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Preface
The Annual Energy Outlook 2010 (AEO2010), prepared by the U.S. Energy Information Administration (EIA), presents long-term projections of energy
supply, demand, and prices through 2035, based on
results from EIA’s National Energy Modeling System
(NEMS). EIA published an “early release” version of
the AEO2010 Reference case in December 2009.
The report begins with an “Executive Summary” that
highlights key aspects of the projections. It is followed
by a “Legislation and Regulations” section that discusses evolving legislative and regulatory issues,
including a summary of recently enacted legislation,
such as the American Recovery and Reinvestment Act
of 2009 (ARRA). The next section, “Issues in Focus,”
contains discussions of selected energy topics. The
first discussion provides a comparison of the results
in two cases that adopt different assumptions about
the future course of existing policies: one case assumes the extension of a selected group of existing
public policies—corporate average fuel economy
(CAFE) standards, appliance standards, production
tax credits (PTCs), and the elimination of sunset provisions in existing energy policies; the other case assumes only the elimination of sunset provisions.
Other discussions include: end-use energy efficiency
trends; the sensitivity of the projection results to variations in assumptions about the size of the U.S. shale
gas resource; the implications of retiring nuclear
plants
Projections by EIA are not statements of what will
happen but of what might happen, given the assumptions and methodologies used for any particular
scenario. The Reference case projection is a businessas-usual trend estimate, given known technology and
technological and demographic trends. EIA explores
the impacts of alternative assumptions in other scenarios with different macroeconomic growth rates,
world oil prices, and rates of technology progress. The
main cases in AEO2010 generally assume that current
laws and regulations are maintained throughout the
projections. Thus, the projections provide policyneutral baselines that can be used to analyze policy
initiatives.
While energy markets are complex, energy models
are simplified representations of energy production
and consumption, regulations, and producer and
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after 60 years of operation; the relationship between
natural gas and oil prices; and the basis for world oil
price and production trends in AEO2010.
The “Market Trends” section summarizes the projections for energy markets. The analysis in AEO2010
focuses primarily on a Reference case, Low and High
Economic Growth cases, and Low and High Oil Price
cases. Results from a number of other alternative
cases also are presented, illustrating uncertainties
associated with the Reference case projections for
energy demand, supply, and prices. Complete tables
for the five primary cases are provided in Appendixes
A through C. Major results from many of the alternative cases are provided in Appendix D.
AEO2010 projections are based on Federal, State, and
local laws and regulations in effect as of the end of October 2009. The potential impacts of pending or proposed legislation, regulations, and standards (and
sections of existing legislation that require implementing regulations or funds that have not been
appropriated) are not reflected in the projections.
AEO2010 is published in accordance with Section
205c of the U.S. Department of Energy (DOE) Organization Act of 1977 (Public Law 95-91), which
requires the EIA Administrator to prepare annual
reports on trends and projections for energy use and
supply.
consumer behavior. Projections are highly dependent
on the data, methodologies, model structures, and
assumptions used in their development. Behavioral
characteristics are indicative of real-world tendencies
rather than representations of specific outcomes.
Energy market projections are subject to much uncertainty. Many of the events that shape energy markets
are random and cannot be anticipated. In addition,
future developments in technologies, demographics,
and resources cannot be foreseen with certainty.
Many key uncertainties in the AEO2010 projections
are addressed through alternative cases.
EIA has endeavored to make these projections as
objective, reliable, and useful as possible; however,
they should serve as an adjunct to, not a substitute
for, a complete and focused analysis of public policy
initiatives.
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Executive Summary

Executive Summary
In 2009, U.S. energy markets continued to show the
impacts of the economic downturn that began in late
2007. After falling by 1 percent in 2008, total electricity generation dropped by another 3 percent in 2009.
Although other factors, including weather, contributed to the decrease, it was the first time in the
60-year data series maintained by the EIA that electricity use fell in two consecutive years. Over the next
few years, the key factors influencing U.S. energy
markets will be the pace of the economic recovery,
any lasting impacts on capital-intensive energy projects from the turmoil in financial markets, and the
potential enactment of legislation related to energy
and the environment.
The projections in AEO2010 focus on the factors that
shape U.S. energy markets in the long term. Under
the assumption that current laws and regulations
remain unchanged throughout the projections, the
AEO2010 Reference case provides the basis for examination and discussion of energy market trends and
the direction they may take in the future. It also
serves as a starting point for the analysis of potential
changes in energy policies, rules, or regulations.
Unless otherwise noted, results refer to the Reference
case. But AEO2010 is not limited to the Reference
case. It also includes 38 sensitivity cases (see Appendix E, Table E1, on page 201), which explore important areas of market, technological, and policy
uncertainty in the U.S. energy economy.
Key results highlighted in AEO2010 include moderate growth in energy consumption, increased use of
renewables, declining reliance on imported liquid
fuels, strong growth in shale gas production, and projected slow growth in energy-related carbon dioxide
(CO2) emissions in the absence of new policies designed to mitigate greenhouse gas (GHG) emissions.
AEO2010 also includes in-depth discussions on topics
of special interest that may affect the energy market
outlook. They include: impacts of the continuing
renewal and updating of Federal and State laws and
regulations; end-use energy efficiency trends in the
AEO2010 Reference case; the sensitivity of projections to alternative assumptions about U.S. shale gas
development; the implications of retiring nuclear
plants after 60 years of operation; the relationship
between natural gas and oil prices in U.S. markets;
and the basis for world oil price and production trends
in AEO2010. Some of the highlights from those
discussions are mentioned in this Executive Summary. Readers interested in more detailed analyses
2

and discussions should refer to the “Legislation and
Regulations” and “Issues in Focus” sections of this
report.

Moderate energy consumption growth
and greater use of renewables
Total U.S. primary energy consumption increases by
14 percent from 2008 to 2035 in the Reference case
(Figure 1), representing an average annual growth
rate of 0.5 percent—only one-fifth of the projected
2.4-percent annual growth rate of the Nation’s economic output. The difference between the two rates is
the result of continuing improvement in the energy
intensity of the U.S. economy, measured as the
amount of energy consumed per dollar of gross
domestic product (GDP). From 2008 to 2035, energy
intensity falls by 1.9 percent per year in the Reference
case, as the most rapid growth in the U.S. economy
occurs in the less energy-intensive service sectors,
and as the efficiency of energy-consuming appliances,
vehicles, and structures improves.
EIA projects the strongest growth in fuel use for the
renewable fuels used to generate electricity and to
produce liquid fuels for the transportation sector. The
growth in consumption of renewable fuels is primarily a result of Federal and State programs—including
the Federal renewable fuels standard (RFS), various
State renewable portfolio standard (RPS) programs,
and funds in ARRA—together with rising fossil fuel
prices. Although fossil fuels continue to provide most
of the energy consumed in the United States over the
next 25 years in the Reference case, their share of
overall energy use falls from 84 percent in 2008 to 78
percent in 2035.
The role of renewables could grow still further if
current policies that support renewable fuels are
Figure 1. U.S. primary energy consumption,
1980-2035 (quadrillion Btu)
120

History

Projections
Renewables

100

Total

Biofuels

80

Liquids

60
Natural gas

40

Nuclear
20
Coal
0
1980

1995

2008

U.S. Energy Information Administration / Annual Energy Outlook 2010

2020

2035

Executive Summary
extended. For example, the Reference case assumes
that the PTC available for electricity generation from
renewables sunsets in 2012 (wind) or 2013 (other
technologies) as specified in current law, but it has a
history of being renewed and could be extended again.
In the Reference case, renewable generation accounts
for 45 percent of the increase in total generation from
2008 to 2035. In alternative cases assuming the PTC
for renewable generation is extended through 2035,
the share of growth in total generation accounted for
by renewables is between 61 and 65 percent.

Declining reliance on imported
liquid fuels
Although U.S. consumption of liquid fuels continues
to grow over the next 25 years in the AEO2010 Reference case, reliance on petroleum imports decreases
(Figure 2). With government policies and rising oil
prices providing incentives for the continued development and use of alternatives to fossil fuels, biofuels
account for all the growth in liquid fuel consumption
in the United States over the next 25 years, while consumption of petroleum-based liquids is essentially
flat. Total U.S. consumption of liquid fuels, including
both fossil fuels and biofuels, rises from about 20 million barrels per day in 2008 to 22 million barrels per
day in 2035 in the Reference case.
The role played by petroleum-based liquids could be
further challenged if electric or natural-gas-fueled
vehicles begin to enter the market in significant numbers. Rising oil prices, together with growing concerns about climate change and energy security, are
leading to increased interest in alternative-fuel vehicles (AFVs), but both electric and natural gas vehicles
face significant challenges. Alternative cases in this
report examine the possible impacts of policies aimed
at increasing natural gas use in heavy trucks and
Figure 2. U.S. liquid fuels supply, 1970-2035
(million barrels per day)
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identify some of the key factors that will determine
the potential for petroleum displacement.

Shale gas drives growth in natural gas
production, offsetting declines
in other sources
The growth in shale gas production in recent years
is one of the most dynamic stories in U.S. energy
markets. A few years ago, most analysts foresaw a
growing U.S. reliance on imported sources of natural
gas, and significant investments were being made in
regasification facilities for imports of liquefied natural gas (LNG). Today, the biggest questions are the
size of the shale gas resource base (which by most
estimates is vast), the price level required to sustain
its development, and whether there are technical or
environmental factors that might dampen its development. Beyond those questions, the level of future
domestic natural gas production will also depend on
the level of natural gas demand in key consuming sectors, which will be shaped by prices, economic growth,
and policies affecting fuel choice.
In the Reference case, total domestic natural gas
production grows from 20.6 trillion cubic feet in 2008
to 23.3 trillion cubic feet in 2035. With technology
improvements and rising natural gas prices, natural
gas production from shale formations grows to 6 trillion cubic feet in 2035, more than offsetting declines
in other production. In 2035, shale gas provides 24
percent of the natural gas consumed in the United
States, up from 6 percent in 2008 (Figure 3).
Alternative cases in AEO2010 examine the potential
impacts of more limited shale gas development and of
more extensive development of a larger resource base.
In those cases, overall domestic natural gas production varies from 17.4 trillion cubic feet to 25.9 trillion
Figure 3. U.S. natural gas supply, 1990-2035
(trillion cubic feet)
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Executive Summary
cubic feet in 2035, compared with 23.3 trillion cubic
feet in the Reference case. The wellhead price of natural gas in 2035 ranges from $6.92 per thousand cubic
feet to $9.87 per thousand cubic feet in the alternative
cases, compared with $8.06 per thousand cubic feet in
the Reference case.
There also are uncertainties about the potential role
of natural gas in various sectors of the economy. In
recent years, total natural gas use has been increasing, with a decline in the industrial sector more than
offset by growing use for electricity generation. In
the long run, the use of natural gas for electricity
generation continues growing in the Reference case.
However, over the next few years the combination of
relatively slow growth in total demand for electricity,
strong growth in generation from renewable sources,
and the completion of a number of coal-fired power
plants already under construction limits the potential
for increased use of natural gas in the electric power
sector. The near- to mid-term downturn could be
offset, of course, if policies were enacted that made
the use of coal for electricity generation less attractive, if the recent growth in renewable electricity
slowed, or if policies were enacted to make the use of
natural gas in other sectors, such as transportation,
more attractive.

