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PREFACE

The National Energy Modeling System: An Overview (Overview) provides a summary description of the
National Energy Modeling System (NEMS). NEMS has been used to generate the forecasts of energy
production, demand, imports, and prices through the year 2010 for the Annual Energy Outlook 1994 (AE094),
(DOE/EIA-0383(94)), release " "n January 1994, and the Supplement to the Annual Energy Outlook 1994
(Supplement), (DOE/EIA-0554(94)), released in March 1994. The AE094 presents national forecasts of energy
markets for five scenarios, including a reference case and tbur additional cases that assume higher and lower
economic growth and higher and lower world oil prices. The Supplement provides regional projections and
other underlying details of the reference case projections in the AE094 and also presents the key quantitative
assumptions underlying the projections, in response to requests for additional information on the forecasts.

The Overview presents a brief description of the methodology and scope of each of the component modules of
NEMS. For further details, the reader is referred to the model documentation reports listed in Appendix B
of this document.

The Overview, the AE094 and the Supplement were prepared by the Energy Information Administration
(EIA), Office of Integrated Analysis and Forecasting under the direction of Mary J. Hutzler (202/586-2222),
Director of the Office of Integrated Analysis and Forecasting, Mark E. Rodekohr (202/586-1130), Director of
the Energy Demand and Integration Division, and Scott Sitzer (202/586-2308), Director of the Energy Supply
and Conversion Division. Detailed questions concerning the model components of NEMS may be addressed
to the following analysts:

AE094 ........................................ Susan H. Shaw (202/586-4838)

Integrating Module ............................... Daniel H. Skelly (202/586-1722)
International Energy Module ......................... G. Daniel Butler (202/586-9503)
Macroeconomic Activity Module ...................... Kay A. Smith (202/586-1455)
Oil and Gas Supply Module ......................... William Trapmann (202/586-6408)
Natural Gas Transmission and Distribution Module ...... James Diemer (202/586-6126)
Coal Market Module .............................. Robert Manicke (202/586-2157)
Renewable Fue!s Module ........................... Perry Lindstrom (202/586-0934)
Electricity Market Module .......................... Jeffrey Jor, es (202/586-2038)
Petroleum Market Module .......................... Bruce Bawks (202/586-6579)
Residential Demand Module ........................ John Cymbalsky (202/586-4815)
Commercial Demand Module ........................ Mohammad Adra (202/586-6580)
Industrial Demand Module ......................... T. Crawford Honeycutt (202/586-1420)
Transportation Demand Module ..................... David Chien (202/586-3994)

Forecast tables for the five scenarios presented in the AE094 are available via modem on EIA's Electronic
Publication System (202/586-2557). The tables presented in the AE094 and the Supplement are also available
on diskette from the Office of Integrated Analysis and Forecasting. Copies of the Overview, AE094, the
Supplement, and model documentation reports for NEMS are available by contacting:

National Energy Information Center, EI-231
Energy Information Administration
Forrestal Building, Room 1F-048
Washington, DC 20585
202/586-8800

TTY: For people who are deaf
or hard of hearing: 202/586-1181

9 a.m. to 5 p.m., eastern time, M-F
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CHAPrE R 1

INTRODUCTION

The NationalEnergyModelingSystem (NEMS) isa The forecastsproducedby NEMS arenotconsideredto
computer-based,energy-economymodelingsystemof be absolutepredictionsofthefuture.They arecontin-
U.S.energymarketsforthemidtermperiodof1990to genton thekey assumptionsmade aboutU.S.energy
2010. NEMS projectsthe production,imports, systems.Contingenciesinclude,for example,the
conversion,consumption,and pricesofenergy,subject estimatedsizeoftheeconomicallyrecoverableresource
to assumptions on macroeconomic and financial base offossilfuels;changesin worldenergysupply
factors,worldenergymarkets,resourceavailability and demand; therateatwhich new energytechnolo-
and costs, behavioral and technological choice criteria, gies are developed and the rate and extent of their
cost and ped'ormance characteristics of energy penetration into commercial markets; and existing or
technologies, and demographics, prospective government actions or policies. NEMS

NEMS was designed and implemented by the Energy provides a consistent framework for representing the
Information Administration (EIA) of the U.S. complex interactions of the U.S. energy system and its
Department of Energy (DOE) for preparing baseline response to a wide variety of alternative assumptionsand policies,withoutattemptingtodeterminewhich
forecastsofdomesticenergymarketsand analyzing of many plausibleenergyfuturesis most likelyto
thepotentialimpactsofproposedgovernmentpolicies
and of alternativeenergy market assumptions, occur.
Baselineforecastsare publishedannuallyin the The NEMS designwas formulatedwiththreeobjec-
Annual EnergyOutlook,withthe assumptionsofall tires:

existinglegislation,regulations,andpolicies.Analyses • To providesufficientmodelingdetailtosupporta
arealsopreparedin responsetorequestsforspecial broadrangeofpolicyanalyses
studiesby theU.S.Congress,theDOE OfficeofPolicy,
Planning,and Program Evaluation,and others.The • To capturetheimportantinterrelationshipsinU.S.
first version of NEMS, completed in December 1993, energy markets in arder to simulate the response
was used to develop the forecasts presented in the of the entire energy system to changes in market
Annual Energy Outlook 1994.' conditions

• To facilitate the development, maintenance, and
This report presents an overview of the structure and use of the energy modeling system.
methodology of NEMS and each of its components.
This chapter provides a description of the design and NEMS was built to support energy policy analysis and
objectives of the system. The second chapter describes to serve as an important resource for the development
the modeling structure. The remainder of the report and analysis of the impacts of alternative energy
summarizes the methodology and scope of the policies on key U.S. markets and economic growth.
component modules of NEMS. The model descriptions Ultimately, policy analysts and decisionmakers
are intended for readers familiar with terminology attempt to select those policies that promote an energy
from economiLcs, operations research, and energy future consistent with the Nation's goals and priori-
modeling. Additional background on the development ties. NEMS contributes to this process by determining
oft he system is provided in Appendix A of this report, the likely consequences of specific government policies,
which describes the EIA modeling systems that or their absence, in the context of defined energy
preceded NEMS. More detailed model documentation scenarios.
reports for all the NEMS modules are also available
from EIA (see Appendix B, "Bibliography"). As a tool for policy analysis, NEMS was designed to

simulate those aspects of the energy system to which

Design of NEMS policy initiatives are most likely to be directed. Forexample, environmental issues related to energy
NEMS is used by EIA to project the energy, economic, production and consumption have become a high
environmental, and security impacts on the United priority in recent years. Accordingly, NEMS--unlike
States of alternative energy policies and of different EIA's earlier modeling systems--has the capability to
assumptions about energy markets. Projections are estimate the levels of key emissions from the produc-
made for each year from the present through 2010. tion and use of energy, and to model the changes in
This time period is one in which technology, demo- emission levels that are likely to result from such
graphics, and economic conditions can be characterized government policies as the provisions of the Clean Air
sufficiently to represent energy markets with consider- Act Amendments of 1990. For similar reasons, NEMS
able detail, contains sufficient detail in both the refining (supply)

'Energy Information Administration, Annual E, wrgy Outlook 1994, DOE/EIA-0383(94)(Washington, DC, January 1994).
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INTRODUCTION

and transportation (demand)sectors to analyze both the system will provide the capability to examine
the costs and likely market penetration of alternative important issues in the upcoming debates on policies
or reformulated fuels, to reduce carbon emissions in the United States.

In addition to ehvironmental concerns, NEMS can be
used to analyze the effects of existing government Representations of
regulations andproposed regulatory reform related to Energy Market Interactions
energy production and use; the potential for the
development and use of n_ew energy production, NEMS is also designed to simulate the important
conversion, and consumption technologies; the impacts interactions of energy markets. In the United States,
of increased use of renewable energy sources; and the energy markets are driven primarily by the fundamen-
potential savings from demand-side management and tal economic interactions of supply and demand.
increased efficiency of energy use. Other examples of Government regulations and policies can exert consid-
energy topics that reflect the expected scope of present erable influence, but the majority of decisions affecting
and future government policy--all of which can be fuel prices and consumption patterns, resource alloca-
addressed by NEMS---include the following: tion, and energy technologies are made by private

individuals or companies attempting to optimize their
• Impacts of energy tax policies on the U.S. economy own economic interests.

and energy system

• Response of the electric utility industry to limits The primary objective of NEMS is to represent the
market behavior of the buyers and sellers of energy

on SO2 emissions and the allowance trading pro- products--to determine how energy is used and
gram of the Clean Air Act Amendments of 1990 produced--at a level of detail that will be useful for

• Responses of the energy and economic systems to analyzing the implications of government policy
changes in world oil market conditions as a result initiatives. The representation of energy markets in
of changing levels of foreign production and de- NEMS focuses on four important interrelationships:
mand in the developing countries

• Interactions among the energy fuel supply, conver-
• Impacts of new technologies on consumption and sion, and consumption sectors

production patterns and emissions
• Interactions between the domestic energy system

* Changes in the U.S. economy and energy system and the domestic economythat could result from emissions taxes
• Interactions between the U.S. energy system and• Effects of specific policies, such as mandatory

appliance efficiency and building shell standards, world energy markets
on energy consumption • Interactions between current production and

consumption decisions and expectations about the
• Impacts of fuel-use restrictions (for example, future.

oxygenated and reformulated gasoline or mandated

use of alternative-fueled vehicles) on emissions, Energy Supply/ConversionDemand Interactions
energy supply and prices, and economic growth

• Changes in natural gas prices and pipeline and NEMS is designed as a modular system. Four end-use
import capacity in response to Federal and State demand modules represent fuel consumption in the
regulatory initiatives residential, commercial, transportation, and industrial

• Impacts on estimates of economically recoverable sectors, subject to delivered fuel prices, macroeconomic
influences, and technology characteristics. The prima-

resources of crude oil and natural gas resulting ry fuel supply and conversion modules compute the
from improvements in exploration and production levels of domestic production, imports, transportation
technologies, costs, and fuel prices that are needed to meet domestic

Thus, NEM$ can be an effective tool for a wide variety and export demands for energy, subject to resource
of detailed policy analysis issues. In the near future, base characteristics, industry infrastructure and
a number of critical energy and economic issues are on technology, and world market conditions. The modules
the horizon. NEMS can be used to address such interact to solve for the economic supply and demand
questions, including: energy security; efficiency im- balance for each fuel. Because of the modular design,
provements in energy production, conversion, and each sector can be represented with the methodology
consumption technologies; regulatory reform in the and the level of detail, including regional detail, that
natural gas and electricity sectors; and renewable is appropriate for that sector. The modularity also
energy. In addition, enhancements now being added to facilitates the analysis, maintenance, and testing of

2 Energy Information Administration/The National Energy Modeling System: An Overview



INTRODUCTION

the component modules in the multi-user environment energy resources and acquire energy-using capital
of NEMS development, stock. Similarly, the production and consumption of

energy in a future time period will be influenced by
Domestic Energy System/Economy Interactions decisions made today and in the past. Current invest-

ment decisions depend on expectations about future
The general level of economic activity, represented by markets. For example, the propensity to invest now to
gross domestic product, has traditionally been used as
an explanatory variable or "driver" for projections of develop alternative energy sources is greater if higher

energy prices are expected in the future. A variety of
energy consumption at the sectoral and regional assumptions about planning horizoas, the formation of
levels. In turn, energy prices and other energy system
activities influence economic growth and activity, expectations about the future, and the role of those
NEMS captures this feedback between the domestic expectations in economic decisionmaking can be
economy and the energy system. Thus, changes in applied within the individual NEMS modules.
energy prices affect the key macroeconomic variables--
such as gross domestic product, disposal personal External Availability

income, industrial output, housing starts, employment, In accordance with EIA requirements, NEMS is fully
and interest ratesnthat drive energy consumption and documented and archived. EIA also intends so make

capacity expansion decisions, the system available for use and review by energy
analysts outside EIA to the maximum extent possible.

DomesticWorld Energy Market Interactions There are a number ofleve]_ at which this goal can be
World oil prices play a key role in domestic energy achieved. The ultimate objective is to package and
supply and demand decisionmaking, and oil price transfer theentire system, including its data structure
assumptions are the typical starting point for energy and user interface programs, to external users, with
system projections. The level of oil production and arrangements for periodic updates as NEMS evolves.

consumption in the U.S. energy system also has a At present, the transportability ofNEMS is limited. A
significant influence on world oil markets and prices, user interface for personal computer versions of the
In NEMS, an international energy module represents individual NEMS modules is under development, and
world oil production and demand, as well as the
interactions between the domestic and world oil plans have been made for all the modules to be

converted for use on personal computers, with an
markets, and calculates the average world oil price interface that will allow the user to view and manipu-
and the supply of crude oil and petroleum products. As late key parameters and assumptions, run alternative
a result, domestic and world oil market projections are
internally consistent. Imports and exports of natural scenarios, and view and compare model results. A

prototype user interface, using the transportationgas, electricity, and coal--which are less influenced by
volatile world conditions--are represented in the demand module, is currently under external review.

Collections of modules, as well as individual modules,
individual fuel supply modules, will be made available successively, and by 1995,

Economic Decisionmaking Over Time NEMS should be available on a workstation platform.
The migration of a fully integrated version of NEMS

The production and consumption of energy products to a personal computer platform probably will not be
today are influenced by past decisions to develop completed for several years.

Energy Information Administration/The National Energy Modeling System: An Overview 3





CHAPTER 2

OVERVIEW OF THE STRUCTURE OF NEMS
,,,, ,,,,

NEMS is a mode] of domestic energy markets. The utilities is projected to be the cost-minimizing mix of
decisions to produce, convert, or consume energy fuels; or consumer appliance acquisitions are assumed

products are presumed to serve the economic self- to minimize the life-cycle costs of the appliance
interests of those making the decisions. Many NEMS services (such as lighting and heating). To facilitate
modules explicitly represent the economic decision- analysis, additional detail is necessary, since there
making involved in the portion of the energy system may be wide variations in product usage and cost from

being modeled. For example, the market penetration one region to another. Consequently, using an analysis
of a new energy technology is projected only if NEMS at only the national level could give misleading
finds the technology to be economically viable at results. A summary of NEMS product and regional
projected energy prices; future fuel use by electric detail is shown below.

