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Introduction

This report presents the major assumptions of the National Energy Modeling System (NEMS) used to
generate the projections in the Annual Energy Outlook 2008 (AEO2008), including general features of the
model structure, assumptions concerning energy markets, and the key input data and parameters that are
the most significant in formulating the model results. Detailed documentation of the modeling system is
available in a series of documentation reports.?

The National Energy Modeling System

The projections in the AEO2008 were produced with the NEMS, which is developed and maintained by the
Office of Integrated Analysis and Forecasting of the Energy Information Administration (EIA) to provide
projections of domestic energy-economy markets in the long term and perform policy analyses requested by
decisionmakers in the White House, U.S. Congress, offices within the Department of Energy, including DOE
Program Offices, and other government agencies. The AEO projections are also used by analysts and
planners in other government agencies and outside organizations.

The time horizon of NEMS is approximately 25 years, the period in which the structure of the economy and
the nature of energy markets are sufficiently understood that it is possible to represent considerable
structural and regional detail. Because of the diverse nature of energy supply, demand, and conversion in
the United States, NEMS supports regional modeling and analysis in order to represent the regional
differences in energy markets, to provide policy impacts at the regional level, and to portray transportation
flows. The level of regional detail for the end-use demand modules is the nine Census divisions. Other
regional structures include production and consumption regions specific to oil, natural gas, and coal supply
and distribution, the North American Electric Reliability Council (NERC) regions and subregions for
electricity, and the Petroleum Administration for Defense Districts (PADDs) for refineries. Maps illustrating
the regional formats used in each module are included in this report. Only selected regional results are
presented in the AEO2008, which predominately focuses on the national results. Complete regional and
detailed results are available on the EIA Forecasts and Analyses Home Page.
(http://www.eia.doe.gov/oiaf/aeo/index.html)

For each fuel and consuming sector, NEMS balances the energy supply and demand, accounting for the
economic competition between the various energy fuels and sources. NEMS is organized and implemented
as a modular system (Figure 1). The modules represent each of the fuel supply markets, conversion sectors,
and end-use consumption sectors of the energy system. NEMS also includes a macroeconomic and an
international module. The primary flows of information between each of these modules are the delivered
prices of energy to the end user and the quantities consumed by product, region, and sector. The delivered
prices of fuel encompass all the activities necessary to produce, import, and transport fuels to the end user.
The information flows also include other data such as economic activity, domestic production, and
international petroleum supply availability.

The integrating module of NEMS controls the execution of each of the component modules. To facilitate
modularity, the components do not pass information to each other directly but communicate through a
central data storage location. This modular design provides the capability to execute modules individually,
thus allowing decentralized development of the system and independent analysis and testing of individual
modules. This modularity allows use of the methodology and level of detail most appropriate for each energy
sector. NEMS solves by calling each supply, conversion, and end-use demand module in sequence until the
delivered prices of energy and the quantities demanded have converged within tolerance, thus achieving an
economic equilibrium of supply and demand in the consuming sectors. Solution is reached annually through
the projection horizon. Other variables are also evaluated for convergence such as petroleum product
imports, crude oil imports, and several macroeconomic indicators.
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Figure 1. National Energy Modeling System
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Source: Energy Information Administration, Office of Integrated Analysis and Forecasting.

Each NEMS component also represents the impact and cost of Federal legislation and regulation that affect
the sector and reports key emissions. NEMS generally reflects all current legislation and regulation that are
defined sufficiently to be modeled as of December 31, 2008, such as the Energy Independence and Security
Act of 2007, the Energy Policy Act of 2005, the Working Families Tax Relief Act of 2004, and the America
Jobs Creation Act of 2004, and the costs of compliance with regulations such as the Mobile Source Air
Toxics rule released by the Environmental Protection Agency on February 9, 2007 that establishes controls
on gasoline, passenger vehicles, and portable fuel containers designed to significantly reduce emissions of
benzene and other hazardous air pollutants. The NEMS components also reflect selected State legislation
and regulations where implementing regulations are clear. The potential impacts of pending or proposed
Federal and State legislation, regulations, or standards—or of sections of legislation that have been enacted
but that require funds or implementing regulations that have not been provided or specified—are not
reflected in NEMS. A list of the specific Federal and selected State legislation and regulations included in the
AEQ, including how they are incorporated, is provided in Appendix A.

Component Modules

The component modules of NEMS represent the individual supply, demand, and conversion sectors of
domestic energy markets and also include international and macroeconomic modules. In general, the
modules interact through values representing the prices of energy delivered to the consuming sectors and
the quantities of end-use energy consumption. This section provides brief summaries of each of the
modules.

Macroeconomic Activity Module

The Macroeconomic Activity Module (MAM) provides a set of macroeconomic drivers to the energy
modules, and there is a macroeconomic feedback mechanism within NEMS. Key macroeconomic variables
used in the energy modules include gross domestic product (GDP), disposable income, value of industrial
shipments, new housing starts, new light-duty vehicle sales, interest rates, and employment. The module
uses the following models from Global Insight, Inc. (Gll): Macroeconomic Model of the U.S. Economy,
National Industry Model, and National Employment Model. In addition, EIA has constructed a Regional
Economic and Industry Model to project regional economic drivers and a Commercial Floorspace Model to
project 13 floorspace types in 9 Census divisions. The accounting framework for industrial value of
shipments uses the North American Industry Classification System (NAICS).
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International Module

The International Module represents the response of world oil markets (supply and demand) to assumed
world oil prices. The results/outputs of the module are a set of crude oil and product supply curves that are
available to U.S. markets for each case/scenario analyzed. The petroleum import supply curves are made
available to U.S. markets through the Petroleum Market Module (PMM) of NEMS in the form of 5 categories
of imported crude oil and 17 international petroleum products, including supply curves for oxygenates and
unfinished oils. The supply-curve calculations are based on historical market data and a world oil
supply/demand balance, which is developed from reduced form models of international liquids supply and
demand (new to AEO2008), current investment trends in exploration and development, and long-term
resource economics for 221 countries/territories. The oil production estimates include both conventional and
unconventional supply recovery technologies.

Residential and Commercial Demand Modules

The Residential Demand Module projects energy consumption in the residential sector by housing type and
end use, based on delivered energy prices, the menu of equipment available, the availability of renewable
sources of energy, and housing starts. The Commercial Demand Module projects energy consumption in
the commercial sector by building type and nonbuilding uses of energy and by category of end use, based on
delivered prices of energy, availability of renewable sources of energy, and macroeconomic variables
representing interest rates and floorspace construction.

Both modules estimate the equipment stock for the major end-use services, incorporating assessments of
advanced technologies, including representations of renewable energy technologies and the effects of both
building shell and appliance standards, including the recently enacted provisions of the EISA2007. The
Commercial Demand Module incorporates combined heat and power (CHP) technology. The modules also
include projections of distributed generation. Both modules incorporate changes to “normal” heating and
cooling degree-days by Census division, based on a 10-year average and on State-level population
projections. The Residential Demand Module projects that the average square footage of both new
construction and existing structures increase based on trends in the size of new construction and the
remodeling of existing homes.

Industrial Demand Module

The Industrial Demand Module projects the consumption of energy for heat and power and for feedstocks
and raw materials in each of 21 industries, subject to the delivered prices of energy and macroeconomic
variables representing employment and the value of shipments for each industry. As noted in the description
of the Macroeconomic Activity Module, the value of shipments is based on NAICS. The industries are
classified into three groups—energy-intensive manufacturing, non-energy-intensive manufacturing, and
nonmanufacturing. Of the 8 energy-intensive industries, 7 are modeled in the Industrial Demand Module,
with components for boiler/steam/cogeneration, buildings, and process/assembly use of energy. Bulk
chemicals are further disaggregated to organic, inorganic, resins, and agricultural chemicals. A generalized
representation of cogeneration and a recycling component are also included. The use of energy for
petroleum refining is modeled in the PMM, and the projected consumption is included in the industrial totals.

Transportation Demand Module

The Transportation Demand Module projects consumption of fuels in the transportation sector, including
petroleum products, electricity, methanol, ethanol, compressed natural gas, and hydrogen, by transportation
mode, vehicle vintage, and size class, subject to delivered prices of energy fuels and macroeconomic
variables representing disposable personal income, GDP, population, interest rates, and industrial
shipments. Fleet vehicles are represented separately to allow analysis of the Energy Policy Act of 1992
(EPACT1992) and other legislation and legislative proposals. EPACT2005 is used to assess the impact of
tax credits on the purchase of hybrid gas-electric, alternative-fuel, and fuel-cell vehicles. The module also
includes a component to assess the penetration of alternative-fuel vehicles. The CAFE and biofuel
representation in the module reflect the provisions in the EISA2007.

The air transportation component explicitly represents air travel in domestic and non U.S. markets and
includes the industry practice of parking aircraft in both domestic and international markets to reduce
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operating costs and the movement of aircraft from passenger to cargo markets as aircraft ages.3 For air
freight shipments, the model represents regional fuel use in narrow-body and wide-body aircraft. An
infrastructure constraint limits overall growth in passenger and freight air travel to levels commensurate with
industry-projected infrastructure expansion and capacity growth.

Electricity Market Module

The Electricity Market Module (EMM) represents generation, transmission, and pricing of electricity, subject
to delivered prices for coal, petroleum products, natural gas, and biofuels; costs of generation by all
generation plants, including capital costs; macroeconomic variables for costs of capital and domestic
investment; enforced environmental emissions laws and regulations; and electricity load shapes and
demand. There are three primary submodules—capacity planning, fuel dispatching, and finance and pricing.
Nonutility generation, distributed generation, and transmission and trade are modeled in the planning and
dispatching submodules. The levelized cost of uranium fuel for nuclear generation is incorporated directly in
the EMM.

