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PREFACE

The National Energy Modeling System.: An Ouverview 2003 provides a summary description of the National En-
ergy Modeling System (NEMS), which was used to generate the forecasts of energy production, demand, im-
ports, and prices through the year 2025 for the Annual Energy Outlook 2003 (AEO2003),
(DOE/EIA-0383(2003)), released in January 2003. AEO2003 presents national forecasts of energy markets for
five primary cases—a reference case and four additional cases that assume higher and lower economic growth
and higher and lower world oil prices than in the reference case. The Ouverview presents a brief description of
the methodology and scope of each of the component modules of NEMS. The model documentation reports listed
in the appendix of this document provide further details.

The Overview was prepared by the Energy Information Administration (EIA), Office of Integrated Analysis and
Forecasting under the direction of Mary J. Hutzler (mhutzler@eia.doe.gov, 202/586-2222), Director of the Office
of Integrated Analysis and Forecasting; Scott Sitzer (ssitzer@eia.doe.gov, 202/586-2308), Director of the Coal
and Electric Power Division; John J. Conti (jJohn.conti@eia.doe.gov, 202-586-4430), Director, International,
Economic, and Greenhouse Gases Division; Paul D. Holtberg (paul.holtberg@eia.doe.gov, 202/586-1284), Direc-
tor of the Demand and Integration Division; James M. Kendell jkendell@eia.doe.gov, 202/586-9646), Director
of the Oil and Gas Division; and Andy S. Kydes (akydes@eia.doe.gov, 202/586-2222), Senior Technical Advisor.
Detailed questions concerning NEMS may be addressed to the following analysts:

AEO02003 Paul D. Holtberg (paul.holtberg@eia.doe.gov, 202/586-1284)
Integrating Module/Carbon Emissions Daniel H. Skelly (dskelly@eia.doe.gov, 202/586-1722)
Macroeconomic Activity Module Ronald Earley (rearley@eia.doe.gov, 202/586-1398)
International Energy Module G. Daniel Butler (gbutler@eia.doe.gov, 202/586-9503)
Residential Demand Module John Cymbalsky (jcymbals@eia.doe.gov, 202/586-4815)
Commercial Demand Module Erin Boedecker (eboedeck@eia.doe.gov, 202/586-4791)
Industrial Demand Module Brian Unruh (brian.unruh@eia.doe.gov, 202/586-1344)
Transportation Demand Module John Maples (john.maples@eia.doe.gov, 202/586-1757)
Electricity Market Module Jeffrey Jones (jjones@eia.doe.gov, 202/586-2038)
Renewable Fuels Module Thomas Petersik (thomas.petersik@eia.doe.gov, 202/586-6582)
0Oil and Gas Supply Module Ted McCallister (tmccalli@eia.doe.gov, 202/586-4820)
Natural Gas Transmission and Distribution Module Joseph Benneche (jbennech@eia.doe.gov, 202/586-6132)
Petroleum Market Module Han-Lin Lee (han-lin.lee@eia.doe.gov, 202/586-4247)

Coal Market Module Diane Kearney(diane.kearney@eia.doe.gov, 202/586-2415)

AEQO2003 is available on the EIA Home Page on the Internet (http://www.eia.doe.gov/oiaf/aeo/index.html). As-
sumptions underlying the projections are available in Assumptions to the Annual Energy Outlook 2003 at
http://www.eia.doe.gov/oiaf/aeo/assumption/index.html. Tables of regional projections and other underlying
details of the reference case are available at http://www.eia.doe.gov/oiaf/aeo/supplement/index.html. Model
documentation reports and The National Energy Modeling System: An QOuverview 20083 are also available on the
Home Page at http://www.eia.doe.gov/bookshelf/docs.html.

For ordering information and for questions on energy statistics, please contact EIA’s National Energy Informa-
tion Center.

National Energy Information Center, EI-30
Energy Information Administration
Forrestal Building
Washington, DC 20585
Telephone: 202/586-8800
FAX: 202/586-0727
TTY: 202/586-1181
9 a.m. to 5 p.m., eastern time, M-F
E-mail: infoctr@eia.doe.gov
World Wide Web Site: http:/ /www.eia.doe.gov
FTP Site: ftp://ftp.eia.doe.gov
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INTRODUCTION

The National Energy Modeling System (NEMS) is a
computer-based, energy-economy modeling system
of U.S. energy markets for the midterm period
through 2025. NEMS projects the production, im-
ports, conversion, consumption, and prices of energy,
subject to assumptions on macroeconomic and finan-
cial factors, world energy markets, resource avail-
ability and costs, behavioral and technological choice
criteria, cost and performance characteristics of en-
ergy technologies, and demographics. NEMS was de-
signed and implemented by the Energy Information
Administration (EIA) of the U.S. Department of En-
ergy (DOE).

The National Energy Modeling System: An Ouverview
2003 presents an overview of the structure and
methodology of NEMS and each of its components.
This chapter provides a description of the design and
objectives of the system, followed by a chapter on the
overall modeling structure and solution algorithm.
The remainder of the report summarizes the meth-
odology and scope of the component modules of
NEMS. The model descriptions are intended for
readers familiar with terminology from economics,
operations research, and energy modeling. More de-
tailed model documentation reports for all the
NEMS modules are also available from EIA (Appen-
dix, “Bibliography”).

Purpose of NEMS

NEMS is used by EIA to project the energy, eco-
nomic, environmental, and security impacts on the
United States of alternative energy policies and of
different assumptions about energy markets. Projec-
tions are made for each year from the present
through 2025. The forecast horizon is periodically
extended to approximately 20 to 25 years into the fu-
ture. This time period is one in which technology, de-
mographics, and economic conditions are sufficiently
understood in order to represent energy markets
with a reasonable degree of confidence. NEMS pro-
vides a consistent framework for representing the
complex interactions of the U.S. energy system and
its response to a wide variety of alternative assump-
tions and policies or policy initiatives. As an annual
model, NEMS can also provide the impacts of transi-
tions to new energy programs and policies.

Energy resources and prices, the demand for specific
energy services, and other characteristics of energy

markets vary widely across the United States. To ad-
dress these differences, NEMS is a regional model.
The regional disaggregation for each module reflects
the availability of data, the regional format typically
used to analyze trends in the specific area, geology,
and other factors, as well as the regions determined
to be the most useful for policy analysis. For exam-
ple, the demand modules (e.g., residential, commer-
cial, industrial and transportation) use the nine Cen-
sus divisions, the Electricity Market Module uses 15
supply regions based on the North American Electric
Reliability Council (NERC) regions, the Oil and Gas
Supply Module uses 7 onshore and 3 offshore supply
regions based on geologic breakdowns, and the Pe-
troleum Market Module uses 3 regions based on com-
binations of the five Petroleum Administration for
Defense Districts.

Baseline forecasts are developed with NEMS and
published annually in the Annual Energy Outlook.
In accordance with the requirement that EIA remain
policy-neutral, the Annual Energy Outlook projec-
tions are based on Federal, State, and local laws and
regulations in affect at the time of the forecast. Anal-
yses are also prepared in response to requests for
special studies by the White House, U.S. Congress,
the DOE Office of Policy, other offices in DOE, and
other government agencies. The first version of

NEMS, completed in December 1993, was used to
develop the forecasts presented in the Annual En-
ergy Outlook 1994, This report describes the ver-
sion of NEMS used for the Annual Energy Outlook
2003,' which was extended to 2025 for the first time.

The forecasts produced by NEMS are not considered
to be statements of what will happen but of what
might happen, given the assumptions and methodol-
ogies used. Assumptions include, for example, the es-
timated size of the economically recoverable resource
base of fossil fuels, changes in world energy supply
and demand, the rate at which new energy technolo-
gies are developed and the rate and extent of technol-
ogy adoption and penetration.

Analytical Capability

NEMS can be used to analyze the effects of existing
and proposed government laws and regulations re-
lated to energy production and use; the potential im-
pacts of new and advanced energy production, con-
version, and consumption technologies; the impacts

' Energy Information Administration, Annual Energy Outlook 2003, DOE/EIA-0383(2003) (Washington, DC, January

2003).
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INTRODUCTION

and costs of carbon emissions reductions, the im-
pacts of increased use of renewable energy sources;
the potential savings from increased efficiency of en-
ergy use; and the changes in emission levels that are
likely to result from such policies as the Clean Air
Act Amendments of 1990, regulations on the use of
alternative or reformulated fuels, and climate
change policy. Specific energy topics that can be, or
have been, addressed by NEMS include the follow-

ing:

® Impacts of existing and proposed energy tax
policies on the U.S. economy and energy
system

Impacts on  energy  prices, energy
consumption, and electricity generation in
response to carbon mitigation policies such as
carbon fees, limits on carbon emissions, or
permit trading systems

® Responses of the energy and economic systems
to changes in world oil market conditions as a
result of changing levels of foreign production
and demand in the developing countries

® Impacts of new technologies on consumption
and production patterns and emissions

® Effects of specific policies, such as mandatory
appliance efficiency and building shell
standards or renewable tax credits, on energy
consumption

® Impacts of fuel-use restrictions, for example,
required use of oxygenated and reformulated
gasoline or mandated use of alternative-
fueled vehicles, on emissions and energy
supply and prices

® Impacts on the production and price of crude
oil and natural gas resulting from
improvements in exploration and production
technologies

(Washington, DC, 2002).

