Model Documentation
Electricity Capacity Planning Submodule

of the Electricity Market Module

Prepared by:
Nuclear and Electricity Analysis Branch
Energy Supply and Conversion Division
Office of Integrated Analysis and Forecasting

Energy Information Administration

March 1994



Contents

1. INTRODUCTION . .o e e e e e e e e e 1

1.1 Purpose of the RepOrt ... . 1

1.2 Model SUMMaArY . ... e e e 1

1.3 Model Contact and Archival Citation .. ... ... . .. . . 2

1.4 Report Organization . ... ... it e e 3

2. MODEL PURPOSE . . .. e e 4

2.1 Model Objectives . .. ... 4

2.2 Relationship to Other Models .. ... ... . . . 6

3. MODEL OVERVIEW AND RATIONALE . ... . e e s e e e i 9

3.1 Theoretical Approach . . ... .. 9

3.2 Fundamental ASSUMPLIONS . . . . .ot 12

3.3 Alternative Approaches and Reasons for Selection . ......... ... .. ... ...... 15

3.3, FOSSIL2 . . 16

3.3.2 AUSM/UPCODE . . . . .. e e e e e 18

3.3.3 PROSCREEN Il . ... e e 18

3.3.4 EGUMS . .. 19

3.3.5 EGEAS ... 20

3.3.6 ARGUS . ... 21

3.3.7 OVER/UNDER . . .. . e e 22

3.3.8 SUMMaANY . o 22

4. MODEL STRUCTURE . ... e e e e e e 24

4.1 IntrodUCtion . . . o 24

4.2 Flow Diagram . .. .o 24

4.3 Key Computations and Equations . . ... ... .. . 30

4.3.1 DIMENSIONS . . o ot it it e e e 30

4.3.2 Decision Variables . ... ... 31

4.3.3 Right-Hand Side Values . .. ... .. .. . 32

4.3.4 Coefficients . . ... 32

4.3.5 Objective FUNCLION . . . .. .. 34

4.3.6 Description of Constraints . .. .. ... L 34
Appendices

A. Inventory of Data . ... ... . 42

B. Electricity Capacity Planning (ECP) Submodule Subroutines and Functions e 104

C. Optimization and Modeling Library (OML) Subroutines and Functions e 166

D. Bibliography . .. ... . 168

E. Model Abstract . .. .. 170

F. Data SOUICES . . .. ot e e 174

Tables
1. Definition of Seasonal/Time-of-Day Segments .. ......... .. .. 13
2. Capacity Types Represented in the Electricity Capacity Planning Submodule .. ...... 15

Energy Information Administration/Documentation - Electricity Capacity Planning Submodule iii



Figures

1.

Electricity SUpply RegiONS . . ..

2. Input/Output Flows for Electricity Capacity Planning (ECP) Submodule of the EMM
3.
4. Flow Diagram for the Electricity Capacity Planning Submodule . ..................

Load Duration Curve with Time-of-Day and Seasonal Load Segmentation ~ ..........

Energy Information Administration/Documentation - Electricity Capacity Planning Submodule



1. INTRODUCTION

1.1 Purpose of the Report

The National Energy Modeling System (NEMS) is a computer modeling system developed by the Energy
Information Administration (EIA). The NEMS produces integrated forecasts for energy markets in the
United States by achieving a general equilibrium solution for energy supply and demand. Currently, for
each year during the period from 1990 through 2010, the NEMS describes energy supply, conversion,
consumption, and pricing. It contains individual modules to represent specific fuel supply industries,
conversion activities, and end-use consumption sectors." The NEMS provided energy forecasts for the
Annual Energy Outlook 1994.% 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.°

The Electricity Market Module (EMM) is the electricity supply component of 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 LDSM translates annual demands for electricity into distributions that describe hourly, seasonal,
and time-of-day variations. These distributions are used by the EFD and 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 nonutility suppliers 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 considers planning decisions involving changes in capital stock that occur over several years and
require a substantial capital investment. It projects how the electric power industry will change its
generating capability in response to changes in environmental regulations and increases in demand. The
ECP contains a dispatching component so that planning decisions consider the tradeoff between investment
and operating costs.

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

'The National Energy Modeling System also contains modules representing international energy markets and macroeconomic
activity. For additional information, see Energy Information Administration, NEMS Integrating Module Documentation Report, DOE/EIA-
MO057 (Washington, DC, December 1993).