Energy Activity ! Categories ] Regions

Supply

Oil Conventional Six lower 48 onshore regions
Enhanced Three lower 48 offshoreregions

Three Alaska regions

Naturalgas Conventionalshallow Six lower 48 onshore regions
Conventionaldeep Three lower48 offshoreregions
Coalbedmethane Three Alaskaregions
Devonianshale
Tight

Naturalgas transmission Firm vs. interruptible Twelve regions
and distribution Peak vs. offpeak Nine pipelineborder points

Five liquefiednatural gas terminals

Coal Four sulfurcategories Sixteen supplyregions
Fourthermalcategories Twenty-threedemand regions
Undergroundand surfaceminingtypes Sixteen export regions

Twenty importregions

Renewables Hydroelectric,wind-electric, Thirteen electricitysupplyregions
geothermal-electric,solar-electric, Five PetroleumAdministration
municipalsolidwaste, ethanol,wood for Defense Districts

Nine Census divisions

Conversion

Electricity Utilities Thirteensupply regions
Independent and small power producers Nine Census divisions for demand
Cogeneration

Refining Five crude oil categories Five Petroleum Administration
Seven product categories for Defense Districts

Demand

Residential Eight end-use services Nine Censusdivisions
Three housingtypes

Commercial Nine end-use services Nine Censusdivisions
Eleven buildingtypes

Transportation Six car sizes Nine Census divisions
Six trucksizes
Ten vintages

Industrial Thirty-twoindustries Four Census regions,
Eightenergy-intensiveindustries sharedto nine Censusdivisions

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



OVERVIEW OF THE STRUCTURE OF NEMS

Major Assumptions activity), and one module that provides the mechanism
to achieve a general market equilibrium among all the

Each module of NEMS embodies many assumptions other modules (integrating module). Figure 1 shows
necessary to characterize the future production,
conversion, or consumption of energy products in the the high-level modularity of NEMS.

United States. Any one or more of several hundred Modularity
variables can be altered to create a new scenario. Two

major categories of assumptions are made for the Because energy markets are heterogeneous, a single
entire system priorto a modelrun" assumptions about methodology cannot adequately represent all fuel
economic growth in the United States, and assump- supply, energy conversion, and end-use demand
tions about foreign energy supply and demand as they sectors. The modularity of the NEMS design provides
influence world oil prices, the necessary flexibility for the methodology and

coverage that is most appropriate for each component
Domestic Economy of the U.S. energy system. Furthermore, modularity

provides the capability to execute the modules individ-The user can select variables that describe macro-
economic conditions in the United States. Predefined ually, or to substitute alternative modules to represent

cases differentiate among growth rates assumed for a specific function (provided the required interfaces
the domestic labor force, capital, and productivity, are present). The interactions between these modules

are controlled by the integrating mechanism.

Foreign Energy Markets Coordination of Modules and Data
The user can select variables thai, l_l _te to circum-

i stances influencing world oil prices. '[_ese assump- Required linkages between modules are passed
tions stipulate the vigor of foreign ener. T demand in through common interfaces via the integrating rood-
conjunction with the relative sufficien ,y of foreign ule. The primary flows between these modules are the
energy supplies, particularly as measured by the delivered prices of energy and the quantities con-
assumed production capacity of the Organization of sumed, by product, region, and sector. The information
Petroleum Exporting Countries (OPEC). flows are not limited to prices and quantities, but

include other information such as economic activity,
High, medium, and low estimates of the key variables international supply curves, and characteristics of
describing the macroeconomy and the world oil market renewable fuel technologies. The delivered prices of
are provided. The user can choose among these three fuel encompass all the activities necessary to produce,
or specify other variables as needed to tailor a specific import, and transport fuels to the end user.
scenario.

Data Structure

NEMS Modular Structure The NEMS Global Data Structure is ltsed to imple-
Overall, NEMS represents a modeling system that ment its modular structure. The Global Data Struc-
simulates t[.e behavior of energy markets and their ture is defined as the set of data communicated amo_.g
interactions with the U.S. economy. The model the 13 NEMS modules or subsets thereof. The Global
achieves a supply/demand balance in the end-use Data Structure includes energy market prices and
demand regions (defined as the nine Census divisions) consumption; macroeconomic variables; energy produc-
by solving for the prices of each energy type that will tion, transportation, and conversion information; and
balance the quantities producers are willing to supply centralized model control variables, parameters, and
with the quantities consumers wish to consume. The assumptions. The Global Data Structure excludes
system reflects market economics, industry structure, variables that are defined locally within the modules
and energy policies and regulations that influence and are not communicated to other modules.

market behavior. An important subset of the Global Data Structure is
NEMS consists of four supply modules (oil and gas, the energy market data structure, which consists of
natural gas transmission and distribution, coal, and the energy market end-use prices and quantities of
renewable fuels); two conversion modules (electricity fuels needed to equilibrate the NEMS energy balance.
and petroleum refineries), four demand modules The variables in the energy market data structure are
(residential, commercial, transportation, and industri- the principal variables used directly by the integrating
al); one module to simulate energy/economy inter- module in its convergence algorithm. Additional
actions (macroeconomic activity); one module to macroeconomic and international trade variables are
simulate world oil markets (international energy also tested for convergence in the solution algorithm.

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



OVERVIEW OF THE STRUCTURE OF NEMS

Figure 1. National Energy Modeling System
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CHAPTER 3

INTEGRATING MODULE

The NEMS integrating module supervises the entire NEMS Regional Detail

NEMS process as it iterates to determine a general The integrating module of NEMS functions at the
market equilibrium across all the NEMS modules. It level of the nine Census divisions (Figure 2). The four
has the following functions: Census regions (shown in Figure 2 by breaks between

• Manages the NEMS Global Data Structure State groups) and nine divisions are a common,

• Executes all or any of the user-selected modules in mainstream level of regionality widely used by EIA
an iterative convergence algorithm and other organizations for data collection and analy-

sis. The Census divisions are defined and numbered in
• Checks for convergence, while reporting variables

the integrating module and data structure as shown
that remain out of convergence in Figure 2.

• Implements price relaxation between iterations to

accelerate convergence Description of the
• Updates expected values of the key NEMS vari- NEMS Solution Algorithm

ables.
The NEMS algorithm executes the system of modules

Features of the Integrating Module until convergence is reached. The solution procedure
for one iteration involves the execution of all the

The integrating module executes the demand, conver- component modules, as well as the updating of expec-
sion, and supply modules iteratively until it achieves tation variables (related to foresight assumptions) for
an economic equilibrium of supply and demand in all use in the next iteration.
the consuming and producing sectors. Each fuel
supply, conversion, or end-use demand module is The system is executed sequentially for each year in
called in sequence and solved, assuming that all other the forecast period. During each iteration within a
variables in the energy markets are fixed. The mod- year, each of the analytical modules is executed in
ules are called iteratively until the end-use prices and turn, with intervening convergence checks that isolate
quantities remain constant within a specified toler- specific modules that are not converging. A separate
ance--a condition defined as convergence. Equilibra- convergence check is made for prices and quantities,
tion is achieved annually through the midterm period consisting of a comparison of the absolute values of
to 2010. the percentage changes to an assumed tolerance. To

avoid unnecessary iterations for changes in insignifi-
The integrating framework incorporates interfaces to cant values, the quantity convergence check is omitted
the macroeconomic and international modules, ex- for quantities less than a user-specified minimum
changing information between them and the domestic level. The order of execution of the modules may affect
energy modules. The solution algorithm incorporates the rate of convergence but will not alter the final
equilibration tests and iterative calls for the NEMS results.
macroeconomic and international modules. The
convergence tests ascertain the stability of a set of key An optional relaxation routine can be executed to
macroeconomic and international trade variables in dampen swings in solution values between iterations.
response to interaction with the domestic energy With this option, the current iteration values are reset
system. The integrating framework also accounts for partway between solution values from the current and
global system values, such as emissions, capital previous iterations.
requirements, and foreign trade, to allow for the
incorporation of feedback effects of such values on the
energy system.

Energy Information Administration/The National Energy Modeling System:An Overview 9



INTEGRATING MODULE

Figure 2. Census Divisions
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Source: Energy InformationAdministration, Office of Integrated Analysisand Forecasting.
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CHAPTER 4

INTERNATIONAL ENERGY MODULE

The international energy module (IEM) calculates the World Oil Market Submodule

average price of imported crude oil and provides EIA's modeling of the near- to mid-term world oil
supply curves for five grades of crude oil for import market depends on two key assumptions: (1) oil is the
into the United States. In addition, it performs the marginal fuel, and (2) OPEC produces such marginal
following functions: supply at prices that tend to inhibit the market

• Calculates the change in world oil price in re- penetration ofnewtechnologies. Under these assump-
sponse to shifts in U.S. supply and demand tions, world oil prices are computed to provide a

balance of supply and demand for crude oil in the
• Provides petroleum product supply curves with a international market as a function of OPEC produc-

representation of foreign product supply levels and tion decisions, supply of non-OPEC oil, and inter-
associated costs for imports of petroleum products national demand for oil, which depends upon world-
into the United States wide economic growth. Under the assumption that oil

• Calculates shifts in supply curves for petroleum is the marginal fuel, competition between oil and other
product imports as a result of variations in de- fuels can be ignored, because switching between fuels
mand for U.S. product imports, world oil price, and is assumed to be too small to affect the world oil price.
economic conditions The second assumption means that the price of oil is

• Provides supply curves for U.S. imports of the not allowed to go so high as to induce the market
oxygenates methyl tertiary butyl ether (MTBE) penetration of new technology that would reduce the
and methanol, demand for oil sufficiently to produce substantial

downward pressure on its price. U.S. import supply
Three separate submodules of the IEM (Figure 3) curves for several qualities of crude oils are generated
carry out these functions. The world oil market as a function of the world oil price, production sources,
submodule is an expanded version of the Oil Market transportation rates, and assumptions about the
Simulation Model that was used for world oil price utilization and/or expansion of worldwide refining
forecasts before NEMS was developed. The world oil capacity. World crude oil sales are mapped into the
market submodule forecasts international crude oil five classes used in the petroleum market module (see
market conditions, including price and supply avail- page 37).
ability, and the effects of U.S. demand on the world

market. The petroleum product supply submodule Petroleum Products Supply Submodule
produces supply curves for petroleum products import-
ed into the United States. These supply curves reflect The petroleum products supply submodule consists of
conditions in the international market, including a set of supply curves for import to all five PADDs for
refinery capacity, transportation costs, and the effects each petroleum product to be imported in NEMS. The
of U.S. demand on world markets. Finally, the oxygen- petroleum market module uses the supply curves to
ates supply submodule produces supply curves for U.S. determine the quantity of products to be imported at
imports of MTBE and methanol, a given price. The supply curves were developed from

a separate large-scale model of international refining
The petroleum products supply and oxygenates supply and transpor'tation that is used as an auxiliary to
submodules use the world oil price generated by the NEMS. Supply curves for 10 products are provided:
world oil market submodule. Otherwise, the three traditional gasoline (including aviation), reformulated
submodules of the IEM are independent, providing gasoline, No. 2 heating oil, low-sulfur distillate oil,
feedback through the rest of NEMS during system high- and low-sulfur residual oil, jet fuel (including
iteration. A summary of important IEM inputs and naphtha jet), liquefied petroleum gas, petrochemical
outputs is given below, feedstocks, and other.

Important IEM Outputs Important Inputs from NEMS Important Exogenous Inputs

Worldoilprice U.S.oilsupply/demand OPECproductionpath
Crudeoilimportsupply U.S.netproductimports Referencenon-U.S,oilsupply
Productimportsupply anddemand
Methyltertiarybutyletherandmethanolsupply
Otheroxygenateprices
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INTERNATIONAL ENERGY MODULE

Figure 3. International Energy Module Structure
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Oxygenates Supply Submodule recalculates the quantity of imports and iterates with
the oxygenates supply submodule until convergence is

Supply curves for MTBE and methanol are developed obtained.
from data on pricing practices for current production
capacity and assumptions about pricing for new Because of the potential expansion of the U.S. ethanol
production capacity that is under construction or industry and the lack of commercial markets for other
expected to be constructed in the future. The curves oxygenates, it is assumed that ethanol, ethyl tertiary
are used in the same ways as the petroleum product butyl ether (ETBE), tertiary amyl methyl ether
supply curves described above. The oxygenates supply (TAME), and tertiary butyl alcohol (TBA) are all
submodule calculates prices for oxygenate imports, supplied from domestic sources. Therefore, the IEM
based on import quantities estimated by the petroleum does not provide import supply curves for these
market module. The petroleum market module then oxygenates.
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CHAPTER 5

MACROECONOMIC ACTIVITY MODULE

The macroeconomic activity module (MAM) provides National Submodule
forecasts of economic variables to the energy modules The national submodule of MAM is a response surface
within NEMS, and forecasts the impacts on the representation of the Data Resources, Inc. (DRI)U.S.
aggregate economy of changes in energy market Quarterly Model. (A response surface representation isconditions. The MAM consists of two submodules (the
national and interindustry submodules) and a a set of equations embodying important inputs and
subroutine (the regional subroutine), which are run in outputs of a larger, detailed model. The coefficients of
sequence. The national submodule provides forecasts the equations are estimated via statistical/econometric
of a wide range of economic variables at the national methods, based on "pseudodata" derived from repeated
level. In particular, it provides variables that drive runs of the larger model being represented.) Theresponse surface representation simulates the reaction
other parts of NEMS, including interest rates, final to changing energy prices of the larger version of the
demands for goods and services, and disposable DRI U.S. Quarterly Model. The growth potential of the
income. The interindustry submodule calculates the economy is essentially grounded in the growth of the
industrial output needed to satisfy the final demands factors of production--labor, capital, and energy--andfrom the national submodule. The levels of industrial

output are used by the industrial and transportation the aggregate productivity of these factors. The usercan select three different macroeconomic growth cases
demand modules in NEMS to calculate energy
consumption in those sectors. Finally, the regional before executing the MAM, and incremental changes
subroutine of theMAMtakesnationalvariable values can be made exogenously to any macroeconomic
from the national and interindustry submodules and growth case. For example, the case chosen can be
transforms them into appropriate regional values. The changed either by using different labor force or

productivity assumptions or by choosing a different
overall interrelationships are shown in Figure 4. gross domestic product growth rate.