Increases in energy-related carbon
dioxide emissions slow
The combination of modest growth in energy consumption and increasing reliance on renewable fuels
contributes to slow projected growth in U.S. CO2
emissions. (For purposes of the AEO2010 analysis,
biomass energy consumption is assumed to be CO2
neutral.) In the Reference case, which assumes no
explicit regulations to limit GHG emissions beyond
the recent vehicle GHG standards, CO2 emissions
from energy grow on average by 0.3 percent per year
from 2008 to 2035, or a total of about 9 percent. To
put the numbers in perspective, population growth is

4

projected to average 0.9 percent per year, overall
economic growth 2.4 percent per year, and growth in
energy use 0.5 percent per year over the same period.
Although total energy-related CO2 emissions increase
from 5,814 million metric tons in 2008 to 6,320
million metric tons in 2035 in the Reference case,
emissions per capita fall by 0.6 percent per year. Most
of the growth in CO2 emissions in the AEO2010
Reference case is accounted for by the electric power
and transportation sectors (Figure 4).
The projections for CO2 emissions are sensitive to
many factors, including economic growth, policies
aimed at stimulating renewable fuel use or
low-carbon power sources, and any policies that may
be enacted to reduce GHG emissions. In the AEO2010
Low and High Economic Growth cases, projections
for total primary energy consumption in 2035 are
104 quadrillion British thermal units (Btu) (9.5 percent below the Reference case) and 127 quadrillion
Btu (10.7 percent above the Reference case), and
projections for energy-related CO2 emissions in 2035
are 5,768 million metric tons (8.7 percent below the
Reference case) and 6,865 million metric tons (8.6
percent above the Reference case), respectively.

Figure 4. U.S. energy-related carbon dioxide
emissions, 2008 and 2035
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Legislation and Regulations
Introduction
The Reference case projections in AEO2010 generally
assume that current laws and regulations affecting
the energy sector remain unchanged throughout the
projection period (including the implication that laws
which include sunset dates do, in fact, become ineffective at the time of those sunset dates). The potential
impacts of pending or proposed legislation, regulations, and standards—or of sections of legislation that
have been enacted but that require regulations for
which the implementing agency will exercise major
discretion, or require appropriation of funds that are
not provided or specified in the legislation itself—are
not reflected in the Reference case projections. However, sensitivity cases that incorporate alternative
assumptions about the future of existing policies subject to periodic updates also are included. The Federal
and State laws and regulations included in AEO2010
are based on those in effect as of the end of October
2009. In addition, at the request of the Administration and Congress, EIA has regularly examined the
potential implications of proposed legislation in Service Reports (see box on page 7).
Examples of Federal and State legislation that has
been enacted over the past few years and incorporated in earlier Annual Energy Outlooks (AEOs)
include:

• The provisions of the ARRA (Public Law 111-5),
enacted in mid-February 2009 [1]. ARRA provides
significant new Federal funding, loan guarantees,
and tax credits to stimulate investments in energy
efficiency and renewable energy (see details
below).
• The tax provisions of the Energy Improvement
and Extension Act of 2008 (EIEA2008), signed
into law on October 3, 2008, as part of Public Law
110-343, the Emergency Economic Stabilization
Act of 2008 [2], which extends the residential
and business tax credits for renewable energy;
removes the cap on the tax credit for purchases
of residential solar photovoltaic (PV) installations; increases the tax credit for residential
ground-source heat pumps; adds a business
investment tax credit (ITC) for combined heat
and power (CHP), small wind systems, and commercial ground-source heat pumps; creates a tax
credit for the purchase of new, qualified, plug-in
electric drive motor vehicles; extends the income
and excise tax credits for biodiesel and renewable
diesel to the end of 2009 and increases the amount
6

of the tax credit for biodiesel and renewable diesel
produced from recycled feedstock; establishes a
tax credit for the production of liquid petroleum
gas, LNG, compressed natural gas (CNG), and
aviation fuels from biomass; creates an additional
tax credit for the elimination of CO2 emissions
that would otherwise be released into the atmosphere in enhanced oil recovery (EOR) and nonEOR operations; extends and modifies key renewable energy tax provisions that were scheduled to
expire at the end of 2008, including PTCs for
wind, geothermal, landfill gas, and certain biomass and hydroelectric facilities; and expands the
PTC-eligible technologies to include plants that
use energy from offshore, tidal, or river currents
(in-stream turbines), ocean waves, or ocean thermal gradients.

• The biofuel provisions of the Food, Conservation,
and Energy Act of 2008 (Public Law 110-234) [3],
which reduce the existing ethanol excise tax credit
in the first year after U.S. ethanol production and
imports exceed 7.5 billion gallons and add an income tax credit for the production of cellulosic
biofuels.
• The provisions of the Energy Independence and
Security Act of 2007 (EISA2007, Public Law 110140), including: an RFS requiring the use of
36 billion gallons of biofuels by 2022; an attribute-based minimum CAFE standard for cars and
trucks of 35 miles per gallon (mpg) by 2020; a program of CAFE credit trading and transfer; various
appliance efficiency standards; a lighting efficiency standard starting in 2012; and a number of
other provisions related to industrial waste heat
or natural gas efficiency, energy use in Federal
buildings, weatherization assistance, and manufactured housing.
• State RPS programs, representing laws and regulations of 30 States and the District of Columbia
that require renewable electricity generation.
Examples of recent Federal and State regulations, as
well as earlier provisions that have been affected
by court decisions that have been considered in earlier AEOs, include the following:

• Decision by the U.S. Court of Appeals for the
District of Columbia Circuit on December 23,
2008, to remand, but not vacate, the Clean Air
Interstate Rule (CAIR) [4]. The decision, which
overrides a previous decision by the D.C. Circuit
Court on February 8, 2008, to vacate and remand
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Detailed information on more recent Federal and
State legislative and regulatory developments that
are considered in AEO2010 is provided below.

CAIR, allows CAIR to remain in effect, and provides time for the U.S. Environmental Protection
Agency (EPA) to modify CAIR to address the objections raised by the Court in its earlier decision
while leaving the rule in place (see details below).

American Recovery and Reinvestment
Act of 2009: Summary of provisions

• Decisions by the D.C. Circuit Court on February
8, 2008, to vacate and remand the Clean Air
Mercury Rule (CAMR).

ARRA, signed into law in mid-February 2009, provides significant new Federal funding, loan guarantees, and tax credits to stimulate investments in
energy efficiency and renewable energy. The provisions of ARRA were incorporated initially as part
of a revision to the AEO2009 Reference case that
was released in April 2009 [5], and they also are included in AEO2010. However, provisions that require

• Release by the California Air Resources Board
(CARB) in October 2008 of updated regulations
for reformulated gasoline (RFG) that went into effect on August 29, 2008, allowing a 10-percent
ethanol blend, by volume, in gasoline.

EIA Service Reports released since January 2009
The table below summarizes EIA Service Reports completed in 2009. Those reports, and others that were
completed before 2009, can be found on the EIA web site at www.eia.doe.gov/oiaf/service_rpts.htm.

Title

Date of
release

Energy Market and
August
Economic Impacts of
2009
H.R. 2454, the
American Clean Energy
and Security Act of
2009

Requestor

Availability on
EIA web site

Focus of analysis

Congressmen Henry
Waxman and Edward
Markey

www.eia.gov/oiaf/
servicerpt/hr2454/
index.html

Analysis of H.R. 2454, the American Clean
Energy and Security Act of 2009 (ACESA).
ACESA, as passed by the House of
Representatives on June 26, 2009, is a bill that
regulates emissions of greenhouse gases through
market-based mechanisms, efficiency programs,
and economic incentives.

Impacts of a 25-Percent April 2009 Congressman Edward
Markey
Renewable Electricity
Standard as Proposed
in the American Clean
Energy and Security
Act Discussion

www.eia.doe.gov/
oiaf/servicerpt/
acesa/pdf/
sroiaf(2009)04.pdf

Analysis of a 25-percent Federal renewable
electricity standard (RES). The RES proposal
analyzed in this report is included in the
discussion draft of broader legislation—ACESA,
issued on the Energy and Commerce Committee
web site at the end of March 2009. The analysis
presented in this report starts from an updated
version of the Annual Energy Outlook 2009
(AEO2009) Reference case, which reflects the
projected impacts of the ARRA, enacted in
February 2009, and revised economic
assumptions.

April 2009 NA
An Updated Annual
Energy Outlook 2009
Reference Case
Reflecting Provisions of
the American Recovery
and Reinvestment Act
and Recent Changes in
the Economic Outlook

www.eia.doe.gov/
oiaf/servicerpt/
stimulus/pdf/
sroiaf(2009)03.pdf

Updates the AEO2009 Reference case released in
December 2008, based on recently enacted
legislation and the changing macroeconomic
environment.

February Senator Jeff Sessions
Light-Duty Diesel
2009
Vehicles: Efficiency
and Emissions
Attributes and Market
Issues

www.eia.doe.gov/
oiaf/servicerpt/
lightduty/pdf/
sroiaf(2009)02.pdf

Analysis of the environmental and energy
efficiency attributes of light-duty diesel vehicles.
Specifically, the inquiry asked for a comparison of
the characteristics of diesel-fueled vehicles with
those of similar gasoline-fueled, E85-fueled, and
hybrid vehicles, as well as a discussion of any
technical, economic, regulatory, or other obstacles
to increasing the use of diesel-fueled vehicles in
the United States.

