytype n in region

r year y. (Fraction)
UPRCAPD_ = Real capital cost deflator for renewablecapacity type n. ,
EPUlRTy, = Utility Interest Rate in region r year y.
EPUFDTy, = Utility debt fraction for region r year y. (Fraction)
EPUROR_ = Utility Rate of Return for region r year y.
TXBOOK = Tax basis installed costs returned from EPINCST
FNBOOK = Book value installed costs returned from EPINCST
EPDSCRT = Utility discount rate (nominal,tax-adjusted rate of return)
EPUFP_, = Taxable portion of utility rate of return in region r year y.

(Fraction)
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EPRELFym = Economic life for renewable capacity type n in region r year
y. (Years)

EPRTLFym = Tax life for renewable capacity type n in region r year y.
(Years)

EPRUCLFym = Contract life for utility renewable capacity type n in region
r year y. (Years)

EPTXRTy, = Net Tax Rate for region r year y.
CAPUTIL = Fixed charged factor to transform the installed book value

into a fixed nominal annuity returned from EPNBLD.
EPCOVRym = Overnight capital costs for transmissions for capacity type

" n in region r year y. (S/Kilowatt)
UPGNPDy = Inflation rate for converting to nominal dollars
EPCCRFym = Fixed charge factor for transmissions for capacity type i in

, region r year y. (Fraction)
CRF = Capital Recovery Factor Function
PWF = Present Worth Factor Function

Purchased Capacity Row Coefficient (Million $/Gigawatt):

VALU_, = CAPUNSTL * CRCONST(UPTCRT,EPUFP_r, EPUROR_r,EPUFDTy,,
EPUIRTyr,EPTXRTy,,EPRTLFyrn,EPRELFym,URATIO,PYR)

for j = OLYR,ECP$XPH

where: CRCONST = Function that calculates a scalar that represents the excess
eamings available to utility to support its fixed commitments to
purchased power contracts per dollar invested in rate base.

UPTCRT = Target coverage ratio.
PYR = j - OLYR + 1.

Reserve Margin Row Coefficient (Fraction):

RMRjm = EPRCCRy m

for j = OLYR,ECP$XPH

where: EPRCCRym= Capacity credit for renewable capacity type n in region r year y.
(Fraction)

Revise matrixcoefficientsof the build renewablecapacityfor another reQionvect.ors (BRlymg_for
each renewablecapacityn, regionr, importregion.a, and year y.

. Objective Function Coefficient (Million $/Gigawatt):

TRANS = EPTCSTyr_* UPGNPDy * EPTCRFy_
OBJVAL = ((CAPUNSTL * CAPUTIL + TRANS) / (CRF(EPDSCRT, IFPH2) *
PWF(EPDSCRT,OLYR)
CBRlymgo= OBJVAL + PV$FOM

where: EPTCSTy,g= Transmission costs for interregional capacity additions from region
r to region g in year y. (S/Kilowatt)
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EPTCRFy,0= Transmission annuity factor for interregional capacity additions from
region r to region g in year y. (Fraction)

Purchased Capacity Row (for importregion) Coefficient:

VALUEygjn = CAPUNSTL * C RCONST(UPTCRT,EPUFPEy,,EPURORy,,EPUFDTy,,
EPUIRTyr,EPTXRTy,,EPRTLFy,n,EPRELFym,URATIO,PYR)

for j = OLYR,ECP$XPH
D

Reserve Margin Row (for import region) Coefficient:
,=

VALUEig. = EPTLOSSyrg* EPRCCRyr.

for j = OLYR,ECP$XPH

where: EPTLOSSy,g = Transmission lossfactor for interregional capacity additions from
region r to region g in year y. (Fraction)

Capacity Balance Row (for import region) Coefficient:

VALUEjgn= "EPTLOSSyr_

for j = OLYR,ECP$XPH

Revise matrixcoefficientsof the renewable non-utilitybuilds(o=N)

Revise matrixcoefficientsof the buildrenewable capacityvectors(RNW_._)for each renewable
capacitytype n, reqion r, and year y.

Objective FunctionCoefficient(Million$/Gigawatt):

EWGROE = EPUCR_, + EPNRPRMy_
EWGINT = EPUIRTv,+ EPNIPRMyr
EWGROR = EWGROE * (1.0- EPNFDTyr)+ EWGINT * EPNFDTy,
OVRCST = EPROVRym* UPROPTn* UPRLCn
CALL EPINCST(MNUMYR, ECP$XPH,ECP$FPH,EPRCLTym,CURIYR,y,

OVRCST,EPRCPRym,UPRCAPD.,UPGNPDr,EwGINT,
EPNFDTy,,EWGROR,TXBOOK,FNBOOK) .