® Impacts on the price of coal resulting from
improvements in productivity.

In addition to producing the analyses in the Annual
Energy Outlook, NEMS is used for one-time analyti-
cal reports and papers, such as Measuring Changes
in Energy Efficiency for the Annual Energy Outlook
2002,” which describes the construction of an aggre-
gate energy efficiency index based on projections of
sectoral and subsector energy consumption and
subsector—specific energy service indicators. The re-
sults are compared with the ratio energy to real
gross domestic product, which typically is presented
as a measure of energy intensity. Other analytical
papers on topics of current interest in energy mar-
kets are prepared, which either underlie the as-
sumptions and methodology of NEMS or are applica-
tions of NEMS to current issues. In the past, some of
these papers have been collectively published in Is-
sues in Midterm Analysis and Forecasting, and in the
future they will be available at http:/www.eia.doe.
gov/ oiaf/analysis.html.

NEMS has also been used for a number of special
analyses at the request of the White House, U.S.
Congress, other offices of DOE and other govern-
ment agencies, who specify the scenarios and as-
sumptions for the analysis. Some recent examples
include:

® Analysis of Corporate Average Fuel Economy
(CAFE) Standards for Light Trucks and
Increased Alternative Fuel Use,’ requested by
Senator Murkowski to analyze the effects of
proposed provisions in S. 1766 and H.R. 4
calling for more stringent corporate average
fuel economy standards on energy supply,
demand, and prices, import dependence, and
emissions.

® Analysis of Efficiency Standards for Air
Conditioners, Heat Pumps, and Other
Products," requested by Senator Murkowski to
evaluate the effects of the provisions in H.R. 4
and S. 1766 that pertain to efficiency in the

Energy Information Administration, Measuring Changes in Energy Efficiency for the Annual Energy Outlook 2002,

Energy Information Administration, Analysis of Corporate Average Fuel Economy (CAFE) Standards for Light Trucks

and Increased Alternative Fuel Use, SR/IOIAF/2002-05 (Washington, DC, March 2002).

Energy Information Administration, Analysis of Efficiency Standards for Air Conditioners, Heat Pumps, and Other
Products, SRIOIAF/2002-01 (Washington, DC, February 2002).
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residential, commercial and industrial
sectors.

Analysis of Strategies for Reducing Multiple
Emissions from Electric Power Plants With
Advanced Technology Scenarios,” requested
by Senators dJeffords and Lieberman to
analyze the impacts of technology improve-
ments and other market—based opportunities
on the costs of emissions reductions.

Impact of Renewable Fuels Standard/MTBE
Provisions of S. 1766,° requested by Senator
Murkowski to evaluate the Renewable Fuels
Standard and methyl teritirary butyl ether
provisions of S. 1766.

Impact of Renewable Fuels Standard/MTBE
Provisions of S. 51 7,” was completed as an
addendum to the service report Impact of
Renewable Fuels Standard/MTBE Provisions
of S. 17666 for Senators Murkowski and
Daschle. The addendum to the service report
providws additional analysis of the impact of
the Renewable Fuels Standard (RFS) and
methyl tertiary butyl ether (MTBE) ban
provisions of S. 517. The projected consumer
cost of the S. 517 provisions is compared with a
Reference Case that assumes a 2 percent
oxygen requirement is maintained and that
already—scheduled MTBE restrictuons or
bans become effective in 14 States.

® Analysis of Strategies for Reducing Multiple

Emissions from Power Plants: Sulfur Dioxide,
Nitrogen Oxides, and Carbon Dioxides,
requested by the U.S. House Subcommittee on
National Economic Growth, Natural
Resources, and Regulatory Affairs to analyze
the potential costs of multi—pollutant
strategies to reduce the emissions from
electric power plants.

Impacts of a 10-Percent Renewable Portfolio
Standard,’ requested by Senator Murkowski
to examine the Renewable Portfolio Standard
(RPS) called for in S. 1766. The analysis
includes scenarios with a 10 percent RPS, as
provided in S. 1766, and a 20 percent RPS.

Impacts of the Kyoto Protocol on U.S. Energy
Markets & Economic Activity,10 requested by
the U.S. House Committee on Science to
analyze the impacts of the Kyoto Protocol on
U.S. energy markets and the economy in the
2008 to 2012 time frame.

Reducing Emissions of Sulfur Dioxide,
Nitrogen Oxides, and Mercury from Electric
Power Plants," requested by Senators Smith,
Voinovich, and Brownback that describes the
impacts of scenarios with alternative power
sector emission caps on nitrogen oxides, sulfur
dioxides, and mercury.

Energy Information Administration, Analysis of Strategies for Reducing Multiple Emissions from Electric Power Plants

With Advanced Technology Scenarios, SR/IOIAF/2001-05 (Washington, DC, October 2001).

® Energy Information Administration, Impact of Renewable Fuels Standard/MTBE Provisions of S. 1766,

SR/OIAF/2002-06 (Washington, DC, March 2002).

" Energy Information Administration, Impact of Renewable Fuels Standard/MTBE Provisions of S. 517, SRIOIAF/2002-06

Addendum (Washington, DC, April 2002).

Energy Information Administration, Analysis of Strategies for Reducing Multiple Emissions from Power Plants: Sulfur

Dioxide, Nitrogen Oxides, and Carbon Dioxide, SR/IOIAF/2000-05 (Washington, DC, December 2000).

® Energy Information Administration, Impacts of a 10-Percent Renewable Portfolio Standard, SRIOIAF/2002-03

(Washington, DC, February 2002).

' Energy Information Administration, Impacts of the Kyoto Protocol on U.S. Energy Markets & Economic Activity,

SR/OIAF/98-03 (Washington, DC, October 1998).

" Energy Information Administration, Reducing Emissions of Sulfur Dioxide, Nitrogen Oxides, and Mercury from Electric
Power Plants, SR/OIAF/2001-04 (Washington, DC, September 2001).
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® The Effects of the Alaska Oil and Natural Gas
Provisions of HR. 4 and S. 1766 on U.S.
Energy Markets," requested by Senator
Murkowski to evaluate the effects of the
provisions in H.R. 4 proposing crude oil
production in the Arctic National Wildlife
Refuge and provisions in S. 1766 concerning
the construction of a pipeline bringing
Alaskan natural gas to the Lower—48 States.

® The Transition to Ultra—Low-Sulfur Diesel
Fuel: Effects on Prices and Supply,13 requested
by U.S. House Committee on Science to assess
the possible impact of the new sulfur
requirements on the diesel fuel market,
specifically the implications for vehicle fuel
efficiency, production, distribution, and cost.

® The Comprehensive Electricity Competition
Act: A Comparison of Model Results,'* re-
quested by Secretary of Energy Bill
Richardson to evaluate the effects of the
Clinton  Administration’s restructuring
proposal using the parameter settings and
assumptions from the Policy Office Electricity
Modeling System analysis.

® U.S. Natural Gas Markets: Mid-Term
Prospects for Natural Gas Supply,'® requested
by Secretary of Energy, Spencer Abraham
describes the recent behavior of natural gas
markets with respect to natural gas prices,
their potential future behavior, the potential
future supply contribution of liquefied natural
gas and increased access to Federally
restricted resources, and the need for
improved natural gas data.

® U.S. Natural Gas Markets: Recent Trends and
Prospects for the Future,'® requested by

Secretary of Energy, Spencer Abraham
examines recent trends and prospects for the
future of the U.S. natural gas markets in
response to the dramatic increase in natural
gas prices during 2000 and early 2001 that
raised concerns about the future of natural
gas prices and the potential for natural gas to
fuel the growth of the U.S. economy.

Representations of Energy Market
Interactions

NEMS is designed to represent the important inter-
actions of supply and demand in U.S. energy mar-
kets. In the United States, energy markets are
driven primarily by the fundamental economic inter-
actions of supply and demand. Government regula-
tions and policies can exert considerable influence,
but the majority of decisions affecting fuel prices and
consumption patterns, resource allocation, and en-
ergy technologies are made by private individuals
who value attributes other than life cycle costs or
companies attempting to optimize their own eco-
nomic interests. NEMS represents the market be-
havior of the producers and consumers of energy at a
level of detail that is useful for analyzing the implica-
tions of technological improvements and policy ini-
tiatives.