State Energy Data
Needs Assessment

Response to EISA2007 Section 805(d), requiring
www.eia.doe.gov/
EIA to assess State-level energy data needs and
oiaf/servicerpt/
submit to Congress a plan to address those needs.
energydata/pdf/
sremeu(2009)01.pdf

January
2009

Required by EISA2007
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funding appropriations to be implemented, whose impact is highly uncertain, or that require further specification by Federal agencies or Congress, are not
included. Moreover, AEO2010 does not include any
provision that addresses a level of detail beyond that
modeled in NEMS.
This section provides a summary of the ARRA provisions and highlights those specific provisions incorporated in AEO2010, including:

• Weatherization and assisted housing programs
• Energy efficiency and conservation block grant
programs

increase the energy efficiency of low-income housing
and assist local governments in implementing energy
efficiency programs, with a total of $4.75 billion
specifically for weatherization. The regional impacts
of weatherization funds are estimated on the basis
of DOE’s State allocation formula [6] and Oak
Ridge National Laboratory’s weatherization impact
analysis. Local governments also are allowed, and
assumed, to use some of the Conservation Block
Grant funding for PV and wind turbine installations.
State energy programs

The following discussion provides a summary of the
ARRA provisions included in AEO2010 and some of
the provisions that could be included if more complete
information were available about their funding and
implementation. This discussion is not a complete
summary of all the sections of ARRA.

ARRA Title IV, “Energy and Water Development,”
allocates $3.1 billion for States to implement or
enhance energy efficiency programs. Although the
money can be spent on a variety of programs, Section
410 specifically mentions the adoption of building
codes, citing the International Energy Conservation
Code (IECC) 2009. To account for the impact of the
funding in AEO2010, it is assumed that States will
adopt and enforce the IECC 2006 code by 2011 and
the IECC 2009 code by 2018. Likewise, States are
assumed to adopt and enforce the ASHRAE 90.1-2007
standard for nonresidential construction by 2018.
States and local governments also are assumed to
use the 10-year Treasury Note rate (3.7 percent in
2011) when purchasing energy-using equipment for
government-owned facilities during years when
ARRA funding is available. It is also assumed that
part of the funding for State energy programs will be
used for PV and wind turbine installations.

ARRA end-use demand provisions

Federal buildings and green schools

Residential and commercial buildings

ARRA Division A allocates $4.5 billion to the U.S.
General Services Administration (GSA) for measures
to convert GSA facilities to high-performance green
buildings, $2.3 billion for military construction, and
$4.3 billion for U.S. Department of Defense (DOD)
energy efficiency projects and modernization of facilities. Additional DOD funding is provided for energy
efficiency technology demonstrations and research.
Under the various titles included in ARRA, money is
also allocated to virtually every major Federal agency
for construction, repair, and/or modernization of
facilities. To account for the funding in AEO2010,
schools and Federal facilities are assumed to use the
10-year Treasury Note rate as a hurdle rate for new
construction and replacement of equipment in
years when ARRA funding is available. The 10-year
Treasury Note rate already was assumed for new construction of Federal facilities, based on earlier legislation. ARRA funding also broadens its use to include

• State energy programs
• Tax credits for plug-in hybrid electric vehicles
(PHEVs)
• Tax credits for electric vehicles
• Updated tax credits for renewables
• Loan guarantees for renewables and biofuels
• Support for carbon capture and storage (CCS)
• Smart grid expenditures.

Many of the provisions of ARRA target energy
efficiency and renewable energy use associated with
residential and commercial buildings. Federal funding is provided to assist State and local governments
in implementing energy efficiency programs; to
improve energy efficiency and renewable energy use
in Federal buildings and facilities; and to encourage
renovations of schools and college facilities. ARRA
also includes provisions that expand and revise tax
credits for renewable and energy-efficient property
purchased and installed in residential and commercial buildings.
Weatherization, assisted housing, and energy
efficiency and conservation block grants
ARRA Title IV, “Energy and Water Development,”
allocates a total of $9.45 billion to weatherize and/or
8
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replacement equipment as well. Photovoltaic installations, wind turbines, and fuel cells also are added
where specified in expenditure plans.

schedule applied to PHEVs. The new electric vehicle
tax credit has also been incorporated in AEO2010 by
manufacturer group.

Updated tax credits for renewables and
energy-efficient technologies

ARRA electricity provisions

ARRA Division B expands and revises tax credits for
the purchase of renewable and energy-efficient property purchased and installed in residential and commercial buildings. Section 1103 removes the cap on
the 30-percent business ITC for small wind property
that was established in EIEA2008. Sections 1121 and
1122 extend by 1 year the tax credits for energyefficient nonbusiness property while increasing the
tax-deductible amount to $1,500. For renewable technologies, such as geothermal heat pumps and solar
water heaters, the tax deductible amount is unlimited, up to 30 percent of the cost.
Transportation sector
ARRA contains several changes to the PHEV tax
credit originally included in EIEA2008. Title I, “Tax
Provisions,” Section 1141, allows a $2,500 tax credit
for the purchase of qualified PHEVs with battery
capacity of at least 4 kilowatthours. Starting at a
battery capacity of 5 kilowatthours, PHEVs earn an
additional battery credit of $417 per kilowatthour, up
to a maximum of $5,000. The maximum total PHEV
credit that can be earned is capped at $7,500 per
vehicle.
The PHEV tax credit eligibility and phaseout are tied
to the sales of individual vehicle manufacturers. The
credits are phased out once a manufacturer’s cumulative sales of qualified vehicles reach 200,000. The
phaseout period begins two calendar quarters after
the first date in which a manufacturer’s sales reach
the cumulative sales maximum after December 31,
2009. The credit is reduced to 50 percent of its total
value for the first two calendar quarters of the
phaseout period, and then to 25 percent for the third
and forth calendar quarters, before being phased out
entirely thereafter. The credit applies to vehicles with
gross vehicle weight rating (GVWR) less than 14,000
pounds. To capture the phaseout period in AEO2010,
the PHEV tax credit has been incorporated across
representative manufacturer groups.
ARRA Title I, “Tax Provisions,” Section 1142, also
allows a tax credit of 10 percent against the cost of a
qualified electric vehicle with a battery capacity of at
least 4 kilowatthours, subject to the same phaseout

ARRA establishes Federal loan guarantees for certain
renewable fuel, biofuel, and electricity transmission
projects. The provisions for renewable projects are
included in the electricity modeling for AEO2010.
ARRA also extends and modifies Federal tax credit
incentives for new renewable generation capacity.
The NEMS electricity module also represents the
funding provided in ARRA for smart grid demonstration projects.
Extension of renewable production and
investment tax credits
ARRA Division B, Title 1, “Tax Provisions,” extends
and significantly modifies the Federal tax credits for
new renewable generation capacity. Before enactment of ARRA, wind, geothermal, landfill gas, and
certain hydroelectric and biomass technologies were
eligible to receive a PTC of up to 2.1 cents per
kilowatthour generated over the first 10 years of
plant operation [7]; wind was eligible to receive the
PTC for plants constructed before January 1, 2010;
and other eligible plants received the PTC if construction was completed before January 1, 2011. ARRA
Section 1101 extends those in-service deadlines to
January 1, 2013, for wind and January 1, 2014, for
other eligible technologies.
In addition, under Section 1102, ARRA allows projects that are eligible for the PTC to instead receive a
30-percent ITC on plant investment costs. Section
1603 also allows the owners of projects choosing the
ITC to receive the payment in the form of an after-tax
grant of equivalent value rather than as a tax credit,
which presumably will allow project owners with limited tax liabilities to claim the full value of the credit.
Solar technologies are not eligible for the ARRA PTC,
but EIEA2008 established a 30-percent ITC for solar
projects built through 2016, and the Energy Policy
Act of 1992 provided a permanent 10-percent ITC.
AEO2010 incorporates the ARRA provisions cited
above and generally assumes that renewable electricity projects will claim the more favorable tax credit
or grant option available to them during the eligibility period. Provisions extending tax credits for marine-based technologies are not reflected in AEO2010,

U.S. Energy Information Administration / Annual Energy Outlook 2010

9

Legislation and Regulations
because EIA assumes that those technologies will not
be in significant commercial use by 2035. ARRA also
extends funding for Clean Renewable Energy Bonds
(CREBs) used to fund renewable energy projects at
publicly owned utilities that do not pay taxes and cannot take advantage of tax credits. Because AEO2010
assumes that all new renewable capacity is developed
and owned by taxable entities, CREBs are not included in NEMS.
Loan guarantees for renewables and
transmission projects
ARRA Title IV, “Energy and Water Development,”
Section 406, provides $6 billion to pay the cost of
guarantees for loans authorized by the Energy Policy
Act of 2005 (EPACT2005). The purpose of the loan
guarantees is to stimulate the deployment of
conventional renewable technologies, conventional
transmission technologies, and innovative biofuels
technologies. To qualify, eligible projects must be
under construction by September 30, 2011, meaning
that projects with a long-term construction horizon
are unlikely to qualify. The face value of the loans
that may be guaranteed by the appropriation will
depend on the subsidy costs assigned to the projects
eventually selected. For example, if the average subsidy cost were 10 percent of the face value of the loans,
the $6 billion appropriated would support loan guarantees on $60 billion of debt financing. The Section
406 provision is represented in AEO2010 by a lower
cost of financing (by 2 percentage points) for all
eligible renewable projects brought on line by 2015.
The 2015 date, 4 years after the September 30, 2011,
cutoff date for start of construction, was chosen to
allow for the construction period associated with
most renewable generating technologies.
Smart grid expenditures
ARRA Title IV, “Energy and Water Development,”
Section 405, provides $4.5 billion to modernize, secure, and improve the reliability of electric energy
and storage infrastructure and to develop a Smart
Grid. While somewhat difficult to define, smart grid
technologies generally include a wide array of storage, measurement, communications, and control
equipment employed throughout the generation,
transmission, and distribution system to enable
real-time monitoring of the production, flow, and use
of power from generator to consumer. Among other
things, smart grid technologies, once deployed, are
expected to enable more efficient use of the transmission and distribution grid and lower line losses,
10