“Energy Information Administration, Annual Energy Outlook 1994, DOE/EIA-0383(94) (Washington, DC, January 1994).

®For additional information, see Energy Information Administration, Intermediate Future Forecasting System: Executive Summary,
DOE/EIA-0430 (Washington, DC, October 1983).
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achieving the emissions restrictions in the CAAA include installing pollution control equipment on existing
power plants, implementing DSM programs, and building new power plants with low emission rates! The
ECP also considers "banking" emissions allowances (i.e., each year utilities are allocated allowances that
entitle them to emit sulfur dioxide (SO,) and these allowances can be saved for future use). These
methods for reducing emission are compared against dispatching options such as fuel switching and
allowance trading. Environmental regulations also affect capacity expansion decisions. For instance, new
plants are not allocated emissions allowances according to the CAAA. Consequently, the decision to build
a particular capacity type must consider the cost (if any) of obtaining sufficient allowances. This could
involve purchasing allowances or overcomplying at an existing unit. The ECP is also capable of
representing regulations for carbon emissions and externality costs for various pollutants.

Potential options for new generating capacity include fossil-fuel, nuclear, and renewable power plants,
including intermittent technologies such as solar and wind. Both utility and nonutility suppliers are
evaluated together as sources of hew generating capability. The ECP also includes construction of new
generation and transmission capacity in Canada for export to a U.S. region and/or in one U.S. region for
export to another U.S. region. As new technologies become available, they will compete with conventional
plant types as sources of supply in the ECP. However, the representation of new technologies is limited
in the current version of the EMM. A future enhancement will incorporate the New Technologies
Submodule, which will consider the impacts of learning effects, risk and uncertainty.”> Similarly, the ECP
contains structure to compete supply and demand options (i.e., the need for new capacity can be reduced
by programs to lower or shift demand), but the penetration of demand-side management (DSM) programs
is not presently determined because the required linkages with the LDSM Submodule have not yet been
completed. Future enhancements are also planned to include life extension and repowering decisions in
the ECP.

1.3 Model Contact and Archival Citation
* Model Name: Electricity Capacity Planning Submodule

* Model Acronym:  ECP

» Office: Integrated Analysis and Forecasting
e Division: Energy Supply and Conversion
e Branch: Nuclear and Electricity Analysis
» Contact: Jeffrey S. Jones
El-821

U.S. Department of Energy

1000 Independence Avenue S.W.
Washington, D.C. 20585

(202) 586-2038

e Archival Citation: The ECP will be archived as part of the NEMS for the version used for the Annual
Energy Outlook 1994. This will be available in early 1994.

“For a more detailed description of the Clean Air Act Amendments, see Energy Information Administration, Component Design
Report Electricity Fuel Dispatch (Washington, DC, May 1992).

°For a more detailed description, see Energy Information Administration, NEMS Component Design Report Modeling Technology
Penetration (Washington, DC, March 1993).
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1.4 Report Organization

The remainder of this report is presented in the following order:

Chapter 2. Model Purpose

This chapter provides a description of the objectives of the ECP, the interaction of the model with other
submodules of the EMM and components of the NEMS, and levels of aggregation represented in the
model.

Chapter 3. Model Overview and Rationale

This chapter summarizes the theoretical approach and fundamental assumptions used in the ECP. It also
discusses alternative approaches for modeling planning decisions, including the model previously used by
the EIA.

Chapter 4. Model Structure

This chapter provides a detailed description of the solution algorithm for 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 appendices contain a detailed inventory of the input data, parameter estimates, and model outputs.
They provide a correspondence between the variables in the documentation and their location in the
computer code. Included is a description of the FORTRAN subroutines and equations used to derive the
coefficients of the objective function and the constraints of the linear programming model. Additional
information includes a bibliography and a model abstract.

Energy Information Administration/Documentation - Electricity Capacity Planning Submodule 3



2. MODEL PURPOSE

2.1 Model Objectives

The purpose of the ECP is to determine how the electric power industry will change its mix of generating
capacity over the forecast horizon. It is intended to consider investment decisions for both demand- and
supply-side options and capture changes in the competitive structure, such as the penetration of nonutility
suppliers, and responses to environmental regulations, such as the CAAA or limits on carbon emissions.
It represents traditional and nontraditional sources of supply.