Energy Supply/Conversion/Demand Interactions

NEMS is designed as a modular system. Four
end-use demand modules represent fuel consump-
tion in the residential, commercial, transportation,
and industrial sectors, subject to delivered fuel
prices, macroeconomic influences, and technology
characteristics. The primary fuel supply and conver-
sion modules compute the levels of domestic produc-
tion, imports, transportation costs, and fuel prices
that are needed to meet domestic and export de-
mands for energy, subject to resource base character-

2 Energy Information Administration, The Effects of the Alaska Oil and Natural Gas Provisions of H.R. 4 and S. 1766 on
U.S. Energy Markets, SR/IOIAF/2002-02 (Washington, DC, February 2002).

% Energy Information Administration, The Transition to Ultra—Low-Sulfur Diesel Fuel: Effects on Prices and Supply,

SR/OIAF/2001-01 (Washington, DC, May 2001).

™ Energy Information Administration, The Comprehensive Electricity Competition Act: A Comparison of Model Results,

SR/OIAF/99-04 (Washington, DC, September 1999).

'® Energy Information Administration, U.S. Natural Gas Markets: Mid-Term Prospects for Natural Gas Supply,

SR/OIAF/2001-06 (Washington, DC, December 2001).

'® Energy Information Administration, U.S. Natural Gas Markets: Recent Trends and Prospects for the Future,

SR/OIAF/2001-02 (Washington, DC, May 2001).
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INTRODUCTION

istics, industry infrastructure and technology, and
world market conditions. The modules interact to
solve for the economic supply and demand balance
for each fuel. Because of the modular design, each
sector can be represented with the methodology and
the level of detail, including regional detail, that is
appropriate for that sector. The modularity also fa-
cilitates the analysis, maintenance, and testing of
the NEMS component modules in the multi-user en-
vironment.

Domestic Energy System/Economy Interactions

The general level of economic activity, represented
by gross domestic product, has traditionally been
used as a key explanatory variable or driver for pro-
jections of energy consumption at the sectoral and
regional levels. In turn, energy prices and other en-
ergy system activities influence economic growth
and activity. NEMS captures this feedback between
the domestic economy and the energy system. Thus,
changes in energy prices affect the key macroeco-
nomic variables—such as gross domestic product,
disposable personal income, industrial output, hous-
ing starts, employment, and interest rates—that
drive energy consumption and capacity expansion
decisions.

Domestic/World Energy Market Interactions

World oil prices play a key role in domestic energy
supply and demand decision—making and oil price
assumptions are a typical starting point for energy
system projections. The level of oil production and
consumption in the U.S. energy system also has a
significant influence on world oil markets and prices.
In NEMS, an international energy module repre-
sents world oil production and demand, as well as
the interactions between the domestic and world oil
markets, and this module calculates the average
world crude oil price and the supply of specific crude
oils and petroleum products. As a result, domestic
and world oil market projections are internally con-
sistent. Imports and exports of natural gas, electric-
ity, and coal—which are less influenced by volatile
world conditions—are represented in the individual
fuel supply modules.

Economic Decision making Over Time

The production and consumption of energy products
today are influenced by past investment decisions to
develop energy resources and acquire energy-using
capital stock. Similarly, the production and con-
sumption of energy in a future time period will be in-
fluenced by decisions made today and in the past.

Current investment decisions depend on expecta-
tions about future markets. For example, expecta-
tions of rising energy prices in the future increase
the likelihood of current decisions to invest in more
energy-efficient technologies or alternative energy
sources. A variety of assumptions about planning ho-
rizons, the formation of expectations about the fu-
ture, and the role of those expectations in economic
decision making are applied within the individual
NEMS modules.

Technology Representation

A key feature of NEMS is the representation of tech-
nology and technology improvement over time. Five
of the sectors—residential, commercial, transpor-
tation, electricity generation, and refining—include
extensive treatment of individual technologies and
their characteristics, such as the initial capital cost,
operating cost, date of availability, efficiency, and
other characteristics specific to the sector. Techno-
logical progress is lighting technologies results in a
gradual reduction in cost and is modeled as a func-
tion of time in these end—use sectors. In addition, the
electricity sector accounts for technological optimism
in the capital costs of first-of-a-kind generating tech-
nologies and for a decline in cost as experience with
the technologies is gained both domestically and in-
ternationally. In each of these sectors, equipment
choices are made for individual technologies as new
equipment is needed to meet growing demand for en-
ergy services or to replace retired equipment.

In the other sectors—industrial, oil and gas supply,
and coal supply—the treatment of technologies is
more limited due to a lack of data on individual tech-
nologies. In the industrial sector, only the combined
heat and power and motor technologies are explicity
considered and characaterized. Cost reductions re-
sulting from technological progress in combined heat
and power technologies is represented as a function
of time as experience with the technologies grows.
Technological progress is not explicity modeled for
the industrial motor technologies. Other technolo-
gies in the energy-intensive industries are repre-
sented by technology bundles, with technology possi-
bility curves representing efficiency improvement
over time. In the oil and gas supply sector, technolog-
ical progress is represented by econometrically
estimated improvements in finding rates, success
rates, and costs. Productivity improvements over
time represent technological progress in coal produc-
tion.

Energy Information Administration/The National Energy Modeling System: An Overview 2003 5
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External Availability

In accordance with EIA requirements, NEMS is fully
documented and archived. EIA has been running
NEMS on three EIA workstations under the Win-
dows 2000 operating system. The archive file pro-
vides the source language, input files, and output
files to replicate the Annual Energy Outlook refer-
ence case runs on an identically equipped computer;
however, it does not include the proprietary portions
of the model, such as the Global Insights, Inc. (for-
merly DRI/WEFA) macroeconomic model and the op-
timization modeling libraries. NEMS can be run on

a high—-powered individual PC as long as the re-
quired proprietary software resides on the PC. Be-
cause of the complexity of NEMS, and the relatively
high cost of the proprietary software, NEMS is not
widely used outside of the Department of Energy.
However, NEMS, or portions of it, is installed at the
Lawrence Berkeley National Laboratory, Oak Ridge
National Laboratory, the Electric Power Research
Institute, the National Energy Technology Labora-
tory, the National Renewable Energy Laboratory,
and several private consulting firms.

6 Energy Information Administration/The National Energy Modeling System: An Overview 2003



OVERVIEW OF NEMS

Since energy costs and availability and en-
ergy-consuming characteristics vary widely across
regions, considerable regional detail is included.
Other details of production and consumption cate-
gories are represented to facilitate policy analysis
and ensure the validity of the results. A summary

NEMS represents domestic energy markets by ex-
plicitly representing the economic decision making
involved in the production, conversion, and con-
sumption of energy products. Where possible, NEMS
includes explicit representation of energy technolo-
gies and their characteristics.

of the detail provided in NEMS is shown below.

Summary of NEMS Detail

Energ Acti it

Categories

Regions

Residential demand

Commercial demand

Industrial demand

Transportation demand

Electricity

Renewables

Oil supply

Natural gas supply

Natural gas transmission
and distribution

Refining

Coal supply

Sixteen end-use services
Three housing types
Thirty—four end—use technologies

Ten end-use services

Eleven building types

Ten distributed generation technologies
Sixty—four end-use technologies

Seven energy—intensive industries
Eight non—energy—intensive industries
Cogeneration

Six car sizes

Six light truck sizes

Sixty—three conventional fuel-saving technologies
for light—duty vehicles

Gasoline, diesel, and thirteen alternative—fuel
vehicle technologies for light-duty vehicles

Twenty vintages for light-duty vehicles

Narrow and wide—body aircraft

Six advanced aircraft technologies

Medium and heavy freight trucks

Thirty—seven advanced freight truck technologie

Eleven fossil generation technologies
Two distributed generation technologies
Seven renewable generation technologies
Conventional and advanced nuclear
Marginal and average cost pricing
Generation capacity expansion

Seven environmental control technologies

Wind, geothermal, solar thermal, solar photovoltaic,
landfill gas, biomass, conventional hydropower

Onshore
Deep and shallow offshore

Conventional lower—48 onshore

Lower—48 deep and shallow offshore
Coalbed methane

Gas shales

Tight sands

Canadian, Mexican, and liquefied natural gas
Alaskan Gas

Core vs. noncore
Peak vs. offpeak
Pipeline capacity expansion

Five crude oil categories

Fourteen product categories

More than 40 distinct technologies
Refinery capacity expansion

Three sulfur categories
Four thermal categories
Underground and surface mining types

Imports and Exeorts

Nine Census divisions

Nine Census divisions

Four Census regions, shared to nine
Census divisions

Nine Census divisions

Fifteen electricity supply regions (including
Alaska and Hawaii) based on the North
American Electric Reliability Council regions
and subregions

Nine Census divisions for demand

Fifteen electricity supply regions

Six lower 48 onshore regions
Three lower 48 offshore regions
Three Alaska regions

Six lower 48 onshore regions

Three lower 48 offshore regions

Three Alaska regions

Eight liquefied natural gas import regions

Twelve lower 48 regions
Ten pipeline border points

Three refinery regions aggregated
from Petroleum Administration for Defense
Districts

Eleven supply regions
Sixteen demand regions
Sixteen export regions
Twenty import regions
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Major Assumptions

Each module of NEMS embodies many assumptions
and data to characterize the future production, con-
version, or consumption of energy in the United
States. Two major assumptions concern economic
growth in the United States and world oil prices, as
determined by world oil supply and demand.