The sequence of interactions in the MAM can be The national submodule responds to two sets of
summarized as follows: The energy supply and information: energy prices at the wholesale and retail
demand modules of NEMS determine the reaction of level and exogenously specified information on labor
energy prices to changes in events or policies. These force growth and productivity. The energy supply and
energy price effects are passed to the national demand modules of NEMS determine the reaction of
submodule, and the economy is projected to react to energy prices to changes in events or policies. These
the altered energy price paths. The altered macro- energy price effects are passed to the national sub-
economic final demands are in turn passed to the module, where the economic system reacts to the
interindustry submodule, which calculates their effect altered energy price paths. The altered macroeconomic
on interindustry activity. The altered interindustry variables are then passed back to the other modules of
projections are then passed back to the other NEMS NEMS, and the system iterates until convergence is
modules, and the system iterates until convergence is reached.
achieved.

MAM outputs include measures of macroeconomic Interindustry Submodule
performance and manufacturing and nonmanufactur- The interindustry submodule provides industrial
ing sector production activities. Depending on the output projections to the regional MAM subroutine
concept, these measures are provided nationally or at and the energy modules. It also calculates interindus-
the geographic level of the nine Census divisions (see try impacts associated with energy events and policies.
Figure 2). A summary of important MAM inputs and A response surface version of the DRI Input-Output
outputs is given below. Model for the Personal Computer constitutes the core

Important MAM Outputs Important Inputs from NEMS Important Exogenous Inputs

Grossdomesticproduct Wholesaleandretailpricesforelectricity Laborforce
Othereconomicactivitymeasures Wholesaleandretailpricesandproductionrates Productivity
Priceindicesanddeflators foroil,gas,andcoal
Productionratesformanufacturing Rateof refineryactivity
Productionratesfornonmanufacturing
Interestrates
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Figure 4. Macroeconomic Activity Module Structure
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interindustry segment of this submodule, which is Regional Subroutine
fully linked to other NEMS components. The initial implementation of the regional subroutine
The interindustry submodule calculates deviations is a set of equations that share national economic and
from a given baseline interindustry projection when- industrial output data to specific regions. The sharing
ever macroeconomic final demands change. Because of equations are derived from the Regional Macroeco-
the top-down structure of input-output modeling, the nomic Model (RMM) developed by DRI. The next
interindustry and national submodules do not iterate version of the regional subroutine will be a response
directly with each other. However, through their joint surface version of the RMM, which will describe how
effect on the projections of the energy supply and regional shares respond to changes in regional energy
demand modules, which in turn alter the macroeco- prices. The regional subroutine disaggregates national
nomic outlook, changes in interindustry projections economic variables such as disposable income, indus-
affect the results of the national submodule, trial production, and consumer prices into appropriate

regional values.
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CHAPTER 6

SUPPLY MODULES

Oil and Gas Supply Module consists of three separate submodules: onshore lower

The oil and gas supply module (OGSM) consists of a 48 conventional oil and gas supply, offshore oil and
series of process submodules that project the availabii- gas supply, and unconventional gas recovery supply.
ity of: The lower 48 submodule accounts for drilling, reserves

estimates, production capacity, capital expenditures,
* Domestic crude oil production and dry natural gas and emissions. The national onshore and offshore

wellhead production from onshore, offshore, and expenditures for exploratory and development drilling
Alaskan reservoirs initially are set to base year levels. The disaggregation

• imported pipeline-quality gas from Mexico and of drilling expenditures is executed by means of a two-
Canada tier sharing procedure. The first step in the sharing

• Imported liquefied natural gas. process divides expenditures between regions. The
second step divides expenditures by fuel and well type

The OGSM regions are shown in Figure 5.
within the regions. The disaggregated drilling expendi-

The driving assumption of the OGSM is that domestic tures are divided by drilling costs to determine the
oil and gas exploration and development is undertaken base level of drilling in each period. The base level of
if the discounted present value of the recovere_l drilling by category is then adjusted as a function of
resources at least covers the present value of taxes the current wellhead price. A wells algorithm yields
and the cost of capital, exploration, development, and the number of wells drilled in each region by well
production, subject to a budget constraint. In contrast, class and fuel category. The next steps use regional
international gas trade is determined in part by finding rate equations to forecast new field discoveries
scenario-dependent, noneconomic factors. Crude oil is from new field wildcats, new pools and extensions
transported to refineries (which are simulated in the from other exploratory drilling, and reserve revisions
petroleum market module) for conversion and blending from development drilling. Production is determined
into refined petroleum products, within the market equilibration of the natural gas

transmission and distribution module and the petro-
The individual submodules of the oil and gas market leum market module on the basis of fuel demands,
module are solved independently, with feedbacks reserves (including new reser_'e additions), previous
achieved through NEMS solution iterations (Figure 6). productive capacity, and flow from new wells.
Important OGSM inputs and outputs are shown
below. Alaska Oil and Gas Submodule

This submodule projects the crude oil and natural gas
Lower 48 Supply Submodule produced in Alaska. The Alaska oil and gas submodule
Lower 48 supplies consist of oil and gas produced by is divided into three sections: new field discoveries,
conventional recovery methods in onshore and offshore development projects, and producing fields. Oil and
regions, and unconv _,ntional gas recovery in onshore gas transportation costs to lower 48 facilities are used
regions. (Unconventional gas is defined as gas pro- in conjunction with the relevant market price of oil or
duced from nonconventional geologic formations, as gas to calculate the estimated net price received at the
opposed to conventional clastic (sandstones) and wellhead, sometimes called the "netback price." A
carbonate rock formations. The three nonconventional discounted cash flow method is used to determine the

geologic formations considered are low-permeability or economic viability of each project at the netback price.
tight sandstones, Devonian shale, and coalbed meth- Alaskan oil and gas supplies are modeled on the basis
ane.) Enhanced oil recovery from onshore regions is of discrete projects, in contrast to the onshore lower 48
handled separately. The"lower 48 submodule" actually conventional oil and gas supplies, which are modeled

Important OGSM Outputs Important Inputs from NEMS Important Exogenous Inputs

Supplycurveparameters Oilandgasproductionbyfueltype Resourcelevels
Oilandgasfinancialdata Oil,gas,andelectricityprices Findingrateparametersandcosts
Pipelinegasandliquefiednaturalgas Productionprofiles

importsandexports Tax parameters
Emissionsfromoilandgasproduction Importcapacity
Reservesandreserveadditions
Annualdrillinglevels
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Figure 5. 011 and Gas Supply Module Regions
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OIL AND GAS SUPPLY MODULE
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Figure 6. OII and Gas Supply Module Structure
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on an aggregate level. The continuation of the explora- Foreign Natural Gas Supply Submodule

tion and development of multi-year projects, as well as The foreign natural gas supply submodule projects
the discovery of a new field, is dependent on its natural gas trade via pipeline with Canada and
profitability. Production is determined on the basis of Mexico, as well as liquefied natural gas (LNG) trade.
assumed drilling schedules and production profiles for The receiving regions for foreign gas supplies corre-
new fields and developmental projects, historical

spond to those of the natural gas integrating frame-
production patterns, and announced plans for current- work as established for the natural gas transmission
ly producing fields, and distribution module. Pipeline natural gas import

Enhanced Oil Recovery Submodule volumes flow from two sources: Canada and Mexico.
U,S. natural gas trade with Canada is represented by

Enhanced oil recovery enters the NEMS as an exogen- six entry/exit points, and trade with Mexico is repre-
ously determined projection. The OGSM requires sented by three entry/exit points (Figure 7).
regional production estimates from the onshore
regions of the lower 48 States on a yearly basis.
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OIL AND GAS SUPPLY MODULE
i

Figure 7. Foreign Natural Gas Trade Via Pipeline

Canadian Gas Submodule Mexican Gas Submodule

Mexican gas trade is a highly complex issue. A range
This submodule determines net Canadian natural gas of noneconomic factors influence, if not determine,
supplies to the United States at six border crossing flows of gas between the United States and Mexico.
locations, over a range of gas prices. The initial step is The uncertainty is so great that not only is the magni-
to provide projections of Canadian drilling activity and rude of flow for any future year in doubt, but also the
supply. Canadian demand is then subtracted from direction of flow. Reasonable scenarios have been
supply to determine gas available for export. Gas developed and defended in which Mexico may be
supply is allocated to regional Canadian/U.S. border either a net importer or exporter of hundreds of
crossing points by an allocation algorithm that ac- billions of cubic feet of gas by 2010.
counts for the associated pipeline capacities and the
price responsiveness of supplies at the border points. The vast uncertainty and the importance of nonecono-
The determination of the import volumes themselves mic factors in future Mexican gas trade with the
occurs in the equilibration process of the natural gas United States suggest that these flows should be
supply and distribution module, handled on a scenario basis. Such a scenario can be
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OIL AND GAS SUPPLY MODULE

introduced into the Mexican gas submodule as a user- In addition to costs, extensive operational assumptions
specified path of futureMexican imports and exports, are required to determine LNG imports/exports.
Otherwise,the analysisuses a prespecifieddefault Dominantgeneralfactorsaffectingtheoutlookinclude:
outlookforMexican trade,drawn from the recent expecteddevelopmentswith respectto the use of
NationalPetroleumCouncilstudy on naturalgas. existingcapacity,expansionat existingsites,and
Alternatively,the outlookcan be developedfrom an constructionat additionallocations.The LNG sub-
assessment of current and expected industry and module requires specification of a combination of
market circumstances, as indicated in industry an- factors: available gasification capacity, schedules for
nouncements or articles and reports in relevant and lags between constructing and opening a facility,
publications. The outlook, regardless of its source, is tanker availability, expected utilization rates, and
fixed and is not responsive to energy price changes, worldwide liquefaction capacity. For inactive termi-

nals, it is necessary to determine the length of time
Lique_edNatural Gas Submodule required to restart operations (normally, between 12

and 18 months). These considerations are taken into
This submodule projects the volume of LNG available account when the economic viability of LNG supplies
for import into the United States at various price is determined.
levels. Imported LNG costs do not compete with the

wellhead price of domestically produced gas; rather, Emissions
LNG costs compete with the purchase price of gas
prevailing in the vicinity of the import terminal. This The environmental impacts of energy production and
is a significant element in evaluating the competitive- consumption are key policy issues. The OGSM in-
hess of LNG supplies, since LNG terminals vary cludes a system of emissions accounting. This pro-
greatly in their proximity to domestic producing areas, cedure employs coefficients that relate emissions to
Terminals close to major consuming markets and far source-specific production of different fuels.
from competing producing areas may provide a suffi-
cient economic advantage to make LNG a competitive
gas supply source in some markets.
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NATURAL GAS TRANSMISSION AND DISTRIBUTION MODULE

Natural Gas Transmission The primary outputs from the NGTDM, which are
and Distribution Module used as input in other NEMS submodules, result from

establishing a natural gas market equilibrium solu-
The natural gas transmission and distribution module tion: end-use prices, wellhead and border crossing
(NGTDM) is the component of NEMS that represents prices, and associated production and Canadian
the midterm natural gas market. The NGTDM models import levels. In addition, the module provides a
the natural gas transmission and distribution network forecast of lease and plant fuel consumption, pipeline
in the lower 48 States, which links suppliers (inelud- fuel use, and the corresponding emissions, as well as
ing importers) and consumers of natural gas. The pipeline and distributor tariffs, pipeline and storage
module determines regional market-clearing prices for capacity expansion, and interregional natural gas
natural gas supplies (including border prices) and end- flows. Capital investments associated with the expan-
use consumption, sion of pipeline and storage capacity are also provided.

The NGTDM has four primary submodules: the The basicNGTDM structure and itsrelationshipwith
annual flow Submodule, the capacity expansion sub- other NEMS modules is shown in Figure 9. Important
module, the pipeline tariff submodule, and the distrib- inputs and outputs are given below.
utor tariff submodule. The annual flow submodule_

the central component of the NGTDM--is used to Annual Flow Submodule

derive flows and prices of natural gas in conjunction The annual flow submodule is the main integrating
with an annual natural gas market equilibrium, component of the NGTDM. One of its major functions
Conceptually, the annual flow submodule is a simpli- is to simulate the natural gas price determination
fled representation of the natural gas transmission process. The annual flow submodule brings together
and distribution system, structured as a network of all major economic and technological factors that
nodes and arcs. The network representation is in influence regional natural gas trade in the United
terms of 12 internal nodes and 9border transshipment States. The economic considerations include the

nodes (Figure 8). The other three submodules provide demand for and the supply of natural gas, competition
parameters to the annual flow submodule that define from substitute fuels and conservation options, and
some of the characteristics of the system's nodes and competition from imported natural gas.
arcs. Other parameters for defining the natural gas
market (such as supply and demand curves) are The annual flow submodule integrates all components
derived from information passed from other NEMS of the NGTDM--the annual flow submodule itself, the
modules. The capacity expansion submodule provides capacity expansion submodule, the pipeline tariff
the annual flow submodule with regional underground submodule, and the distributor tariff submodule).
storage capacities and maximum annual flows allowed Through this integration process, the annual flow
along each of the ares in the network. The pipeline submodule derives average annual natural gas prices
anddistributortariffsubmodulesprovideprieeparam- (wellhead, city gate, and end-use), that reflect a
eters for establishing the tariffs to be charged along market equilibrium among competing gas supplies,
each of the interregional, intraregional, and distribu- end-use sector consumption, and transportation routes.
tion arcs. Data are also passed back to these sub- End-use prices are derived for both firm and inter-
modules from the annual flow submodule and between ruptible markets. Within NEMS, the classification of
the submodules themselves.