Technology choices in the ECP includes all of the fuel types used by electric utilities—coal, natural gas,
petroleum, uranium, and renewable. The ECP represents capacity additions of conventional and advanced
technologies. Conventional technologies are identified by fuel type (coal, natural gas, petroleum, uranium,
and renewable) and prime mover (e.g. steam, combined cycle, combustion turbine, hydraulic turbine, wind
turbine). These categories correspond to data collected on Form EIA-860, "Annual Electric Generator
Report." Steam turbines use fossil fuel, nuclear, and some renewable energy sources (e.g., geothermal).
Combined cycle and combustion turbine units primarily use natural gas and petroleum although some use
waste heat. Hydraulic turbines include conventional and pumped storage. New technologies are expected
to include atmospheric fluidized bed, pressurized fluidized bed, integrated gasification combined cycle, fuel
cells, and advanced nuclear reactors, although initially generic technologies will be represented.
Renewable technologies include geothermal, biomass (wood), and municipal solid waste. Intermittent
renewable capacity (e.g., wind and solar) will also be considered.

In the ECP, planning decisions are currently represented for 13 electricity supply regions (Figure 1). In the
future, two additional regions for Alaska (AK) and Hawaii (HI) will be added. Of the 13 regions, 6
correspond to North American Electric Reliability Council (NERC) Regions. These are the East Coast Area
Reliability Coordination Agreement (ECAR), Electric Reliability Council of Texas (ERCOT), Mid-Atlantic Area
Council (MAAC), Mid-America Interconnected Network (MAIN), Mid-Continent Area Power Pool (MAPP),
and Southwest Power Pool (SPP) Regions. The remaining 3 NERC Regions are divided into a total of 6
Subregions to isolate key states or areas. In the Northeast Power Coordinating Council (NPCC), the New
England (NE) states constitute one region and New York (NY) represents another. In the Southeastern
Electric Reliability Council (SERC), Florida (FL) is separated from the rest of the Region (STV). The
Western Systems Coordinating Council (WSCC) is partitioned into 3 Subregions. The Rocky Mountain
Power Area and Arizona-New Mexico Power Area Subcouncils are combined into 1 region (RA). The
Northwest Power Pool Area (NWP) and California-Southern Nevada Power Area (CNV) form the other 2
electricity supply regions.

The general level of aggregation for the NEMS is Census Divisions, which are collections of states.®
However, many utilities operate across state boundaries and the NERC Regions and Subregions provide
a better representation of electricity operations. This geographic representation also facilitates collection
of data and comparisons with industry projections, both of which are generally conducted at the utility- or
NERC region-level.

The ECP, as a component of the EMM and the NEMS, is designed to provide forecasts for the Annual
Energy Outlook and other analyses. For the electric power industry, the model projects planning decisions
for each year in the midterm forecast horizon, currently defined as through 2010. It is designed to examine
environmental policies such as the CAAA, limits on carbon emissions, and externality costs. It is also
intended to examine the economic tradeoffs between the potential suppliers (utility and nonutility) and the

®The demand, conversion, and supply modules of the NEMS use the regional aggregation that is most appropriate for the
corresponding energy market. However, the required data flows provided to the Integrating Module for convergence testing and
reporting (e.g., energy prices and quantities) are specified for the 9 Census Divisions. For additional information, see Energy
Information Administration, 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 macroeconomic conditions. The ECP can examine issues related to international and
interregional trade, but it does not represent intrarregional trade for the 13 electricity regions. The number
and combinations of interregional and international trade opportunities in the ECP are restricted to those
areas of the country where bulk power transfers currently exist. These transactions include the electricity
supply regions in the West (regions 11, 12 and 13), in the Southeast (8, and 9), and between Canada and
the U.S. (regions 1, 4, 5, 6, 7, 11, and 13). When the linkages are completed, the ECP can also consider
the competition between supply-side and demand-side options for meeting demand growth and
environmental regulations. Similarly, the development of the New Technologies Submodules will enable
the ECP to examine key issues related to the introduction of advanced technologies, such as learning
effects, risk, and uncertainty.