All specifically identified CAAA90 compliance options that have been promulgated by the EPA are explicitly
represented in the capacity expansion and dispatch decisions; those that have not been promulgated (e.g.,
fine particulate proposals) are not incorporated. All financial incentives for power generation expansion and
dispatch specifically identified in EPACT2005 have been implemented. Several States, primarily in the
Northeast, have recently enacted air emission regulations that affect the electricity generation sector. Where
firm State compliance plans have been announced, regulations are represented in AEO2008.

Renewable Fuels Module

The Renewable Fuels Module (RFM) includes submodules representing renewable resource supply and
technology input information for central-station, grid-connected electricity generation technologies, including
conventional hydroelectricity, biomass (wood, energy crops, and biomass co-firing), geothermal, landfill gas,
solar thermal electricity, solar photovoltaics (PV), and wind energy. The RFM contains renewable resource
supply estimates representing the regional opportunities for renewable energy development. Investment tax
credits for renewable fuels are incorporated, as currently legislated in EPACT1992 and EPACT2005.
EPACT1992 provides a 10-percent tax credit for business investment in solar energy (thermal non-power
uses as well as power uses) and geothermal power; those credits have no expiration date. EPACT2005
increases the tax credit to 30 percent for solar energy systems installed before January 1, 2009.

Production tax credits for wind, geothermal, landfill gas, and some types of hydroelectric and biomass-fueled
plants are also represented. They provide a tax credit of up to 1.9 cents per kilowatthour for electricity
produced in the first 10 years of plant operation. For AEO2008, new plants coming on line before January 1,
20009, are eligible to receive the credit.

Oil and Gas Supply Module

The Oil and Gas Supply Module (OGSM) represents domestic crude oil and natural gas supply within an
integrated framework that captures the interrelationships among the various sources of supply: onshore,
offshore, and Alaska by both conventional and unconventional techniques, including natural gas recovery
from coalbeds and low-permeability formations of sandstone and shale. The framework analyzes cash flow
and profitability to compute investment and drilling for each of the supply sources, based on the prices for
crude oil and natural gas, the domestic recoverable resource base, and the state of technology. Oil and gas
production functions are computed for 12 supply regions, including 3 offshore and 3 Alaskan regions. The
module also represents foreign sources of natural gas, including pipeline imports and exports to Canada and
Mexico, and liquefied natural gas (LNG) imports and exports.

Crude oil production quantities are input to the Petroleum Market Module (PMM) in NEMS for conversion
and blending into refined petroleum products. Supply curves for natural gas are input to the Natural Gas
Transmission and Distribution Module (NGTDM) for use in determining natural gas prices and quantities.
International LNG supply sources and options for construction of new regasification terminals in Canada,
Mexico, and the United States as well as expansions of existing U.S. regasification terminals are
represented, based on the projected regional costs associated with international natural gas supply,
liquefaction, transportation, and regasification and world natural gas market conditions.
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Natural Gas Transmission and Distribution Module

The Natural Gas Transmission and Distribution Module (NGTDM) represents the transmission, distribution,
and pricing of natural gas, subject to end-use demand for natural gas and the availability of domestic natural
gas and natural gas traded on the international market. The module tracks the flows of natural gas and
determines the associated capacity expansion requirements in an aggregate pipeline network, connecting
the domestic and foreign supply regions with 12 demand regions. The flow of natural gas is determined for
both a peak and off-peak period in the year. Key components of pipeline and distributor tariffs are included in
separate pricing algorithms.

Petroleum Market Module

The Petroleum Market Module (PMM) projects prices of petroleum products, crude oil and product import
activity, and domestic refinery operations (including fuel consumption), subject to the demand for petroleum
products, the availability and price of imported petroleum, and the domestic production of crude oil, natural
gas liquids, and biofuels (ethanol, biodiesel, biobutanol, etc.). The module represents refining activities in
the five PADDs. It explicitly models the requirements of the EISA2007, the CAAA90, and the costs of
automotive fuels, such as conventional and reformulated gasoline, and includes biofuels production for
blending in gasoline and diesel

AEQ2008 represents regulations that limit the sulfur content of all non-road and locomotive/marine diesel to
15 ppm by mid-2012. The module also reflects the renewable fuels standard (RFS) in the EISA2007 that
requires the use of 36 billion gallons per year of biofuels by 2022 with corn ethanol limited to 15 billon gallons
per year. Demand growth and regulatory changes necessitate capacity expansion for refinery processing
units. End-use prices are based on the marginal costs of production, plus markups representing product
marketing and distribution costs and State and Federal taxes.# Refinery capacity expansion at existing sites
is permitted in all five refining regions modeled.

Fuel ethanol and biodiesel are included in the PMM, because they are commonly blended into petroleum
products. The module allows ethanol blending into gasoline at 10 percent by volume or less (E10), as well as
E85, a blend of up to 85 percent ethanol by volume. Ethanol is produced primarily in the Midwest from corn or
other starchy crops, and may also be produced from cellulosic material, such as switchgrass and poplar, in
the future. Biodiesel is produced from seed oil, imported palm oil, animal fats, or yellow grease (primarily,
recycled cooking oil).

Both domestic and imported ethanol count toward the RFS. Domestic ethanol production is modeled from
two feedstocks: corn and cellulosic materials. Corn-based ethanol plants are numerous (more than 100 in
operation, producing more than 5 billion gallons annually) and are based on a well-known technology that
converts sugar into ethanol. Ethanol from cellulosic sources is a new technology with no pilot plants in
operation. However, the U.S. Department of Energy has awarded grants (up to $385 million) in 2007 to
construct capacity totaling 147 million gallons per year. AEO2008 assumes that this capacity will be
operational in 2012. Imported ethanol may be produced from cane sugar or bagasse, the cellulosic
byproduct of sugar milling. The sources of ethanol are modeled to compete on an economic basis and to
meet the EISA2007 renewable fuels mandate.

Fuels produced by gasification and Fischer-Tropsch synthesis are modeled in the PMM, based on their
economics relative to competing feedstocks and products. The three processes modeled are coal-to-liquids
(CTL), gas-to-liquids (GTL), and biomass-to-liquids (BTL). CTL facilities are likely to be built at locations
close to coal supply and water sources, where liquid products and surplus electricity could also be
distributed to nearby demand regions. GTL facilities may be built in Alaska but would compete with the
Alaska Natural Gas Transportation System for available natural gas resources. BTL facilities are likely to be
built where there are large supplies of biomass such as crop residue and forestry waste. Since the BTL
process uses cellulosic feedstocks, it is also modeled as a choice to meet the EISA2007 cellulosic biofuels
requirement.

Coal Market Module

The Coal Market Module (CMM) simulates mining, transportation, and pricing of coal, subject to end-use
demand for coal differentiated by heat and sulfur content. U.S. coal production is represented in the CMM by
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40 separate supply curves—differentiated by region, mine type, coal rank, and sulfur content. The coal
supply curves include a response to capacity utilization of mines, mining capacity, labor productivity, and
factor input costs (mining equipment, mining labor, and fuel requirements). Projections of U.S. coal
distribution are determined by minimizing the cost of coal supplied, given coal demands by demand region
and sector, accounting for minemouth prices, transportation costs, existing coal supply contracts, and sulfur
and mercury allowance costs. Over the projection horizon, coal transportation costs in the CMM are
projected to vary in response to changes in railroad productivity and the cost of rail transportation equipment
and diesel fuel.

The CMM produces projections of U.S. steam and metallurgical coal exports and imports, in the context of
world coal trade. The CMM determines the pattern of world coal trade flows that minimizes the production
and transportation costs of meeting a specified set of regional world coal import demands, subject to
constraints on export capacities and trade flows. The international coal market component of the module
computes trade in 3 types of coal for 17 export and 20 import regions. U.S. coal production and distribution
are computed for 14 supply and 14 demand regions.

Cases for the Annual Energy Outlook 2008

In preparing projections for the AEO2008, EIA evaluated a wide range of trends and issues that could have
major implications for U.S. energy markets between now and 2030. Besides the reference case, the
AEQ2008 presents detailed results for four alternative cases that differ from each other due to fundamental
assumptions concerning the domestic economy and world oil market conditions. These alternative cases
include the following:

®* Economic Growth - Inthe reference case, real GDP grows at an average annual rate of 2.4 percent
from 2006 through 2030, supported by a 1.9 percent per year growth in productivity in nonfarm
business and a 0.9 percent per year growth in nonfarm employment. In the high economic growth
case, real GDP is projected to increase by 3.0 percent per year, with productivity and nonfarm
employment growing at 2.4 percent and 1.2 percent per year, respectively. In the low economic
growth case, the average annual growth in GDP, productivity and nonfarm employment is 1.8, 1.5
and 0.5 percent, respectively.