Important NGTDM Outputs Important Inputs from NEMS Important Exogenous Inputs

End-usenaturalgasprices End-usenaturalgasdemands Historicalconsumptionpatterns
Naturalgaswellheadprices Naturalgassupplyparameters Historicalflowpatterns
Naturalgasbordercrossingprices Naturalgasexports Ratedesignspecifications
Domesticnaturalgasproduction Canadianpipelinecapacity Company-levelfinancialdata
CanadiannaturalgasimportsandproductionNaturalgasconsumptionfromplant Pipelineandstoragecapacity
Leaseandplantfuelconsumption operations(percentageof production) andutilizationdata
Pipelinefueluse Crudeoil production Historicalend-useprices
Pipelineanddistributiontariffs Consumptionparametersfromdual-fired StateandFederaltax parameters
Interregionalnaturalgasflows plants
Investmentforfacilitiesexpansion
Pipelineemissions
Storageandpipelinecapacityexpansion
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NATURAL GAS TRANSMISSION AND DISTRIBUTION MODULE

Figure 8. Natural Gas Transmission and Distribution Module Network
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customers thatwillpurchasefirm versus interruptible demand on the maximum amount of gas that can
service is predetermined, practically flow between regions within a year. Pipe-

line and storage capacity additions are used in the
Capacity Expansion Submodule annual flow submodule (in combination with the

maximum load factors) to set limits on annual interre-
the capacity expansion submodule simulates the gional flows and to set working gas storage levels.
decisionmaking process for expanding pipeline and/or These capacity additions are also used in the pipeline
storage capacity in the U.S. gas market. In simulating tariff submodule for the determination of future
gas pipeline capacity expansion, the capacity expan-
sion submodule (1) determines the amount of pipeline storage rates and interregional pipeline tariffs.

and storage capacity to be added between or within Pipeline Tariff Submodule
regions in the NGTDM, and (2) establishes effective
(or practical) maximum annual utilization rates for The pipeline tariff submodule computes tariffs for
each of the interregional pipeline routes represented transportation and storage services provided by
in the annual flow submodule. Maximum utilization interstate pipeline companies. The tariffs are used
rates (or load factors) for pipeline routes are estab- within the annual flow submodule to derive supply
]ished to capture the impact of variations in seasonal and end-use prices and within the capacity expansion
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Figure 9. Natural Gas Transmission and Distribution Module Structure
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NATURAL GAS TRANSMISSION AND DISTRIBUTION MODULE

submodule to derive capacity additions. The tariffs are State and local authorities. These consist of(l) distrib-
computed for individual pipeline companies, then utor markups charged by local distribution companies
aggregated to the major gas pipeline corridors or arcs for the distribution of natural gas from the city gate to
(in the United States) specified in the NGTDM net- the end user, and (2) markups charged by intrastate
work (Figure 8). An accountin_ system is used to track pipeline companies for intrastate transportation
costs and compute rates under various rate design and services. Although the distribution service performed
regulatory scenarios. Tariffs are computed for both by local distribution companies and the transportation
firm and interruptible transportation and storage service performed by intrastate carriers are distinct
services. Transportation tariffs are computed for the activities, separate distribution and intrastate mark-
interregionai arcs defined by the NGTDM network, ups are not determined. Rather, the distributor tariff
These network tariffs represent an aggregation of the submodule determines a volumetric charge that covers
tariffs for individual pipeline companies supplying the the cost of providing distribution or transportation
network arc. Storage tariffs, defined at regional services from the city gate to the end user. This
NGTDM network nodes, likewise represent an aggre- charge represents the difference between the price to
gation of individual company storage tariffs, the customer and the price to the local distribution

company (or intrastate carrier) at the city gate. Where
Distributor Tariff Submodule end-use service is distinguished by service type (firm

or interruptible), the distributor tariff submodule
The distributor tariff submodule determines the provides separate firm and interruptible distribution
components of end-use prices that are regulated by markups.
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COAL MARKET MODULE

Coal Market Module (surface or underground), coal type, and supply region.
The supply curves are used as inputs to the other

The coal market module (CMM) represents the rain- submodules.

ing, transportation, and pricing of coal, subject to end- The factors accounted for in constructing the supply
use demand. Coal supplies are differentiated by
physical characteristics such as heat, sulfur, and ash curves are reserve depletion, capacity utilization,]eadtime constraints on the opening of new mines,
content. The CMM also determines U.S. coal exports labor productivity, and real labor and fuel costs. A
as a part of the worldwide market for coal trade. Coal different set of supply curves is provided for each year
supply is projected on a cost-minimizing basis, con- in the forecast period.
strained by existing contracts and the propensity to

renew existing contracts. The expansion of existing Coal Distribution Submodule
coal mining capacity is related to the expected domes-
tic and international demand for coal. Twenty-eight This submodule determines the least-cost supplies of
different coal types are differentiated with respect to coal for a given set of coal demands by demand sector
thermal grade, sulfur content, and underground or and region. The solution is found by comparing
surface mining. The domestic production and distribu- delivered prices (the sum of minemouth and freight
tion of coal is forecast in terms of 16 supply regions charges) from alternative coal sources. The solution
and 23 demand regions (Figures 10 and 11). algorithm assumes that coal consumers minimize

delivered costs. Since factors other than costs influ-
The solutions for the components of the CMM are ence consumers' purchasing decisions--for example,
found simultaneously. The sequence of solution among reliability of supply, and coal characteristics, such as
components can be summarized as follows. Coal ash and moisture, which are not accounted for--exist-
supply curves are produced by the coal production
submodule and input to the coal distribution sub- ing coal supply contracts are factored into the solution
module. Feedback from the coal distribution sub- process to constrain the solution.
module and other NEMS modules is necessary to Coal transportation costs are simulated using inter-
project annual mine capacity levels. Given the coal regional coal transport costs derived by subtracting
supply curves and distribution costs, the coal distribu- reported minemouth costs from reported delivered
tion submodule projects delivered coal prices. The costs. Shipping costs are adjusted through the forecast
module is iterated to convergence with respect to period by mode-specific trends in factor input costs,
material balance conditions. Important inputs and such as labor productivity and fuel cost charges.
outputs are shown below, and the structure of the
CMM is shown in Figure 12. Coal Export Submodule

The coal export submodule determines the quantities
Coal Production Submodule of coal imported and exported from the United States.
This submodule produces annual coal supply curves, The quantities are determined within a world trade
relating annual production to marginal costs. The context, based on user-provided characteristics of
supply curves are constructed from a regression foreign coal supply and demand. The submodule
analysisofcoalproduction,prices,and costs.A sepa- disaggregatescoalinto16 coalexportregionsand 20
rate supplycurveis providedforeach mine type importregions,as shown on thefollowingpage.

Important CMM Outputs Important Inputs from NEMS Important Exogenous Inputs

Coalproductionanddistribution Coaldemandbysector Baseyear production
Minemouthcoalprices Refinedproductprices Contractquantities
End-usecoalprices Interestrates Laborproductivity
Coalexports Pricedeflators Laborcosts
Transportationrates Projectedcoal-firedgeneratingcapacity Transportationcosts
Coalqualitybysourceanddestination Laborcostescalators Coalproductioncapacity

Dieselfuelprices
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Coal Export Regions Coal Import Regions

U.S. East Coast South Africa U.S. East Coast Iberia
U.S. Gulf Coast Poland U.S. GulfCoast Italy
U.S. Southwestand West CIS (Europe) U.S. Northern;nterior Mediterraneanand Eastern Europe
U.S. NorthernInterior CIS (Asia) U.S. Noncontiguous Mexico
U.S. Noncontiguous China EasternCanada SouthAmerica
Australia Colombia InteriorCanada Japan
Canada, Western Indonesia Scandinavia East Asia
Canada, Interior Venezuela UnitedKingdomand Ireland HongKong

Germany ASEAN (Associationof South EastAsia Nations)
Other NorthwesternEurope !ndiaand South Asia

Figure 10. Coal Market Module Demand Regions
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Figure 11. Coal Market Module Supply Regions
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Region Definition

Northern Appala©hla ...................... 1 Pennsylvania,Maryland,and Ohio
2 West Virginia(north)

Southern Appalachia ...................... 3 West Virginia(south)
4 Kentucky(east)
5 Virginiaand Tennessee
6 Alabama

Interior ................................ 7 Kentucky(west)
8 Illinoisand Indiana
9 Arkansas,Iowa, Kansas, Missouri,and Oklahoma

10 Texas and Louisiana
North Great Plains ...................... 11 North Dakota, South Dakota,and Montana

12 Wyoming(east)
13 Wyoming(west)

Other West ............................ 14 Arizona,New Mexico,Colorado,and Utah
15 Washington,Oregon,and California

Alaska ................................ 16 Alaska

Soume:EnergyInformationAdministration,Officeof IntegratedAnalysisandForecasting.
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Figure 12. Coal Market Modulo Structure
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The export submodule is a small linear program that module is executed outside NEMS, and coal export
determines world coal trade distribution by minimiz- demand is passed to the NEMS coal distribution
ing overall costs for coal, subject to U.S. coal supply submodule.
prices and a number of constraints. Supply costs
(mining and preparation plus transportation) for each Emissions Submodule
coal export region, coal type, and end use compete in
two demand sectors (coking and steam). It also takes Emissions reporting for coal that relates to coal
into account limits on sulfur dioxide emissions and consumption is provided by the end-use demand
concerns about diversity of coal sources. The sub- modules and the electricity market module.

Energy Information Administration/The National Energy Modeling System: An Overview 27



RENEWABLE FUELS MODULE

Renewable Fuels Module and hydropower produces virtually no air pollution, all
available hydroelectric capacity is used first by theThe renewable fuels module (RFM) consists of several EMM.

submodules that represent the various types of renew-

able energy (Figure 13). Since most renewables (wind, Wind-Electric" Submodule
solar, and geothermal) are used to generate electricity,
the interaction with the electricity market module and The wind-electric submodule projects the availability
its various submodules is important for modeling grid- of wind resources as well as the cost and performance
connected renewable-electric applications. On the of wind turbine generators. This information is passed
other hand, many renewables are especially well to the EMM so that wind turbines can be built and
suited for dispersed applications or generation at the dispatched in competition with other electricity
point of end use. In the current version of the RFM, generating technologies. The wind turbine data are
only grid-connected applications are modeled endoge- expressed in the form of energy supply curves, which
nously; date on dispersed applications are input provide the maximum amount of turbine generating
exogenously. Biomass can also be used to produce capacity that could be installed, given the available
liquid fuels such as ethyl alcohol (ethanol). Therefore, land area, wind speed, and capacity factor.
a primary NEMS interaction is with the petroleum
market module, which determines refinery demand for Geothermal-Electric Submodule

ethanol as a gasoline blending component. The geothermal-electric submodule provides the EMM
Each submodule of the RFM is solved independently with forecasts of new geothermal capacity that can be
of the rest. Interactions among the submodules occur built, along with related cost and performance data.
indirectly throul;h each submodule's interaction with The data are expressed in the form of a supply curve,
other NEMS mr,dules. Important inputs and outputs which consists of the aggregate amount ofnew capaci-
are shown below, ty and associated costs that can be offered from each

geothermal site. The principal factor determining how
Hydroelectric Submodule much can be offered is the amount of previously

installed capacity relative to the total potential
The hydroelectric submodule provides currently capacity for the site, based on the historical experience
available and planned regional hydropower capacity of geothermal development at existing sites.
and capacity factors for conventional hydroelectric
facilities. This plant information is supplied by aggre- Geothermal resource data are based on Sandia Lab-
gating the responses of utility and nonutility power oratory's 1991 geothermal resource assessment. Only
producers to annual EIA power plant surveys (Forms hydrothermal (hot water and steam) resources are
EIA-860,"AnnualElectricGeneratorReport,"EIA-759, consideredinitially.Hot dry rockresourcesarenot
=MonthlyPower PlantReport,"and EIA-867,"Annual included,becausetheyrequireadditionaldataprepa-
NonutilityPower ProducerReport").The emphasisof rationand technologydefinition.The penetrationof
the submoduleison plannedhydroelectriccapacity geothermalgenerationisdeterminedby theEMM.
additionsandreductions.Unplannedcapacitychanges
canbehandledby makingofflinecapacityadjustments Capitaland operatingcostsareestimatedseparately,
based on assumptionsforhydropower relicensing, and life-cyclecostsarecalculatedaccordingtostan-
wateravailability,landuseandenvironmentalregula- dardizedNEMS assumptions.The costingmethodology
tions,and electricitydemand growth.Sincehydro- includesways toanalyzeeffectsofFederaland State
poweroperatingand maintenancecostsareassumed energy tax constructionand productionincentives
tobe thelowestofany major generatingtechnology (ifany).Individualreservoirsand theirsizesand

Important RFM Outputs Important Inputs from NEMS Important Exogenous Inputs

Energyproductioncapacities Installedenergyproductioncapacity Site-specificgeothermalresourcequalitydata
Capitalcosts Grossdomesticproduct Agriculturalfeedstockdata
Operatingcosts(includingwoodsupply Interestrates (biofuelssubmodule)

pricesforthewoodsubmodule) Site-specificwindresourcequalitydata
Ethanolsupplycurves Plantutilization(capacityfactor)
Capacityfactorsforsolar-thermal, Technologycostandperformanceparameters

solar-photovoltaic,andwind
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Figure 13. Ronewablo Fuels Module Structure
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locations are mapped and matched to the NEMS The required input information is similar for each
electricity supply regions (see Figure 15 on page 33). type.