2.2 Relationship to Other Models

In addition to exogenous sources, the ECP requires input data from other modules of the NEMS and other
submodules of the EMM (Figure 2). Exogenous inputs include existing operable capacity, planned capacity
additions, and announced capacity retirements’. Data inputs also include the age of existing units include
the remaining life, which will be used in the representation of refurbishment, repowering, and retirement
decisions. For each capacity type that is a candidate for capacity expansion, external assumptions include
overnight construction cost (i.e., without interest), and construction expenditure profile, operating life,
maximum fuel shares, heat rate, and outage rates. Transmission and trade, and nonutility capacity data
inputs are also exogenously specified. Non-utility input data include planned nonutility additions and cost
and performance characteristics for nonutility capacity additions. Transmission and trade data include the
expected level of international and interregional electricity trade based on known contracts, and the costs
of constructing new generating units in selected regions to serve loads in a neighboring region.

The Integrating Module of the NEMS provides expected fuel prices and expected electricity demands. The
end-use demand modules furnish electricity supplies from cogenerators, which decreases the generation
requirements from power plants. Cost and performance data for plant types fueled by renewable energy
sources are obtained from the Renewable Fuels Module (RFM). For intermittent technologies, the RFM
will also provide the capacity credit, which represents the corresponding contribution to reliability
requirements.

The Electricity Finance and Pricing (EFP) Submodule supplies the capital structure (debt/equity shares) and
the cost of capital. When the linkages are completed, the Load and Demand-Side Management (LDSM)
Submodule will furnish the load curves and the costs and impacts of DSM programs.

The outputs of the ECP, which are determined by the selection of the least-cost options for meeting
expected growth in demand, interact with other modules of the NEMS and Submodules of the EMM. The
ECP provides its decision variables to other submodules of the EMM (Figure 2). Capacity additions for
coal- and gas-fired generating capacity are provided to the Coal Market Module (CSM) and the Natural Gas
Transmission and Distribution Module (NGTDM), which are used for planning decisions in the respective
modules. The RFM also receives capacity additions of renewable technologies. In particular, this is
required for technologies with resource constraints or limited sites.

The EFP Submodule requires the capital expenditures for building new capacity and installing pollution
control devices on existing units in order to calculate electricity prices. The Electricity Fuel Dispatching
(EFD) Submodule uses capacity additions from the ECP to determine available capacity for meeting
demand in a given year. The ECP will also provide avoided costs to the LDSM Submodule for the

"Generating units placed into service prior to the first model year (1990) are considered existing capacity. Units that begin operation
thereafter are considered new 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.! The LDSM Submodule will also use the level of capacity for
intermittent technologies to adjust the load curves. However, the required data flows between the 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 information on the calculation of avoided costs, see Energy Information Administration, 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 LP formulation to determine planning decisions for the electric power industry. The ECP
contains a representation of planning and dispatching in order to examine the tradeoff between capital and
operating costs. It simulates least-cost planning and competitive markets by selecting strategies for
meeting expected demands and complying with environmental restrictions that minimize the discounted,
present value of investment and operating costs. The ECP explicitly incorporates emissions restrictions
imposed by the CAAA and provides the flexibility to examine potential regulations such as emissions taxes
and carbon stabilization.

The ECP determines decisions for a six-year planning horizon and uses multi-year optimization by solving
all the years simultaneously. The ECP "keeps" only those decisions that must be initiated in the current
forecast year since the remaining decisions can be reevaluated in a future year. The available options for
capacity expansion and environmental compliance encompass a number of intertemporal issues that need
to be addressed using a multi-period planning horizon. For example, generating technologies have different
licensing and construction periods. Early in the planning horizon, the options are limited to strategies with
shorter leadtimes, such as construction of peaking units or implementation of DSM programs. However,
the available options increase over a longer period. Additional capacity requirements could be met by
initiating construction of a plant with a longer leadtime or waiting a few years and implementing a shorter-
term option.

Furthermore, it may be beneficial to implement a particular option prior to the actual need. Utilities in a
given region may have a surplus of capacity to serve a particular load category. Nevertheless, it may be
cost-effective to build a new unit to replace or lower the utilization of a less economical existing unit. If the
public service commission is willing to allow the new asset to be added to the rate base, then this decision
depends on whether or not the resulting fuel savings can offset the investment costs that would be incurred
earlier than required.