® Price Cases — For purposes of the AEO2008, the world oil price is defined by the price of light,
low-sulfur crude oil delivered in Cushing, Oklahoma. In the reference case, world oil prices decline
gradually from current levels to $57 per barrel in 2016 ($68 per barrel in nominal terms), as expanded
investment in exploration and development brings new supplies to world markets. After 2016, real
prices begin to rise as demand continues to grow and higher cost supplies are brought to market. In
2030, the average real price of crude oil is $70 per barrel in 2006 dollars, or about $113 per barrel in
nominal dollars. The reference case represents EIA’s current judgment about the most likely
behavior of key OPEC members in the mid term. In the projection, OPEC countries increase
production at a rate that keeps their market share of world liquids production at approximately 40
percent through 2030. The low and high price cases define a wide range of potential price paths,
which in 2030 span from $43 to $117 per barrel in real dollars. These cases reflect differences in the
assumptions about world energy resource availability, production costs, and changes in OPEC
behavior. The low price case assumes greater world crude oil and natural gas resources that are less
expensive to produce and a future market where all oil and natural gas production becomes more
competitive and plentiful than the reference case. The high price cases assumes that world crude oil
and natural gas resources, including OPEC'’s, are lower and require greater cost to produce than
assumed in the reference case.

In addition to these four cases, and the reference case, 31 additional alternative cases presented in Table 1
that explore the impact of changing key assumptions on individual sectors.
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Many of the side cases were designed to examine the impacts of varying key assumptions for individual
modules or a subset of the NEMS modules, and thus the full market consequences, such as the
consumption or price impacts, are not captured. In a fully integrated run, the impacts would tend to narrow
the range of the differences from the reference case. For example, the best available technology side case in
the residential demand assumes that all future equipment purchases are made from a selection of the most
efficient technologies available in a particular year. In a fully integrated NEMS run, the lower resulting fuel
consumption would have the effect of lowering the market prices of those fuels with the concomitant impact
of increasing economic growth, thus stimulating some additional consumption. The results of single model or
partially integrated cases should be considered the maximum range of the impacts that could occur with the
assumptions defined for the case.

Table 1. Summary of AEO2008 Cases

Integration

Case name Description
mode

Reference Baseline economic growth ( 2.4 percent per year from 2006-2030),
world oil price, and technology assumptions.

Early Release Reference  Released in 12/2007, excludes EISA2007 and other changes in Fully integrated
reference case.

Fully integrated

Low Economic Growth Gross domestic product grows at an average annual rate of 1.8 Fully integrated
percent from 2006 through 2030. Other assumptions are the
same as in the reference case.

High Economic Growth Gross domestic product grows at an average annual rate of 3.0 Fully integrated
percent from 2006 through 2030. Other assumptions are the same
as in the reference case.

Low Price More optimistic assumptions for worldwide crude oil and natural
gas resources than in the reference case. World light, sweet crude
oil prices are $43 per barrel in 2030, compared with $72 per barrel Fully integrated
in the reference case (2006 dollars). Other assumptions are the
same as in the reference case.

High Price More pessimistic assumptions for worldwide crude oil and natural  Fully integrated
gas resources than in the reference case. World light, sweet crude
oil prices are about $117 per barrel (2006 dollars) in 2030. Other
assumptions are the same as in the reference case.

Residential: Future equipment purchases based on equipment available in With commercial
2008 Technology 2008. Existing building shell efficiencies fixed at 2008 levels.
Residential: High Earlier availability, lower costs, and higher efficiencies assumed With commercial
Technology for more advanced equipment. Building shell efficiencies for new

construction meet ENERGY STAR requirements after 2016.
Residential: Best Future equipment purchases and new building shells based on With commercial
Available Technology most efficient technologies available by fuel. Building shell

efficiencies for new construction meet the criteria for most efficient
components after 2008.

Commercial: Future equipment purchases based on equipment available in With residential
2008 Technology 2008. Building shell efficiencies fixed at 2008 levels.

Commercial: Earlier availability, lower costs, and higher efficiencies assumed  With residential
HighTechnology for more advanced equipment. Building shell efficiencies for new

and existing buildings increase by 8.75 and 6.25 percent,
respectively, from 2003 values by 2030.

Commercial Best Future equipment purchases based on most efficient technologies \yith residential
Available Technology available by fuel. Building shell efficiencies for new and existing

buildings increase by 10.5 and 7.5 percent, respectively, from

2003 values by 2030.

Industrial: 2008 Efficiency of plant and equipment fixed at 2008 levels. Standalone
Technology

Industrial: Earlier availability, lower costs, and higher efficiencies assumed Standalone
High Technology for more advanced equipment.

Transportation: Reduced costs and improved efficiencies assumed for advanced  Standalone
High Technology technologies.
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Table 1. Summary of AEO2008 Cases (cont.)

Case name

Description

Integration
mode

Electricity: Low Nuclear Cost New nuclear capacity assumed to have 10 percent lower capital

and operating costs in 2030 than in the reference case.

Fully Integrated

Electricity: High Nuclear Cost

Costs for new nuclear technology are assumed not to improve

over time from 2006 levels in the reference case.

Fully Integrated

Electricity: Low Fossil
Technology

Costs and efficiencies for advanced fossil-fired generating

technologies improve by 10 percent in 2030 from reference case

values.

Fully Integrated

Electricity: High Fossil
Cost

New advanced fossil generating technologies assumed not to

improve over time from 2008.

Fully Integrated

Renewable Fuels: High

Renewable Cost

New renewable generating technologies assumed not to
improve over time from 2008.

Fully integrated

Renewable Fuels: Low

Renewable Cost

Levelized cost of energy for nonhydropower renewable

generating technologies declines by 10 percent in 2030 from

reference case values.

Fully integrated

Oil and Gas:
Rapid Technology

Cost, finding rate, and success rate parameters adjusted
for 50-percent more rapid improvement than in the
reference case.

Fully integrated

Oil and Gas:
Slow Technology

Cost, finding rate, and success rate parameters adjusted
for 50-percent slower improvement than in the reference
case.

Fully integrated

Oil and Gas: High
LNG Supply

LNG imports exogenously set to a factor times the

reference case levels from 2010 forward, with remaining
assumptions from the reference case. The factor starts

at 1.0 in 2010 and linearly increases to 3.0 by 2030.

Fully Integrated

Oil and Gas: Low
LNG Supply

LNG imports help constant at 2009 levels, with remaining
assumptions from the reference case.

Fully Integrated

Oil and Gas: ANWR

The Arctic National Wildlife Refuge in Alaska is opened to
Federal oil and natural gas leasing, with remaining

assumptions from the reference case.

Fully Integrated

Coal: Low Coal Cost

Productivity for coal mining and coal transportation
assumed to increase more rapidly than in the reference

case. Coal mining wages, mine equipment, and coal
transportation equipment costs assumed to be lower

than in the reference case.

Fully Integrated

Coal: High Coal Cost

Productivity for coal mining and coal transportation
assumed to increase more slowly than in the reference

case. Coal mining wages, mine equipment, and coal
transportation equipment costs assumed to be higher

than in the reference case.

Fully integrated

Integrated 2008
Technology

Combination of the residential, commercial, and industrial
2008 technology cases, electricity high fossil cost case,
high renewable cost case, and high nuclear cost case.

Fully integrated

Integrated High
Technology

Combination of the residential, commercial, industrial, and
transportation high technology cases, electricity low fossil

cost case, low renewable cost case, and low nuclear cost
case.

Fully integrated

Integrated Alternative
Weather Case

Assumes future weather resembles 30-year average, as
opposed to 10-year average.

Fully integrated

Low Energy Project Cost

Recent cost increases are assumed to revert

back to lower levels of a few years ago. Base costs for new
electric generating capacity decreases by 15 percent over

ten years, then remain flat. Capital costs for oil and natural

gas exploration and production fall back toward their pre-2003

levels over time. Refining costs are set to 2004 levels.

Fully integrated
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Table 1. Summary of AEO2008 Cases (cont.)

Integration

Case name Description
mode

High Energy Project Cost Recent cost increases are assumed to continue. Base costs for Fully integrated
new electric generating capacity increase throughout the
projection. Capital costs for oil and natural

gas exploration and production activities remain at increased
levels as experienced since 2003. Refining costs increase

from current costs.
Limited Electricity New coal plants are not built unless they include sequestration. Fully integrated
Generation Supply Other non-natural gas capacity sources are restricted to
reference case levels or assumed to have higher costs. Existing
nuclear units are assumed to have lower output than in the
reference.
Limited Natural Gas No Arctic natural gas pipelines are in operation by 2030. Fully integrated
Supply LNG import values are held constant at 2009 levels from
2010 forward. Oil and natural gas resources are 15
percent lower, and the technological progress is set to
half the rate of the reference case.
Combined Limited This case combines all the assumptions of the Limited Fully integrated
Electricity Generation Supply and Limited Natural

Natural Gas Supply cases.

Carbon Dioxide Emissions

Carbon dioxide emissions from energy use are dependent on the carbon content of the fossil fuel, the
fraction of the fuel consumed in combustion, and the consumption of that fuel. The product of the carbon
content at full combustion and the combustion fraction yields an adjusted carbon emission factor for each
fossil fuel. The emissions factors are expressed in millions of metric tons carbon dioxide emitted per
quadrillion Btu of energy use, or equivalently, in kilograms carbon dioxide per million Btu. The adjusted
emissions factors are multiplied by the energy consumption of the fossil fuel to arrive at the carbon dioxide
emissions projections.