PRATIO = TXBOOK/FNBOOK
CAPNNSTL = FNBOOK

CALL EPCNBLD(EPNFDTyr,PRATIO,EPNRPRMy_,EPNIPRMy,,EPUCR_,,
EPUlRTyr,EPTXRTy,,EPRTLFym,EPRNCLFy,.,
EPRNLLF_,CAPNUG)

TRANS = EPCOVP_m* UPGNPDy* EPCCRFyr.
OBJVAL = ((CAPNNSTL * CAPNUG + TRANS) / (CRF(EPDSCRT,IFPH2) *
PWF(EPDSCRT,OLYR)
CRNWy_ = OBJVAL + PV$FOM
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where" EPUCREx, = Utility return on common equity in region r year y.
EPNRPRMyr = Non-utility return-on-equity premium in region r year y.
EPNIPRMy, = Non-utility interest premium in region r year y.
EPNFDTyr = Non-utility debt fraction for region r year y.
EPPRNLFyrn = Loan life for non-utility renewable capacity type n in region r

year y. (Years)
EPPRCLFy,o = Contract life for non-utility renewable capacity type n in region

r year y. (Years)
CAPNUG = Fixed charged factor to transform the installed book value into

- a fixed nominal annuity for non-utility builds returned from
EPNCBLD.

Purchased Capacity Row Coefficient (Million $/Gigawatt):
q

VALU_,i, = OBJVAL (from above calculation)

for j = OLYR,ECP$XPH

Reserve Margin Row Coefficient (Fraction):

RMRjm = EPRCCRy,,

for j = OLYR,ECP$XPH

Revise matrix coefficients of the buildrenewablecapacityfor anotherregionvectors(BRl.,mo_
each renewable capacity n, reaionr, importreQiona, and year y.

Objective FunctionCoefficient(Million$/Gigawatt):

TRANS = EPTCSTy_* UPGNPDy* EPTCRFy,g
OBJVAL = ((CAPNNSTL * CAPNUG + TRANS) / (CRF(EPDSCRT,IFPH2) *
PWF(EPDSCRT,OLYR)

CBRlym0o= OBJVAL + PV$FOM

Purchased Capacity Row (for import region)Coefficient(Million $/Gigawatt):

VALU_gjn = OBJVAL (from above calculation),4

for j = OLYR,ECP$XPH

u,

Reserve Margin Row (for import region) Coefficient (Fraction):

VALUEig. = EPTLOSSy,g* EPRCCRy=

for j = OLYR,ECP$XPH

Capacity Balance Row (for import region) Coefficient (Fraction):
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VALUEjo. = -EPTLOSSy,g

for j = OLYR,ECP$XPH

,M
I
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SUBROUTINE: EP$ORNW

Description: EP$ORNW revises the operate vectors for renewable technologies.The contributionto load
depends on both capacityand availableenergy to operate the capacity.The objectivefunction
value depends on the totalelectricitygeneratedby the operatevectorper unitof capacityand the
variable operations and maintenancecosts. There are three dispatchoptions. First, the total
capacity can be used over as of the peak most load slicesas possibleuntil all the renewable
energy is used.Second,the capacitycan be operatedatthe averagecapacityfactoruniformlyover
all the load segments. Third,the capacityconstraintcan beconvertedto anenergyconstraintand

- capacity utilizationcan be determined independently for each load segment. For the thirdoption
only, each operate vector is bounded at the existing capacity and thus precluding the addition of
new capacity.

Called By: ECPOML

Equations: Revise matrix_efficients ofthe renewab!eoperatevectors(OPR.,_)for each renewablecapacity
tYPe n, reaion r and year v.

Load RequirementsRow Coefficient (Fraction):

EL_ml = EPRCFCym

where: EPRCFCy,, = Maximumcapacityfactor for renewablecapacitytype n in regionr
year y. (Fraction)

Objective FunctionCoefficient (Million$ / Gigawatt):

VOMCOST = UPGNPDy* (EPRVOMy,_+ EPREXTyr,)
VOMCOST = VOMCST * PWF(EPDSCRT,y)
COPI_ = EPRCFCy_* 8.760 * VOMCST

where: UPGNPDy = Inflationrate for convertingto nominaldollars..
EPRVOM_ = Variable operating and maintenance costs for renewable

capacity type n in region r year y. (S/ThousandKilowatthours)
EPREXTym = Externality costs for renewable capacity type n in region r year

y. (S/Thousand Kilowatthours)

Revise matn'xcoefficientsof the H droelectrico rate vectors (OPH..,) for each vertical load
segment I, realon r and year y,