The Annual Energy Outloook 2003 (AEO2003) in-
cludes five primary fully—integrated cases: a refer-
ence case, a high and low economic growth case, and
a high and low world oil price case. The reference
case uses mid-range assumptions for both the eco-
nomic growth rate and the world oil price. The pri-
mary determinant for differenct economic growth
rates are growth in the labor force and productivity,
while different assumptions on oil production in the
Organization of Petroleum Exporting Countries
(OPEC) lead to different levels of world oil prices.

In addition to the five primary fully—integrated
cases, AEO2003 includes 21 other cases that explore
the impacts of varying key assumptions in the indi-
vidual components of NEMS. Many of these cases in-
volve changes in the assumptions that impact the
penetration of new or improved technologies, which
is a major uncertainty in formulating projections of
future energy markets. Some of these cases are run
as fully integrated cases (e.g., 2003 technology case,
high technology case, high renewables, slow and
rapid oil and gas technology cases, and low and high
coal mining cost cases). Others exploit the modular
structure of NEMS by running only a portion of the
entire modeling system in order to focus on the
first—order impacts of changes in the assumptions
(e.g., advanced nuclear cost case, high electricity de-
mand case, low and high fossil electric generating
technology cases, and low and high technology cases
in the residential, commercial, industrial, and trans-
portation sectors).

NEMS Modular Structure

Overall, NEMS represents the behavior of energy
markets and their interactions with the U.S. econ-
omy. The model achieves a supply/demand balance
in the end-use demand regions, defined as the nine
Census divisions (Figure 1), by solving for the prices
of each energy product that will balance the quanti-
ties producers are willing to supply with the quanti-
ties consumers wish to consume. The system reflects
market economics, industry structure, and existing
energy policies and regulations that influence mar-
ket behavior.

NEMS consists of four supply modules (oil and gas,
natural gas transmission and distribution, coal, and
renewable fuels); two conversion modules (electricity
and petroleum refineries); four end-use demand
modules (residential, commercial, transportation,
and industrial); one module to simulate energy/econ-
omy interactions (macroeconomic activity); one mod-
ule to simulate world oil markets (international en-
ergy activity); and one module that provides the
mechanism to achieve a general market equilibrium
among all the other modules (integrating module).
Figure 2 depicts the high-level structure of NEMS.

Because energy markets are heterogeneous, a single
methodology does not adequately represent all sup-
ply, conversion, and end-use demand sectors. The
modularity of the NEMS design provides the flexi-
bility for each component of the U.S. energy system
to use the methodology and coverage that is most ap-
propriate. Furthermore, modularity provides the ca-
pability to execute the modules individually or in col-
lections of modules, which facilitates the develop-
ment and analysis of the separate component mod-
ules. The interactions among these modules are con-
trolled by the integrating module.

The NEMS global data structure is used to coordi-
nate and communicate the flow of information
among the modules. These data are passed through
common interfaces via the integrating module. The
global data structure includes energy market prices
and consumption; macroeconomic variables; energy
production, transportation, and conversion informa-
tion; and centralized model control variables, param-
eters, and assumptions. The global data structure
excludes variables that are defined locally within the
modules and are not communicated to other mod-
ules.

A key subset of the variables in the global data struc-
ture is the end-use prices and quantities of fuels
which are used to equilibrate the NEMS energy bal-
ance in the convergence algorithm. These delivered
prices of energy and the quantities demanded are de-
fined by product, region, and sector. The delivered
prices of fuel encompass all the activities necessary
to produce, import, and transport fuels to the end
user. The regions for the price and quantity variables
in the global data structure are the nine Census divi-
sions. The four Census regions (shown in Figure 1 by
breaks between State groups) and nine Census divi-
sions are a common, mainstream level of regionality
widely used by EIA and other organizations for data
collection and analysis.

8 Energy Information Administration/The National Energy Modeling System: An Overview 2003
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Figure 1. Census Divisions
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Figure 2. National Energy Modeling System
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The NEMS integrating module controls the entire
NEMS solution process as it iterates to determine a
general market equilibrium across all the NEMS
modules. It has the following functions:

® Manages the NEMS global data structure

® Executes all or any of the user-selected

modules in an iterative convergence algorithm

Checks for convergence and reports variables
that remain out of convergence

Implements convergence relaxation on
selected variables between iterations to
accelerate convergence

® Updates expected values of the key NEMS
variables.

The integrating module executes the demand, con-
version, and supply modules iteratively until it
achieves an economic equilibrium of supply and de-
mand in all the consuming and producing sectors.
Each module is called in sequence and solved, as-
suming that all other variables in the energy mar-
kets are fixed. The modules are called iteratively un-
til the end-use prices and quantities remain constant

convergence. Equilibration is achieved annually
throughout the midterm period, currently 2025, for
each of the nine Census divisions.

In addition, the macroeconomic and international
modules are executed iteratively to incorporate the
feedback on the economy and international markets
from changes in the domestic energy markets.
Convergence tests check the stability of a set of key
macroeconomic and international trade variables in
response to interactions with the domestic energy
system.

The NEMS algorithm executes the system of mod-
ules until convergence is reached. The solution pro-
cedure for one iteration involves the execution of all
the component modules, as well as the updating of
expectation variables (related to foresight assump-
tions) for use in the next iteration. The system is exe-
cuted sequentially for each year in the forecast pe-
riod. During each iteration within a year, each of the
modules is executed in turn, with intervening con-
vergence checks that isolate specific modules that
are not converging. A convergence check is made for
each price and quantity variable to see whether the
percentage change in the variable is within the as-
sumed tolerance. To avoid unnecessary iterations for
changes in insignificant values, the quantity conver-
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gence check i1s omitted for quantities less than a
user-specified minimum level. The order of execution
of the modules may affect the rate of convergence but
will generally not prevent convergence to an equilib-
rium solution or significantly alter the results. An
optional relaxation routine can be executed to
dampen swings in solution values between itera-
tions. With this option, the current iteration values
are reset partway between solution values from the
current and previous iterations.

Because of the modular structure of NEMS and the
iterative solution algorithm, any single module or
subset of modules can be executed independently.
Modules not executed are bypassed in the calling se-
quence, and the values they would calculate and pro-
vide to the other modules are held fixed at the values
in the global data structure, which are the solution
values from a previous run of NEMS. This flexibility
is an aid to independent development, debugging,
and analysis.

Energy Information Administration/The National Energy Modeling System: An Overview 2003 11



CARBON DIOXIDE AND METHANE EMISSIONS

The emissions policy submodule, part of the inte-
grating module, estimates the energy—related emis-
sions of carbon dioxide and methane. Carbon dioxide
emissions are dependent on the fossil fuel consumed,
the carbon content of the fuel, and the fraction of the
fuel consumed in combustion. The product of the
carbon dioxide coefficient and the combustion frac-
tion yields a carbon dioxide emission factor. For fuel
uses of fossil energy, the combustion fractions are as-
sumed to be 0.99 for liquid fuels and 0.995 for gas-
eous fuels. The carbon dioxide potential of nonfuel
uses of energy, such as asphalt and petrochemical
feedstocks, is assumed to be sequestered in the prod-
uct and not released to the atmosphere. The coeffi-
cients for carbon dioxide emissions are updated each
year from the Energy Information Administration’s
annual, Emissions of Greenhouse Gases in the United
States.1

The energy-related methane emissions are esti-
mated as a function of energy production and con-
sumption drivers. Methane emissions occur in vari-
ous phases of the production and transportation of
coal, oil, and natural gas. Additional emissions occur
as a result of incomplete combustion of fossil fuels
and wood. The methane equations in NEMS are de-
rived from methodologies and data sources in En-
ergy Information Administration’s annual Emis-
stons of Greenhouse Gases in the United States.!8

The emissions policy submodule also allows for sev-
eral carbon dioxide policy evaluation options to be
analyzed within NEMS. Although these policy op-
tions are not assumed in the Annual Energy Out-
look, the options have been used in special analyses
to simulate potential market—based approaches to
meet national carbon dioxide emission objectives.
The policy options implemented are as follows:

® Carbon Dioxide Tax. A tax on carbon dioxide
emissions from fossil fuels is added to raise
delivered fossil fuel prices. The resulting
higher prices then induce changes in fossil fuel
use and carbon dioxide emissions, as well as

changes in some long—term decision making,
such as generating capacity decisions in the
electricity market module.