For fuel uses of energy, the combustion fractions are assumed to be 1.00 in keeping with international
conventions.5 Previously, a small fraction of the carbon content of the fuel was assumed to remain
unoxidized. The carbon dioxide in nonfuel use of energy, such as for asphalt and petrochemical feedstocks,
is assumed to be sequestered in the product and not released to the atmosphere. For energy categories that
are mixes of fuel and nonfuel uses, the combustion fractions are based on the proportion of fuel use. Any
carbon dioxide emitted by biogenic renewable sources, such as biomass and alcohols, is considered
balanced by the carbon dioxide sequestration that occurred in its creation. Therefore, following convention,
net emissions of carbon dioxide from biogenic renewable sources are taken as zero, and no emission
coefficient is reported. In calculating carbon dioxide emissions for motor gasoline, the direct emissions from
renewable blending stock (ethanol) is omitted. Similarly, direct emissions from biodiesel are omitted from
reported carbon dioxide emissions. Table 2 presents the assumed carbon dioxide coefficients at full
combustion, the combustion fractions, and the adjusted carbon dioxide emission factors used for AEO2008.
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Table 2. Carbon Dioxide Emission Factors
(million metric tons carbon dioxide equivalent per quadrillion Btu)

Carbon Dioxide

Coefficient Adjusted
at Full Combustion Emissions
Fuel Type Combustion Fraction Factor
Petroleum
Motor Gasoline (net of ethanol) 70.88 1.000 70.88
Liquefied Petroleum Gas
Used as Fuel 63.03 1.000 62.72
Used as Feedstock 61.64 0.200 12.31
Jet Fuel 70.88 1.000 70.88
Distillate Fuel (net of biodiesel) 73.15 1.000 73.15
Residual Fuel 78.80 1.000 78.80
Asphalt and Road Oil 75.61 0.000 0.00
Lubricants 74.21 0.500 37.11
Petrochemical Feedstocks 69.85 0.381 26.59
Kerosene 72.31 1.000 72.31
Petroleum Coke 102.12 0.860 87.82
Petroleum Still Gas 64.20 1.000 64.20
Other Industrial 74.43 1.000 74.43
Coal
Residential and Commercial 95.35 1.000 95.35
Metallurgical 93.71 1.000 93.71
Industrial Other 93.98 1.000 93.98
Electric Utility 94.66 1.000 94.66
Natural Gas
Used as Fuel 53.06 1.000 53.06
Used as Feedstocks 53.06 0.517 27.44

"Emission factors for coal used for electricity generation are specified by coal supply region and types of coal, so the average carbon dioxide contents
for coal varies throughout the projection. The 2006 average is 94.66.

Source: Energy Information Administration, Emissions of Greenhouse Gases in the United States 2006, DOE/EIA-0573(2006), (Washington, DC,
November 2006).
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Notes and Sources

[11 Energy Information Administration, Annual Energy Outlook 2008 (AEO2008), DOE/EIA-0383(2008),
(Washington, DC, April 2008).

[21 NEMS documentation reports are available on the EIA Homepage (http://tonto.eia.doe.gov/reports/
reports_kindD.asp?type=model documentation).

[3] Jet Information Services, Inc., World Jet Inventory Year-End 2006 (Utica, NY, March 2007); and personal
communication from Stuart Miller (Jet Information Services).

[4] For gasoline blended with ethanol, the tax credit of 51 cents (nominal) per gallon of ethanol is assumed to
be available through 2010. It is assumed to expire after 2010 under current law.

[5] The Intergovernmental Panel on Climate Change 2006, 2006 IPCC Guidelines For National Greenhouse
Gas Inventories, prepared by the National Greenhouse Gas Inventories Program, published: IGES, Japan,
2006.
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Macroeconomic Activity Module

The Macroeconomic Activity Module (MAM) represents the interaction between the U.S. economy as a
whole and energy markets. The rate of growth of the economy, measured by the growth in gross
domestic product (GDP) is a key determinant of the growth in demand for energy. Associated economic
factors, such as interest rates and disposable income, strongly influence various elements of the supply and
demand for energy. At the same time, reactions to energy markets by the aggregate economy, such as a
slowdown in economic growth resulting from increasing energy prices, are also reflected in this module. A
detailed description of the MAM is provided in the EIA publication, Model Documentation Report:
Macroeconomic Activity Module (MAM) of the National Energy Modeling System, DOE/EIA-M065(2007),
(Washington, DC, January 2007).

Key Assumptions

The output of the U.S. economy, measured by GDP, is expected to increase by 2.4 percent between 2006
and 2030 in the reference case. Two key factors help explain the growth in GDP: the growth rate of nonfarm
employment and the rate of productivity change associated with employment. As Table 3 indicates, for the
Reference Case GDP growth slows from 2.5 percent between 2010 and 2020, to 2.4 percent between 2020
and 2030. In the near term from 2006 through 2010, the growth in nonfarm employment is low at 1.1 percent
compared with 2.4 percent in the second half of the 1990s, while the economy is expected to experiencing
productivity growth of 1.7 percent. Over the projection period, nonfarm employment is expected to grow by
0.9 percent per year. Nonfarm employment, a measure of demand for nonfarm labor, is generally more
volatile than the labor force, a measure of labor supply. The latter depends upon the projection of
population and labor force participation rate. The Census Bureau’s middle series population projection is
used as a basis for population growth for the AEO2008. Total population is expected to grow by 0.8
percent per year between 2006 and 2030, and the share of population over 65 is expected to increase over
time. However, the share of the labor force in the population over 65 is also projected to increase in the
projection period.

Table 3. Growth in Gross Domestic Product, Nonfarm Employmemt and Productivity
(Percent per Year)

Assumptions 2006-2010 2010-2020 2020-2030 2006-2010
GDP (Billion Chain-Weighted $2000)
High Growth 3.1 3.0 2.9 3.0
Reference 24 2.5 24 24
Low Growth 1.7 2.0 1.7 1.8

Nonfarm Employment

High Growth 2.0 1.2 1.0 1.2
Reference 1.1 0.8 0.8 0.9
Low Growth 0.2 0.4 0.6 0.5

Productivity

High Growth 2.1 2.4 2.4 2.4
Reference 1.7 2.0 1.9 1.9
Low Growth 1.5 1.6 14 1.5

Source: Energy Information Administration, AEO20068 National Energy Modeling System runs: AEO2008.d030208f;
hm2008.d031608a; and Im2008.d031608a.
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To achieve the reference case’s long-run 2.4 percent economic growth, there is an anticipated steady
growth in labor productivity. The improvement in labor productivity reflects the positive effects of a growing
capital stock as well as technological change over time. Nonfarm labor productivity is expected to remain
between 1.9 and 2.0 percent for the remainder of the projection period from 2006 through 2030. Business
fixed investment as a share of nominal GDP is expected to grow over the last 10 years of the projection. The
resulting growth in the capital stock and the technology base of that capital stock helps to sustain productivity
growth of 1.9 percent from the 2005 to 2030.

To reflect the uncertainty in projection of economic growth, the AEO2007 uses high and low economic
growth cases along with the reference case to project the possible impacts on energy markets. The high
economic growth case incorporates higher population, labor force and productivity growth rates than the
reference case. Due to the higher productivity gains, inflation and interest rates are lower compared to the
reference case. Investment, disposable income, and industrial production are increased. Economic output
is projected to increase by 3.0 percent per year between 2006 and 2030. The low economic growth case
assumes lower population, labor force, and productivity gains, with resulting higher prices and interest rates
and lower industrial output growth. In the low economic growth case, economic output is expected to
increase by 1.8 percent per year over the projection horizon.
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International Energy Module

The International Energy Module (IEM) performs two tasks in all NEMS runs. First, the module reads
exogenously global and U.S.A. petroleum liquids supply and demand curves (1 curve per year; 2008-2030;
approximated, isoelastic fit to previous NEMS results). These quantities are not modeled directly in NEMS.
Previous versions of the IEM adjusted these quantities after reading in initial values. In an attempt to more
closely integrate the AEO2008 with IEO2007 and the STEO some functionality was removed from IEM while
a new algorithm was implemented. Based on the difference between U.S. total petroleum liquids production
(consumption) and the expected U.S. total liquids production (consumption) at the current WTI price, curves
for global petroleum liquids consumption (production) were adjusted for each year. According to previous
operations, a new WTI price path was generated. An exogenous oil supply module, Generate World QOil
Balances (GWOB), was also used in IEM to provide annual regional (country) level production detail for
conventional and unconventional liquids.

The second task of the IEM is to interact with the PMM module during runs to determine changes in the WTI
price and the supply prices of crude oils and petroleum products for import to the United States in response
to changes in U.S. import requirements. As a result of the interaction with PMM, this module also determines
new values for oil production in the Middle East OPEC region, along with a report for crude oil, light and
heavy refined products imports by source.

Key Assumptions

The level of oil production by countries in the Organization of Petroleum Exporting Countries (OPEC) is a key
factor influencing the world oil price projections incorporated into AEO2008. Non-OPEC production,
worldwide regional economic growth rates and the associated regional demand for oil are additional factors
affecting the world oil price.

The world oil price is the annual average U.S. cost of imported low-sulfur light crude oil in PADD2. For the
low, reference, and high oil price cases, prices reach $42, $70 and $118 per barrel in 2030, respectively, in
2006 dollars. The reference case assumes that OPEC producers will continue to demonstrate a disciplined
production approach. The low oil price case reflects a market where all oil production becomes more
competitive and plentiful. The high oil price case could result from a more cohesive and market-assertive
OPEC whose long-term goal might be to maintain a constant market share. The three price scenarios are
shown in Figure 2.

OPEC oil production is assumed to increase throughout the reference case projection, making OPEC the
primary source for satisfying the worldwide increase in oil consumption expected over the projection period
(Figure 3). OPEC is assumed to be the source of additional production because its member nations hold a
major portion of the world’s total reserves—exceeding 927 billion barrels, about 70 percent of the world’s
estimated total, at the end of 2006."