Column Upper Bound:

OPHy,t<= EPRCAP_ .001

where: EPRCAPy,n= ExistingCapacity for renewablecapacity n (hydroelectric)in region
r year y. (Megawatt)

Load Requirements Row Coefficient (Fraction)"

ELP_m_= 1 - EPRFOR_
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where: EPRFO_,, = Forced Outage Rate for renewable capacity n (hydroelectric)in
regionr year y. (Megawatt)

ObjectiveFunctionCoefficient(Million $/Gigawatt):

VOMCOST = UPGNPDy* (EPRVOMym+ EPREXTym)
VOMCOST = VOMCOST * PWF(EPDSCRT,y)
COPI-_,_= (1 - EPRFORym)* EPWDTHy,_* VOMCST * .001

where: EPWDTHy, = Widthof the verticalload segment I tn region r year y. (Hours)

Hydro CapacityBalance Row Coefficient:

ELRymf= ((1 - EPRFORym)* EPWDTHy_)/ (EPRCFC,,, * 8760.0)
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SUBROUTINE: EP$DSM

Description: EP$DSM revisesthe DSM investmentvectors.Each DSM programcan be activated up to 100%
in anytime periodoverthe planninghorizonbutis constrainedto 100% penetrationoverthe entire
planninghorizon.The reductionin loadandthecost ofeach DSM optiondiminishesovertime and
thusdepends on the initialyear of implementation.

Called By: ECPOML
=,

Equations: Revisematrixcoefficientsof th.. implementDSM vectors(DSM_,_)foreach DSM I_rogramd, region
r a,ndyear v.

b

ObjectiveFunction Coefficient(Million$/Gigawatt):

CDSMy,d= EPDINVy,_

where: EPDINVy,_ = Cumulativenet presentvalue of investmentsin DSM programd in
region r year y. ($/Gigawatt)

ReserveMargin Coefficient:

RMDr_d = EPDCCRy,_

for z = y, ECP$XPH

where: EPDCCR_ = Contributionto reservemarginfor DSM programd in region r year
y. (Fraction)

Load RequirementsRow Coefficient- Derate (Fraction):
Deratesupdatedonly as necessaryduringspecial 1-2 year runsof the ECP LP because of
time constraintsduringNEMS productionruns.

ELDr_._ = EPDLSly,d_

for z - y, ECP$XPH

where: EPDLSly,_ = Impact of DSM programd on verticalload segment I in region r
. .year y. (Fraction)
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SUBROUTINE: EPO$BILD

Description: EPO$BILD retrievesthe activity level for all build or build/operate vectorswhich require investment
in the current rn_del year in order to achieve the specified on line date. The STRPLT subroutine
storesthese capacity addition decisions in the plant direct access file for future use by the EFD and
ECP modules. The UEXPBLD subroutine is called to transfers new generation and transmission
capacity investment to the EFP module.

Called By: ECPOML
Calls: EPINCST,EPCNBLD,STRPLT,UEXPBLD

Equations: NONE
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SUBROUTINE: EPO$RETRO

Description: EPO$RETRO retrievesthe activitylevel for all flue gas desulfurizationretrofit vectorswhich require
investment in the current model year in order to achieve the specified on line date. The GETPLT
subroutine is called to retrieve the plant records for the units to be retrofitted. This existing capacity
is modified to reflect a retire date which corresponds to a start date for a new retrofitted record.
The STRPLT subroutine stores the revised existing capacity data and the new retrofitted capacity
data in the plant direct access file for future use by the EFD and ECP modules. The UEXPBLD
subroutine is called to transfer the retrofit investment to the EFP module.

Called By: ECPOML
Calls: GETPLT,STRPLT,UEXPBLDD

Equations: NONE
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SUBROUTINE: EPO$AVOID

Description: EPO$AVOID retrieves and storesthe dual values from each load slice and the reserve margin
constraint. This values are passed to the DSM module in order to prescreen candidate DSM
programs so that only the most competitive programs can be selected to compete against the
supply options.

Called By: ECPOML

Equations: NONE
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SUBROUTINE: EPO$BANK

Description: EPO$BANKretrievesandstores the allowancesbanked inthe current year. These values are used
to revise the allowed emissions for the current model year dispatch decisions in the EFD
submodule and for the next planning cycle in the ECP submodule.

Called By: ECPOML
Calls: GETSO2,STRSO2

" Equations: NONE
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SUBROUTINE: EPO$ETT

Description: EPO$ETT captures the decision to purchasepowerfrom new Canadian hydroelectricprojects.This
informationis used bythe ETT submoduleto increasethe firm Canadian imports.