facilitate greater use of renewables, and provide
information to utilities and their customers that will
lead to greater investment in energy efficiency and reduction of peak load demands. The funds provided
will not cover the cost of widespread implementation
of smart grid technologies but could stimulate more
rapid investment than otherwise would occur.
Several changes were made throughout NEMS to
represent the impacts of the smart grid funding
provided in ARRA. For the electricity module, it was
assumed that line losses would decrease slightly, peak
loads would fall as customers shifted their usage
patterns, and customers would be more responsive to
price signals. Historically, line losses (expressed as
the percentage of electricity lost in transmission)
have fallen as utilities have made investments to expand the grid or replace aging or failing equipment.
That trend was incorporated in previous AEO Reference cases. After passage of ARRA, the time period for
improvements was extended, allowing for greater
declines in line losses. AEO2010 assumes that line
losses will be reduced from roughly 6.9 percent in
2008 to 5.3 percent in 2025.
Smart grid technologies also have the potential to
reduce peak demand through the increased deployment of demand response programs. AEO2010
assumes that efforts stimulated by Federal expenditures on smart grid technologies will reduce peak
demands in 2035 by 3 percent from what they otherwise would be. Because the load shifted to off-peak
hours is not eliminated, net energy consumed
remains largely constant.
It is also assumed that increased investment in smart
grid technologies—particularly, smart meters on
buildings and homes—will make consumers more responsive to changes in electricity prices. Accordingly,
the price elasticity of demand for residential and commercial electricity is increased for certain uses.
Coal
ARRA Title IV, “Energy and Water Development,”
provides $3.4 billion for additional research and
development of fossil energy technologies, including
$800 million to fund projects under the Clean Coal
Power Initiative program focusing on capture and
sequestration of GHGs [8]. In July 2009, a total of
$408 million was allocated to two projects—the Basin
Electric Power Cooperative’s Antelope Valley Station
in North Dakota and the Hydrogen Energy Project in California—to demonstrate the capability to
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capture 3 million tons of CO2 per year. In December
2009, two additional project awards were announced
through the Clean Coal Power Initiative program,
which will be funded in part through ARRA. The projects include American Electric Power’s Mountaineer
plant in West Virginia (235-megawatt flue gas
stream) and a new plant to be built by Summit Texas
Clean Energy in Texas. To reflect the impact of this
provision, the AEO2010 Reference case assumes that
an additional 1 gigawatt of coal-fired capacity with
CCS will be built by 2017.
Other ARRA provisions
Additional appropriations under ARRA Title IV, totaling $2.6 billion, are not included in AEO2010, because the activities funded have only indirect or
unknown impacts on energy use, or because insufficient program detail has been provided. The additional appropriations include $1 billion for research
and development projects to be established by the
Secretary of Energy; $80 million for geologic sequestration projects covering site characterization, training, research grants, and other administrative costs;
and $1.52 billion for industrial carbon capture and
energy efficiency projects or those developing innovative uses for CO2. As of October 2009, $112 million of
the $1.52 billion had been allocated to 14 industrial
projects demonstrating various combinations of carbon capture technologies, CO2 transport activities,
sequestration, and EOR.

Liquid fuels taxes and tax credits
This section provides a review of the treatment of
Federal fuels taxes and tax credits in AEO2010.
Excise taxes on highway fuel
The treatment of Federal highway fuel taxes remains
unchanged from the previous year’s AEO. Gasoline is
taxed at 18.4 cents per gallon, diesel fuel at 24.4 cents
per gallon, and jet fuel at 4.4 cents per gallon, consistent with current laws and regulations. Consistent
with Federal budgeting procedures, which dictate
that excise taxes dedicated to a trust fund, if expiring,
are assumed to be extended at current rates, these
taxes are maintained at their present levels, without
adjustment for inflation, throughout the projection
[9]. State fuel taxes are calculated on the basis of a
volume-weighted average for diesel, gasoline, and
jet fuels. The State fuel taxes were updated as of
July 2009 [10] and are held constant in real terms
over the projection period, consistent with historical
experience.

Biofuels tax credits and tariffs
No changes have been made in the treatment of
biofuels taxes and credits in AEO2010. The existing
ethanol excise tax credit of $0.45 per gallon, as specified in the Food, Conservation, and Energy Act of
2008 [11], is still scheduled to expire at the end of
2010. In addition, the PTC of $1.01 per gallon for
cellulosic biofuels [12], also specified in the Food,
Conservation, and Energy Act of 2008, remains set to
expire on January 1, 2013.
The $1.00-per-gallon excise tax credit for biodiesel
established in the Emergency Economic Stabilization
Act of 2008 [13] expired on December 31, 2009. The
credit applies to biodiesel made from recycled vegetable oils or recycled animals fats, as well as renewable
diesel (e.g., diesel derived from biomass).
Low-carbon fuel standard
In April 2009, the CARB passed the world’s first
low-carbon fuel standard (LCFS), which is scheduled
to go into effect on January 1, 2011 [14]. Because the
rules for the LCFS had not been finalized as of October 2009, they are not included in AEO2010. The regulation aims to reduce the carbon content of
transportation fuels sold in California by 10 percent
in 2020. The reductions will be applied to gasoline and
diesel fuel pools, as well as a number of their substitutes as defined by CARB’s eligible fuel pathways
[15], with providers of transportation fuels being the
regulated parties. Regulated parties will be able to
meet the LCFS by using a combination of fuel blends,
alternative fuels, and LCFS credits. By the end of
2010, the baseline carbon intensities for gasoline,
diesel fuel, and their substitutes will be calculated
and finalized in a full-life-cycle fuel analysis, which
will consider indirect land-use effects for certain
biofuels.

CAFE standards
Pursuant to the President’s announcement of a
National Fuel Efficiency Policy, the National Highway Traffic Safety Administration (NHTSA) and the
EPA have promulgated nationally coordinated standards for tailpipe CO2-equivalent emissions and fuel
economy for light-duty vehicles (LDVs) [16], which
includes both passenger cars and light-duty trucks. In
the joint rulemaking, EPA is enacting CO2-equivalent emissions standards under the Clean Air Act
(CAA), and NHTSA is enacting companion CAFE
standards under the Energy Policy and Conservation
Act, as amended by EISA2007.
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The initial harmonized standards will affect model
year (MY) 2012 vehicles, and compliance requirements will increase in stringency through MY 2016,
building on NHTSA’s enacted CAFE standard for
MY 2011. NHTSA has estimated the impact of the
new CAFE standards and has projected that the
proposed fleet-wide standards for LDVs will increase
fuel economy from 27.3 mpg in MY 2011 to 34.1 mpg
in MY 2016, an average annual increase of 4.3 percent. EPA projects a fleet-wide reduction in CO2equivalent emissions from 295 grams per mile for MY
2011 to 250 grams per mile for MY 2016 (Table 1).
Although the two separate standards were issued
jointly, there are important differences between
them. In lieu of increasing vehicle fuel economy,
EPA’s vehicle CO2-equivalent emissions standard
allows manufacturers to generate CO2-equivalent
credits by reducing emissions of hydrofluorocarbons
by improving air conditioner systems and alternative
fuel use capabilities. NHTSA estimates that adoption
of cost-effective technologies will enable manufacturers to achieve a fleet-wide minimum fuel economy
requirement of 34.1 mpg by 2016. Because the CO2equivalent standards cover all vehicle emissions related to GHGs, manufacturers who do not implement
technologies that address non-fuel-related emissions
will have to comply with a fuel economy standard of
35.5 mpg by 2016.
The fuel standards use an attribute-based methodology to determine the minimum fuel economy requirements and CO2-equivalent emissions standards for
vehicles based on footprint, defined as the wheelbase
(the distance from the center of the front axle to the
center of the rear axle) times the average track width
(the distance between the center lines of the tires) in
square feet.
Table 1. Estimated average fleet-wide fuel economy
and CO2-equivalent emissions compliance levels,
model years 2012-2016
Model year Passenger car Light truck
NHTSA CAFE standard (miles per gallon)
2012
33.3
25.4
2013
34.2
26.0
2014
34.9
26.6
2015
36.2
27.5
2016
37.5
28.8

Manufacturer compliance is determined for CAFE by
a harmonically weighted average of sales of cars and
light trucks and for CO2-equivalent emissions by a
Figure 5. Projected average fleet-wide fuel
economy and CO2-equivalent emissions compliance
levels for passenger cars, model year 2016
(miles per gallon equivalent)
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Figure 6. Projected average fleet-wide fuel
economy and CO2-equivalent emissions compliance
levels for light trucks, model year 2016
(miles per gallon equivalent)
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For example, a passenger car with a footprint of 44
square feet in MY 2016 will face a fuel economy standard of 38.8 mpg and a CO2-equivalent emission standard of 218.6 grams per mile. Standards are revised in
subsequent model years to ensure improvement in
fuel economy and a reduction in CO2-equivalent emissions over time. Separate mathematical functions are
established for passenger cars and light trucks, reflecting their different design capabilities (Figures 5
and 6). As required by EISA2007, AEO2010 assumes
that CAFE standards will be increased, so that the
combined fuel economy of new LDVs will achieve the
required minimum of 35 mpg by 2020.
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production-weighted average compliance across each
manufacturer’s fleet. Individual manufacturers face
different CAFE and CO2 equivalent compliance stringencies to the extent that their sales and production
distributions differ by footprint.
The NHTSA-EPA standards also include flexibility
provisions for compliance by individual manufacturers, such as: (1) allowing credit trading among manufacturers who exceed their standards and those who
do not; (2) allowing credit transfers among vehicle
fleets for a single manufacturer; (3) allowing manufacturers to “carry forward” credits earned from exceeding the standards in earlier model years and
“carry back” credits earned in later years to meet
shortfalls from earlier model years; and (4) allowing
manufacturers to earn CAFE credits by producing
AFVs, with credits for flex-fuel vehicles (FFVs) being
phased out by MY 2019, and earn CO2-equivalent
credits for FFVs until MY 2015 unless the manufacturer can prove that the vehicle is actually using an
alternative fuel. NHTSA and the EPA also differ in
their compliance flexibility provisions, such as EPA’s
air conditioner credits and a temporary lead-time allowance for manufactures who sell fewer than
400,000 vehicles in MY 2009.
The flexibility provisions do not, however, allow
manufacturers to deviate significantly from their
annual fuel economy targets. NHTSA retains a
required minimum fuel economy level for passenger
cars. Before any credit can be applied by a manufacturer, its passenger car fleet for the model year must
meet an average fuel economy standard—either
27.5 mpg or 92 percent of the CAFE for the industry-wide combined fleet of domestic and nondomestic
passenger cars for that model year, whichever is
higher. Based on NHTSA’s current market projection, its estimate of the minimum standard is
34.8 mpg in 2016. It is important to note that EPA
and NHTSA’s joint proposal is subject to change in
future rulemakings. Although the final CAFE standards have been enacted, only the proposed CAFE
standards and compliance schedule were available
when AEO2010 was finalized. At that time, the
proposal offered the best available insight into future
regulations implementing EISA2007 CAFE requirements through 2016. AEO2010 increases the MY
2016 fuel economy standards to ensure that the
EISA2007 mandated minimum requirements are met
through 2020.