® Auction of Permits. This option simulates an
auction on carbon dioxide emissions permits
to meet an overall cap on emissions. A carbon
dioxide permit price is computed that clears
the auction market. The permit fee is treated
as a carbon dioxide tax and used as an
adjustment to the fossil fuel prices. A new
price is set each NEMS iteration until the
emissions reach the goal. The revenue
generated from the auction is calculated
assuming there is no initial allocation of
emission permits.

® Market for Permits (Cap and Trade). A market
for tradable carbon dioxide emissions permits
is simulated assuming that an initial distribu-
tion of marketable permits to emission sources
takes place. The permits are transferable but
are not banked between years. As with the
carbon dioxide tax and auction options, the
full market price of the permits is added to the
energy prices. The system of marketable
permits is implemented in the same way as
the permit auction, with the exception of the
calculation of revenues from permit sales.
Similar treatment is warranted because the
marginal cost of a free permit is equivalent to
one purchased at auction, given the
opportunity cost of holding the distributed
permit.1?

The options above can be implemented for all con-
suming sectors of NEMS or for the electricity gener-
ating sector alone. The use of any of these emissions
policy options in NEMS requires a macroeconomic
analysis to assess the fiscal and monetary issues, as
well as the possible international trade effects. The
analysis depends on such factors as how revenues
generated from the policy would be used, how mone-
tary authorities would react to the fiscal policy

7 Energy Information Administration, Emissions of Greenhouse Gases in the United States 2001, DOE/EIA-0573(2001)

(Washington, DC, December 2002).

'® Energy Information Administration, Emissions of Greenhouse Gases in the United States 2001, DOE/EIA-0573(2001)

(Washington, DC, December 2002).

®Inan open, competitive permit market, the permit will tend to be priced at the marginal cost of reducing carbon dioxide
emissions, regardless of the initial distribution of permits. If permits are purchased by suppliers and passed through to the fuel
price, the marginal cost of the carbon dioxide emissions by a particular sector in a region will be reflected in the individual

end—use fuel cost for tht sector.
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CARBON DIOXIDE AND METHANE EMISSIONS

changes, and how international agreements to re-
duce carbon dioxide emissions would be imple-

mented.

A limitation of these policy options is that they ad-
dress energy—related carbon dioxide emissions only.

Work on NEMS is underway on a capability to esti-
mate reductions of other greenhouse gas emissions.
This capability, drawing on marginal cost of abate-
ment curves for such gases, will enahle the economic
analysis of policies targeted at capping total green-
house gases in an internally consistent framework.
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MACROECONOMIC ACTIVITY MODULE

The Macroeconomic Activity Module (MAM) links
NEMS to the rest of the economy by providing projec-
tions of economic driver variables for use by the sup-
ply, demand, and conversion modules of NEMS. The
derivation of the baseline macroeconomic forecast
lays a foundation for the determination of the energy
demand and supply forecast. MAM is used to present
alternative macroeconomic growth cases to provide a
range of uncertainty about the growth potential for
the economy and its likely consequences for the en-
ergy system. MAM is also able to address the macro-
economic impacts associated with changing energy
market conditions, such as alternative world oil
price assumptions. Outside of the Annual Energy
Outlook setting, MAM represents a system of linked
modules which can assess the potential impacts on
the economy of changes in energy events or policy
proposals. These economic impacts then feed back
into NEMS for an integrated solution. MAM consists
of five modules:

® Global Insight Model of the U.S. Economy
® Global Insight Industry Model

® Global Insight Employment Model

® Global Insight Regional Model

Energy Information Administration (EIA)
Commercial Floorspace Model

The Global Insight Model of the U.S. Economy (Mac-
roeconomic Model) is the same model used by Global
Insight, Inc. (formerly DRI-WEFA) to generate the
economic forecasts behind the company’s monthly
assessment of the U.S. economy. The Industry, Em-
ployment, and Regional Models are derivatives of
Global Insight’s industry, employment, and regional
models. The models have been tailored in order to
provide the industry and regional detail required by
NEMS. The Commercial Floorspace Model was de-
veloped by EIA to complement the set of Global In-

sight models. This system of models provides a fully
integrated approach to forecasting economic activity
at the national, industry and regional levels. The set
of models is designed to run in a recursive manner
(see Figure 3).

Global Insight’s Macroeconomic Model determines
the national economy’s growth path and final de-
mand mix. The Macroeconomic Model provides fore-
casts of over 1300 concepts spanning final demands,
aggregate supply, prices, incomes, international
trade, industrial detail, interest rates and financial
flows.

The Industry Model takes the final demand projec-
tions from the Macroeconomic Model as inputs to
provide projections of output and other key indica-
tors for 130 sectors, covering the entire economy.
This is later aggregated to 45 sectors to provide infor-
mation to NEMS. The Industry Model insures that
supply by industry is consistent with the final de-
mands (consumption, Investment, government
spending, exports and imports) generated in the
Macroeconomic Model.

The Employment Model takes the industry output
projections from the Industry Model and national
wage rates, productivity trends and average work-
week trends from the Macroeconomic Model to pro-
ject employment for the 45 NEMS industries. The
sum of non—agricultural employment is constrained
to sum to the national total projected by the Macro-
economic Model.

The Regional Model determines the level of industry
output and employment, population, incomes, and
housing activity in each of nine Census regions. The
Commercial Floorspace Model calculates regional
floorspace for 13 types of building use by Census Di-
vision.

Integrated forecasts of NEMS center around esti-
mating the state of the energy-economy system un-
der a set of alternative energy conditions: Typically,

MAM Outputs

Inputs from NEMS

Exogenous Inputs

Gross domestic product

Other economic activity measures, including housing
starts, commercial floorspace growth, vehicle sales,
population

Price indices and deflators

Production and employment for manufacturing

Production and employment for nonmanufacturing

Interest rates

Petroleum, natural gas, coal, and
electricity prices

Oil, natural gas, and coal production
Electric and gas industry output
Refinery output

End-use energy consumption by fuel

Macroeconomic variables defining
alternative economic growth cases
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Figure 3. Macroeconomic Activity Module Structure
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the forecasts fall into the following four types of inte-
grated NEMS simulations:

® Baseline Projection
® Alternative World Oil Prices
® Proposed Energy Fees or Emissions Permits

® Proposed Changes in Combined Average Fuel
Economy (CAFE) Standards

Regional Macroeconomic

Macroeconomic
Submodule

National
Macroeconomic
Variables & Industrial
Shipments

Employment
Submodule

Industry
Submodule

Regional
Submodule

Commercial Floorspace
Submodule

In these integrated NEMS simulations, forecast pe-
riod baseline values for over 240 macroeconomic and
demographic variables from MAM are passed to
NEMS which solves for demand, supply and prices of
energy for the forecast period. These energy prices
and quantities are passed back to MAM and solved
in the Macroeconomic Model, the Industry Model
and the Employment Model in the EViews environ-
ment.2> The Regional Model and the Commercial
Floorspace Model and NEMS are run in the
FORTRAN environment.

2 Eviews is a model building and operating software package maintained by QMS (Quantitative Micro Software.)
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INTERNATIONAL ENERGY MODULE

The international energy module (IEM) consists of
four submodules (Figure 4) that perform the
following functions:

® world o1l market submodule calculates the

average annual world oil price (imported
refiner acquisition cost) that is consistent with
worldwide petroleum demand and supply
availability

crude oil supply submodule provides im-
ported crude oil supply curves for five crude oil
quality classes

petroleum products supply submodule pro-
vides imported refined product supply curves
for twelve types of refined products

oxygenates supply submodule provides
imported oxygenates supply curves for methyl
tertiary butyl ether MTBE) and methanol.

The world oil price that is generated by the world oil
market submodule is used by all the modules of
NEMS as well as the other submodules of TEM. The
import supply curves for crude oils, refined products,
and oxygenates are used by the petroleum market
module.

World Oil Market Submodule

In NEMS, the U.S. o1l market is modeled in consider-
able detail, while foreign markets use a less detailed
approach. EIAs modeling of the near—to mid—term
world oil market depends on two key assumptions:
(1) oil is the marginal fuel and (2) the Organization of
Petroleum Exporting Countries (OPEC) is the mar-
ginal supplier of oil. The first assumption implies
that competition between oil and other fuels is not
significant enough to impact the world oil price. In

addition, prices remain sufficiently low such that the
market penetration of new technologies that would
reduce the demand for oil is inhibited. In the second
assumption, OPEC producers are assumed to ex-
pand oil production capacity in order to meet the
growth in worldwide oil demand.