Called By: ECPOML
Calls: GETEIJ

Equations: NONE
m
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SUBROUTINE: GETBLD

Description: GETBLD is a data processingroutine of the EMM. It is used by the ECP to obtain cost and
performancedata for new capacitytypes.

Called By: ECPOML
Calls: NONE

Equations: NONE
p

EnergyinformationAdministration/Documentation- ElectricityCapacityPlanningSubmodule 149



SUBROUTINE: GETEIJ

.Description: GETEIJ is a data processingroutineof the EMM. It is used by the ECP to obtaincost data and
limitson firm power importsand interregionaltransfers.

Called By: ECPOML, EP$ETT, EP$BLD, EP$BRNW, EPO$ETT
Calls: NONE

Equations: NONE
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SUBROUTINE: GETPLT

Description" GETPLT is a data processing routine of the EMM. It is used by the ECP to obtain input data for
existing capacity.

Called By: EPO$RETRO
Calls: NONE

Equations: NONE
P
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SUBROUTINE: GETSO2

Descripticn: GETSO2 is a data processingroutine of the EMM. It is used by the ECP to obtain data on SO2
allowances in order to determine emissions limits.

Called By: EP$ALLOW, EPO$BANK
Calls: NONE

Equations: NONE
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SUBROUTINE: GETSO2

Description: GETEIJ is a data processingroutineof the EMM. It is used by the ECP to obtain data on SO2
allowancesin order to determineemissionslimits.

Called By: EP$ALLOW, EPO$BANK
Calls: NONE

Equations: NONE
B
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SUBROUTINE: STRBOUT

Description: STRBOUT is a data processingroutineof the EMM. It is used by the ECP to store outputdata
fromthe ECP for each electricitysupplyregion.

Called By: ECPOML
Calls: NONE

Equations: NONE
q
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SUBROUTINE: STREIJ

Description: STREIJ is a data processingroutineof the EMM. It is used by the ECP to storedecisionson firm
power purchasesfromthe ECP.

Called By: EPO$ETT
Calls: NONE

Equations: NONE
,=
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SUBROUTINE: STRPCNTL

Description: STRPCNTL is a data processingroutineof the EMM. It is used by the ECP to store a pointerlist
for the plantdatabase.

CalledBy: ECPOML
Calls: NONE

Equations: NONE ,t,
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SUBROUTINE: STRPLT

Desoription: STRPLT is a data processingroutine of the EMM. It is used by the ECP to store capacity
expansionand scrubberretrofitdecisionsfrom the ECP on the plantdatabase.

Called By: EPO$BILD, EPO$RETRO
Calls: NONE

Equations: NONE
,e
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SUBROUTINE: STRSO2

Description: STRSO2 is a data processing routine of the EMM. It is used by the ECP to store banking
decisionsfor emissionsallowances from the ECP.

Called By: EPO$BANK
Calls: NONE

Equations: NONE
v
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SUBROUTINE: UEXPBLD

Description" UEXPBLDis a subroutineof the EFP. It iscalled by the ECP in order to provide investmentcost
data to the EFP.

Called By: EPO$BILD, EPO$RETRO
Calls: NONE

Equations: NONE
n
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FUNCTION: CRCONST

Description: CRCONST calculates a scalar that representsthe excess earningsavailableto utilityto support
its fixed commitmentsto purchasedpowercontractsper dollarinvestedin rate base.

CalledBy: EP$RETRO,EP$BDSP,EP$1NT,EP$BRNW
Calls: Functions:SUMVEC,COEFCR

Equations: B = (EPUROR * EPUFPE) / (1 - EPUTXRT) Equity Component
D = EPUFDT * EPUIRT Debt Component "

For first year of planninghorizon:
t

OUTRB = 1.0

For secondthrough last year of planning horizon:
CUMDEPR = (PYR- 1) / EL
OUTRB = 1 - CUMDEPR - (SUMVEC(TAXDEPR(1,TL),21,PYR-1) - CUMDEPR) *

URATIO * EPUTXRT

CRCONST =-1.0 * COEFCR(B,D,UPTCRT) * OUTRB

where: UPTCRT = Target coverageratio.
EPUFPE = Taxable portionof utilityrate of return in region r year y. (Fraction)
EPUIRT = UtilityInterestRate in region r year y.
EPUFDT = Utilitydebt fraction for region r year y. (Fraction)
EPUROR = UtilityRate of Returnfor region r year y.
EPUTXRT = Net incometax rate.
TAXDEPR = Tax DepreciationRates.
URATIO = Ratio of tax basisto bookbasis.
EL = Fconomic Life of Unit
TL = Tax Life of Unit
PYR = Year in planning horizon.
CUMDEPR = Accumulated financial depreciation.
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FUNCTION: COEFCR

Description: COEFCR calculates the excess dollars availableto 'cover' purchased power payments as though
they were debt payments.