The reference case values for OPEC production are shown in Figure 3. Ecuador is notincluded in OPEC in
AEO2008 because of the late announcement. Iraq oil production is assumed to not return to pre-conflict
volumes until 2010. By 2030, Iraq is expected to increase production capacity to more than 4.6 million
barrels per day with likely investment help from foreign sources. Non-OPEC liquids production is expected
toincrease by 1.1 percent per year over the projection period, as advances in both exploration and extraction
technologies result in an upward trend. The non-OPEC production path for the reference case is shown in
Figure 4.

The non-U.S. oil production projections in the AEO2008 begin with country-level assumptions regarding oil
resources. These resource estimates are taken in part from the USGS World Petroleum Assessment of
2000 as well as from PennWell Publishing Company Oil and Gas Journal, summary of which is shown in
Table 4.
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Figure 2. World Oil Prices in Three Cases, 1995-2030
2006 Dollars per Barrel
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Source: AEO2008 National Energy Modeling System runs AEO2008.D030208F, LP2008.D031608A, and
HP2008.D031808A.
Figure 3. OPEC Total Liquids Production in the Reference Case, 1995-2030
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Source: Energy Information Administration. AEO2008 National Energy Modeling System run AEO2008.D030208F.
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Figure 4. Non-OPEC Total Liquids Production in the Reference Case, 1995-2030
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Source: Energy Information Administration. AEO2008 National Energy Modeling System run AEO2008.D030208F.

The reference case growth rates for GDP for various regions in the world are shown in Table 5. Except for
the United States, the GDP growth rate assumptions for non U.S. country/regions are taken from IEQ2007.

The values for growth in oil demand in the International Energy Module, which depend upon the oil price
levels as well as GDP growth rates, are shown in Table 6 for the reference case by regions.

Petroleum products imports are represented in the projections through a series of curves for each of the five
Petroleum Administration for Defense Districts (PADDs). Curves are provided for seventeen products:
traditional gasoline (including aviation), reformulated gasoline, conventional and reformulated gasoline
blending stocks for oxygenated blending (CBOB, RBOB), traditional distillate fuel, low-sulfur heating oil, ultra
low-sulfur diesel fuel, high and low-sulfur residual fuel, jet fuel (including naphtha jet), liquefied petroleum
gases, petrochemical feedstocks, unfinished oils (resid, naphtha, heavy gas oil), methanol, MTBE, and other
petroleum products. The curves are derived from AEO2007 curves and analysis of price differential
between marker crude oils and refined petroleum productions imported into the U.S.
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Table 5.

Table 4. Worldwide Oil Reserves as of January 1, 2008

(Billion Barrels)

Region Proved Oil Reserves
Western Hemisphere 321.1
Western‘Europe 13.2
Asia-Pacific 34.3
Eastern Europe and F.S.U. 100
Middle East 748.3
Africa 114.8
Total World 1331.7
Total OPEC 927.5

Source: PennWell Corporation, Oil and Gas Journal, Vol 103, No 47 (Dec 19, 2005).

Weights and Prices)

Average Annual Real Gross Domestic Product Rates, 2004-2030 (2000 Purchasing PowerParity

Region Average Annual Percentage Change
OECD 2.3
OECD North America 2.6
OECD Europe 2.3
OECD Asia 1.9
Non-OECD 5.3
Non-OECD Europe and Eurasia 4.3
Non-OECD Asia 5.8
Middle East 4.2
Africa 4.9
Central and South America 3.9
Total World 4.0

Source: For the U.S., Energy Informatin Administration, National Energy Modeling System run AEO2008.D030208F; for other countries, Global

Insight, Inc., World Overview (Lexington, MA, January 2007)

Table 6. Average Annual Growth Rates for Total Liquids Demand in the Reference Case, 2004-2030
(Percent per Year)

Region Oil Demand Growth
OECD 0.3%
OECD North America 0.4%
OECD Europe 0.1%
OECD Asia 0.4%
Non-OECD 2.3%
Non-OECD Europe and Eurasia 1.1%
Non-OECD Asia 2.8%
Middle East 2.2%
Africa 2.2%
Central and South America 2.3%
Total World 1.2%

Source: Energy Information Administration, AEO2008 National Energy Modeling System run: AEO2008.D030208F; and IEO2007 System for the

Analysis of Global Energy Markets (2007).
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Notes and Sources

[1] PennWell Corporation, Oil and Gas Journal, Vol. 103, No. 47 (December 19, 2005).
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Residential Demand Module

The NEMS Residential Demand Module projects future residential sector energy requirements based on
projections of the number of households and the stock, efficiency, and intensity of use of energy-consuming
equipment. The Residential Demand Module projections begin with a base year estimate of the housing
stock, the types and numbers of energy-consuming appliances servicing the stock, and the “unit energy
consumption” by appliance (or UEC—in million Btu per household per year). The projection process adds
new housing units to the stock, determines the equipment installed in new units, retires existing housing
units, and retires and replaces appliances. The primary exogenous drivers for the module are housing starts
by type (single-family, multifamily and mobile homes) and Census Division and prices for each energy
source for each of the nine Census Divisions (see Figure 5). The Residential Demand Module also requires
projections of available equipment and their installed costs over the projection horizon. Over time,

Figure 5. United States Census Divisions
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Source:Energy Information Administration,Office of Integrated Analysis and Forecasting.

equipment efficiency tends to increase because of general technological advances and also because of
Federal and/or state efficiency standards. As energy prices and available equipment changes over the
projection horizon, the module includes projected changes to the type and efficiency of equipment
purchased as well as projected changes in the usage intensity of the equipment stock.

The end-use services for which equipment stocks are modeled include space conditioning (heating and
cooling), water heating, refrigeration, freezers, dishwashers, clothes washers, lighting, furnace fans, color
televisions, personal computers, cooking, clothes drying, ceiling fans, coffee makers, spas, home security
systems, microwave ovens, set-top boxes, home audio equipment, rechargeable electronics, and
VCR/DVDs. In addition to the major equipment-driven end-uses, the average energy consumption per
household is projected for other electric and nonelectric appliances. The module’s output includes number
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of households, equipment stock, average equipment efficiencies, and energy consumed by service, fuel,
and geographic location. The fuels represented are distillate fuel oil, liquefied petroleum gas, natural gas,
kerosene, electricity, wood, geothermal, coal, and solar energy.

One of the implicit assumptions embodied in the Residential Demand Module is that, through 2030, there will
be no radical changes in technology or consumer behavior. No new regulations of efficiency beyond those
currently embodied in law or new government programs fostering efficiency improvements are assumed.
Technologies which have not gained widespread acceptance today will generally not achieve significant
penetration by 2030. Currently available technologies will evolve in both efficiency and cost. In general, at
the same efficiency level, future technologies will be less expensive than those available today in real dollar
terms. When choosing new or replacement technologies, consumers will behave similarly to the way they
now behave. The intensity of end-uses will change moderately in response to price changes. Electric end
uses will continue to expand, but at a decreasing rate.’

Key Assumptions

Housing Stock Submodule

An important determinant of future energy consumption is the projected number of households. Base year
estimates for 2005 are derived from the Energy Information Administration’s (EIA) Residential Energy
Consumption Survey (RECS) (Table 7). The projection for occupied households is done separately for each
Census Division. Itis based on the combination of the previous year’s surviving stock with projected housing
starts provided by the NEMS Macroeconomic Activity Module. The housing stock submodule assumes a
constant survival rate (the percentage of households which are present in the current projection year, which
were also present in the preceding year) for each type of housing unit; 99.6 percent for single-family units,
99.9 percent for multifamily units, and 97.6 percent for mobile home units. Projected fuel consumption is
dependent not only on the projected number of housing units, but also on the type and geographic
distribution of the houses. The intensity of space heating energy use varies greatly across the various
climate zones in the United States. Also, fuel prevalence varies across the country—oil (distillate) is more
frequently used as a heating fuel in the New England and Middle Atlantic Census Divisions than in the rest of
the country, while natural gas dominates in the Midwest. An example of differences by housing type is the
more prevalent use of liquefied petroleum gas in mobile homes relative to other housing types.

Table 7. 2005 Households

Census Division Single-family Units Multiple family Units Mobile Home Total Units
New England 3,392,944 1,899,981 173,072 5,465,996
Mid Atlantic 10,077,231 4,784,686 254,610 15,116,527
East North Central 14,091,216 3,233,929 424,271 17,749,416
West North Central 6,107,582 1,406,214 340,759 7,854,555
South Atlantic 14,823,560 4,910,592 1,962,563 21,696,715
East South Central 5,438,660 729,591 724,503 6,892,754
West South Central 8,892,255 2,120,675 1,109,901 12,122,831
Mountain 5,680,398 951,482 922,976 7,554,856
Pacific 11,150,078 4,456,348 1,030,541 16,636,967
United States 79,653.923 24,493,498 6,943,196 111,090,617

Source: U.S. Department of Energy, Energy Information Administration, 2005 Residential Energy Consumption Survey (preliminary data).

Technology Choice Submodule

The key inputs for the Technology Choice Submodule are fuel prices by Census Division and characteristics
of available equipment (installed cost, maintenance cost, efficiency, and equipment life). Fuel prices are
determined by an equilibrium process which considers energy supplies and demands and are passed to this
submodule from the integrating module of NEMS. Energy price, combined with equipment UEC (which is a
function of efficiency), determines the operating costs of equipment. Equipment characteristics are
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exogenous to the model and are modified to reflect both Federal standards and anticipated changes in the
market place. Table 8 lists capital cost and efficiency for selected residential appliances for the years 2007
and 2020.