The various price cases examined by EIA differ in
the magnitude to which OPEC producers expand
their production capacity. Lower prices imply consid-
erable capacity expansion activity with a probable
assist from foreign investment interests. Higher
prices imply an unwillingness on the part of OPEC
producers to invite foreign investment participation.
The world oil market submodule forecasts the world
oil price and produces a regional world oil market
supply/demand balance that is consistent with the
forecasted price. The world oil price forecast is based
upon a regression analysis of the price in the previ-
ous time period and the percent utilization of OPEC
production capacity. IEM has either the capability
to forecast world oil prices given OPEC production
capacity estimates or the capability to forecast
OPEC production given an exogenous world oil price
path.

Crude Oil Supply Submodule

The crude oil supply submodule consists of a set of
import supply curves to all five Petroleum Adminis-
tration for Defense Districts (PADDs) for each of five
quality classes of crude oils and for each simulation
year. The petroleum market module uses the supply
curves to determine the quantities and prices of the
crude oils to be imported. Because the petroleum
market module is a linear programming formula-
tion, the imported crude oil supply curves are formu-
lated as 3—step, piecewise—linear functions. The five
classes of imported crude oils categorized by sulfur
content and American Petroleum Institute (API)

IEM Outputs

Inputs from NEMS

Exogenous Inputs

World oil price

Crude oil import supply curves
Refined product import supply curves
Oxygenate import supply curves

Domestic refinery gain
Domestic product supplied
GDP price deflators
Domestic crude oil imports

Domestic oxygenate imports

Domestic crude oil production
Domestic natural gas liquids production
Domestic gas-to-liquids production
Domestic coal-to-liquids production
Domestic other liquids production

Domestic refined product imports

Domestic unfinished oils imports

OPEC production capacity path

Reference non-U.S. oil supply and demand

Non-U.S. economic parameters

Base import supply curves for crude oils, refined
products, and oxygenates
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Figure 4. International Energy Module Structure
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The imported crude oil supply curves are developed
exogenous to NEMS using a large—scale linear pro-
gramming formulation of international refining and
transportation. This formulation, known as the

(WORLD) model, is run repetitively, parameterizing
on the import levels of the five crude oil classes into
each PADD. From these runs, base price/quantity re-
lationships for imported crude oils are established.
Within NEMS, these base relationships are shifted
as a function of the world oil price and presented to
the petroleum market module as a flexible set of
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crude oil import alternatives. By observing which
import supply curves are selected by the petroleum
market module, it becomes possible to map these se-
lections back into the WORLD model in order to pro-
vide estimates of future sources of crude oil imports
to the United States.

Petroleum Products Supply
Submodule

The petroleum products supply submodule consists
of a set of import supply curves to all five PADDs for
each of twelve refined product types and for each
simulation year. The petroleum market module uses
the supply curves to determine the quantities and
prices of refined products to be imported. Because
the petroleum market module is a linear program-
ming formulation, the imported refined product sup-
ply curves are formulated as 3—step, piecewise—lin-
ear functions. The twelve types of imported refined
products include: traditional gasoline (including avi-
ation), reformulated gasoline, reformulated gasoline
blending stocks for oxygenated blending (RBOB),
traditional distillate fuel, low-sulfur No. 2 heating
oil, low—sulfur diesel fuel, high— and low—sulfur re-
sidual fuel, jet fuel (including naphtha jet), liquefied
petroleum gases, petrochemical feedstocks, and
other petroleum products.

Similar to the imported crude oil supply curves, the
imported refined product supply curves are also de-
veloped exogenous to NEMS using the WORLD
model. By observing which import supply curves are
selected by the petroleum market module, it becomes
possible to map these selections back into the
WORLD model in order to provide estimates of fu-

ture sources of refined product imports to the United
States.

Oxygenates Supply Submodule

The oxygenates supply submodule consists of a set of
import supply curves to all five PADDs for the oxy-
genates MTBE and methanol and for each simula-
tion year. The petroleum market module uses the
supply curves to determine the quantities and prices
of oxygenates to be imported. Because the petroleum
market module is a linear programming formula-
tion, the imported oxygenate supply curves are for-
mulated as 3—step, piecewise—linear functions. Simi-
lar to the imported crude oil supply curves, the im-
ported oxygenate supply curves are developed exoge-
nous to NEMS using the WORLD model. By observ-
ing which import supply curves are selected by the
petroleum market module, it becomes possible to
map these selections back into the WORLD model in
order to provide estimates of future sources of oxy-
genate imports into the United States.

Because of the potential expansion of the U.S. etha-
nol industry and the lack of commercial markets for
other oxygenates, it 1s assumed that ethanol, ethyl
tertiary butyl ether (ETBE), tertiary amyl methyl
ether (TAME), and tertiary butyl alcohol (TBA) are
all supplied from domestic sources. Therefore, IEM
does not provide import supply curves for these oxy-
genates.

By presenting NEMS with a flexible array of import
choices, valuable insights can be gained on such is-
sues as the future crude oil/refined product import
composition, potential U.S. refinery expansion (both
distillation capacity and downstream capacity), and
future sources of petroleum imports (including Per-
sian Gulf import dependence).
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RESIDENTIAL DEMAND MODULE

The residential demand module (RDM) forecasts en-
ergy consumption by Census division for seven mar-
keted energy sources plus solar and geothermal en-
ergy. RDM is a structural model and its forecasts are
built up from projections of the residential housing
stock and of the energy-consuming equipment con-
tained therein. The components of RDM and its in-
teractions with the NEMS system are shown in Fig-
ure 5. NEMS provides forecasts of residential energy
prices, population, disposable income, and housing
starts, which are used by RDM to develop forecasts of
energy consumption by end—use service, fuel type,
and Census division.

RDM incorporates the effects of four broadly-defined
determinants of energy consumption: economic and
demographic effects, structural effects, technology
turnover and advancement effects, and energy mar-
ket effects. Economic and demographic effects in-
clude the number, dwelling type (single-family,
multifamily or mobile homes), occupants per house-
hold, disposable income, and location of housing
units. Structural effects include increasing average
dwelling size and changes in the mix of desired
end-use services provided by energy (new end uses
and/or increasing penetration of current end uses,
such as the increasing popularity of electronic equip-
ment and computers). Technology effects include
changes in the stock of installed equipment caused
by normal turnover of old, worn out equipment with
newer versions which tend to be more energy effi-
cient, the integrated effects of equipment and build-
ing shell (insulation level) in new construction, and
in the projected availability of even more en-
ergy-efficient equipment in the future. Energy mar-
ket effects include the short-run effects of energy
prices on energy demands, the longer-run effects of
energy prices on the efficiency of purchased equip-
ment and the efficiency of building shells, and limita-
tions on minimum levels of efficiency imposed by leg-
islated efficiency standards.

Housing Stock Submodule

The base housing stock by Census division and
dwelling type is derived from EIA’s 1997 Residential
Energy Consumption Survey (RECS). Each element

of the base stock is retired on the basis of a constant
rate of decay for each dwelling type. RDM receives
as an input from the macroeconomic activity module
forecasts of housing additions by type and Census di-
vision. RDM supplements the surviving stocks from
the previous year with the forecast additions by
dwelling type and Census division. The average
square footage of new construction is based on recent
upward trends developed from the RECS and the
Census Bureau’s Characteristics of New Housing.

Appliance Stock Submodule

The installed stock of appliances is also taken from
the 1997 RECS. The efficiency of the appliance stock
is deived from historical shipments by efficiency
level over a multi—year interval for the following
equipment: heat pumps, gas furnaces, central air
conditioners, room air conditioners, water heaters,
refrigerators, freezers, stoves, dishwashers, clothes
washers, and clothes dryers. A linear retirement
function with both minimum and maximum equip-
ment lives is used to retire equipment in surviving
housing units. For equipment where shipment data
are available, the efficiency of the retiring equip-
ment varies over the projection. In early years, the
retiring efficiency tends to be lower as the older, less
efficient equipment in the stock turns over first.
Also, as housing units retire, the associated appli-
ances are removed from the base appliance stock as
well. Additions to the base stock are tracked sepa-
rately for housing units existing in 1997 and for cu-
mulative new construction.

As appliances are removed from the stock, they are
replaced by new appliances with generally higher ef-
ficiencies due to technology improvements, equip-
ment standards, and market forces. Appliances
added due to new construction are accumulated and
retired parallel to appliances in the existing stock.
Appliance stocks are maintained by fuel, end use,
and technology as shown in the above table.

Technology Choice Submodule

Fuel-specific equipment choices are made for both
new construction and replacement purchases. For
new construction, initial heating system shares

RDM Outputs

Inputs from NEMS

Exogenous Inputs

Energy demand by service and fuel type
Changes in housing and appliance stocks
Appliance stock efficiency

Housing starts
Population

Energy product prices

Current housing stocks and retirement rates

Current appliance stocks and life expectancy
New appliance types, efficiencies, and costs

Housing shell retrofit indices

Unit energy consumption

Square footage
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Figure 5. Residential Demand Module Structure
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NEMS Residential Module Equipment Summary

Space Heating Equipment: electric furnace, electric air-source
heat pump, natural gas furnace, natural gas hydronic,
kerosene furnace, liquefied petroleum gas, distillate furnace,
distillate hydronic, wood stove, ground-source heat pump,
natural gas heat pump.