The submodule also includes a procedure for estimat- Capacity projections are developed as endogenous
ing the cost of transmitting power from the well site inputs to be competed against other generating
to the grid. technologies on the basis of capital costs, capacity

factors, and fixed and variable operation and mainte-
Solar.Electric Submodule nance costs. Solar energy is a form of renewable
The solar-electric submodule models both solar-photo- energy that requires a more detailed characterization
voltaic and thermal-electric installations. Only grid- to represent its intermittent nature and regionality.
connected applications constructed by a utility or This is dealt with by the regional load shapes used by
independent power producer are considered as genera- the EMM and different time slices to represent inter-
tors. Grid-connected solar facilities can be utility or mittency. Little, if any, solar capacity is being built
nonutility, a distinction that is internal to the EMM. currently because of its high cost.
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Biofuels (Ethanol) Submodule schedule wood prices are combined with other variable

This submodule employs supply functions (cost vs. operating costs associated with burning wood. The
quantity) by PADD (see Figure 17 on page 36) for aggregate variable cost is then passed to the EMM.

ethanol produced from corn. Agricultural feedstock Dispersed consumption of wood energy is modeled in
production quantities and costs are provided exoge, the industrial, commercial, and residential demand
nously from a U.S. Department of Agriculture linear modules.
programming model, the Agricultural Resources Inter-

regional Modeling System. The supply curves take into Municipal Solid Waste Submodule
account feedstock costs, feedstock conversion costs,
and energy prices. The supply functions are used by The municipal solid waste (MSW) submodule provides
the petroleum market module to compute regional annual projections of energy produced from the
demands for ethanol, incineration of MSW. It uses the quantity of MSW

produced (derived from an econometric equation that
Biomass-Electric (Wood) Submodule uses gross domestic product as the principal forecast
The wood submodule provides forecasted wood fuel driver), the heating value of a pound of MSW, and
prices and technology characterization information shares of MSW combusted for energy recovery. The
(capital costs, operating costs, capacity factors, etc.) for energy production forecasts are disaggregated by
the EMM, thereby allowing wood-fired power plants to consuming sector (commercial, industrial, and utility).
compete with other electric generating technologies, In addition, the submodule supplies the EMM with
Wood fuel prices are represented by a supply curve capital and operating cost information, which is used
constructed according to the accessibility of wood only for calculations of electricity prices. (MSW energy
resources to the electricity generation sector. The production does not compete with other electric
supply curve employs wood resource inventory and generating technologies, because MSW is viewed as a
cost data from the U.S. Forest Service, as well as wood byproduct of a community's waste disposal activities
distribution and preparation cost data. The supply rather than a competitive alternative to other fuels.)

i
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CORSION MODULES
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Electricity Market Module ment programs, and other avoided costs of utilities
to construct load curves.

The electricity market module (EMM) represents the * The electricity capacity planning submodule
generation, transmission, and pricing of electricity, projects the construction of new utility and nonut-
subject to delivered prices for coal, petroleum ility plants, the penetration of demand-side man-
products, natural gas, and synthetic fuels; the cost of agement programs, the level of firm power trades,
centralized generation from renewable fuels; macroeco- and the addition of scrubbers for environmental
nomic variables for costs of capital and domestic compliance.
investment; and electricity load shapes and demand.
The submodules consist of capacity planning, fuel * The electricity fuel dispatch submoduie dispatches

the available generating units, both utility and
dispatching, finance and pricing, and load and nonutility, allowing surplus capacity in select
demand-aide management, in conjunction with the
demand modules (Figure 14). In addition, nonutility regions to be dispatched for another region's needs
supply and electricity trade are represented in the fuel (economy trade).
dispatching and icapac ty planning submodules. * The electricity finance and pricing submodule
Nonutility generation from cogenerators and other calculates total revenue requirements for each
facilities whose primary business is not electricity utility operation and computes average electricity
generation are represented in the demand and fuel prices.
supply modules. All other nonutility generation is
represented in the EMM. The supply of electricity is Electricity Capacity Planning Submodule
accounted for in 13 supply regions (Figure 15), The electricity capacity planning (ECP) submodule
allocated for consumption to the 9 Census divisions, determines how best to meet expected growth in

Electric power generation is provided by the cost- electricity demand, given available resources, expected
minimizing mix of facilities and fuels, subject to load curves, expected demands and fuel prices, envi-
environmentalconstraints. Constructionofgenerating ronmental constraints, and costs for utility and
plants with long leadtimes is selected with planning nonutility technologies. When it is decided that
horizons up to six periods into the future; the planning building new capacity is the best alternative for
horizon can change with respect to the generating meeting some future increase in demand, then the
technology being considered. Electricity demand is timing of the demand increase, the expected utiliza-
expressed by load curves, which vary by region and tion of the new capacity, and the construction and
season and by the penetration of demand-side man- operating costs of various technologies primarily
agement programs, determine what technology is chosen. The ownership

of the facility (utility or nonutility) influences the
The solution to the submodules of the EMM is simul- decision, because the capital costs differ according to
taneous in that, directly or indirectly, the solution for the ownership--and corresponding capital structure--
each submodule depends on the solution to every other of the facility.

submodule. Important inputs and outputs are shown The expected utilization of the capacity is important
below. A solution sequence through the submodules in the decisionmaking process. If the capacity is
can be viewed as follows: expected to operate continuously (to serve base load),

• The load and demand-side management submodule then a technology with relatively low operating costs
processes electricity demand, demand-side manage- (primarily fuel costs) is appropriate. Peak load, which

Imporlanl EMM Outputs Important Inputs from HEMS Important Exogenous Inputs

Electricitypricesandpricecomponents Electricitysales Generalfinancialdata
Fueldemands Fuelcosts Taxassumptions
Capitalrequirements Cogenerationsupply Capitalcosts
Emissions Renewabletechnologycharacteristics Operationandmaintenancecosts
Demand-aidemanagementoptions andcapacity Operatingparameters

Renewablecapacityfactors Emissionsrates
Grossdomesticproduct Newtechnologies
Interestrates Existingfacilities

Transmissionconstraints
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Figure 14. Electri©ity Market Module Structure
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occurs infrequently (only when demand on the system capacity choices in each year are made by looking at
is highest), is best served by a plant that is relatively several years in the future rather than a single year.

inexpensive to construct. Intermediate or cycling load In the future, this submodule, after performing its
occupies a middle ground between base and peak load levelized cost analysis, will use a market penetration
and is best served by plants that are cheaper to build
than baseload plants and cheaper to operate than algorithm to share capacity additions among existing

and new technologies of similar types. The purpose of
peak load plants, the algorithm will be to address uncertainty about the
The timing of the demand increase is important, costs and performance of existing and new generating
because the construction times of technologies differ, technologies. In the ECP submodule, cost and per-
The future years examined by the submodule depend formance characteristics are represented as single
on the technologies under consideration. As new point estimates;inreality, they arebetterrepresented
technologies are added, the planning horizon may as distributions. Also in the future, economic decisions
change. The ECP submodule looks up to six periods about whether to retire, repower, or extend the life of
into the future when identifying new capacity needs, capacity, and whether to contract for firm power
A multi-period optimization is performed, whereby imports from Canada and neighboring electricity
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Figure 16. Electricity Market Module Supply Regions

supply regions, will be represented in the ECP sub- Nuclear
module. ..........

Conventional nuclear
After building new capacity, the submodule passes Advancednuclear
total available capacity to the electricity fuel dispatch
submodule and new capacity expenses to the electrici- Renewables

ty finance and pricing submodule. The following Conventionalhydropower
technologies are considered: Pumpedstorage hydropower

Geothermal

Fossil Fired Solar-thermal
Solar-photovoltaic

Coal withoutFGD (SO2standard< 1.2 Ib/MMBtu) Wind
Coal withoutFGD (SOt standard_;2.5 Ib/MMBtu) Wood
Coal withoutFGD (SO_standard_;3.34 Ib/MMBtu) Municipalsolidwaste
Coal withoutFGD (SO2standard > 3.34 Ib/MMBtu)
Coal with FGD (SO2 standard_;1.2 IbAtMBtu)
Coal with FGD (SO_standard< 2.5 Ib/MMBtu)
Coal with FGD (SO2standard< 3.34 Ib/MMBtu) Electricity Fuel Dispatch Submodule
Coal with FGD (SO2standard> 3.34 Ib/MMBtu)
New pulverized coal with FGD Given available capacity, firm purchased-power agree-
Advanceddean coal technology ments, fuel prices, and load curves, the electricity fuel
Gas/oil steam dispatch (EFD) submodule solves for generation

Conventionalgas/oilcombined cycle facility utilization and economy power exchanges to
Advancedcombinedcycle satisfy a demand that varies by time and region. The
Conventionalcombustionturbine submodule uses merit order dispatching: that is,
Advancedcombustionturbine utility, independent power producer, and small power
(FGD- fluegasdesulfurizatlon,Ib/MMStu,, poundsper millionStu.) producer plants are dispatched until demand is met,
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in a sequence based on their operating costs, with Load and Demand.Side Management Submodule
least-cost plants being operated first. 2 Limits on
emissions of sulfur dioxide from generating units and The load and demand-side management (LDSM)

submodule generates curves representing the demandthe engineering characteristics of units serve as
constraints. During off-peak periods, the submodule for electricity and develops data on the impacts of
institutes load following, which is the practice of specific demand-side management programs. The
running plants near their minimum operating levels demand for electricity varies over the course of a day
rather than shutting them down and incurring shutoff because it is a flexible energy source that can be used
and startup costs. In addition, to account for scheduled to power many different technologies, each requiring
and unscheduled maintenance, the capacity of each a different level of capacity for different lengths of
plant is derated (lowered) to the expected availability time. For operational and planning analysis, it is
level. Finally, the operation of utility and nonutility useful to construct an annual load duration curve,
plants for each region is simulated over six seasons to which represents the aggregated hourly demands.
reflect the seasonal variation in electricity demand. Because demand varies by region and over the course

of a year, the LDSM submodule generates load curves
Interregional economy trade is also represented in the for each region and season.
EFD submodule by redetermining the dispatch deci-
sion and allowing surplus energy in one region to The LDSM submodule evaluates utility-sponsored

demand-side management programs, which attempt todisplace energy in an importing region, resulting in a
cost savings. International economy trade is deter- alter the load curves by reducing or shifting demand.
mined exogenously and incorporated into the sub- The submodule determines which programs are
module by decrementing demand by the estimated competitive and then passes the determination to the

ECP submodule for competition against supply op-level of international trade. After dispatching, fuel use
is reported back to the fuel supply modules, operating tions. (The demand modules of NEMS also model some
expenses and revenues from trade are reported to the price-induced conservation programs by accounting for

the penetration of more efficient end-use technologieselectricity finance and pricing submoduie, and emis-
sions are reported to the integrating module, in each sector.) If the ECP submodule selects demand-

side management programs to meet the demand for

Electricity Finance and Pricing Submodule electricity, the programs that penetrate are passed
back to the demand modules so that their impacts are

The costs of building capacity, instituting demand-side reflected in the future demands for electricity.
management programs, buying power, and generating
electricity are tallied in the electricity finance and Emissions
pricing (EFP) submodule, which simulates the cost-of-
service method often used by State regulators to The EMM tracks emission levels for sulfur dioxide
determine the price of electricity. Using historical (SO_), nitrogen oxides (NOx), carbon dioxide (CO2),
costs for existing plants (derived from various sources carbon (C), carbon monoxide (CO), and volatile organic
such as FERC Form 1, "Annual Report of Major compounds(VOCs). Facility development, retrofitting,
Electric Utilities, Licensees and Others," and Form and dispatch are constrained to comply with the
EIA-412, "Annual Report of Public Electric Utilities"), pollution constraints of the Clean Air Act Amend-
cost estimates for new plants, fuel prices from the ments of 1990 (CAAA90) and other pollution con-
NEMS fuel supply modules, unit operating levels, straints. An innovative feature of this legislation is a
DSM program costs, plant decommissioning costs, system of trading emissions allowances. The trading
plant phase-in costs, and purchased power costs, the system allows a utility with a relatively low cost of
EFP submodule calculates total revenue requirements compliance to sell its excess compliance (i.e., the
for each area of utility operation--generation, trans- degree to which its emissions per unit of power
mission, and distribution. Revenue requirements generated are below maximum allowable levels) to
shared over sales by customer class yield the price of utilities with a relatively high cost of compliance. The
electricity for each class. Electricity prices are re- trading of emissions allowances does not change the
turned to the demand modules. In addition, the national aggregate emissionslevel setby CAAA90, but
submodule generates detailed financial statements, it does tend to minimize the overall cost of compliance.