New EPA guidelines for review of surface
coal mining operations in Appalachia
On April 1, 2010, the EPA issued a set of new guidelines to several of its Regional offices regarding
the compliance of surface coal mining operations
in Appalachia with the provisions of the Clean Water
Act (CWA), the National Environmental Policy Act,
and the environmental justice Executive Order (E.O.
12898). The stated purpose of the guidance was to explain more fully the approach that the EPA will be following in permit reviews, and to provide additional
assurance that its Regional offices use clear, consistent, and science-based standards in reviewing the
permits. Although the new guidelines go into effect
immediately, they will be subjected to review both by
the public and by the EPA’s Science Advisory Board,
with a set of final guidelines to be issued no later than
April 1, 2011.
Issuance of the new EPA guidelines is related primarily to the ongoing controversy over use of the mountaintop removal method at a number of surface coal
mining operations in Central Appalachia—primarily
in southern West Virginia and eastern Kentucky.
Although the guidelines propose a more rigorous
review for all new surface coal mines in Appalachia,
the EPA indicates that the practice of valley fills,
primarily associated with the mountaintop removal
method, is the aspect of Appalachian coal mining that
will be most scrutinized. In particular, the EPA
points to new scientific evidence that dissolved solids
in drainage from existing valley fills in Central Appalachia are adversely affecting downstream aquatic
systems.
Although the proposed use of valley fills at mining
sites will not necessarily preclude the issuance of
permits for surface mines under CWA Sections 402
and 404, the EPA guidelines recommend that all practicable efforts be made to minimize their use. Section
402 of the CWA pertains to the issuance of National
Pollution Discharge Elimination System permits.
Section 404 relates to the issuance of permits for the
discharge of dredge or fill material into the waters of
the United States, including wetlands. Issuance of
Section 404 permits comes under the authority of the
U.S. Army Corps of Engineers, but is subject to EPA
oversight.
Two recent actions by the EPA related to its review
of Section 404 permits for proposed mountaintop
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mining operations in West Virginia indicate the
agency’s heightened concern with regard to
valley fills. In January 2010, the EPA announced
its approval for the issuance of a Section 404 permit
for Patriot Coal’s proposed Hobet 45 mountaintop
mining operation. The EPA indicated that the
company was able to eliminate the need for any valley
fills and, as a result, reduce the estimated adverse
downstream impact by 50 percent. In contrast, in
March 2010, the EPA was not able to extend approval
of a Section 404 permit for Arch Coal Company’s proposed Spruce No. 1 mountaintop mining operation,
because the mine plan proposed the burial of 7.5 miles
of healthy headwater streams under the spoil of six
separate valley fills.
The EPA’s new guidelines for surface coal mining
operations are not represented in the AEO2010 projections, because they were issued after the cutoff
date for model simulations. The likely impact of representing the more intensive reviews of new mining
operations would be higher projected prices and
lower production for surface-mined coal from Central
Appalachia. In the AEO2010 Reference case, coal production at surface mines in Central Appalachia is
projected to decline from 115 million tons in 2008 to
71 million tons in 2020 and 63 million tons in 2035.

Clean Air Interstate Rule: Changes and
modeling in AEO2010
On December 23, 2008, the D.C. Circuit Court remanded but did not vacate CAIR [17], overriding
its previous decision on February 8, 2008, to remand
and vacate CAIR. The December decision, which
is reflected in AEO2010, allows CAIR to remain in
effect, providing time for the EPA to modify the rule
in order to address objections raised by the Court in
its earlier decision. A similar rule, referred to as the
CAMR, which was to set up a cap-and-trade system
for reducing mercury emissions by approximately 70
percent, is not represented in the AEO2010 projections, because it was vacated by the D.C. Circuit
Court in February 2008.
CAIR, which was promulgated by the EPA in 2005,
was designed to achieve further reductions in emissions of sulfur dioxide (SO2) and nitrogen oxides
(NOx) beyond those established in the 1990 CAA
Amendments. The emissions reductions mandated
by the rule were put in place to assist States in meeting their National Ambient Air Quality Standards for
ground-level ozone and particulate matter. The EPA
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identified 28 States and the District of Columbia to
participate in the program, because they either were
not meeting the standards themselves or were contributing to emissions in downwind States that were
out of compliance. When fully implemented, CAIR
was designed to cap SO2 emissions at 2.5 million tons
and NOx emissions at 1.3 million tons in the affected
States [18]. States could comply with the limits either
by participating in a cap-and-trade system or by developing their own strategies to achieve their required reduction shares.
The annual NOx emissions trading program developed for CAIR commenced in 2009. SO2 emissions
caps under the rule will take effect in 2010. Meanwhile, the EPA is developing a new CAIR designed to
address the shortcomings identified by the court. The
EPA expects to release a proposal for the replacement
CAIR in May 2010 [19]. There is also a possibility that
legislative action could be taken to develop new
standards, but because the AEO does not anticipate
future laws or regulations, AEO2010 assumes that
the long-term reduction goals of CAIR will be met
through the existing cap-and-trade system specified
in the current rule.

State renewable energy requirements and
goals: Update through 2009
To the extent possible, AEO2010 incorporates the
impacts of State laws requiring the addition of renewable generation or capacity by utilities doing business
in the States. Currently, 30 States and the District
of Columbia have enforceable RPS or similar laws
(Table 2). Under such standards, each State determines its own levels of generation, eligible technologies, and noncompliance penalties. AEO2010 includes
the impacts of all laws in effect as of September 2009
(with the exception of Hawaii, because NEMS provides electricity market projections for the continental United States only).
In the AEO2010 Reference case, States generally
meet their ultimate RPS targets. RPS compliance in
most regions is approximated, because NEMS is not a
State-level model, and each State represents only a
portion of one of the NEMS regions, which are composed of multiple States. Compliance costs in each region are tracked, and the projection for total
renewable generation is checked for consistency with
any State-level cost-control provisions, such as caps
on renewable credit prices, limits on State compliance
funding, or impacts on consumer electricity prices.

U.S. Energy Information Administration / Annual Energy Outlook 2010

Legislation and Regulations
Table 2. Renewable portfolio standards in the 30 States with current mandates
State Program mandate
AZ

CA

CO

CT
DE

HI
IL

IA
KS
ME

MD
MA

MI
MN

MO

MT
NV

NH
NJ
NM

NY
NC

Arizona Corporate Commission Decision No. 69127 requires 15 percent of electricity sales to be renewable by 2025, with
interim goals increasing annually. A specific percentage of the target must be from distributed generation. Multiple credits may
be provided to solar generation and in-State manufactured systems.
Public Utilities Code Sections 399.11-399.20 mandate that 20 percent of electricity sales must be renewable by 2010. There are
also goals for the longer term. Renewable projects with above-market costs will be funded by supplemental energy payments
from a dedicated fund, possibly limiting renewable generation to less than the 20-percent requirement.
House Bill 1281 sets the renewable target for investor-owned utilities at 20 percent by 2020. There is a 10-percent requirement
in the same year for cooperatives and municipals. Moreover, 2 percent of total sales must come from solar power. In-State
generation receives a 25-percent credit premium.
Public Act 07-242 mandates a 27-percent renewable sales requirement by 2020, including a 4-percent mandate from higher
efficiency or CHP systems. Of the overall total, 3 percent may be met by waste-to-energy facilities and conventional biomass.
Senate Bill 19 required an RPS target of 20 percent of sales by 2019. There is a separate requirement for solar generation
(2 percent of the total), and penalty payments for compliance failure. Solar technologies receive triple credits. Offshore wind
receives 3.5 times the credit amount.
Senate Bill 3185 sets the renewable mandate at 20 percent by 2020. All existing renewable facilities are eligible to meet the
target, which has two interim milestones.
Public Act 095-0481 created an agency responsible for overseeing the mandate of 25-percent renewable sales by 2025. There are
escalating annual targets, and 75 percent of the requirements must be generated from wind. The plan also includes a cap on the
incremental costs added from renewable penetration. In 2009, the rule was modified to cover sales outside a utility’s home
territory.
In 1983, an RPS mandating105 megawatts of renewable energy capacity was adopted. A voluntary goal of 1,000 megawatts of
renewable energy was adopted in 2001.
In 2009, House Bill 2369 established a requirement that 20 percent of installed capacity must use renewable resources by 2020.
In 2007, Public Law 403 was added to the State’s RPS requirements. The original mandate of 30 percent renewable generation
by 2000 was set below renewable generation at the time. The new law requires a 10-percent increase from the 2006 level of
renewable capacity by 2017, and that level must be maintained in subsequent years. The years leading up to 2017 also have new
capacity milestones. Generation from eligible community-owned facilities counts as 1.1 kilowatthours for every kilowatthour of
actual generation.
In April 2008, House Bill 375 revised the preceding RPS to contain a 20-percent target by 2022, including a 2-percent solar
target. H.B. 375 also raised penalty payments for “Tier 1” compliance shortfalls to 4 cents per kilowatthour.
The RPS has a goal of a 15-percent renewable share of total sales by 2020. The State also has necessary payments for
compliance shortfalls. As of December 2009, consideration of the eligibility of new biomass facilities was temporarily suspended
while the State studies the issue of the sustainability of biomass resources.
Public Act 295 established an RPS that will require 10 percent renewable generation by 2015. Bonus credits are given to solar
energy.
Senate Bill 4 created a 30-percent renewable requirement by 2020 for Xcel, the State’s largest supplier, and a 25-percent
requirement by 2025 for other suppliers. Also specified was the creation of a State cap-and-trade program that will assist the
program’s implementation. The 30-percent requirement for Excel consists of 24 percent that must be from wind, 1 percent that
can be from wind or solar, and 5 percent that can be from other resources.
In November 2008, Missouri voters approved Proposition C, which mandates a 2-percent renewable energy requirement in
2011, which will increase incrementally to 15 percent of generation in 2021. Bonus credits are given to renewable generation
within the State.
House Bill 681, approved in April 2008, expanded the RPS provisions to all suppliers. Initially the law covered only public
utilities. A 15-percent share of sales must be renewable by 2015. The State operates a renewable energy credit market.
The State has an escalating renewable target, established in 1997 and revised in 2005 and again in 2009 by Senate Bill 358.
The most recent requirement mandates a 25-percent renewable generation share of sales by 2025. Up to one-quarter of the
25-percent share may be met through efficiency measures. There is also a minimum requirement for photovoltaic systems,
which receive bonus credits.
House Bill 873, passed in May 2007, legislated that 23.8 percent of electricity sales must be met by renewables in 2025.
Compliance penalties vary by generation type.
In 2006, the RPS was revised to increase renewable energy targets. Renewable generation is to provide 22.5 percent of sales by
2021, with interim targets. There are different requirements for different technologies, including a 2-percent solar mandate.
Senate Bill 418, passed in March 2007, directs investor-owned utilities to derive 20 percent of their sales from renewable
generation by 2020. The renewable portfolio must consist of diversified technologies, with wind and solar each accounting for 20
percent of the target. There is a separate standard of 10 percent by 2020 for cooperatives.
The Public Service Commission issued RPS rules in 2005 that call for an increase in renewable electricity sales to 25 percent of
the total by 2013, from the current level of 19 percent. The program is administered and funded by the State.
In 2007, Senate Bill 3 created an RPS of 12.5 percent by 2021 for investor-owned utilities. There is also a 10-percent
requirement by 2018 for cooperatives and municipals. Through 2018, 25 percent of the target may be met through efficiency
standards, increasing to 40 percent in later years.
(continued on page 16)
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Table 2. Renewable portfolio standards in the 30 States with current mandates (continued)
State Program mandate
OH

Senate Bill 221, passed in May 2008, requires 25 percent of electricity sales to be produced from alternative energy resources by
2025, including low-carbon and renewable technologies. One-half of the target must come from renewable sources. Municipals
and cooperatives are exempt.