Space Cooling Equipment: room air conditioner, central air
conditioner, electric air-source heat pump, ground-source heat
pump, natural gas heat pump.

Water Heaters: solar, natural gas, electric, distillate, liquefied
petroleum gas.

Refrigerators: 18 cubic foot top-mounted freezer, 25 cubic foot
side-by-side with through-the-door features.

Freezers: chest - manual defrost, upright - manual defrost

Lighting: incandescent, compact fluorescent, mercury vapor

Clothes Dryers: natural gas, electric

Cooking: natural gas, electric, liquefied petroleum gas.

Dishwashers

Clothes Washers

Fuel Cells

Solar Photovoltaic

(taken from the most recently available Census Bu-
reau survey data covering new construction, cur-
rently 2001) are adjusted based on relative life cycle
costs for all competing technology and fuel combina-
tions. Once new home heating system shares are es-
tablished, the fuel choices for other services, such as
water heating and cooking, are determined based on
the fuel chosen for space heating. For replacement
purchases, fuel switching is allowed for an assumed
percentage of all replacements but is dependent on
the estimated costs of fuel-switching (for example,
switching from electric to gas heating is assumed to
involve the costs of running a new gas line).

For both replacement equipment and new construc-
tion, a “second-stage” of the equipment choice deci-
sion requires selecting from several projected avail-
able efficiency levels. The projected efficiency range
of available equipment represents a “menu” of effi-
ciency levels and installed cost combinations pro-
jected to be available at the time the choice is being
made. Costs and efficiencies for selected appliances
are shown in the table on page 25, derived from the
report Assumptions to the Annual Energy Outlook

2003.”" At the low end of the efficiency range are the
minimum levels required by legislated standards. In
any given year, higher efficiency levels are associ-
ated with higher installed costs. Thus, purchasing
higher than the minimum efficiency involves a
trade-off between higher installation costs and fu-
ture savings in energy expenditures. In RDM,
these trade-offs are calibrated to recent shipment,
cost, and efficiency data. Changes in projected pur-
chases by efficiency level are based on changes in ei-
ther the installed capital costs or changes in the
first-year operating costs across the available effi-
ciency levels. As energy prices increase, the incen-
tive of greater energy expenditures savings will pro-
mote increased purchases of higher-efficiency equip-
ment. In some cases, due to government programs or
general projections of technology improvements, pro-
jected increases in efficiency or decreases in the in-
stalled costs of higher-efficiency equipment will also
promote purchases of higher-efficiency equipment.

Shell Integrity Submodule

Shell integrity is also tracked separately for the ex-
isting housing stock and new construction. Shell in-
tegrity for existing construction is assumed to re-
spond to increases in real energy prices by becoming
more efficient. There is no change in existing shell
integrity when real energy prices decline. New shell
efficiencies are based on the cost and performance of
the heating and cooling equipment as well as the
shell dharacteristics. Several efficiency levels of
shell characteristics are available throughout the
projection period and can change over time based on
changes to building codes. All shell efficiencies are
subject to a maximum shell efficiency based on stud-
ies of currently available residential construction
methods.

Distributed Generation Submodule

Distributed generation equipment with explicit tech-
nology characterizations is also modeled for residen-
tial customers. Currently, two technologies are
characterized, photovoltaics and fuel cells. The
submodule incorporates historical estimates of
photovoltaics (residential-sized fuel cells are not ex-
pected to be commercialized until after 2001) from
its technology characterization and exogenous pene-
tration input file. Program-based photovoltaic esti-
mates for the Department of Energy’s Million Solar

2 Energy Information Administration, Assumptions to the Annual Energy Outlook 2003,
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/0554(2003).pdf (Washington, DC, January 2003).

Energy Information Administration/The National Energy Modeling System: An Overview 2003 23



RESIDENTIAL DEMAND MODULE

Roofs program are also input to the submodule from
the exogenous penetration portion of the input file.
Endogenous, economic purchases are based on a pen-
etration function driven by a cash flow model which
simulates the costs and benefits of distributed gener-
ation purchases. The cash flow calculations are de-
veloped from NEMS projected energy prices coupled
with the technology characterizations provided from
the input file.

Potential economic purchases are modeled by
Census division and technology for all years subse-
quent to the base year. The cash flow model develops
a 30-year cost-benefit horizon for each potential in-
vestment. Itincludes considerations of annual costs
(down payments, loan payments, maintenance costs
and, for fuel cells, gas costs) and annual benefits (in-
terest tax deductions, any applicable tax credits,
electricity cost savings, and water heating savings
for fuel cells) over the entire 30-year period. Pene-
tration for a potential investment in either
photovoltaics or fuel cells is a function of whether it
achieves a cumulative positive cash flow, and if so,
how many years it takes to achieve it.

Once the cumulative stock of distributed equipment
is projected, reduced residential purchases of elec-
tricity are provided to NEMS. For fuel cells, in-
creased residential natural gas consumption is also

provided to NEMS based on the calculated energy in-
put requirements of the fuel cells, partially offset by
natural gas water heating savings from the use of
waste heat from the fuel cell.

Fuel Consumption Submodule

The fuel consumption submodule modifies base year
energy consumption intensities in each forecast
year. Base year energy consumption for each end use
is derived from energy intensity estimates from the
1997 RECS. The base year energy intensities are
modified for the following effects: (1) increases in ef-
ficiency, based on a comparison of the projected ap-
pliance stock serving this end use relative to the base
year stock, (2) changes in shell integrity for space
heating and cooling end uses, (3) changes in real fuel
prices—(short-run price elasticity effects), (4)
changes in square footage, (5) changes in the number
of occupants per household, (6) changes in disposable
income, (7) changes in weather relative to the base
year, (8) adjustments in utilization rates caused by
efficiency increases (efficiency “rebound” effects),
and (9) reductions in purchased electricity and in-
creases in natural gas consumption from distributed
generation. Once these modifications are made, total
energy use 1s computed across end uses and housing
types and then summed by fuel for each Census divi-
sion.
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Characteristics of Selected Equipment

2001 2015 Approximate
Relative Installed Cost Installed Cost Hurdle*
Equipment Type Performance’ | (2001 dollars)® | Efficiency® (2001 dollars)®> | Efficiency® Rate
Electric Heat Pump Minimum $2,930 10.0 $3,500 12.0 15%
Best $5,600 18.0 $5,600 18.0
Natural Gas Furnace Minimum $1,300 0.80 $1,300 0.80 15%
Best $2,700 0.97 $1,950 0.97
Room Air Conditioner Minimum $540 8.7 $540 9.7 140%
Best $760 1.7 $760 12.0
Central Air Conditioner Minimum $2,080 10.0 $2,300 12.0 25%
Best $3,500 18.0 $3,500 18.0
Refrigerator (18 cubic ft) Minimum $600 690 $600 478 19%
Best $950 515 $950 400
Electric Water Heater Minimum $337 0.86 $500 0.90 83%
Best $1,200 2.60 $1,100 2.6
Solar Water Heater N/A $3,200 2.0 $2,533 2.0 83%

IMinimum performance refers to the lowest efficiency equipment available. Best refers to the highest effi-
ciency equipment available.

2[nstalled costs represents the capital cost of the equipment plus the cost to install it, excluding any finance
costs.

3Efficiency measurements vary by equipment type. Electric heat pumps and central air conditioners are
rated for cooling performance using the Seasonal Energy Efficiency Ratio (SEER); natural gas furnaces are
based on Annual Fuel Utilization Efficiency; room air conditioners are based on Energy Efficiency Ratio
(EER); refrigerators are based on kilowatt-hours per year; and water heaters are based on Energy Factor
(delivered Btu divided by input Btu).

1The hurdle rate represents the consumer’s “willingness” to invest in energy efficiency is by weighing the
first cost and operating cost of competing technologies. The higher the hurdle rate, the less likely a con-
sumer will invest in energy efficiency. These rates include all financial and non—financial factors (such as
size, color) that influence a consumer’s purchase decision.

Source: Arthur D. Little, EIA Technology Forecast Updates, Reference Number 8675309, October 2001.
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The commercial demand module (CDM) forecasts
energy consumption by Census division for eight
marketed energy sources plus solar and geothermal
energy. For the three major commercial sector fuels,
electricity, natural gas and distillate oil, CDM is a
structural model and its forecasts are built up from
projections of the stock of commercial floorspace and
energy—consuming equipment. For the remaining
five marketed minor fuels, simple econometric
projections are made.