Called By: EP$PCL,Function CRCONST

Equations" COEFCR = (B + D * (1 - RT) / (RT - 1)
COEFCR = MAX( COEFCR, 0.0)

where: RT = Target coverage ratio.
B = Equity component calculated in EP$PCL or CRCONST.
D - Debt component calculated in EP$PCL or CRCONST.

t
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FUNCTION: SUMVEC

Description: SUMVEC calculates the sum of tax depreciation.

Called By: Function CRCONST

Equations: _,
SUMVEC = _ D(I)

I=l

where: D = Tax Depreciation Rates.
N = 21 years.
YRS = Planninghorizon year (y) - 1
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FUNCTION: PVV

Description: PVV calculates the presentvalue of a vector of numbers.

Called By: EP$BDSP,EPFLPRC,EPNBLD,EP$1NT,EP$BRNW

Equations: M

PVV= ]E: D(I) / ((1 ,XIR) **I)
I,,1

,a

where: D = Vector of numbers to be present valued.
XlR = Discount rate.

, M = Number of periods to discount.
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FUNCTION: PWF

Description: PWF calculates a factor that equates in present value terms a value I years in the future at X
discount rate.

Called By: EP$ETT,EP$RETRO,EP$BDSP,EPFLPRC,EP$ODSP,EP$1NT,EP$BRNW,EP$ORNW

Equations: PWF = (1 + XlR) ** -I

where" I = Number of years into the future.
XlR = Discount rate.

I
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FUNCTION: CRF

Description: CRF calculates the annuityfactor associated with a input interest rate and term (Years).

Called By: EP$ET-I',EP$RETRO,EP$BDSP,EPCNBLD,EPNBLD,EP$1NT,EP$BRNW,EP$ORNW

Equations: CRF = XlR / (1 - (1 + XIR) ** (-I))

where: I = Term (Years)
- XIR = Interest rate.
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Appendix C

OPTIMIZATION AND MODELING LIBRARY (OML)
SUBROUTINES AND FUNCTIONS

This appendixprovidesa summaryof the OML routinesthat are calledby the ECP to set up the database,revise
coefficients,solvethe LP model, and retrievethe solution. OML is a proprietarysoftwarepackagedevelopedby
KETRON ManagementScience._

DFOPEN: Opensthe datafilefor the LP problem.

DFPINIT: Initializesprocessingof the LP problemin the currentdatabase.

DFMINIT: Initializesa databasefor matrixprocessing.

DFMEND: Terminatesmatrixprocessing.

DFCLOSE: Terminatesprocessingof a database file.

WFDEF: Definesthe model space for the LP problem.

WFLOAD: Loadsthe matrixfor the LP probleminto memory.

WFINSRT: Loadsthe startingbasis for the LP problem.

WFOPT: Optimizesthe model.

WFPUNCH: Savesthe currentbasis into a standardformat file.

DFMRRHS: Retrievesa right-handside value.

DFMCRHS: Createsor changes a right-handside value.

DFMRBND: Retrievesa bound value.

DFMCBND: Createsor changes a bound value.

DFMCVAL: Createsor changes a coefficientfor a row/columnintersection.

DFMMVAL: Changesa coefficientfor row/columnintersectionif it exists.

DFMCRTP: Declaresor changesthe rowtype.

WFSCOL: Retrievessolutionvalues (e.g., activity,input cost, reducedcost) for a column vector.

WFSROW: Retrievessolutionvalues (e.g., activity,dual values) for a row.

=For more information,see Ketron ManagementScience, Optimization and Modeling Ubrary (Draft), (Arlington,VA, November
1992).
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WFRNAME: Retrievesa row name.

WFCNAME: Retrieves a column name.
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Appendix E

MODEL ABSTRACT

Model Name:

Electricity Capacity Planning Submodule

Model Acronym:

ECP

Del_rlptlon:

The ElectricityCapacityPlanningSubmodule is a linearprogrammingmodel that determinesplanningdecisions
for the electricpower industry. The model determinesthe least-costsolutionfol" a multi-yearplanninghorizon
basedon expectationsforfutureelectricitydemandsandfuel prices. The ECP representsbothutilityand nonutUity
suppliersand includessupply-sideand demand-sideoptions. Fossil-fuel,nuclear,and renewabletechnologiesare
represented.