Table 8. Installed Cost and Efficiency Ratings of Selected Equipment

. 2007 2020 Approximate
; Relative Installed Cost Installed Cost Hurdle
Equipment Type Performance’ ($2007)>  Efficiency® ($2004)*  Efficiency® Rate
Electric Heat Pump Minimum $3,800 13.0 $3,800 13.0 15%
Best $7,500 17.0 $6,700 20.0
Natural Gas Furnace Minimum $1,500 0.80 $1,500 0.80 15%
Best $3,050 0.96 $2,700 0.96
Room Air Conditioner Minimum $310 9.8 $310 9.8 140%
Best $925 11.7 $875 12.0
Central Air Conditioner Minimum $3,000 13.0 $3,000 13.0 15%
Best $5,700 21.0 $5,750 23.0
Refrigerator (23.9 cubic ft Minimum $550 510 $550 510 19%
in adjusted volume) Best $950 417 $1000 417
Electric Water Heater Minimum $400 0.90 $400 0.90 30%
Best $1,530 2.4 $1,700 24
Solar Water Heater N/A $3,500 2.0 $4,500 2.0

30%

"Minimum performance refers to the lowest efficiency equipment available. Best refers to the highest efficiency equipment available.
2Installed costs are given in 2007 dollars in the original source document.

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

Source: Navigant Consulting, EIA Technology Forecast Updates, Reference Number 20070831.1September 2007.

Table 9 provides the cost and performance parameters for representative distributed generation
technologies. The AEO2008 model also incorporates endogenous “learning” for the residential distributed
generation technologies, allowing for declining technology costs as shipments increase. For fuel cell and
photovoltaic systems, learning parameter assumptions for the AEO2008 reference case result in a 13
percent reduction in capital costs each time the number of units shipped to the buildings sectors (residential
and commercial) doubles.

The Residential Demand Module projects equipment purchases based on a nested choice methodology.
The first stage of the choice methodology determines the fuel and technology to be used, the second stage
determines the efficiency of the selected equipment type. The equipment choices for cooling, water heating,
and cooking are linked to the space heating choice for new construction. Technology and fuel choice for
replacement equipment uses a nested methodology similar to that for new construction, but includes (in
addition to the capital and installation costs of the equipment) explicit costs for technology switching (e.g.,
costs for installing gas lines if switching from electricity or oil to gas, or costs for adding ductwork if switching
from electric resistance heat to central heating types). Also, for replacements, there is no linking of fuel
choice for water heating and cooking as is done for new construction. Technology switching upon
replacement is allowed for space heating, air conditioning, water heating, cooking and clothes drying.

Once the fuel and technology choice for a particular end use is determined, the second stage of the choice
methodology determines efficiency. In any given year, there are several available prototypes of varying
efficiency (minimum standard, medium low, medium high and highest efficiency). Efficiency choice is based
on a functional form and coefficients which give greater or lesser importance to the installed capital cost (first
cost) versus the operating cost. Generally, within a technology class, the higher the first cost, the lower the
operating cost. For new construction, efficiency choices are made based on the costs of both the heating
and cooling equipment and the building shell characteristics.

The parameters for the second stage efficiency choice are calibrated to the most recently available shipment
data for the major residential appliances. Shipment efficiency data are obtained from industry associations
which monitor shipments such as the Association of Home Appliance Manufacturers. Because of this
calibration procedure, the model allows the relative importance of first cost versus operating cost to vary by
general technology and fuel type (e.g., natural gas furnace, electric heat pump, electric central air
conditioner, etc.). Once the model is calibrated, it is possible to calculate (approximately) the apparent
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Table 9. Capital Cost and Performance Parameters of Selected Residential Distributed Generation
Technologies

Installed
Capital
Average Combined Cost
Generating Efficiency ($2005 per Service
Year of Capacity Electrical (Elec. + KW of Life
UESle e 711 L0 Introduction (kW) Efficiency Thermal) Capacity)' Years
Solar Photovoltaic
2007 2.0 0.16 N/A $6,924 30
2010 25 0.18 N/A $6,944 30
2015 3.0 0.20 N/A $5,310 30
2020 3.0 0.22 N/A $4,627 30
2030 4.0 0.25 N/A $3,840 30
Fuel Cell 2007 10 0.308 0.697 $8,897 20
2010 10 0.320 0.699 $7,802 20
2015 10 0.335 0.705 $6,160 20
2020 10 0.350 0.712 $4,517 20
2030 10 0.360 0.723 $2,669 20

"Installed costs are given in 2005 dollars in the original source document.

Source: Solar Technology Specifications: Solar Energy Industries Association, Our Solar Power Future - The U.S. Photovoltaic Industry Roadmap
through 2030 and Beyond (SEIA, September 2004). Fuel cells: Discovery Insights, LLC, "Installed Costs for Small CHP Systems - Estimates and
Projections” (April 2005).

discount rates based on the relative weight given to the operating cost savings versus the weight given to the
higher cost of more efficient equipment. Hurdle rates in excess of 30 percent are common in the Residential
Demand Module. The prevalence of such high apparent hurdle rates by consumers has led to the notion of
the “efficiency gap™— that is, there are many investments that could be made that provide rates of return in
excess of residential borrowing rates (15 to 20 percent for example). There are several studies which
document instances of apparent high discount rates.2 Once equipment efficiencies for a technology and fuel
are determined, the installed efficiency for its entire stock is calculated.

Appliance Stock Submodule

The Appliance Stock Submodule is an accounting framework which tracks the quantity and average
efficiency of equipment by end use, technology, and fuel. It separately tracks equipment requirements for
new construction and existing housing units. For existing units, this module calculates equipment which
survives from previous years, allows certain end uses to further penetrate into the existing housing stock and
calculates the total number of units required for replacement and further penetration. Air conditioning and
clothes drying are the two end uses not considered to be “fully penetrated.”

Once a piece of equipment enters into the stock, an accounting of its remaining life is begun. It is assumed
that all appliances survive a minimum number of years after installation. A fraction of appliances are
removed from the stock once they have survived for the minimum number of years. Between the minimum
and maximum life expectancy, all appliances retire based on a linear decay function. For example, if an
appliance has a minimum life of 5 years and a maximum life of 15 years, one tenth of the units (1 divided by
15 minus 5) are retired in each of years 6 through 15. ltis further assumed that, when a house is retired from
the stock, all of the equipment contained in that house retires as well; i.e., there is no secondhand market for
this equipment. The assumptions concerning equipment lives are given in Table 10.
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Table 10. Minimum and Maximum Life Expectancies of Equipment

Equipment Minimum Life Maximum Life
Heat Pumps 7 21
Central Forced-Air Furnaces 10 25
Hydronic Space Heaters 20 30
Room Air Conditioners 8 16
Central Air Conditioners 7 21
Gas Water Heaters 4 14
Electric Water Heaters 5 22
Cooking Stoves 16 21
Clothes Dryers 11 20
Refrigerators 7 26
Freezers 11 31

Source: Lawrence Berkeley Laboratory, Baseline Data for the Residential Sector and Development of a Residential Forecasting Database, May
1994, and analysis of RECS 2001 data.

Fuel Consumption Submodule

Energy consumption is calculated by multiplying the vintage equipment stocks by their respective UECs.
The UECs include adjustments for the average efficiency of the stock vintages, short term price elasticity of
demand and “rebound” effects on usage (see discussion below), the size of new construction relative to the
existing stock, people per household and shell efficiency and weather effects (space heating and cooling).
The various levels of aggregated consumption (consumption by fuel, by service, etc.) are derived from these
detailed equipment-specific calculations.

Equipment Efficiency

The average energy consumption of a particular technology is initially based on estimates derived from
RECS 2001. Appliance efficiency is either derived from a long history of shipment data (e.g., the efficiency of
conventional air-source heat pumps) or assumed based on engineering information concerning typical
installed equipment (e.g., the efficiency of ground-source heat pumps). When the average efficiency is
computed from shipment data, shipments going back as far as 20 to 30 years are combined with
assumptions concerning equipment lifetimes. This allows for not only an average efficiency to be
calculated, but also for equipment retirements to be vintaged—older equipment tends to be lower in
efficiency and also tends to get retired before newer, more efficient equipment. Once equipment is retired,
the Appliance Stock and Technology Choice Modules determine the efficiency of the replacement
equipment. It is often the case that the retired equipment is replaced by substantially more efficient
equipment.

As the stock efficiency changes over the simulation interval, energy consumption decreases in inverse
proportion to efficiency. Also, as efficiency increases, the efficiency rebound effect (discussed below) will
offset some of the reductions in energy consumption by increased demand for the end-use service. For
example, if the stock average for electric heat pumps is now 10 percent more efficient than in 2001, then all
else constant (weather, real energy prices, shell efficiency, etc.), energy consumption per heat pump would
average about only 9 percent less.