_Hydroelectricplantsand otherintermittent,renewable-basedtechnologiesareexceptionsto merit orderdispatch.Becauseenergy
fromhydroelectricplants is limitedby waterflowand their operatingcostsare small relative to otherplanttypes, they are assigned
a portionof the load duration curve exactlymatching the energyavailable,with the remainingplants dispatched(by meritorder)
to the surroundingarea of the curve.
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Petroleum Market Module somewhat coarser level of detail, analyzing only five

The petroleum market module (PMM) is a linear domestic and five imported types of crude oil (that is,
programming representation of refining, established fewer products and processes are modeled in the PMM
with regional detail. The PMM represents the pricing than in the detailed refinery model). Refining opera-

tions are represented by linear programming formula-
of petroleum products, crude oil and product import tions for each of five Petroleum Administration for
activity (in conjunction with the international energy Defense Districts (PADDs) (Figure 17). The level of
module), and domestic refinery operations, subject to detail varies by PADD. The most detailed representa-
the demand for petroleum products, the prices for raw tion is for PADD III (Texas and nearby States), where
material inputs and imported petroleum products, the more than 30 distinct refinery processes are modeled.
costs of investment, and the domestic production of The PMM is best represented as an optimized choice
crude oil and natural gas liquids. The PMM structure ofrefinery operations and product distribution, rather
is shown in Figure 16. than flows _f information among distinct components.
Models of refining, even at the regional level, can
embody considerable detail. Such detail is necessary to The PMM chooses a mix of refinery operations that
determine the impacts upon refinery operations and minimizes the costs of meeting demand. Crude oil and
the marginal costs of refined product,,_of changes in, petroleum product import quantities are chosen as
for example, the slate of products demanded, crude oil part of the process of minimizing costs. Important
or feedstock quality and prices, refinery processing PMM inputs and outputs are shown below.

unit capacity or technology, and the specification of An important innovation in the NEMS involves the
the composition of petroleum products (such as re- relationship between the domestic and international
formulated gasoline to comply with the Clean Air Act markets. Whereas earlier models postulated entirely
Amendments of 1990). The incorporation of detail in

exogenous prices for oil on the international market
the NEMS representation of refining conflicts with the (the world oil price), NEMS includes an international
system's requirements for speed and economy of core
memory. Tradeoffs among level of detail, size, and energy module that solves for supply curves for
speed of execution occur in the design of every NEMS imported crude oils and products based on, among
module. In the case of the PMM, the maximum detail other factors, U.S. participation in international trade.
for refinery representation consistent with integration
with the rest of NEMS was not judged to be sufficient Regions

for some types of policy analysis. As a result, a sepa- The PMM models U.S. crude oil refining capabilities
rate, standalone, detailed refinery model was devel- based on the five PADDs (Figure 17). These regions
oped. This standalone detailed refinery model contains were established during World War II and are still
sufficient detail to assess such issues as the product used by EIA for data collection and analysis. The use
specification problems associated with pollution of PADD data permits the PMM to take full advantage
control requirements, of EIA's historical database and allows analysis and
Operating from the same database as the detailed forecasting within the same framework used by the
refinery model, the PMM aggregates input data to a petroleum industry.

Important PMM Outputs Important Inputs from NEMS Important Exogenous Inputs

Petroleumproductprices Petroleumproductdemandbysector Processingunitoperatingparameters
Crudeoilimportsandexports Domesticcrudeoilsupplyfunctions Processingunitcapacities
Crudeoilproduction Worldoilprice Productspecifications
Petroleumproductimportsandexports Internationalcrudeoilsupplycurves Operatingcosts
Refineryfueluse Internationalproductsupplycurves Capitalcosts
Emissions Internationaloxygenatessupplycurves Transmissionanddistributioncosts
Cogeneration Ethanolsupplycurves FederalandStatetaxes
Naturalgasplantliquidsproduction Naturalgasprices
Processinggain Electricityprices
Capacityadditions Naturalgasproduction
Capitalexpenditures Interestrates
Revenues Deflators
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Figure 16. Petroleum Market Module Structure
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Figure 17. Petroleum Administration for Defense Districts
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Product Categories into the market to meet demand or are inputs to the

Product categories, specifications, and recipe blends refinery.

modeled in PMM include: Refinery Processes

Motor gmml_m: unleaded,reformulated(2.0%), Not every refinery processing unit is represented in
oxygenated(2.7%), Californiaoxygenated (2.0%), PMM. The refinery processes represented were chosen
Californiareformulated, because they have the most significant impact on

Jot ftmls: kerosene-based, production. The following distinct processes are repre-

Distillates: kerosene,heating oil,highway diesel, sented:

Residual fuall: low-sulfur,high-sulfur.

Liquefied petroleum gas: propane,LPG mixes. Atmosphericdistillation,vacuumdistillation
Delayed coker

Petrochemical feedstocks: petrochemicalnaphtha,
Fluidcoker--includesflexicokingmodepetrochemicalgas oil.
Fluidcatalyticcracker (FCC)--includes distillate,vacuum

Others: asphaltand road oil, processgas, petroleumcoke. gas oil,coker gas oil, atmosphericresidual,unallowable
feeds; conversionranges65 to 85 percent;ZSM catalyst
mode, lowseveritymode

Fuel r.fs_ Gas oil hydrocracker

PMM determines refinery fuel use by PADD for Residuumhydrocracker
purchased electricity, natural gas, distillate fuel, Naphtha hydrotreater
residual fuel, liquefied petroleum gas, and other Distillatedesulfurization
petroleum. The fuels (natural gas, petroleum, and FCC feed hydrofiner
other) consumed within the refinery to generate Residuumdesulfurizer
electricity from cogeneration facilities are also meas- Lube andwax units

ured. Middle distillate furfural extraction

Middle distillate gas oil dowaxing
Crude Oil Categories Solventdeasphalting
Both domestic and imported crude oil are aggregated Catalytic reforming--separateunitsfor semi-regenerative
into five categories, as defined by the following ranges high-pressure,low-pressurecyclic,and low-pressure
of gravity and sulfur: continuousoperation;severityrange as appropriateto the

reactor;allow lightstraightrunthroughheavy naphtha
virginstreams, heavy naphthasfrom FCC, coker, and

Category Sulfur Gravity hydrocrackeroperations;allow new highlyactive catalyst
Low-sulfurlight 0-0.5% >24 operation
Medium-sulfurheavy 0.35-1.1% >24 Naphthasplitter
High-suffurlight >1.1% >32 FCC gasolinefractionation
High-suffurheavy >1.1% 24-33 Coker naphthafractionatlon
High-sulfurvery heavy >0.7% <23 Catalytic polymerizationunit

Butane isomerization

This aggregation of crude oil types allows the PMM to Isomerizationforpentanes, hexanes

account for changes in crude oil composition over time. 8utylene isomerization
A =composite" crude with the appropriate yields and Alkylation
qualities is developed for each category by averaging Aromatics recovery
characteristics of specific crude oil streams that fall

MTBE, ETBE, and TAME production(captiveand
into each category. While the domestic and foreign merchant)

categories are the same, the composites for each type Gas processing
may differ, because different crude oil streams make
up the composites. Hydrogengeneration

Steamgeneration

Natural Gas Plants Powergeneration
Sulfurplant

The outputs ofnatural gas processing plants-ethane, Fuel mixer

propane, butane, isobutane, and natural gasoline---are Stream transfersas appropriate
modeled in the PMM. These products move directly
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End-Use Markups In November 1992, a wintertime requirement for

The linear programming portion of the model provides oxygenated gasoline, containing a minimum of 2.7
percent oxygen by weight, went into effect in the 39

unit prices of product sold in the refinery regions
(refinery gate) and in the demand regions (wholesale). worst carbon monoxide emitting areas. Starting in
End-use markups are added to produce a retail price January 1995, gasoline sold year-round in the ninemost severe ozone nonattainment areas must be

for each of the Census divisions. The markups are "reformulated" according to U.S. Environmental
based on an average of historical markups, defined as Protection Agency specifications. A third type of
the difference between the end-use prices by sector
and the corresponding wholesale price for that prod- gasoline, a higher oxygen reformulated blend, will be
uct. The average is calculated using data from the sold in areas where the oxygenated and reformulated
past 3 to 8 years. Because of the lack of any discern- requirements overlap. In addition, California gasolinestandards, which are more severe than the Federal
ible trend in the historical end-use markups, the reformulated standards, will become effective for that
markups remain fixed over the forecast period. State in March 1996. Gasoline production is modeled

Gasoline Types within NEMS to account for these requirements.
Between the PMM and the detailed refinery model,

The Clean Air Act Amendments of 1990 will result in additional product specifications can be accounted for
the production of a number of new blends of gasoline, as policy analysis scenarios.
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CHAPTER 8

DEMAND MODULES

Residential Demand Module efficient units (from both standards and technological

The residential demand module (RDM) forecasts fuel change), fuel switching, and housing shell retrofits.

consumption in the residential sector for the nine Housing Stock Submodule
Census divisions, three housing types, and numerous
end-use, fuel-specific equipment types. Energy The base housing stock is derived from the 1990 RECS

consumption is forecast for seven categories of fuel. for three dwelling types' single-family, multifamily,and mobile homes. Each element of the base stock is

The structure of the RDM and its interactions with retired on the basis of a constant rate of decay, which
the NEMS system are shown in Figure 18. Important varies by dwelling type. The surviving stocks are
inputs and outputs are shown below. NEMS provides supplemented by housing starts, which are provided

forecasts of residential energy prices and housing through the NEMS macroeconomic activity module.
starts, which are used by the RDM to develop fore- Any housing added after the base year is tracked and
casts of energy consumption for each of the seven retired as a separate vintage.
fuels, as well as the emissions of a variety of pollut-
ants generated by residential energy use. Appliance Stock Submodule

The RDM develops fuel consumption forecasts by first The base appliance stock is based on the 1990 RECS.

adjusting the previous year's housing stocks, adding Additions to the base stock are tracked separately for
new construction (housing starts) and subtracting existing stocks of residential housing and for new con-

struction. As houses decay from the existing stock, theretirements from the stock. Equipment choices are
then simulated for new construction as well as for the associated appliances are removed from the appliance

replacement of equipment that has reached the end of stock as well. A retirement function is used to retire
its useful service life. In addition to modeling the equipment in housing that survives from one year to
stocks of energy-consuming equipment, the RDM also the next. As appliances are removed from the stock,
models the integrity of housing shells. Shell efficien- they are replaced by new appliances with higher effi-
cies for existing housing improve in response to ciencies. Appliances added through new construction

are handled similarly. Appliance stocks are main-increases in real energy prices, and shells for new
tained by fuel, end use, and technology as follows:construction improve from year to year, based on

current trends.
Space heating equipment: electric furnace,electricheat

Next, the module's forecast of the characteristics of the pump,gas furnace, gas other, kerosenefurnace, liquefied
residential housing and equipment stocks is used to petroleumgas, distillatefurnace, distillateother, wood,
forecast the intensity of use for the various type_, of geothermalheat pumps,gas heat pumps.
equipment and the resulting energy consumption and Space cooling equipment: electric roomair conditioner,
emissions. Energy consumption for each end use is centralair conditioner,electric heat pump,geothermal
based on energy intensity estimates developed from heat pump,gas heat pump.
EIA's 1990 Residential Energy Consumption Survey Water heaters: solar,naturalgas, electric,oil, liquefied
(RECS). These base energy intensities are modified for petroleumgas.
changes in equipment and shell efficiencies, prices, Refrigerators: 18 cubic foottop-mountedfreezer, 25 cubic
and weather. Once the modifications are made, total foot side-by-sidewith through-the-doorfeatures.
energy use is computed across end uses and housing Freezers: chest - manualdefrost, upright- manualdefrost.
types and then summed by fuel for each Census Lighting: incandescent,compact fluorescent,mercury
division. Emissions are calculated directly, using vapor.
factors developed from engineering studies. The detail Other appliances: gas, electric, liquefiedpetroleumgas,distillate.
carried in the RDM incorporates the effects on fuel

consumption of regional demographic trends, housing Secondary heating: distillate,naturalgas, liquefiedpetroleumgas, kerosene,electricity,coal, wood.
trends, the replacement of appliances with more

Important RDM Outputs Important Inputs from NEMS Important Exogenous Inputs

Energyproductdemand Energyproductprices Current housin_stocks, retirementrates
Emissions Housingstarts Currentappliancestocks/lifeexpectancy
Changesin housingand appliancestocks New appliancetypes,efficiencies,costs

Housingshell retrofitindices
Unit energy consumptions
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RESIDEIAL DEMAND MODULE

Figure 18. Residential DemandModule Structure
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Technology Choice Submodule Fuel Consumption Submodule

Fuel-specific equipment choices are made on the basis The fuel consumption submodule modifies base year
era comparison of relative capital and operating costs, energy consumption intensities in each forecast year.
Equipment type and fuel combinations are projected Energy consumption for each end use is based on ener-
on the basis of technology shares for the most recent gy intensity estimates developed from the 1990 RECS.
year available, using Census Bureau survey data for The base energy intensities are modified for four
new residential construction. Each equipment choice effects: (1) increases in efficiency, based on a compari-
involves selecting from several efficiency levels that son of the projected appliance stock serving this end
represent the range of efficiencies projected to be use relative to the base year stock, (2) changes in shell
available to consumers at the time the choice is being integrity for space heating and cooling end uses, (3)
made. At the low end of the efficiency range, base year changes in real fuel prices, and (4) changes in weather
efficiencies are adjusted to meet the minimum re- relative to the base year. Once these modifications are
quired standards. Choices are made on the basis of made, total energy use is computed across end uses
both initial capital cost and first year operating cost. and housing types and then summed by fuel for each

Census division.
Shell Integrity Submodule

Emissions Submodule
Shell integrity is also tracked separately for the two
housing vintages. Existing shells are assumed to The emissions submodule internally calculates emis-
respond to increases in real energy prices by becoming sions. Emission rate factors permit calculating emis-
more efficient. New shell efficiencies are projected to sions of carbon (C), sulfur dioxide (SO2), and nitrogen
increase, based on recent trends in shell efficiency. All oxides (NO_), based on the amount of fuel consumed in
shell efficiencies are subject to a maximum shell the residentialsector. Emissions allocable to electricity
efficiency based on studies of currently available generation are calculated in the electricity market
residential construction methods, module.
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Commercial Demand Module Floorspace Submodule

The commercial demand module (CDM) forecasts the The pattern ofenergy consumption in the commercial
consumption of commercial sector fuels and electricity sector depends on the number and type of buildings
by building types and nonbuilding uses of energy and that make up the sector, regional differences in
by category of end use, subject to delivered prices of climate and building construction practices, and the
energy, the availability of renewable sources of energy, energy-consuming equipment in the buildings. The
and macroeconomic variables representing gross first step is to forecast building construction and
domestic product, employment, interest rates, and retirements by type of building and location. In this
floorspace construction. The CDM structure is shown module, both demographic and economic variables are
in Figure 19. Important CDM inputs and outputs are used to estimate growth in floorspace for the following
shown below. 11 building types:

The commercial sector encompasses business estab- • Assembly
lishments that are not engaged in industrial or • Education
transportation activities. Commercial sector energy is • Food sales
consumed mainly in buildings. (A small amount of • Food services
commercial energy consumption--from uses such as • Health care
street lights--is not attributable to buildings.) Energy • Lodging
consumed in commercial buildings is the sum of • Office-large
energy required to provide specific energy services * Office-small
usinl; selected technologies. The model structure * Mercantile and service
carries out a sequence of four basic steps, as shown in • Warehouse
Figure 19. The first step is to forecast commercial * Other
sector floorspace. The second step is to forecast the
energy services (space heating, lighting, etc.) required Energy Service Demand Submodule
by that building space. The third step is to select Given the building inventory, the demand for energy-
specific technologies (gas furnaces, fluorescent lights, consuming services is forecast within the buildings.
etc.) to meet the demand for energy services. The last Consumers do not demand energy per se, but the
step is to determine how much energy will be con- services that energy provides. (Lighting is a good
sumed by the equipment chosen to meet the demand example of this concept. It is measured in units--
for energy services. Building and equipment choices lumens--that reflect consumers' perception of the level
made in previous time periods determine the floor- of service received.) The module specifically tracks the
space and equipment in place in future time periods, following nine services:

The technologies and equipments selected to satisfy * Heating
commercial service demand are chosen on the basis of • Cooling
a mixture of economic rationale (minimizing life cycle • Ventilation
costs) and observed behavior (for example, replacing * Water heating
equipment that is returned with equipment using the • Lighting
same technology). The demand for energy is derived ° Cooking
from the demand for end-use services. For example, * Office equipment
the demand for energy for lighting is derived from the * Refrigeration
demand for lighting measured in lumens. * Other.