Decisions to invest in DSM may also involve a multi-period evaluation. Some of these programs are
phased-in over time so that the impact grows until it reaches its maximum level. The attractiveness of the
investment depends on the combined impact over the years, which is affected by the date of program
initiation and the rate in which the program is phased-in. A delay in initiating the program may diminish
the potential impact, depending on the supply option it would replace. The ECP will evaluate the
implementation of a particular DSM program in each year of the planning horizon and select the initiation
date, if any, that results in the lowest combination of investment and operating costs (present value) for all
years.

Emissions banking is another intertemporal issue that needs to be evaluated in a multi-year framework.
Depending on the value of allowances, it may be advantageous to reduce emissions beyond required levels
in an earlier year in order to undercomply in a later year. In the ECP, the value of an allowance is
assumed to be the market-clearing price, which is based on the revenue requirements for the capital and
operating expenses associated with compliance.® Based on the allowances allocated according to the
CAAA, some utilities may have relatively low compliance costs for Phase 1 but incur much higher costs
during Phase 2 since the restrictions are much tighter. Banking would lower the overall cost of compliance
if the discounted, present value of the compliance costs in a given year is less than the corresponding cost
in a later year.

°The value of allowances could be affected by several issues, including cost recovery schedules for compliance costs (i.e.,
capitalized or expensed) and tax treatment (both federal and state). These regulatory decisions have not been determined yet.
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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
operator of the system. Assuming adequate fuel supplies, fossil-fuel and nuclear units are considered
"dispatchable" since they can usually can be operated at any time as long as they are not out-of-service
due to planned or forced outages. Some renewable generating capacity, such as geothermal and biomass,
are similar to fossil-fired and nuclear plants in that they can be dispatched at the discretion of the operator,
subject to limits on the renewable energy source and maintenance schedules. The utilization of
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 depends on several factors, including load characteristics, effective reserve
margins, the attitude of state regulators, legal mandates, and rate and cost recovery schedules.™

Although the ECP structure is designed to represent investment decisions for DSM programs, it did not
include an endogenous representation of DSM for the Annual Energy Outlook 1994 because the required
linkages with the LDSM have not been completed. Furthermore, the ECP represents conventional and
advanced technologies as separate capacity types, but the New Technologies Submodule has not been
implemented so the penetration of new technologies is limited by the absence of key factors such as
learning effects, technological optimism, risk, and uncertainty. Also, some of the required interactions with
the Renewable Fuels Module (RFM) are not completed, so several of the necessary data transfers (i.e, cost
and performance characteristics) are currently incorporated as input data within the 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.”* 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 and performance 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 methodology to adjust the decisions from the LP model using a procedure to evaluate
technologies that do not penetrate based on average costs but that may actually be competitive with the
capacity types that are selected. The current version of the ECP does not contain the proposed market-
sharing algorithm.

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

®For a more specific discussion of DSM programs, see Energy Information Administration, Component Design Report Load and
Demand-Side Management Submodule (Washington, DC, October 1992).

For more information see Energy Information Administration, Component Design Report Electricity Capacity Planning (Washington,
DC, August 1992).
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decisions during a six-year period, including the current forecast year® This 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 hew 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.** 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
longer construction leadtime. Otherwise, the interest charges 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.* 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).®> 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.'®

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 algorithm first searched for the least-cost capacity expansion plan for electric utilities. It then
determined if nonutility sources could provide generating capacity more economically’ 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) versus time (i.e., the number of hours that a given load exists). The loads were

In the ECP, each cost (e.g., capital and fuel) for the final year of the six-year planning horizon actually represents the sum of the
present value of corresponding expenditures in years 6 through 30 so that decisions can be evaluated over a 30-year period.

¥For example, a new coal-fired that is not already planned or under construction could not begin operation until at least 2000. In
the ECP, the option to initiate and complete a coal-fired unit during the 1990's is excluded.

For more information on capacity planning in the IFFS, see Energy Information Administration, Model Methodology and Data
Description of the Electricity Market Module, Volume 2, Planning Component, DOE/EIA-M039 (Washington, DC, August 1989).

¥In the capacity expansion component of the IFFS, existing units that satisfied a predetermined set of criteria were assumed to be
life-extended rather than retired. For more information on the requirements for life extension, see Energy Information Administration,
Assumptions for the Annual Energy Outlook 1993, DOE/EIA-0527(93) (Washington, DC, January 1993).