OR

Senate Bill 838 (signed into law in June 2007) required renewable targets of 25 percent by 2025 for large utilities and 5 to 10
percent by 2025 for smaller utilities. Renewable electricity on line after 1995 is considered eligible. Compliance penalty caps
have not yet been determined.

PA

The Alternative Energy Portfolio Standard, signed into law in November 2004, has an18-percent requirement by 2020. Most of
the qualifying generation must be renewable, but there is also a provision that allows waste coal resources to receive credits.

RI

The Renewable Energy Standard was signed into law in 2004. The program requires that 16 percent of total sales be renewable
by 2019. The interim program targets escalate more rapidly in later years. If the target is not met, a generator must pay an
alternative compliance penalty. State utilities must also procure 90 megawatts of new renewable capacity, including 3
megawatts of solar, by 2014.

TX

Senate Bill 20, passed in August 2005, strengthened the State RPS by mandating 5,880 megawatts of renewable capacity by
2015. There is also a target of 500 megawatts of renewable capacity other than wind.

WA

In November 2006, Washington voters approved Initiative 937, which specifies that 15 percent of sales from the State’s largest
generators must come from renewable sources by 2020. There is an administrative penalty of 5 cents per kilowatthour for
noncompliance. Generation from any facility that came on line after 1999 is eligible.

WV

House Bill 103, passed in June 2009, established a requirement that 25 percent of sales must come from alternative energy
resources by 2025. Alternative energy was defined to include various renewables, along with several different fossil energy
technologies.

WI

Senate Bill 459, passed in March 2006, strengthened the State RPS with a requirement that, by 2015, each utility must
generate 10 percent of its electricity from renewable resources, up from the previous requirement of 2.2 percent in 2011. The
renewable share of total generation must be at least 6 percentage points above the average renewable share from 2001 to 2003.

States that have enacted new laws include the
following:

underlying assumptions for AEO2010, the legislation
is not specifically reflected in AEO2010.

Kansas. House Bill 2369 [20] established a capacity-based renewable electricity goal that requires 20
percent of capacity to be from renewable resources by
2020. In-State renewable capacity resources will
count as 1.1 megawatts of capacity for every megawatt of nameplate capacity. Although other States,
such as Texas and Iowa, have had capacity-based renewable targets before, Kansas specifies the capacity
goal as a fraction of installed capacity rather than as a
fixed quantity of capacity. Most of the RPS programs
included in AEO2010 are based on electricity generation; however, for modeling purposes EIA converted
the capacity targets to approximate generation equivalents, assuming that wind will be the primary compliance resource.

States with significant modifications to existing laws
include the following:

Maine. With the passage of LD 1075 [24], Maine now
counts generation from eligible community-owned
resources toward meeting the RPS requirements, at a
rate of 1.5 kilowatthours for every kilowatthour of
actual generation.

West Virginia. In June 2009, the West Virginia legislation enacted House Bill 103 [21], an “alternative
and renewable energy portfolio standard.” The law
allows certain types of coal or coal-based gases to compete to meet the same target as wind and other renewable resources. Eligible resources must meet 25
percent of electricity sales by 2025. Although other
States have included nonrenewable resources in their
policies, they have a separate “tier” or target schedule
for the fossil resources. Because it lacks a distinct
renewable energy target and presents capacity expansion requirements largely consistent with the

Massachusetts. On December 3, 2009, the Massachusetts Department of Energy Resources [25] placed
a temporary hold on the consideration of certain new
biomass plants to meet the State’s RPS requirement.
Because the action occurred after the AEO2010 Reference case results were finalized, and because it is a
temporary measure, EIA did not include it in the current projections. Currently, the Massachusetts Department of Energy Resources is studying concerns
that have been raised over the sustainability of biomass resources; future consideration of biomass generation will be based on the results of that study.
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Illinois. The Illinois Commerce Commission issued
additional regulations in implementing the existing
Illinois RPS [22] with Order 09-0432 [23] and now
applies the renewable targets to sales outside an energy service provider’s territory, not just to sales by
default service providers.
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Minnesota. Among other changes resulting from the
passage of SF 550 [26], Minnesota now allows limited
amounts of solar generation to be included in the
wind-only generation provision applied to the State’s
largest utility. Whereas the prior law [27] required
the largest utility in Minnesota to produce 25 percent
of sales from wind generation and 5 percent from
other eligible resources, now it may produce 24 percent from wind, 1 percent from wind or solar, and 5
percent from other eligible resources.

• Auctions are held quarterly and follow a singleround, sealed-bid format.

Nevada. In May 2009, Nevada enacted Senate Bill
358 [28], which increased the renewable electricity
target to 25 percent of sales by 2025, of which 6 percent (1.5 percent of sales) must come from solar.

• Future allowances are made available for purchase up to 4 years before their official vintage
date, as a way to reduce price volatility.

Rhode Island. In addition to its existing generation-based RPS schedule, with the enactment of
H 5002 [29] Rhode Island will now require utilities to
procure 90 megawatts of new renewable capacity, of
which 3 megawatts must be solar.

Updated State air emissions regulations
Regional Greenhouse Gas Initiative
The Regional Greenhouse Gas Initiative (RGGI) is a
program that includes 10 Northeast States that have
agreed to curtail and reverse growth in their CO2
emissions. The RGGI program includes all electricity
generating units with a capacity of at least 25 megawatts and requires an allowance for each ton of CO2
emitted [30]. The first year of mandatory compliance
was in 2009.
Each participating State was provided a CO2 budget
consisting of a history-based baseline with a cushion
for emissions growth, so that meeting the cap is expected to be relatively easy initially and become more
stringent in subsequent years. The requirements are
expected to cover 95 percent of CO2 emissions from
the region’s electric power sector. Overall, the RGGI
States as a whole must maintain covered emissions
at a level of 188 million tons CO2 for the next 4 years,
after which a mandatory 2.5-percent annual decrease
in CO2 emissions through 2018 is expected to reduce
the total for covered CO2 emissions in the RGGI
States to 10 percent below the initial calculated budget. Although each State was given its own emissions
budget, allowances are auctioned at a uniform price
across the entire region.
To preserve the program’s integrity, several rules
were agreed to by the participating States:

• Allowances are sold at a uniform price, which is
the highest price of the rejected bids.
• States may hold a small number of allowances for
their own use (however, most have decided to
auction all their allowances).
• Each emitter must buy one allowance for every
ton of CO2 emitted.

• A reserve price floor of $1.86 per allowance [31] in
real dollars is in effect for each auction, as a way
to preserve allowance prices in auctions where
demand is low and to avoid collusion among emitters that could threaten a fair market. The floor
price is subject to change at the discretion of
RGGI officials.
• Revenue from the auctions can be spent at the
State’s discretion, but at least 25 percent must go
into a fund that benefits consumers and promotes
low-carbon energy development.
Since the first auction in September 2008, there have
been five subsequent RGGI auctions. At the most recent, in December 2009, 28.6 million allowances were
offered and sold at a clearing price of $2.05 [32].
RGGI’s impact on electricity markets is included in
the AEO2010 Reference case. Its impact on actual
emissions, especially in the early years, is minimal because of its relatively generous emissions budget.
Also, it is difficult to capture the nuances of initiatives
that cover only single States or groups of States that
do not correspond to the regions used in NEMS.
Therefore, EIA estimated generation for the MidAtlantic region and capped emissions from those
facilities. Pennsylvania’s emissions were not restricted, because Pennsylvania is an observing
member and is not participating in the cap-andtrade program or subject to any mandatory emission
reductions.
Western Climate Initiative
The Western Climate Initiative (WCI) [33] is a separate regional GHG emissions reduction program.
Participants include seven U.S. States (Arizona, California, Montana, New Mexico, Oregon, Utah, and
Washington) and four Canadian Provinces (British
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Columbia, Manitoba, Ontario, and Quebec), as well as
additional observer States and Provinces in the
United States, Canada, and Mexico. Unlike RGGI, the
WCI and California regulations are not included in
the AEO2010 Reference case, because their rules still
are subject to change.
The initiative seeks to reduce GHG to levels 15 percent below 2005 emissions by 2020. Although the
original plan was to achieve the reductions through
an allowance cap-and-trade program, the current
economic environment and changing political landscape have led some of the States to reevaluate their
participation. Each State must provide legislative
authority for the cap-and-trade system, and currently
only California has the required authority in place.
Consequently, the WCI has recently formed a complementary policy committee that will examine moving
beyond cap and trade to explore issues such as tightening building codes, instituting appliance efficiency
standards, and adopting RPS programs.
The WCI cap-and-trade structure is similar to RGGI
but with some important differences. For example,
the first phase of the program (2012-2015) would not
cover emissions produced by the combustion of fossil
fuels from smaller facilities or mobile sources, but all
fuels would be covered by 2015, including fuels used
in the residential, commercial, industrial, and transportation sectors. All fuels will be regulated at the
point where they enter commerce, which generally is
at a fuel distributor. This may vary, however, and the
exact point will be determined before 2015.
The 2015 fuel cap is an expansion in scope over the
first phase, which applies only to facilities emitting
more than 25,000 CO2-equivalent metric tons per
year. Although the second phase covers fuels at the
distributor level, the first phase regulates the larger,
stationary facilities at the emissions source. The WCI
recommends that States begin mandatory emissions
monitoring this year, so that reporting can begin in
2011. As of January 2010, Arizona and Montana had
not committed to the WCI reporting goals.
Another distinction between RGGI and WCI is that
the latter would cover emissions of nitrous oxide,
methane, hydrofluorocarbons, perfluorocarbons, and
sulfur hexafluoride in addition to CO2. Emissions of
the additional gases would be measured in terms of
their CO2-equivalent global warming potentials, and
allowances would be issued accordingly. WCI documents estimate that 90 percent of the region’s GHG
18