The commercial sector encompasses business estab-
lishments that are not engaged in industrial or
transportation activities. Commercial sector energy
is consumed mainly in buildings, except for a rela-
tively small amount for services such as street lights
and water supply. CDM incorporates the effects of
four broadly—defined determinants of energy con-
sumption: economic and demographics, structural,
technology turnover and change, and energy mar-
kets. Demographic effects include total floorspace,
building type and location. Structural effects include
changes in the mix of desired end—use services pro-
vided by energy (such as the penetration of telecom-
munications equipment, personal computers and
other office equipment). Technology effects include
changes in the stock of installed equipment caused
by the normal turnover of old, worn out equipment to
newer versions which tend to be more energy effi-
cient, the integrated effects of equipment and build-
ing shell (insulation level) in new construction, and
the projected availability of equipment with even
greater energy—efficiency. Energy market effects in-
clude the short—run effects of energy prices on en-
ergy demands, the longer—run effects of energy
prices on the efficiency of purchased equipment, and
limitations on minimum levels of efficiency imposed
by legislated efficiency standards. The model struc-
ture carries out a sequence of five basic steps, as
shown in Figure 6. The first step is to forecast com-
mercial sector floorspace. The second step is to fore-
cast the energy services (space heating, lighting,
etc.) required by the projected floorspace. The third
step 1s to project the electricity generation and water
and space heating supplied by distributed genera-

tion and combined heat and power (CHP) technolo-
gies. The fourth step is to select specific technologies
(natural gas furnaces, fluorescent lights, etc.) to
meet the demand for energy services. The last step is
to determine how much energy will be consumed by
the equipment chosen to meet the demand for energy
services.

Floorspace Submodule

The base stock of commercial floorspace by Census
division and building type is derived from EIA’s 1999
Commercial Buildings Energy Consumption Survey
(CBECS). CDM receives forecasts of total floorspace
by building type and Census division from the mac-
roeconomic activity module (MAM) based on Global
Insight, Inc. (formerly DRI-WEFA) definitions of the
commercial sector. These forecasts embody both eco-
nomic and demographic effects on commercial
floorspace. Since the definition of commercial
floorspace from Global Insight, Inc. is not calibrated
to CBECS, CDM estimates the surviving floorspace
from the previous year and then calibrates its new
construction so that growth in total floorspace
matches that from MAM by building type and Cen-
sus division.

CDM models commercial floorspace for the following
11 building types:

* Assembly

* Education

* Food sales

* Food service
* Health care
* Lodging

e Office-large
* Office—small
* Mercantile and service
e Warehouse

* Other

CDM Outputs

Inputs from NEMS

Exogenous Inputs

Energy demand by service and fuel type
Changes in floorspace and appliance stocks

Energy product prices
Interest rates
Floorspace growth

Existing commercial floorspace
Floorspace survival rates

Appliance stocks and survival rates
New appliance types, efficiencies, costs
Energy use intensities
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Figure 6. Commercial Demand Module Structure
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Energy Service Demand Submodule

Energy consumption is derived from the demand for
energy services. So the next step is to forecast energy
service demands for the projected floorspace. CDM
models service demands for the following ten
end—use services:

* Heating

* Cooling

* Ventilation

* Water heating

e Lighting

* Cooking

* Refrigeration

* Office equipment personal computer
PC)

* Office equipment other

* Other end uses.

Different building types require unique combina-
tions of energy services. A hospital must have more
light than a warehouse. An office building in the
Northeast requires more heating than one in the
South. Total service demand for any service depends
on the floorspace, type, and location of buildings.
Base service demand by end use by building type and
Census division is derived from estimates developed
from CBECS energy consumption. Projected service
demands are adjusted for trends in new construction
based on CBECS data concerning recent construc-
tion.

Distributed Generation and CHP
Submodule

Commercial consumers may decide to purchase
equipment to generate electricity (and perhaps pro-
vide heat as well) rather than depend on purchased
electricity to fulfill all of their electric power require-
ments. The third basic step of the commercial mod-
ule structure projects electricity generation, fuel con-
sumption, water heating, and space heating supplied
by ten distributed generation and CHP technologies.
The characterized technologies include: photovoltaic
solar systems; natural gas fuel cells, reciprocating
engines, turbines and microturbines; diesel engines;
coal-fired CHP; and municipal solid waste, wood,
and hydroelectric generators.

Existing electricity generation by CHP technologies
is derived from historical data contained in the most
recent year’s version of Form EIA-860B, Annual
Electric Generator Report—Nonutility. The esti-
mated units form the installed base of CHP equip-
ment that is carried forward into future years and
supplemented with any projected additions. Pro-

gram driven installations of solar photovoltaic sys-
tems and fuel cells are also included based on infor-
mation from the Departments of Energy and De-
fense. For years following the base year, an endoge-
nous forecast of distributed generation and CHP is
developed based on the economic returns projected
for distributed generation technologies. A detailed
cash—flow approach is used to estimate the number
of years required to achieve a positive cumulative
cash flow. The calculations include the annual costs
(down payments, loan payments, maintenance costs,
and fuel costs) and returns (tax deductions, tax cred-
its, and energy cost savings) from the investment
covering a 30—year period from the time of the in-
vestment decision. Penetration of these technologies
is a function of how quickly an investment in a tech-
nology 1s estimated to recoup its flow of costs. In
terms of NEMS projections, investments in distrib-
uted generation reduce purchases of electricity. Fuel
consuming technologies also generate waste heat
which is assumed to be partially captured and used
to offset commercial water heating and space heat-
ing energy use.

Equipment Choice Submodule

Once service demands are projected, the next step is
to project the type and efficiency of equipment that
will be used to satisfy the demands. The bulk of
equipment required to meet service demand will
carry over from the equipment stock of the previous
model year. However, equipment must always be
purchased to satisfy service demand for new con-
struction. It must also be purchased for equipment
which has either worn out (replacement equipment)
or reached the end of its economically useful life (ret-
rofit equipment). For required equipment replace-
ments, CDM uses a constant decay rate based on
equipment life. A technology will be retrofitted only
if the combined annual operating and maintenance
costs plus annualized capital costs of a potential
technology are lower than the annual operating and
maintenance costs of an existing technology.

Equipment choices are made based on a comparison
of annualized capital and operating and mainte-
nance costs across all allowable equipment for a par-
ticular end—use service. In order to add inertia to the
equipment choices, only subsets of the total menu of
potentially available equipment may be allowed for
defined market segments. For example,only 8 per-
cent of floorspace in large office buildings may con-
sider all available equipment using any fuel or tech-
nology when making space heating equipment re-
placement decisions. A second segment equal to 35
percent of floorspace, must select from technologies
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using the same fuel as already installed. A third seg-
ment, the remaining 57 percent of floorspace, is con-
strained to consider only different efficiency levels of
the same fuel and technology already installed. For
lighting, all replacement choices are limited to the
same technology, where technologies are broadly de-
fined to encompass principal competing technologies
(outdoor lighting types do not compete for indoor
lighting service demand).

When computing annualized costs for determining
equipment choices, commercial floorspace is seg-
mented by what are referred to as hurdle rates or im-
plicit discount rates (to distinguish them from the
generally lower and more common notion of financial
discount rates). Seven segments are used to simulate
consumer behavior when purchasing commercial
equipment. The segments range from rates as low as
the 10-year Treasury bond rate, to rates high
enough to guarantee that only equipment with the
lowest capital cost (and least efficiency) is chosen. As
real energy prices increase (decrease) there is an in-
centive for all but the highest implicit discount rate
segments to purchase increased (decreased) levels of
efficiency.

The equipment choice submodule is designed to
choose among a discrete set of technologies that are
characterized by a menu which defines availability,
capital costs, maintenance costs, efficiencies, and
equipment life. Technology characteristics for se-
lected space heating equipment are shown in the ta-
ble on page 31, derived from the report Assumptions
to the Annual Energy Outlook 2003.22 This menu of
projected equipment models projects technological

innovation, market developments, and policy inter-
ventions. For the Annual Energy Outlook 2003, the
technology types that are included for seven of the
ten service demand categories are listed in the table
on page 32.

The remaining three end—use services (PC—related
office equipment, other office equipment, and other
end uses) are considered minor services and are fore-
cast using exogenous equipment efficiency and mar-
ket penetration trends.

Energy Consumption Submodule

Once the required equipment choices have been
made, the total stock and efficiency of equipment for
a particular end use are determined. Energy con-
sumption by fuel can be calculated from the amount
of service demand satisfied by each technology and
the corresponding efficiency of the technology. At
this stage, adjustments to energy consumption are
also made.

These include adjustments for changes in real en-
ergy prices (short—run price elasticity effects), ad-
justments in utilization rates caused by efficiency in-
creases (efficiency rebound effects), and changes for
weather relative to the CBECS survey year. Once
these modifications are made, total energy use is
computed across end uses and building types for the
three major fuels, for each Census division. Com-
bining these projections with the econometric/trend
projections for