Purpose:

The ECP isdesignedto projectchangesinthe mixof generatingcapacitythat are requiredto meetfuturedemands
for electricityandto complywithenvironmentalregulations. Itdeterminesthe requiredadditionsto capacityor the
implementationof demand-sidemanagement(DSM) programsto offsetthe needfor new electricity3upplies. The
ECP also representsplanningdecisionsforreducingemissionsof sulfurdioxide,includingretrofittingexistingunits
with scrubbersand bankingallowances.Themodel structureprovidesthe flexibilityto examineotherenvironmental
policiessuch as externalitycosts and limitson carbon emissions.

Last Model Update:

December1993

Part of Another Model:

The ECP is a submoduleof the ElectricityMarket Module (EMM), which isthe electricitysupplycomponentof the
National EnergyModelingSystem (NEMS).

Model Interfaces:
dl

The ECP receivesexpectationsfor electricitydemands and fuel prices fromthe IntegratingModuleof the NEMS.
Costandperformancedatafor renewabletechnologiesare providedby the RenewableFuelsModule (RFM). Cost
and performance characteristicsfor DSM programs are inputs from the Load and Demand-Side Management ,_
(LDSM) Submodule. Financial informationsuch as the capital structure and the cost of debt and equity are
obtainedfromthe ElectricityFinanceand Pricing(EFP) Subrnoduleof the EMM. Capacityadditionsfor renewables
are providedto the RFM and constructionexpendituresfor new generatingunitsare passedto the EFP.
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Official Model Representative:

• Office: Officeof IntegratedAnalysisand Forecasting

• Division: EnergySupply and Conversion

• Branch: Nuclearand ElectricityAnalysis

• Model Contact: JeffreyS. Jones

" • Telephone: 202-586-2038

Documentation:

EnergyInformationAdministration,Model Documentation: Electricity Capacity Planning Submodule of the Electricity
Market Module, Washington,DC, January 1994.

Archive Mecllaand Installation Manual:

The firstmodelarchivalof the ECP, as part of the NEMS, will be done forthe versionusedfor the Annual Energy
Outlook 1994. Thiswill be availablein early 1994.

Energy System l)escribed by the Model:

The ECP is a linearprogrammingmodel of planningdecisionsin the electricpower industry. It representsthe
constructionof new generating capacity, the initiation of demand-side management programs, and the
implementationof compliancestrategiesfor reducingemissions.

Coverage:

• Geographic: Thirteen NorthAmerican ElectricReliabilityCouncil (NERC) Regions and Subregions.

• Time Frequency: Annuallyfrom 1990 through2010.

• Products: Capacity additions for fossil-fuel, nuclear, and renewable generating technologies
Scrubberretrofitsfor existingcoal-fired unitsand allowancebanking.

• Economic Sector: Electricutilitiesand nonutilities.

Modeling Features:

The ECP employsa linear programming methodologyto determine the least-cost solutionfor meeting future
capacityneedsand environmentalrequirements. The ECP is executedonce for each forecastyear and uses a
seriesof FORTRAN subroutinesthat update the coefficients of the objective function and constraintmatrixof a
linearprogrammodel. The ECP is modularin its relationshipwith the othercomponentsof the EMM. The outputs
of the ECP are writtento a databasethat allowsthe flexibilityto operatethe rest of the EMM withoutexecutingthe

_r

ECP.

Non-DOE Input Data Sources:

• North AmericanElectric ReliabilityCouncil

hourlyload data

• ArgonneNational Laboratory
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capitalcosts for new fossil-fueland nuclear plants

operations and maintenancecostsfor new fossil-fueland nuclearplants

- heat rates for new fossil-fueland nuclear plants

- outage ratesfor new fossil-fueland nuclearplants

- operating life for new fossil-fueland nuclearplants

- emissionrates for new fossil-fueland nuclearplants

- scrubberretrofitcosts

• Oak Ridge National Laboratory,CONCEPT-5 Model

- constructionprofilesfor new fossil-fuelplants

• EnvironmentalProtectionAgency

- emissions allowancesfor sulfurdioxide

DOE Input Data Sources:

• Form EIA-860, "AnnualElectricGenerator Report"

existingutilitycapacity

- heat rates for existingcapacity

- planned utilitycapacityadditions

- planned utility capacity retirements

• Form EIA-867, "AnnualNonutilityPower ProducerReport"

- existing nonutilitycapacity by planttype

- planned nonutilitycapacity additions by plant type

- planned nonutilitycapacity retirementsby plant type
41,

• Form EIA-767, "Steam-ElectricPlant Operationand DesignReport"

- emissionrates for existinggenerating units

- pollution controlequipment installedat existinggeneratingunits

• Form EIA-759, "Monthly Power Plant Report"

capacityfactorsfor hydroelectricplants

Computing Environment:
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• Hardware: IBM 3090 mainframe

• Operating System: MVS
!