emissions would be subject to regulation after combustion fuels are included in 2015.
As noted above, California’s Assembly Bill (A.B.) 32
gives the CARB authority to regulate GHG emissions
and reduce them to 1990 levels by 2020. The Board recently released its draft regulations, which were open
to comment until January 2010 [34]. A public report
is expected to be issued in spring 2010, and a final version is due to be released in fall 2010. The State will
use a cap-and-trade program to cover 85 percent of its
GHG emissions— equivalent to covering the 600 largest stationary emissions sources as well as suppliers
of residential, commercial, industrial, and transportation fuels. Imported power also is subject to the
regulations.
Currently, three compliance periods are proposed:
2012-2014, 2015-2017, and 2018-2020. The first period will cover electricity generation and industrial
sources emitting more than 25,000 metric tons CO2
equivalent per year. The second period will begin a
phase-in of smaller industrial sources and fuels. The
third period will have a lower GHG ceiling that will
extend beyond 2020. It is important to note, however,
that this is tentative, and the compliance period may
be shortened to one year rather than the current
three. As of January 2010, the GHG caps for each
period had not been met.
Midwestern Greenhouse Gas Reduction Accord
The Midwestern Greenhouse Gas Reduction Accord
[35] is another regional initiative that seeks to curtail
emissions. Six States (Illinois, Iowa, Kansas, Michigan, Minnesota, and Wisconsin) and one Canadian
province (Manitoba) are members, and there are four
additional observer States. Its advisory group released a draft of final recommendations in June 2009
[36]. The program is similar in structure to the WCI,
and it seeks a 20-percent reduction from 2005 GHG
emission levels by 2020 and an 80-percent reduction
by 2050.
Although its final recommendations strongly urge
Federal action, the committee has stated that it will
proceed with a regional cap-and-trade system in the
absence of Federal legislation. Finalized rules for the
Accord have been delayed and are expected to be released sometime in 2010. The draft rules for the Midwestern Greenhouse Gas Reduction Accord are
detailed [37], but because they are preliminary they
are not included in AEO2010.
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Endnotes for Legislation and Regulations
1. For complete text of the ARRA, see web site http://
frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=
111_cong_public_laws&docid=f:publ005.111.
2. For complete text of the Emergency Economic Stabilization Act of 2008, including Division B, “Energy
Improvement and Extension Act of 2008,” see web site
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?
dbname=110_cong_bills&docid=f:h1424enr.txt.pdf.
3. For the complete text of the Food, Conservation, and
Energy Act of 2008, see web site http://frwebgate.
Access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_
cong_public_laws&docid=f:publ246.110.pdf.
4. U.S. Court of Appeals for the District of Columbia Circuit, No. 05-1244, web site www.epa.gov/airmarkets/
progsregs/cair/docs/CAIRRemandOrder.pdf.
5. See U.S. Energy Information Administration, An
Updated Annual Energy Outlook 2009 Reference Case
Reflecting Provisions of the American Recovery and
Reinvestment Act and Recent Changes in the Economic
Outlook, SR-OIAF/2009-03 (Washington, DC, April
2009), web site www.eia.doe.gov/oiaf/servicerpt/
stimulus/pdf/sroiaf(2009)03.pdf.
6. U.S. Department of Energy, “Weatherization Assistance Program,” web site http://apps1.eere.energy.
gov/weatherization/recovery_act.cfm and M. Schweitzer, Oak Ridge National Laboratory, Estimating the
National Effects of the U.S. Department of Energy’s
Weatherization Assistance Program with State-Level
Data: A Metaevaluation Using Studies from 1993 to
2005, ORNL/CON-493 (Oak Ridge, TN, September
2005), web site http://weatherization.ornl.gov/pdf/
CON-493FINAL10-10-05.pdf.
7. Certain types of biomass, municipal waste, and hydroelectric generation are eligible for only one-half of the
2.1-cent credit. The ITC alternative is not limited in
value for those technologies.
8. For information on the U.S. Department of Energy’s
implementation of ARRA through the Office of Fossil
Energy, see web site www.energy.gov/recovery.
9. Balanced Budget and Emergency Deficit Control Act
of 1985, Title 2, Section 907.
10. Defense Energy Support Center, “Compilation of
United States Fuel Taxes, Inspection Fees, and Environmental Taxes and Fees” (July 13, 2009).
11. 110th Congress, H.R. 2419, Food, Conservation, and
Energy Act of 2008, Sec. 15331, Modification of Alcohol Credit (January 2008), web site http://frwebgate.
access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_
bills&docid=f:h2419enr.txt.pdf.
12. The cellulosic biofuels represented in NEMS are cellulosic ethanol, biomass-to-liquids (BTL) diesel, and
naphtha.
13. 110th Congress, H.R. 1424, Emergency Economic Stabilization Act of 2008, Division B, Energy Improvement and Extension Act of 2008, Sec. 202, Credits for
Biodiesel and Renewable Diesel (January 2008), web

site
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.
cgi?dbname=110_cong_bills&docid=f:h1424enr.txt.
pdf.
14. California Air Resources Board, Proposed Regulation
to Implement the Low Carbon Fuel Standard, Volume
I (March 5, 2009), web site www.arb.ca.gov/fuels/lcfs/
030409lcfs_isor_vol1.pdf.
15. California Air Resources Board, “Low Carbon Fuel
Standard Program,” Lifecycle Analysis, web site www.
arb.ca.gov/fuels/lcfs/lcfs.htm.
16. Vehicles with GVWR of 8,500 pounds or less.
17. U.S. Court of Appeals for the District of Columbia Circuit, No. 05-1244, web site www.epa.gov/airmarkets/
progsregs/cair/docs/CAIRRemandOrder.pdf.
18. U.S. Environmental Protection Agency, Fact Sheet:
Clean Air Interstate Rule (CAIR): Cleaner Air,
Healthier Air, and a Strong America (not dated), web
site www.epa.gov/interstateairquality/pdfs/cair_final_
fact.pdf.
19. ClimateWire, web site www.eenews.net/eenewspm/
2009/05/11/archive/2?terms=CAIR
(subscription site).
20. Legislature of the State of Kansas, Senate Substitute
for House Bill No. 2369 (May 22, 2009), web site www.
kslegislature.org/bills/2010/2369.pdf.
21. West Virginia Legislature, H.B. 103 (July 1, 2009),
web site www.legis.state.wv.us/Bill_Status/bills_text.
cfm?billdoc=hb103%20ENR.htm&yr=2009&
sesstype=1X&i=103.
22. Illinois General Assembly, Public Act 96-0159 (August
10, 2009), web site www.ilga.gov/legislation/
publicacts/fulltext.asp?Name=096-0159.
23. Illinois Commerce Commission, Order 09-0432 (July
29, 2009), web site www.dsireusa.org/documents/
Incentives/IL04R.pdf.
24. Maine Legislature, Public Law, Chapter 329 (June 9,
2009), web site www.mainelegislature.org/legis/bills/
bills_124th/chapters/PUBLIC329.asp.
25. Philip Giudice, Commissioner, Massachusetts Department of Energy Resources, Letter to Biomass Energy
Stakeholders (December 3, 2009), web site www.mass.
gov/Eoeea/docs//doer/rps/Mass%20Biomass%20Energ
y%20Stakeholders.pdf; and Massachusetts Department of Energy Resources, Clarification of Suspension
of Biomass Energy from Qualification in the Renewable Energy Portfolio Standard Program (December
22, 2009), web site www.mass.gov/Eoeea/docs/doer/
renewables/biomass/biomass-suspend-clarify2009dec22.pdf.
26. Minnesota Senate, S.F. 550, Sec. 13 (May 19, 2009),
web site https://www.revisor.mn.gov/bin/bldbill.php?
bill=S0550.3.html&session=ls86.
27. Minnesota Office of the Revisor of Statutes, 2009 Minnesota Statutes, 216B.1691 (2009), web site https://
www.revisor.mn.gov/statutes/?id=216B.1691.
28. Nevada Senate, SB 358 (May 28, 2009), web site www.
leg.state.nv.us/75th2009/Bills/SB/SB358_EN.pdf.
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29. State of Rhode Island General Assembly, H 5002
(June 26, 2009), web site www.rilin.state.ri.us/
PublicLaws/law09/law09051.htm.
30. Regional Greenhouse Gas Initiative, “About RGGI,”
web site www.rggi.org/about/documents.
31. Telephone call with Phillip Cherry, Delaware Department of Natural Resources and Environmental Concern (December 17, 2009).
32. Regional Greenhouse Gas Initiative, “Auction
Results,” web site www.rggi.org/co2-auctions/results.
33. Western Climate Initiative, Design Recommendations
for the WCI Regional Cap-and-Trade Program
(September
23,
2008),
web
site
www.
westernclimateinitiative.org/the-wci-cap-and-tradeprogram/design-recommendations.

20

34. California Air Resources Board, “Preliminary Draft
Regulation for California Cap-and-Trade Program,”
web site www.arb.ca.gov/cc/capandtrade/meetings/
121409/pdr.pdf (November 2009).
35. Midwestern Greenhouse Gas Reduction Accord, web
site www.midwesternaccord.org.
36. Midwestern Greenhouse Gas Reduction Accord, Advisory Group Draft Final Recommendations (June
2009), web site http://midwesternaccord.org/GHG%20
Draft%20Advisory%20Group%20Recommendations.
pdf.
37. For further information, see Midwestern Greenhouse
Gas
Reduction
Accord,
web
site
http://
midwesternaccord.org.
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Issues in Focus
Introduction

No Sunset and Extended Policies cases

Each year, the Issues in Focus section of the AEO provides an in-depth discussion on topics of special interest, including significant changes in assumptions and
recent developments in technologies for energy production, supply, and consumption. The first section
compares the results of two cases that adopt different
assumptions about the future course of existing
energy policies. One case assumes the elimination of
sunset provisions in existing energy policies. The
other case assumes the extension of a selected group
of existing policies—CAFE standards, appliance
standards, and PTCs—in addition to the elimination
of sunset provisions.

Background

Other sections include a discussion of end-use energy
efficiency trends in AEO2010; an analysis of the impact of incentives on the use of natural gas in heavy
freight trucks; factors affecting the relationship between crude oil and natural gas prices; the sensitivity
of the projection results to variations in assumptions
about the availability of U.S. shale gas resources; the
implications of retiring nuclear plants after 60 years
of operation; and issues related to accounting for CO2
emissions from biomass energy combustion.
The topics explored in this section represent current,
emerging issues in energy markets; but many of
the topics discussed in AEOs published in recent
years also remain relevant today. Table 3 provides a
list of titles from the 2009, 2008, and 2007 AEOs that
are likely to be of interest to today’s readers. They can
be found on EIA’s web site at www.eia.doe.gov/oiaf/
aeo/otheranalysis/aeo_analyses.html.