Important CDM Outputs Important inputs from NEMS Important Exogenous Inputs

Energyproductdemand Energyproductprices Existingcommercialfloorspace
Emissions Interestrates Floorspacesurvivalrates
Changesinfloorspaceandappliancestocks Floorspaceadditions Appliancestocks

Newappliancetypes,efficiencies,costs
Servicedemandintensities
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Figure 19. Commercial Demand Module Structure
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Different building types require services at different iy, the efficiency of equipment chosen to meet services
levels. A hospital must have more light than a ware- in new floorspace is reflected in the average efficiency
house. An office building in the Northeast requires of the equipment stock.

more heating than one in the South. Total service Consumers may increase or decrease their level of use
demand for any service depends on the number, size, of a service in response to a change in energy prices.
type, and location of buildings. Accordingly, service demand forecasts are adjusted
In each forecast year, some equipment wears out in using short-term (constant) price elasticities of de-
existing floorspace, leaving a gap between the energy mand as appropriate in response to real short-term
services demanded and the equipment available to changes in energy l_rices. However, if the price of
meet the demand. The efficiency of the equipment energy is constant from one year to the next, there is
chosen to replace worn-out equipment is reflected in no effect on service demand.
the average efficiency ofthe equipment stock. Similar-
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Equipment Choice Submodule consider. At present, more than 1,000 technological
choices are included for six of the nine service demand

Given the level of energy service demanded, the types categories, broken out by region and vintage, as
of equipment and technologies that consumers put- follows:
chase to satisfy the demand are projected. Consumers

buy energy-using equipment to meet three types of Heating: electricair heat pump, electric baseboard,electric
service demand: boiler,electricgroundwatersource heat pump,gee boiler,

* Service demand in newly constructed buildings gas furnace,gas heat pump, oil boiler, oil furnace,
(buildings constructed in the current year) cooling: electric centrifugalchiller, electric reciprocating

chiller,electrichelicalchiller, electricwater heat pump,
• Service demand formerly met by retiring equip- electric air heat pump, electric groundwaler sourceheat

ment (equipment that is at the end of its useful pump, windowunitelectric, gas air heal pump, gas
life and must be replaced) central chiller, gas engine rooftop,gas reciprocalchiller,

• Service demand formerly met by equipment at the gas two-stageabsorptionchiller.
end of its economic life (equipment with a remain- Water Heating: electricheat pump, electricresistance,
ing' useful life that is nevertheless retired on gas, oil, h_h-effictencyelectricheat pump, high-efficiency
economic grounds), electricresistance,high-efficiencytankless electric,

high-efficiencytanklessgas, high-efficiencytanklessoil,
The module is designed to allow the use of several tanklesselectric,tanklessgas, tanklessoil.

possible assumptions about consumer behavior. The Ventilation: constantair volumedesiccant,constantair
choicesof consumer behavior assumptions are: volume refrigeration,high-efficiencydesiccant,

e Buy the equipment with the minimum life-cycle high-efficiencyvariableair volume,variableair volume.
cost Cooking: electricconvectionoven, electricdick oven,

, Buy equipment that uses the same fuel as existing electricfrier, electricgriddle- standard,electricother,
and retiring equipment, but minimizes costs under electricrange, standard,gas deck oven, gas fryer-standard,gas griddle, standard,gas infraredfryer,
that constraint gas infraredgriddle, gas other, gas range - standard,

• Buy (or keep) the same technology as the existing gas range - powerburn, high.efficiencyelectricfryer.

and retiring equipment. Lighting: compactfluorescent,fluorescent,fluorescent

These behavior rules are designed to represent empiri- highefficiency, incandescent,incandescenthigh
efficiency,mercuryvapor,metal halide,sodiumhigh

caily the range of economic factors that influence the pressure.
consumer's decision. Consumers who minimize life-

cycle cost are the most sensitive to energy price
Energy Consumption Submodulechanges. The price sensitivity of the model depends on

the share of consumers using each behavior rule. Given the choice of equipment to satisfy service
demands, the total amount of energy consumed is

The module is designed to choose amonga discrete set projected. To calculate energy consumption, the
of technologies that are exogenously characterized by
commercial availability, capital costs, operating and equipment share for each fuel and its corresponding
maintenance costs, efficiencies, and lifetime. The menu efficiency is applied to service demand.

of equipment depends on technological innovation, Emissions Submodule
market development, and policy intervention. The
design can accommodate a changing menu oftecimolo- Emissions are accounted for by multiplying an emis.
gy choices, recognizing that changes in energy prices sions factor for each emission times the amount offue]
and consumer demand may significantly change the use. The standardized emissions rates used are based
set of relevant technologies the model user wants to on U.S. Environmental Protection Agency sources.
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Transportation Demand Module truck sales and the results of the fuel economy sub-

The Transportation DemandModule(TRAN)forocasts module to produce estimates of regional sales andcharacteristics of light-duty vehicles, which are
the consumption of transportation sector fuels by

subsequently passed to the alternative-fuel vehicle and
transportation mode, including the use of renewables
and alternative fuels, subject to delivered prices of the light-duty vehicle stock submodules.

energy fuels and macroeconomic variables, including Alternative.Fuel Vehicle Submodule
disposable personal income, gross domestic product,
level of imports and exports, industrial output, new This submodule projects the sales shares of alterna-
car and light truck sales, and population. The struc- tire-fuel technologies as a function of time, technology
ture of the module is shown in Figure 20. Important attributes, costs, and fuel prices. Both conventional
inputs and outputs are shown below, and new technology vehicles are considered. The

alternative.fuel vehicle submodule receives regional
Alternative-fuel shares are projected on the basis of a new car and light truck sales by size class from the
muitinomial logit vehicle attribute model, subject to regional sales submodule.
State and Federal government mandates. NEMS
projections of future fuel prices influence the fuel The forecast of vehicle sales by technology requires a
efficiency, vehicle-miles traveled, and alternative-fuel three-stage nested decision process. The first stage
vehicle market penetration for the current fleet of consists of endogenously calculating the sales shares
vehicles. Fleet vehicle characteristics and alternative between conventional and total alternative-fuel
fuel penetration can be set by the user to conduct an vehicles on a regional level, based on the following
analysis of specific policy requirements, regional factors: fuel operating costs per mile (fuel

price divided by fuel efficiency), vehicle price, range,
Fuel Economy Submodule emission levels, fuel availability, commercial availabil-
This submodule projects new light-duty vehicle fuel ity, and regulatory constraints.

efficiency by vehicle size class as a function of energy Once the level of total alternative-fuel vehicles per
prices and income-related variables. In general, higher region has been calculated, the second stage estimates
fuel prices lead to higher fuel efficiency estimates shares among the alternative-fuel vehicle technologies
within each size class, a shift to a more fuel.efficient within each region, based on the same regional factors
size class mix, and an increase in the rate at which and methodology used in the prior step to calculate
alternative-fuel vehicles enter the marketplace. For the shares of conventional and total alternative-fuel
purposes of policy analysis, the user can specify both vehicle sales. Both the share between conventional
fuel efficiency by size class and size class shares and alternative-fuel sales and the share among the
exogenously, alternative.fuel vehicle technologies have a bimodal

Regional Sales Submodule structure for either exogenously specifying the shares
based on offline analysis or endogenously forecasting

This submodule is a simple accounting mechanism the shares. The third stage subdivides electric vehicle
that uses exogenous estimates of new car and light sales into individual electric vehicle technologies.

Important TRAN Outputs Important Inputs from HEMS Important Exogenous Inputs
LIII ,r __ ,,,roll __

Energyproductdemandbymode Energyproductprices Currentandprojecteddemographics
Emissions Grossdomesticproduct Existingvehiclestocksbyvintageand
Sales,stocksandcharacteristicsof Disposablepersonalincome fueleconomy

vehicletypesbysizeclass Industrialoutput Vehiclesurvivalrates
Vehicle-milestraveled Newcarandlighttrucksales New vehicletechnologiesandefficlencies,
Fuelefficienciesbytechnologytype Levelof importsandexports relativeto conventionalvehicles
Alternative-fuelvehiclesalesby Vehicleprices,fuelavailability,and

technologytype commercialavailability
Light-dutycommercialfleetvehicle Vehiclesafetyandemissionsregulations

characteristics Vehiclemiles-per-gallondegradationrates
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Flgum 20. Tran_orlatlon Demand Module Structure
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TP_,_/includes the following alternative.fuel technolo- Light.Duty Vehicle Stock Submodule

glee: This submodule specifies the inventory of light-duty

Methanolflex-fueled vehiclesfrom year to year. ']'he survival rates and new
Methanolneat(85 pementmethanol) vehicle sales of different vintages and classescan be
Ethanolflex-fueled set to reflect alternative policy scenariosthat target
Ethanol neat (85 percent ethanol) specific vintages or size classes. The fleet of vehicles
Compressednaturalgas(CNG) and their fuel efficiencycharacteristics are important
Liquefiedpetroleumgas (LPG) to the translation of transportation services demandElectr_
ElectrichybridsmallInternalcombustionengine(ICE) into fuel demand.

Electrichybrid2-strokeengine The level of detail maintains 10 vintage classificationsElectrichybridturbine
Gas turbineg_oltne and 6 passenger car and 6 light truck size classes
G_turbineCNG corresponding to U.S. Environmental Protection
Gasturbinealcohol Agency interior volume classifications, as follows:
Fuel cellmethanol
Fuelcell liquidhydrogen
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Care: ments, the demand for air travel is estimated through
Mini-compact-less then 85 cubic feet regression analysis as a function of the cost of air
Subcompact- between 85 and 99 cubic feet travel (including fuel costs) and economic growth.
Compact - between 100 and 109 cubic feet
Mid-size. between 110 end 119 cubic feet Aircraft Fleet Effwiency Submodule

Large - 120 or morecubic feet, includingall stationwagons This submodule projects commercial ai_'craft stocks to
(smell,mid-size,end large) provide estimates of average aircraft fuel efficiency

Two-seater - designed to seat two adults (seat-miles per gallon) by size class as a f_nction of jet
Trucks: fuel prices (which affect technology choices) and

Passenger vans economic growth levels (which affect the age distribu.
Cargovane tion of aircraft).
Smellpickups- truckswithgrossvehicleweightrating

(GVWR)under4,500pounds Freight Transport Submodule
Largepickups,truckswithGVWR4,500to 8,500pounds
Smell utility This submodule translates NEMS estimates of indus-
Largeutility trial production into ton-miles traveled requirements

............................. for truck, rail, and ship travel, and further into fuel
Vehicle.Miles Traveled Submodule consumption by mode of freight travel. NEMS indus-

thai production forecasts indicate value added by
This submodule projects travel demand for auto- industry. Energy efficiency estimates of freight travel
mobiles and light trucks. The estimates are based on are structured to evaluate the potential of both
the fuel cost of driving, per capita disposable personal technology trends and efficiency improvements related
income, an index that reflects the aging of the popula- to energy prices.
tion, and an adjustment for female-to-male driving
ratios. Miscellaneous Energy Use Submodule

Light.Duty Vehicle Fleet Submodule This submodule projects the use of energy in military
operations, mass transit vehicles, recreational boats,

This submodule generates estimates of the stock of and automotive lubricants, based on endogenous
cars and trucks used in business, government, and variables within NEMS (e.g., vehicle fuel efficiencies)
utility fleets. It also estimates travel demand, fuel and exogenous variables (e.g., the military budget).
efficiency, and energy consumption for the fleet
vehicles prior to their transition to the private sector Vehicle Emissions Submodule

at predetermined vintages. This submodule estimates the aggregate transporta-

Air Travel Demand Submodule tion sector emissions levels associated with the projec-
tions of vehicle fleet characteristics and transportation

This submodule estimates the demand for both pas- demand. Emissions estimates are made for sulfur
senger and freight air travel. Historical data on dioxide (SO_), nitrogen oxides (NO,), carbon (C), and
passenger travel are disaggregated between business volatile organic compounds (VOCs). The emissions
and personal travel, while freight travel is disaggre- estimates are sensitive to fuel prices and efficiencies,
gated by dedicated freight aircraft and air freight vehicle travel, alternative fuels, new technology
carried in the lower hull ("belly") of commercial vehicles, and alternative ways of meeting transporta-
passenger aircraft. In each of the four market seg- tion demand.
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Industrial Demand Module facturing industries (in nonmanufacturing industries,

The industrial demand module (IDM) forecasts the building energy consumption is assumed to be negli-
consumption of fuels and electricity for heat and gible). Consequently, the IDM uses a simple modelingapproach for the BLD component. Energy consumption
power and for feedstocks and raw materials at a in industrial buildings is assumed to grow at the same
process or end-use level _or the energy-intensive
industries, including the direct use of renewable rate as employment in that industry. The BSC compo-
energy, subject to delivered prices of energy and nent consumes energy to meet the steam demands
macroeconomic variables representing the value of from the other two components and to provide inter-
output for each industry. The module includes indus- nally generated electricity to the BLD and PA compo-nents. The boiler component consumes fossil fuels to
trial cogeneration of electricity that is either used in produce steam, which is passed to the PA component.the industrial sector or sold to electric utilities. The

Parameter estimates for the cogeneration component
IDM structure is shown in Figure 21. Important are based on regression from a panel of pooled time-
inputs and outputs are given below, series and cross-sectional data.