• Software: FORTRAN 77

• Memory Requirement: 12000K

• Storage Requirement: 13000 Tracks

• • Estimated Run Time: 4 CPU minutesfor each year

• Special Features: The solutionfor the ECP is writtenout to a database, which can be used as an
inputfile in order to execute the rest of the EMM withoutthe ECP.

Independent Expert Reviews:

In October1992, independentexpertreviewsof the Component Design Report for the ElectricityCapacityPlanning
Submodulewere conductedby:

HowardE. Thompson,Ph.D., Professor,
Universityof Wisconsin,Madison, Wisconsin

DouglasR. Bohi,Ph.D., Director,Energyand Natural ResourcesDivision,
Resourcesfor the Future(RFF), Washington,DC

DallasBurtraw, Ph.D., Fellow,Qualityof the Environment Division,
Resourcesfor the Future(RFF), Washington,DC

StevenR. Elliott,Ph.D., EnergyDivision,
Oak RidgeNationalLaboratory,Oak Ridge, TN

Status of Evaluation Efforts by Sponsor:

None.
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Appendix F

DATA SOURCES

This appendix provides a list of the data sources in the ECP. Each data source is accompaniedby a brief
description.

6

EIA SURVEY FORMS

FormEIA-860

The Form EIA-860 is a mandatorycensusof electricutilitiesin the UnitedStatesthat operate power plantsor
plan to operatea power plant within 10 yearsof the reportingyear. The surveycollectsdata fromthe electric
utilitieson existingpower plants, andon 10 year plansfor constructingnew plants,and modifyingand retiring
existingplants. Data iscollected atthe generatingunitleveland includescapacityandfuelsourceinformation,
along with ownershipand locationdata.

FormEIA-867

The Form EIA-867 is a mandatory surveyof all existing and plannednonutilityelectricgeneratingfacilities in
the United States with a total generatornameplate capacityof 1 or more megawatts. The form is used to
collectdata on the installed capacity,energyconsumption,generationand electricenergysales to electric
utilitiesand other nonutilitiesh,, facility. Additionally,the form is usedto collectdata on the qualityof fuels
burned and the types of er _talequipmentused by the respondent. Planned generatorsare defined
as a proposalby a comp_ allelectricgenerating equipment at an existing or planned facility. The
proposalis based on the or, ,ngobtained(1) all environmentaland regulatoryapprovals,(2) a contract
for the electric energy, or (3) t,=dncialclosureon the facility.

Form EIA-767

The Form EIA-767 is a mandatory restricted-universecensus of all electric power plants with a total existing
orplannedorganic-or nuclear-fueledsteamelectdcgeneratornameplateratingof 10or moremegawatts. The
entireform is filed by approximately700 power plants with a nameplatecapacityof 100 or more megawatts.
An additional200 power plantswith a nameplatecapacity between10 and 100 megawattssubmit information
only on fuel consumption/quality,boiler/generatorconfiguration, and flue-gas desulfurizationequipment, if
applicable. The Form EIA-767 is used to collect data annually on plant operationsand equipment design
(includingboiler,generator,cooling system,fluegas desulfurization,flue gas particulatecollectors,and stack
data). ._

FormEIA-759

The Form EIA-759 is a mandatory censusof alloperatorsof electricutility plantsproducingelectricpower for
public use. The Form-EIA 759 is used to collect monthly data on net genera*.lon,consumptionof coal,
petroleum,and naturalgas; and end-of-the-monthstocksof petroleumand coalfor eachplant byprime mover
and fuel type combination.
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Qualityof EIA Survey Data

TheOfficeof Coal, Nuclear,ElectricandAlternate Fuels(CNEAF) is responsiblefor routinedata improvements,
andqualityassuranceactivitiesof EIAsurveydata. Data improvementeffortsincludeverificationofdata-keyed
input by automatic computerized methods, editing by subject matter specialists, and follow up on
nonrespondents. Manual edit checks includespotcheckinginformationstoredon computertapesagainstthe
survey forms, and computer edits include both deterministicchecks, in which recordsare checkedfor the
presenceof requiredfiek'Jsand their validity;and statisticalchecks, inwhich estimationtechniquesare used

" to validate data accordingto their behavior inthe past and in comparisonto othercurrentfields. Data values
that fall outside of prescribedranges are verifiedby telephoningrespondentsto resolveany discrepancies.

Argonne National Laboratories "Cost and Performance Database for New Generating Technologies"

A databaseof currentcostsand performanceestimatesfor a wide range of old and existingpowergeneratingand
emissioncontroloptions.