Adjusting for the Size of Housing Units

Information derived from RECS 2001 indicates that new construction (post-1990) is on average roughly 26
percent larger than the existing stock of housing. Estimates for the size of each new home built in the
projection period vary by type and region, and are determined by a log-trend projection based on historical
data from the Bureau of the Census.3 For existing structures, it is assumed that about 1 percent of
households that existed in 2005 add about 600 square feet to the heated floor space in each year of the
projection period.4 The energy consumption for space heating, air conditioning, and lighting is assumed to
increase with the square footage of the structure. This results in an increase in the average size of the
housing stock from 1,802 to 2,046 square feet from 2005 through 2030.
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Adjusting for Weather and Climate

Weather in any given year always includes short-term deviations from the expected longer-term average (or
climate). Recognition of the effect of weather on space heating and air conditioning is necessary to avoid
inadvertently projecting abnormal weather conditions into the future. In the residential module, adjustments
are made to space heating and air conditioning UECs by Census Division by their respective heating and
cooling degree-days (HDD and CDD). A 10 percent increase in HDD would increase space heating
consumption by 18 percent over what it would have otherwise been. Over the projection period, the
residential module uses a 10-year average for heating and cooling degree - days by Census Division,
adjusted by projections in state population shifts.

Short-Term Price Effect and Efficiency Rebound

It is assumed that energy consumption for a given end-use service is affected by the marginal cost of
providing that service. That is, all else equal, a change in the price of a fuel will have an opposite, but less
than proportional, effect on fuel consumption. The current value for the short-term elasticity parameter is
-0.15.5 This value implies that for a 1 percent increase in the price of a fuel, there will be a corresponding
decrease in energy consumption of -0.15 percent. Another way of affecting the marginal cost of providing a
service is through altered equipment efficiency. For example, a 10 percent increase in efficiency will reduce
the cost of providing the end-use service by 10 percent. Based on the short-term efficiency rebound
parameter, the demand for the service will rise by 1.5 percent (-10 percent multiplied by -0.15). Only space
heating and cooling are assumed to be affected by both elasticities and the efficiency rebound effect.

Shell Efficiency

The shell integrity of the building envelope is an important determinant of the heating and cooling load for
each type of household. In the NEMS Residential Demand Module, the shell integrity is represented by an
index, which changes over time to reflect improvements in the building shell. The shell integrity index is
dimensioned by vintage of house, type of house, fuel type, service (heating and cooling), and Census
Division. The age, type, location, and type of heating fuel are important factors in determining the level of
shell integrity. Housing units which heat with electricity tend to have less air infiltration rates than homes that
use other fuels. The age of homes are classified by new (post-2005) and existing. Existing homes are
characterized by the RECS 2005 survey and are assigned a shell index value based on the mix of homes
that exist in the base year (2005). The improvement over time in the shell integrity of these homes is a
function of two factors—an assumed annual efficiency improvement and improvements made when real fuel
prices increase (no price-related adjustment is made when fuel prices fall). For new construction, building
shell efficiency is determined by the relative costs and energy bill savings for several levels of heating and
cooling equipment, in conjunction with the building shell attributes. The packages represented in NEMS
range from homes that meet the International Energy Conservation Code (IECC)® to homes that exceed the
IECC by 50 percent. Shell efficiency in new homes would increase over time if energy prices rise, or the cost
of more efficient equipment falls.

Legislation and Regulations

Energy Independence and Security Act of 2007 (EISA 2007)

EISA 2007 contains several provisions that impact projections of residential energy use. Standards for
general service incandescent light bulbs are phased-in over 2012-2014, with a more restrictive standard
specified in 2020. It is estimated that these standards require 29 percent less watts per bulb in the first
phase-in, increasing to 67 percent in 2020. EISA also updates the dehumidifier standard specified in
EPACT 2005, resulting in 7 percent increase in electricity savings, relative to the EPACT 2005 requirement.
New efficiency standards for external power supplies are set for July 1, 2008, reducing electricity use in both
the active and no-load modes. Standards are also set for boilers (September 2012) and dishwashers
(January 2010). Lastly, DOE is instructed to create standards for manufactured housing, requiring
compliance to the latest International Energy Conservation Code (IECC) by the end of 2011.
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Energy Policy Act of 2005 (EPACTO05)

The passage of the EPACTO0S5 in August 2005 provides additional minimum efficiency standards for
residential equipment and provides tax credits to producers and purchasers of energy efficient equipment
and builders of energy efficient homes. The standards contained in EPACTO05 include: 190 watt maximum
for torchiere lamps in 2006; Dehumidifier standards for 2007 and 2012; and ceiling fan light kit standards in
2007. Manufactured homes that are 30 percent better than the latest code, a $1000 tax credit can be
claimed in 2006 and 2007. Likewise, builders of homes that are 50 percent better than code can claim a
$2000 credit over the same period. The builder tax credits and production tax credits are assumed to be
passed through to the consumer in the form of lower purchase cost. EPACTO5 includes production tax
credits for energy efficient refrigerators, dishwashers, and clothes washers in 2006 and 2007, with dollar
amounts varying by type of appliance and level of efficiency met, subject to annual caps. Consumers can
claim a 10 percent tax credit in 2006 and 2007 for several types of appliances specified by EPACTO05,
including: Energy efficient gas, propane, or oil furnaces or boilers, energy efficient central air conditioners,
air and ground source heat pumps, hot water heaters, and windows. Lastly, consumers can claim a 30
percent tax credit in 2006 and 2007 for purchases of solar PV, solar water heaters, and fuel cells, subjectto a
cap.

National Appliance Energy Conservation Act of 1987

The Technology Choice Submodule incorporates equipment standards established by the National
Appliance Energy Conservation Act of 1987 (NAECA). Some of the NAECA standards implemented in the
module include: a Seasonal Energy Efficiency Rating (SEER) of 13.0 for central air conditioners and heat
pumps; an Annual Fuel Utilization Efficiency (energy output over energy input) of 0.78 for oil and gas
furnaces; an Efficiency Factor of 0.90 for electric water heaters; and refrigerator standards that set
consumption limits to 510 kilowatt-hours per year in 2002.

Residential Alternative Cases

Technology Cases

In addition to the AEOQ2008 reference case, three side cases were developed to examine the effect of
equipment and building standards on residential energy use—a 2008 technology case, a best available
technology case, and a high technology case. These side cases were analyzed in stand-alone (not
integrated with the supply modules) NEMS runs and thus do not include supply-responses to the altered
residential consumption patterns of the two cases. AEO2008 also analyzed integrated 2008 technology and
high technology cases. The integrated 2008 technology case combines the 2008 technology cases of the
four end-use demand sectors, the electricity low fossil technology case, and the assumption of renewable
technologies fixed at 2008 levels. The integrated high technology case uses the same approach, but for high
technology.

The 2008 technology case assumes that all future equipment purchases are made based only on equipment
available in 2008. This case further assumes that existing building shell efficiencies will not improve beyond
2008 levels.

The high technology case assumes earlier availability, lower costs, and/or higher efficiencies for more
advanced equipment than the reference case. Equipment assumptions were developed by engineering
technology experts, considering the potential impact on technology given increased research and
development into more advanced technologies.” In the high technology case. All new construction is
assumed to meet Energy Star specifications after 2016.

The best available technology case assumes that all equipment purchases from 2009 forward are based on
the highest available efficiency in the high technology case in a particular simulation year, disregarding the
economic costs of such a case. This case is designed to show how much the choice of the highest-efficiency
equipment could affect energy consumption. In this case, all new construction is built to the most efficient
specifications after 2008.
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Residential "Normal" Weather Sensitivity Case

The projections presented in AEO2008 assume that future “normal” weather is represented by the average
of the last 10 years (1997-2006). Prior to AEO2008, “normal” weather, in the form of heating and cooling
degree-days, was represented as the average of the past 30 years, as published by the National Oceanic
and Atmospheric Administration (NOAA). In order to gauge the importance of this change, a weather
sensitivity case was created using the NOAA 30-year average heating and cooling degree-days as a proxy
for future “normal” weather. Because the 10-year average weather assumed in the AEO2008 reference case
is warmer in both summer and winter relative to the 30-year average, the sensitivity case reduces future
needs for air conditioning, and increases the need for space heating, relative to the AEO2008 reference
case.
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Notes and Sources

[11 The Model Documentation Report contains additional details concerning model structure and operation.
Refer to Energy Information Administration, Model Documentation Report: Residential Sector Demand
Module of the National Energy Modeling System, DOE/EIA-M065(2006), (March 2007).

[2] Among the explanations often mentioned for observed high average implicit discount rates are: market
failures, (i.e., cases where incentives are not properly aligned for markets to result in  purchases based on
energy economics alone); unmeasured technology costs (i.e., extra costs of adoption which are not included
or difficult to measure like employee down-time); characteristics of efficient technologies viewed as less
desirable than their less efficient alternatives (such as equipment noise levels or lighting quality
characteristics); and the risk inherent in making irreversible investment decisions. Examples of market
failures/barriers include: decision makers having less than complete information, cases where energy
equipment decisions are made by parties not responsible for energy bills (e.g., landlord/tenants,
builders/home buyers), discount horizons which are truncated (which might be caused by mean occupancy
times that are less than the simple payback time and that could possibly be classified as an information
failure), and lack of appropriate credit vehicles for making efficiency investments, to name a few. The use of
high implicit discount rates in NEMS merely recognizes that such rates are typically found to apply to
energy-efficiency investments.

[3] U.S. Bureau of Census, Series C25 Data from various years of publications.

[4] Sources: U.S. Bureau of Census, Annual Housing Survey 2001 and Professional Remodler, 2002 Home
Remodeling Study.

[5] See DAHL, CAROL, A Survey of Energy Demand Elasticities in Support of the Development of the
NEMS, October 1993.

[6] The IECC established guidelines for builders to meet specific targets concerning energy efficiency with
respect to heating and cooling load.