Industrial energy demand is projected as a combina- The PA component accounts for the largest share of
tion of "bottom up" characterizations of the energy- direct energy consumption for heat and power, 54
using technology and "top down" econometric esti- percent. For the seven most energy-intensive indus-
mates of behavior. The influence of energy prices on
industrial energy consumption is modeled in terms of tries, process flows are modeled using engineeringconcepts. The production process is decomposed into
the efficiency of use of existing capital, the efficiency
of new capital acquisitions, and the mix of fuels the major steps, and the energy relationships among

the steps are specified. The energy intensities of the
utilized, given existing capital stocks. Energy conser- process steps vary over time, both for existing technol-
ration from technological change is represented over ogy and for technologies expected to be adopted in the
time by trend-based technology possibility curves, future. In the IDM, this variation is based on engi-
Energy product demands are found independently for neering judgment and is reflected in the parameters of
each sector. "technology possibility curves," which show the (declin-
The IDM incorporates three major industry categories: ing) energy intensity of existing and new capital
energy-intensive manufacturing industries, non- relative to the 1988 stock.

energy-intensive manufacturing industries, and non- The model uses a vintaged capital stock accounting
manufacturing industries. The level and type of framework that models energy use in new additions to
modeling and the attention to detail can be different the stock and in the existing stock. Currently, the
for each. Manufacturing disaggregation is at the 2- capital stock is grouped into three vintages: old,
digit Standard Industrial Classification (SIC) level, middle, and new. The old vintage consists ofcapital in
with some further disaggregation of more energy- production prior to 1990, which is assumed to retire at
intensive or large energy-consuming industries. These a fixed rate each year. Middle-vintage capital is that
more detailed industries include food, paper, chemi- added after 1990, excluding the year of the forecast.
cals, petroleum refining, stone/clay/glass, and primary New production capacity is built in the forecast years
metals, when the capacity of the _xisting stock of capital in
Each industry is modeled (where appropriate) as three the IDM cannot produce the output forecasted by the
separate but interrelated components: buildings NEMS regional subcomponent of the macroeconomic
(BLD), boilers/steam/cogeneration (BSC), and process/ activity module. Capital additions during the forecast
assembly (PA) activities. Buildings are estimated to horizon are retired in subsequent years at the same
account for 3 percent of energy consumption in manu. rate as the pre- 1991 capital stock.

Important IDM Outputs Important Inputs from NEMS important Exogenous Inputs

Energyproductdemand Energyproductprices Productionstages
Electricitysalesto grid Sectoraltrendsineconomicactivity inenergy-intensiveindustries
CogenerationoutputandfuelconsumptionRefineryfuelconsumption Technologypossibilitycurves
Emissions Refinerycogeneration Unitenergyconsumption

; Stockretirementrates
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Figure 21. Indum'-'rlalDemlnd Module Structure
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The energy-intensive and/or large energy-consuming The model structure accommodates several industrial
industries are modeled with a structure that explicitly sector activities, including, fuel switching, cogenera-
describes the major process flows or "stages of produc- tion, renewables consumption, recycling, byproduct
tion" in the industry (some industries have major consumption, waste products, capacity utilization,
consuming uses). The concepts of aggregate production airborne emissions, and others. Each industry model
functions and cost functions are used implicitly in operates at the level of the four Census regions. The
modeling factor shares, primarily energy, at each implementation of the model has been phased, be.
procese level. The initial algorithms do this implicitly, ginning with the basic accounting structure and with
but a str,_e is provided so that the algorithms can relatively simple behavioral relationships. Features
be enhanced, with relative factor shares being related and enhancements are being added over time or as
to relative factor prices, needed or appropriate for specific analyses.

Technology penetration at the level of'major processes Emissions SubmoduLe
in each industry is based on a technology penetration
curve relationship. A second relationship provides In the IDM, emissions are modeled for total carbon,
additional eneqwcenservation resulting from changes carbon monoxide, carbon dioxide, methane, volatile
in absolute and relative energy prices. Elasticities, organic compounds, sulfur oxides, and nitrogen oxides.
constraints, and/or technical possibilities vary accord- The emissions factors used to compute the levels are
ing to the vintage. Major process choices (where consistent with those used throughout the NEMS
applicable) are determined by industry production, system. The factors are assumed to be constant
specific process flows, and exogenous assumptions, throughout the forecast horizon.
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APPENDIX A

EIA PREDECESSOR MODELS

Introduction re-solved. This process of iterating between the linear

NEMS represents a rethinking and enhancement of program and demand models continued until changes
past modeling efforts, with particular sensitivity to in energy supplies and end-use demands at themarginal prices passed a convergence tolerance. Over
current policy-related issues, such as those of interest the years, special features were added to PIES/MEFS
during the development of the National Energy to reflect regulatory policies or to ensure that certain
Strategy and, more recently, Presf,dent Clinton's new er,d-use prices from the linear program were average
economic program encompassing energy taxes and
incentives. NEMS is intended to build upon, improve, or regulated prices, rather than strict marginal prices.
and expand the scope of its predecessor models. Thus, The structure of the system required the entire linear
it is instructive to briefly review earlier EIA modeling program to be executed together without any means of
efforts which led to the design of NEMS, focusing on decomposing the model. This frustrated testing and
how NEMS improves on these earlier initiatives, debugging efforts since PIES/MEFS required several

hours to execute, and the simplest changes could only
The enterprise of constructing and using a comprehen- be tested through an entire run of the model. The
sire, computer-based model of the U.S. energy system satellite models and preprocessor programs produced
was initiated in the Federal Energy Administration in data for the linear program but did not produce
1974. The motivation for developing such a model at results that could be readily used for analysis or
that time was the issue of energy supply sufficiency testing of individual sectors. Yet another difficulty

* prompted by the Arab oil embargo in the Fall of 1973. with PIES/MEFS was the optimization methodology,
The energy policy analysis debate has continued since which was not suitable for all portions of all the
that time. In conjunction with policy analysis needs, supply sectors. Special features were incorporated into
a comprehensive energy modeling system has continu- the system in order to appropriately represent some of
ously evolved in the EIA. NEMS is the result of an the regulatory or institutional features of variousexhaustive reconsideration of the characteristics such
a systemshouldnecessarilyhave.The currentdesign sectors;however,thesebecame increasinglyburden-
ofNEMS isthe outgrowthoflessonslearnedin the some toadaptand modifyasneeded.
policyanalysisprocessoveralmosttwo decadesand NEMS avoidsthesedeficienciesby avoidingtheuseof
the emergenceof new policyissuesoverthe same linearprogramminginitsintegratingmechanism and
period(forexample,a heightenedconcernaboutthe by increasingthemodularityofitsstructuretoprovide
environment), fortheindividualselectionofmodelingmethodologies

tailored directly to the nature of the specific energy
Project Independence Evaluation markets to be simulated. Individual modules can be
System run on a standalone basis (with only the Integrating

Module) or as a component of the overall NEMS
The Project Independence Evaluation System (PIES), system, thereby facilitating decomposition of the
later named the Midterm Energy Forecasting System analysis of the projections.
(MEFS), was initially developed in 1974 by the Feder-
al Energy Administration, the predecessor organiza- Long-Term Energy Analysis Package
tion to EI/L The core model of PIES/MEFS was a From 1979 to 1981, EIA used the Long-Term Energy
single linear program of fuel supply, transportation, Analysis Package (LEAP) for long-term forecasting.
conversion, and fixed demand activities, that opti- LEAP used the Generalized Equilibrium Modeling
mized by solving for the least-cost solution for supply System (GEMS) as its core modeling methodology.
and transportation of fuel to meet end- use demand. LEAP solved for a supply/demand equilibrium, with
PIES/MEFS solved for a supply/demand equilibrium prices and quantities of the various types of energy
in one future time period by iterating between the being computed by modules that represented produc-
linear program and an econometric (behavioral) tion, raw material transportation, conversion, final
representation of demand models. The linear program product transportation, and end-use energy consump-
optimized the supply/conversion problem, then the tion. As a representation of the overall system, the
marginal, or shadow, prices for each fuel delivered to order of solution was directional, prices flowing from
the end-users were taken from the linear program, supply to end-use demand and quantities flowing in
The reduced-form demand models were evaluated at reverse. Thus, it solved for an equilibrium by iterative-
theser-"_,nalprices.The reviseddemands forfuels lycomputingtheenergyflowingthroughthe system
wereenteredintothelinearprogramwhich was then network.
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Each module of LEAP/GEMS solved for all forecast performed only one forecast year at a time, stepping
years at a time, coming to an equilibrium for all years forward to the next forecast year when the equilibrium
simultaneously. This approach was also used for for one year was complete.

portions of the EIA PC-AEO spreadsheet model, The fuel supply modules encompassed all the activities
applied for EIA_sAnnual Energy Outlook from 1987 to
1990. The advantage of this approach is that modules necessary to produce, import, and transport the fuel to
requiring assumptions on future market conditions the end user, allowing the computation of domestic

production and the regional end-use prices necessary
can use the results of the other modules directly. The to meet end-use demand. Each of the end-use demand
result is an intertemporai consistency between market modules computed the fuel requirements for the sector
conditions assumed for planning and those realized in by region, based on the regional end-use prices of all
a given run's final solution. This approach is referred
to as a Uperfect foresight" approach, that is, the competing fuels, as well as other factors. The electrici-
decisionmaker knows with perfect foresight the ty module, as a conversion module, consumed fuel
supply, demands, and energy prices of the future when based on relative prices and then generated and priced
contemplating current year investment decisions, electricity. The refinery module might also be viewedas a conversion module, except that it used only a
One feature of the GEMS system is a library of single primary input, crude oil, whose price was
generic models, from which one can choose in building invariant, and its fuel use was represented in the
a representation of the energy system. These generic industrial demand module with no direct linkage to
models include a simple and a complex conversion refinery activity.

process, an allocation process, a primary resource The modular nature of IFFS readily allowed each
process, an end-use demand process, and a transporta- sector of the energy market to be represented with the
tion process. In building a model using GEMS, a user

methodology deemed most suitable to that sector,
draws the network by selecting a generic model for allowing for a more natural representation of each
each node, defining all the input and output links to market. IFFS contained a mix of simulation, process,
other nodes, and specifying all necessary data. It is econometric, and optimization methods within the
the data specification and the flows that distinguish, various sectors. It also allowed each module to vary
for example, a node representing the industrial sector
demand for electricity for machine drive from a node the depth and breadth of its coverage of the sector.
for residential natural gas space heating demand. New Problems and deficiencies of IFFS included: too little
generic models can be added to the library as needed process structure in the demand sectors, which limited
to represent fundamentally different processes, the modeling of conservation technologies; too little

process structure in the refinery module, which
The LEAP/GEMS methodology is more limited than limited the scope of refinery policy issues that could be
that employed in NEMS because of the greater disci-

addressed; and little treatment of new technologies
pline that the network structure and its solution and renewable forms of energy.
process impose on the design of the supporting generic
models. The integrating mechanism of NEMS allows The approach used for NEMS improves on IFFS in a
a wider choice of modeling methodologies in the number of ways. First, the system incorporates an
supporting modules, thereby rendering the system international component to directly account for the
more adaptive for the modeling of a wide range of interaction between the domestic energy market and
energy policies and regulations, as well as for repre- the world oil market. This feature allows the energy
senting changes in industry structure, system to project world oil prices _ndogenously. The

integrating algorithm incorporates the necessary
Intermediate FutureForecastingSystem linkages and convergence tests to equilibrate the

domestic and international oil markets.
The most recent EIA midterm integrated modeling
system was the Intermediate Future Forecasting Structural detail was added to NEMS in a number of
System (IFFS), which was used prior to NEMS to areas, allowing for more accurate representation of
forecast annually through 2010. NEMS resembles current policy analysis issues and emerging market
IFFS more closely than any of the predecessor models, characteristics. Areas with expanded detail include the
IFFS also partitioned the energy system into modules refining sector, all end-use demand sectors, renewable
representing fuel supply, conversion, and end-use fuels, demand-side management programs, a natural
demand sectors. It also solved for a supply/demand gas pipeline representation, and natural gas tariffs.
equilibrium by successively and repeatedly invoking NEMS also incorporates emissions accounting and
these modules. Like NEMS, this equilibration was some limited environmental policy analysis features,
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including direct representation of the Clean Air Act an improved centralized database design that provides
Amendments of 1990 compliance options, greater storage and control over price and demand

variables relating to the future. The integrating
Another area of improvement over IFFS is the expand- module allows the selection of several alternative

ed ability to vary foresight assumptions with NEMS. assumptions related to future prices and demands for
This additional flexibility is achieved through use of capacity planning.
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