Data Sources:

FossilFueled Power Plants

o EPRI, TechnicalAssessmentGuide (TAG) Electricitysupply- 1989

o Oak RidgeNationalLaboratories, Energy EconomicDatabase (EEDB), variousprogramphases

o EIA, ElectricPlant cost and Power Productionexpenses, 1990

NuclearFueled Power Plants

o EIA, Advanced Reactor Sourcebook

EmissionControlTechnologies

o Vatabuk,estimatingCostsof Air Pollution Controls, LouisPublishem,1990

o EPRI, 1991: United EngineersandConstructors,*TechnicalFeasibilityandcostsof selectiveCatalytic
reductionNOx Control', GS-7276

e

o EPRI, 1991: United Engineers and constructors, "Economic Evaluationof Flue Gas Desulfurization
Systems:, GS-7193

!

NERC regional pub,cations of the "Coordinated Bulk Power Supply Program Report", April 1992.

A compilationof load and resourcedata that allowsthe ten North American ElectricReliabilityCouncils(NERC)
to assessthe adequacyand reliabilityof bulkpower supplyinthe NERC regions. The report containsinformation
in three categories:1) Peak Loacl/Resourceand Energy/Fossil Fuel Information, 2) ExistingGeneration, and 3)
GenerationAdditions.This informationis filed withthe Department of Energy,Officeof Emergency Planningand
Operations (OE) as partof the FORM OE-411 response. FORM OE-411 is describedbelow.
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FORM OE-411

The Form OE-411 is filed annually on April 1 by the ten NERC regions. The information reported includes: (1)
actual energy and peak demand for the preceding year and 10 additional years; (2) existing and future
generating capacity; (3) scheduled capacity transfers; (4) projections of capacity, demand, purchases, sales,
and scheduled maintenance; (5) assessment of adequacy; (6) generating capacity unavailability; (7) bulk power
system maps; (8) near term transmission adequacy; (9) future critical bulk power facilities that may not be in
service when required; and, (10) system evaluation criteria.

,a

Department of Energy, "Northern Lights: The Economic and Practical Potential of Imported Power from
Canada", December 1987,
DOEJPE-0079

The Northern Lights publicationcontains data on.costs of importing power from Canada and informationon
interregionalreliabilityissues relatedto electricpower importsfromCanada. The cost informationincludesdata
on (I) capital coststo build, (2) variableand fixed operatingand maintenancecosts, and (3) transmissioncosts.

Data Sources:

o EIA "Annual Outlookfor U.S. ElectricPower", 1987, and EIA surveydata.

o DRI "Energy Review",Winter 1986-1987

o A survey of canadiantaxes by ICF, Incorporated.

o New England Power Pool, New York Power Pool,and WesternArea Power Administration

o Reliabilitydata from NERC Mid-AtlanticArea Council,and NortheastPower CoordinatingCouncil.

o Variouselectricutilitiesin bothCanada and the UnitedStates including;PacificGas and Electric,Hydro-
Quebec, Manitoba Hydro,and BritishColumbiaHydro.

o Various publicationson Canadian energy supplycited inthe NorthernLights bibliography.

Environmental Protection Agency: "The National Allowance Data Base, Version 2.11", March 1993.

The "NationalAllowanceData Base" containsthe data elementson utilitycombustionsourcesnecessaryto support
a market based systemof acid raincontrols. This data base is basedon the 1985 NationalUtilityReference File 1
(NURF) data, augmentedbythe U.S. Departmentof Energy's(DOE) EnergyInformationAdministration(EIA) data.
The NURF data was extensivelyreviewedand data inconsistencieswereeliminatedthroughcontact with State and
local air agencies and utilities. The "NationalAllowanceData Base" is utilized to calculate sulfurdioxide (SO2)
emissionsallowances (credits), as delineatedby the Clean Air Act.
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Data Sources:

o The EPA 1985 National UtilityReference File (NURF), 1989. NURF data was submittedto the 10 EPA
regionsfor reviewof the followingkey elements:1985 SO2 emissionsand emissionsrate, 1985 totalheat
input,and 1985 SO2 emissionlimitsand associatedvariables.

o 1985 National EmissionsData System (NEDS) submittals.

o Form EIA-767 (EIA, 1982-1989) and Form FPC-67 (FPC,1980-1981).

• o Form EIA-759 (EIA, 1980-1989).

o The Federal EnergyRegulatoryCommission(FERC) Form FERC-423 (FERC, 1985-1989).

o The EIA IntegratedData BaseSystem (IDBS), whichconsistsof the FormEIA-860 (EIA, 1989a) andForm
EIA-861 (EIA,1989b).
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