[7]1 The high technology assumptions are based on Energy Information Administration, Technology Forecast

Updates-Residential and Commercial Building technologies-Advanced Adoption Case (Navigant
Consulting, September 2007).
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Commercial Demand Module

The NEMS Commercial Sector Demand Module generates projections of commercial sector energy
demand through 2030. The definition of the commercial sector is consistent with EIA’s State Energy Data
System (SEDS). That is, the commercial sector includes business establishments that are not engaged in
transportation or in manufacturing or other types of industrial activity (e.g., agriculture, mining or
construction). The bulk of commercial sector energy is consumed within buildings; however, street lights,
pumps, bridges, and public services are also included if the establishment operating them is considered
commercial. Since most of commercial energy consumption occurs in buildings, the commercial module
relies on the data from the EIA Commercial Buildings Energy Consumption Survey (CBECS) for
characterizing the commercial sector activity mix as well as the equipment stock and fuels consumed to
provide end use services.'

The commercial module projects consumption by fuel? at the Census division level using prices from the
NEMS energy supply modules, and macroeconomic variables from the NEMS Macroeconomic Activity
Module (MAM), as well as external data sources (technology characterizations, for example). Energy
demands are projected for ten end-use services3 for eleven building categories# in each of the nine Census
divisions (see Figure 5). The model begins by developing projections of floorspace for the 99 building
category and Census division combinations. Next, the ten end-use service demands required for the
projected floorspace are developed. The electricity generation and water and space heating supplied by
distributed generation and combined heat and power technologies are projected. Technologies are then
chosen to meet the projected service demands for the seven major end uses.® Once technologies are
chosen, the energy consumed by the equipment stock (both existing and purchased equipment) is
developed to meet the projected end-use service demands.6

Key Assumptions

The key assumptions made by the commercial module are presented in terms of the flow of the calculations
described above. The sections below summarize the assumptions in each of the commercial module
submodules: floorspace, service demand, distributed generation, technology choice, and end-use
consumption. The submodules are executed sequentially in the order presented, and the outputs of each
submodule become the inputs to subsequently executed submodules. As a result, key projection drivers for
the floorspace submodule are also key drivers for the service demand submodule, and so on.

Floorspace Submodule

Floorspace is projected by starting with the previous year's stock of floorspace and eliminating a portion to
represent the age-related removal of buildings. Total floorspace is the sum of the surviving floorspace plus
new additions to the stock derived from the MAM floorspace growth projection.’

Existing Floorspace and Attrition

Existing floorspace is based on the estimated floorspace reported in the 2003 Commercial Buildings Energy
Consumption Survey (Table 11). Over time, the 2003 stock is projected to decline as buildings are removed
from service (floorspace attrition). Floorspace attrition is estimated by a logistic decay function, the shape of
which is dependent upon the values of two parameters: average building lifetime and gamma. The average
building lifetime refers to the median expected lifetime of a particular building type. The gamma parameter
corresponds to the rate at which buildings retire near their median expected lifetime. The current values for
the average building lifetime and gamma vary by building type as presented in Table 12.8
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Table 11. 2003 Total Floorspace by Census Division and Principal Building Activity
(Millions of Square Feet)

Assem-  Educa- Food Food  Health Large  Small Merc/  Ware- 4

bly tion Sales  Service Care  lodging Office  Office  Service  house Tl
New England 431 299 75 45 48 374 282 320 819 411 351 3,452
Middle
Atlantic 1,243 1,384 163 127 310 797 1,523 1,065 1,641 1,112 1,177 10,543
East North
Central 1,355 1,990 218 248 316 549 1,297 1,129 2,148 2,023 1,152 12,424
West North
Central 772 552 102 206 123 595 219 704 1,045 994 369 5,680
South
Atlantic 1,161 2,445 223 433 469 939 1,173 1,065 3,391 1,836 865 13,999
East South
Central 546 341 67 99 134 368 195 371 985 390 223 3,719
West South
Central 965 1,198 197 232 235 387 916 501 2,076 1,740 575 9,022
Mountain 411 640 64 32 94 438 230 535 1,087 506 168 4,207
Pacific 809 1,027 146 232 176 649 1,028 915 2,051 1,066 515 8,613
United
States 7,693 9,874 1,255 1,654 1,905 5,096 6,861 6,605 15,242 10,078 5,395 71,658
Note: Totals may not equal sum of components due to independent rounding.
Source: Energy Information Administration, 2003 Commercial Buildings Energy Consumption Survey Public Use Data
Table 12. Floorspace Attrition Parameters
Assem- Educa- Food Food Health Large Small Merc/  Ware-
bly tion Sales Service Care Lodging Office Office  Service house Other
Median Expected
Lifetime (years) 80 80 65 65 65 69 73 73 65 80 75
gamma 1.8 2.6 2.5 2.5 2.3 2.0 2.0 2.0 1.8 1.6 2.5

Sources: Energy Information Administration, Commercial Buildings Energy Consumption Survey 1999, 1995, 1992, and 1989 Public Use Data, 1986
Nonresidential Buildings Energy Consumption Survey, McGraw-Hill Construction Dodge Annual Starts - non residential building starts, and Journal of
Business and Economic Statistics, April 1986, Vol. 4, No. 2.

New Construction Additions to Floorspace

The commercial module develops estimates of projected commercial floorspace additions by combining the
surviving floorspace estimates with the total floorspace projection from MAM. A total NEMS floorspace
projection is calculated by applying the MAM assumed floorspace growth rate within each Census division
and MAM building type to the corresponding NEMS Commercial Demand Module’s building types based on
the CBECS building type shares. The NEMS surviving floorspace from the previous year is then subtracted
from the total NEMS floorspace projection for the current year to yield new floorspace additions.9

Service Demand Submodule

Once the building stock is projected, the Commercial Demand module develops a projection of demand for
energy-consuming services required for the projected floorspace. The module projects service demands for
the following explicit end-use services: space heating, space cooling, ventilation, water heating, lighting,
cooking, refrigeration, personal computer office equipment, and other office equipment.’® The service
demand intensity (SDI) is measured in thousand Btu of end-use service demand per square foot and differs
across service, Census division and building type. The SDIs are based on a hybrid engineering and
statistical approach of CBECS consumption data.!! Projected service demand is the product of square feet
and SDI for all end uses across the eleven building categories with adjustments for changes in shell
efficiency for space heating and cooling.
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Shell Efficiency

The shell integrity of the building envelope is an important determinant of the heating and cooling loads for
each type of building. In the NEMS Commercial Demand Module, the shell efficiency is represented by an
index, which changes over time to reflect improvements in the building shell. This index is dimensioned by
building type and Census division and applies directly to heating. For cooling, the effects are computed from
the index, but differ from heating effects, because of different marginal effects of shell integrity and because
of internal building loads. In the AEO2008 reference case, shell improvements for new buildings are up to 21
percent more efficient than the 2003 stock of similar buildings. Over the projection horizon, new building
shells improve in efficiency by 7 percent relative to their efficiency in 2003. For existing buildings, efficiency is
assumed to increase by 5 percent over the 2003 stock average. The shell efficiency index affects the space
heating and cooling service demand intensities causing changes in fuel consumed for these services as the
shell integrity improves.

Distributed Generation and Combined Heat and Power

Nonutility power production applications within the commercial sector are currently concentrated in
education, health care, office and warehouse buildings. Program driven installations of solar photovoltaic
systems are based on information from DOE’s Photovoltaic and Million Solar Roofs programs as well as
DOE and industry news releases and the National Renewable Energy Laboratory’s Renewable Electric
Plant Information System. Historical data from Form EIA-860, Annual Electric Generator Report, are used to
derive electricity generation for 2004 through 2006 by Census division, building type and fuel. A projection of
distributed generation and combined heat and power (CHP) of electricity is developed based on the
economic returns projected for distributed generation and CHP technologies. The model uses a detailed
cash-flow approach to estimate the internal rate of return for an investment. Penetration assumptions for
distributed generation and CHP technologies are a function of the estimated internall rate of return relative to
purchased electricity. Table 13 provides the cost and performance parameters for representative distributed
generation and CHP technologies.

The model also incorporates endogenous “learning” for new distributed generation and CHP technologies,
allowing for declining technology costs as shipments increase. For fuel cell and photovoltaic systems,
parameter assumptions for the AEO2005 reference case result in a 13 percent reduction in capital costs
each time the number of units shipped to the buildings sectors (residential and commercial) doubles.
Doubling the number of microturbines shipped results in a 10 percent reduction in capital costs and doubling
the number of distributed wind systems shipped results in a 3 percent reduction.

Technology Choice Submodule

The technology choice submodule develops projections of the results of the capital purchase decisions for
equipment fueled by the three major fuels (electricity, natural gas, and distillate fuel). Capital purchase
decisions are driven by assumptions concerning behavioral rule proportions and time preferences,
described below, as well as projected fuel prices, average utilization of equipment (the capacity factors),
relative technology capital costs, and operating and maintenance (O&M) costs.

Decision Types

In each projection year, equipment is potentially purchased for three “decision types”. Equipment must be
purchased for newly added floorspace and to replace the portion of equipment in existing floorspace that is
projected to wear out.’2 Equipment is also potentially purchased for retrofitting equipment that has become
economically obsolete. The purchase of retrofit equipment occurs only if the annual operating costs of a
current technology exceed the annualized capital and operating costs of a technology available as a retrofit
candidate.

Behavioral Rules

The commercial module allows the use of three alternate assumptions about equipment choice behavior.
These assumptions constrain the equipment selections to three choice sets, which are progressively more
restrictive. The choice sets vary by decision type and building type:
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