®The levelized cost is the annuity (i.e. constant amount of dollars in each year) that provides the same present value as the actual
stream of costs over the service life of the plant.

YA detailed description of the capacity expansion model for nonutility sources can be found in Energy Information Administration,
Nonutility Generation Supply Model, DOE/EIA-M043 (Washington, DC, October 1990).
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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.!®* The NCM was used in conjunction with the
IFFS to 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
switching to 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 utilities and nonutilities will be
completed as reported.’® Scheduled retirements of existing units are also assumed to occur. However,
a large number of fossil-fired steam generating units are approaching the end of their normal operating
lives, but utilities have not indicated any plans to retire them. It is assumed that most of this capacity will
be maintained and operated throughout the forecast period.?® Thus, the ECP only determines capacity
additions over and above those projects currently planned or under construction. It includes both utility and
nonutility suppliers. However, contributions from cogenerators are determined by the end-use demand
modules.

The capacity additions determined by the ECP must be sufficient to satisfy minimum reliability requirements
in each of the electricity supply regions. In the ECP, it is assumed that the sum of existing capacity (net
of retirements) and planned capacity additions, and unplanned additions must be greater than or equal to
the expected peak demand by a pre-specified reserve margin. These reserve margins are derived using
ten-year projections from the NERC for generating capability and peak demands.*

The ECP determines planning strategies that are to be implemented to meet electricity demands and
environmental requirements in "future" years; therefore, it is necessary to have information about future
demands and fuel prices. For the Annual Energy Outlook 1994, adaptive expectations, which assume that
future trends can be extrapolated from historical patterns, are used for future demands and prices.?
Estimates of future interest rates and inflation rates are not available. Therefore, the ECP uses the myopic
expectations, which assume that rates will remain constant at current levels (i.e., the latest available rates,
which correspond to the results from the previous forecast year). Similarly, the capital structure for
financing new investments is assumed to be the current share of debt and equity. The discount rate is the
after-tax, weighted average cost of capital.

The expected demands represent annual electricity sales for the nine Census Divisions. For each year in
the planning horizon, the corresponding demands are mapped into the 13 electricity supply regions using
constant shares derived from historical data. Chronological variations in the load are captured using a

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

®planned capacity additions for electric 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".

2Ynits 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).

“These 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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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 Morning/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
(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).
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Figure 3. Load Duration Curve with Time-of-Day and Seasonal Load Segmentation
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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) is
available throughout the NEMS forecast time horizon. Transmission line capability available for new
transactions is calculated by subtracting known contracted capacity from the original transmission line
capability. Based on established relationships between selected electricity supply regions, interregional
transmission capacity can be added and new plants can be built in one region to serve another region.
International trade with Canada is also incorporated, but it is assumed that firm power transactions with
Mexico do not occur since there are no existing or planned agreements.

In the ECP, available supply options include fossil-fired, nuclear, and renewable technologies (Table 2).
For a given electricity supply region, the existing capacity for each category represents the sum of all the
operating units for that capacity type. In the Annual Energy Outlook 1994, it is assumed that no new
nuclear units will be ordered through 2010 due to concerns about radioactive waste disposal, safety,
economic and financial risk, and uncertainty in the licensing and regulatory process®* Capacity additions

BInterregional transmission constraints are derived from Department of Energy, Form OE-411, "Coordinated Bulk Power Supply
Program Report".

#For more information, see Energy Information Administration, Supplement to the Annual Energy Outlook 1994 (Washington, DC,
forthcoming).
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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?®

Potential options for reducing SO, 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.
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 SO, per
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 SO, per million Btu. This eliminates the option of burning 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 SO, standard < 1.20 Ibs / Million Btu
Existing Unscrubbed Coal with SO, standard < 2.50 Ibs / Million Btu
Existing Unscrubbed Coal with SO, standard < 3.34 Ibs / Million Btu
Existing Unscrubbed Coal with SO, standard > 3.34 Ibs / Million Btu
Existing Scrubbed Coal with SO, standard < 1.20 Ibs / Million Btu
Existing Scrubbed Coal with SO, standard < 2.50 Ibs / Million Btu
Existing Scrubbed Coal with SO, standard < 3.34 Ibs / Million Btu
Existing Scrubbed Coal with SO, 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

Municip