The AEO2010 Reference case is best described as
a “current laws and regulations” case, because it generally assumes that existing laws and fully promulgated regulations will remain unchanged throughout
the projection period, unless the legislation establishing them specifically calls for them to end or change.
The Reference case often serves as a starting point for
the analysis of proposed legislative or regulatory
changes, a task that would be difficult if the Reference case included “projected” legislative or regulatory changes.
As might be expected, it is sometimes difficult to draw
a line between what should be included or excluded
from the Reference case. Areas of particular uncertainty include:

• Laws or regulations that have a history of being
extended beyond their legislated sunset dates. Examples include the various tax credits for renewable fuels and technologies, which have been
extended with or without modifications several
times since their initial implementation.
• Laws or regulations that call for the periodic updating of initial specifications. Examples include
appliance efficiency standards issued by the U.S.
DOE and CAFE standards for vehicles issued by
NHTSA.
• Laws or regulations that allow or require the
appropriate regulatory agency to issue new or
revised regulations under certain conditions.

Table 3. Key analyses from “Issues in Focus” in recent AEOs
AEO2009

AEO2008

Economics of Plug-In Hybrid Electric
Vehicles

Impacts of Uncertainty in Energy Project
Costs

AEO2007
Impacts of Rising Construction and
Equipment Costs on Energy Industries

Limited Electricity Generation Supply and
Impact of Limitations on Access to Oil and
Natural Gas Resources in the Federal Outer Limited Natural Gas Supply Cases
Continental Shelf

Energy Demand: Limits on the Response to
Higher Energy Prices in the End-Use
Sectors

Expectations for Oil Shale Production

Trends in Heating and Cooling DegreeDays: Implications for Energy Demand

Miscellaneous Electricity Services in the
Buildings Sector

Bringing Alaska North Slope Natural Gas
to Market

Liquefied Natural Gas: Global Challenges

Industrial Sector Energy Demand:
Revisions for Non-Energy-Intensive
Manufacturing

Natural Gas and Crude Oil Prices
in AEO2009

World Oil Prices and Production Trends
in AEO2008

World Oil Prices in AEO2007

Electricity Plant Cost Uncertainties

Biofuels in the U.S. Transportation Sector

Greenhouse Gas Concerns and Power
Sector Planning

Loan Guarantees and the Economies of
Electricity Generating Technologies

Tax Credits and Renewable Generation

Alaska Natural Gas Pipeline Developments
Coal Transportation Issues
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Examples include the numerous provisions of the
CAA that require the EPA to issue or revise regulations if they find that some type of emission is
harmful to the public health, or that standards are
not being met.
To provide some insight into the sensitivity of results
to different characterizations of “current laws and
regulations,” two alternative cases are discussed in
this section. No attempt is made to cover the full
range of possible uncertainties in these areas, and
readers should not view the cases discussed as EIA
projections of how laws or regulations might or
should be changed.
Analysis cases
The two cases prepared—the No Sunset case and Extended Policies case—incorporate all the assumptions
from the AEO2010 Reference case, except as identified below. Changes from the Reference case assumptions in these cases include the following.

• Extension of the $0.45 per gallon blender’s tax
credit for ethanol through 2035; it is set to expire
at the end of 2010.
• Continued implementation of the RFS after the
2022 date currently specified in EISA2007 until
the renewable fuels target of 36 billion gallons is
met. After the 36 billion gallon level is met, the
mandate is assumed to continue increasing production in proportion to growth in overall transportation fuel use.
• Extension of the $1.00 per gallon biodiesel excise
tax credit through 2035; rather than expiring on
December 31, 2009.
• Extension of the $0.54 per gallon tariff on imported ethanol through 2035; it is set to expire at the
end of 2010.
• Extension of the $1.01 per gallon cellulosic biofuels PTC through 2035; rather than expiring at
the end of 2012.
Extended Policies case

No Sunset case

• Extension of renewable PTCs, ITCs, and tax credits for energy-efficient equipment in the buildings
sector through 2035, including:
° The PTC of 2.1 cents per kilowatthour or the
30-percent ITC available for wind, geothermal,
biomass, hydroelectric, and landfill gas resources, currently set to expire at the end of
2012 for wind and 2013 for the other eligible
resources.
° For solar power investment, a 30-percent ITC
that is scheduled to revert to a 10-percent credit
in 2016 is, instead, assumed to be extended indefinitely at 30 percent.
° In the buildings sector, tax credits for the purchase of energy-efficient equipment, including
PV in new houses, are assumed to be extended
indefinitely, as opposed to ending in 2010 or
2016 as prescribed by current law. The business
ITC for commercial-sector generation technologies and geothermal heat pumps are assumed to
be extended indefinitely, as opposed to expiring
in 2016; and the business ITC for solar systems
is assumed to remain at 30 percent instead of
reverting to 10 percent.
° In the industrial sector, the ITC for CHP that
ends in 2016 in the AEO2010 Reference case is
assumed to be extended through 2035.

With the exception of the blender’s and other biofuel
tax credits, the Extended Policies case adopts the
same assumptions as in the No Sunset case, plus the
following:

• Federal appliance efficiency standards are updated at particular intervals consistent with the
provisions in the existing law, with the levels
determined by the consumer impact tests under
DOE testing procedures, or under Federal Energy
Management Program (FEMP) purchasing guidelines.
The efficiency levels chosen for the updated residential standards are based on the technology
menu from the AEO2010 Reference case, and
whether or not the efficiency level passed the consumer impact test prescribed in DOE’s standards-setting process. The efficiency levels chosen
for the updated commercial equipment standards
are based on the technology menu from the
AEO2010 Reference case and FEMP-designated
purchasing specifications for Federal agencies.

• The implementation of rules proposed by NHTSA
and the EPA for national tailpipe CO2-equivalent
emission and fuel economy standards for LDVs,
including both passenger cars and light-duty
trucks, has been harmonized.
In the AEO2010 Reference case, which applies the
NHTSA and EPA rules, the new CAFE standards
lead to an increase in fleet-wide LDV standards
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from 27.1 mpg in MY 2011 to 34.0 mpg in MY
2016, based on projected sales of vehicles by type
and footprint. As required by EISA2007, the fuel
economy standards increase to 35 mpg in 2020.
The Extended Policies case assumes further increases in the standards, so that the minimum
fuel economy standard for LDVs increases to 45.6
mpg in 2035. In actual practice, the new CAFE
would need to meet a test of economic practicality.

• The extension of the blender’s and all biofuels excise tax credits through 2035 adopted in the No
Sunset case are not included in the Extended Policies case. The RFS enacted in EISA2007 is an
alternative instrument for stimulating demand
for biofuels, it already is represented in the AEO2010 Reference case, and it tends to be the binding
driver on biofuels rather than the tax credits.
Analysis results
The assumption changes made in the Extended Policies case generally lead to lower overall energy
consumption, increased use of renewable fuels,
particularly for electricity generation, and reduced
energy-related GHG emissions. While this case shows
lower energy prices because the impacts of the tax
credits and end-use efficiency standards lead to lower
energy demand and reduce the cost of renewable
fuels, consumers spend more on appliances that are
more efficient in order to comply with the tighter appliance standards, and the Government receives
lower tax revenues as consumers and businesses take
advantage of the tax credits.
Energy consumption
Total energy consumption in the No Sunset case is
close to the level in the Reference case (Figure 7).
Lower energy prices in the No Sunset case lead
to slightly higher energy consumption, but the

difference never reaches as much as 1 percent in any
year of the projections.
Total energy consumption in the Extended Policies
case, which assumes the issuance of more stringent
efficiency standards for end-use appliances and LDVs
in the future, is lower than in the Reference case. In
2035, total energy consumption in the Extended Policies case is nearly 3 percent below the projection in
the Reference case. As an example of individual end
uses, the assumed future standard for residential
electric water heating, which requires installation of
heat pumps starting in 2013, has the potential to reduce their electricity use by 60 percent from the Reference case level in 2035. Overall, delivered energy
use in the buildings sector in 2035 is 5 percent lower
in the Extended Policies case.
The impact on LDV energy use in the transportation
sector in the Extended Policies case is similar. In
2035, total LDV energy use in the Extended Policies
case is nearly 6 percent lower than in the Reference
case (Figure 8) and less than 0.5 percent above the
2007 level. Relative to the AEO2010 Reference case,
the efficiency standard for new LDVs in 2035 is 10
mpg higher in the Extended Policies case—46 mpg
versus 36 mpg (Figure 9); however, higher fuel prices
in the Reference case improve the cost competitiveness of advanced technologies, leading to improvements in fuel economy that are above the minimum
requirements (Figure 10). As a result, the average
fuel economy of new LDVs in the Reference case increases to 40 mpg in 2035 [Reference (achieved)],
which is 4 mpg above the required minimum. In the
Extended Policies case, the fuel economy standards
are binding [Extended Policies (achieved)], because
increases in fuel economy above the standards

Figure 7. Total energy consumption in three cases,
2005-2035 (quadrillion Btu)

Figure 8. Light-duty vehicle energy consumption
in three cases, 2005-2035 (million barrels
oil equivalent per day)
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require advanced technologies that are not costeffective given the projected fuel prices.
Renewable electricity generation
The extension of tax credits for renewables through
2035 would lead to more rapid growth in renewable
generation than projected in the Reference case, particularly over the longer run. When the renewable tax
credits are extended without extending energy efficiency standards, as is assumed in the No Sunset case,
there is significant growth in renewable generation
throughout the projection period relative to the Reference case projection (Figure 11). Extending both renewable tax credits and energy efficiency standards
results in more modest growth in renewable generation, because renewable generation in the near term
is the primary source of new generation to meet load
growth, and enhanced energy efficiency standards
tend to reduce overall electricity consumption and the
need for new generation resources.

Figure 9. New light-duty vehicle fuel efficiency
standards in two cases, 2005-2035 (miles per gallon)
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In the Reference case, growth in renewable generation accounts for 45 percent of total generation
growth from 2008 to 2035. In the No Sunset and
Extended Policies cases, growth in renewable generation accounts for 61 to 65 percent of total generation
growth. In 2035, the share of total electricity sales
accounted for by nonhydroelectric renewables is 13
percent in the Reference case, as compared with 17
percent in the No Sunset and Extended Policies cases.
In all three cases, the most rapid growth in renewable
capacity occurs in the near term, then slows through
2020, before picking up again. Before 2015, ample
supplies of renewable energy in relatively favorable
resource areas (windy lands, accessible geothermal
sites, and low-cost biomass), combined with the Federal incentives, make renewable generation competitive with conventional sources. If the rapid growth in
renewables is dampened because of the economic
downturn, more natural gas generation would be
expected. With slow growth in electricity demand and
the addition of capacity stimulated by renewable
incentives before 2015, little new capacity is needed
between 2015 and 2020. In addition, in many regions,
most attractive low-cost renewable resources already
have been exploited, leaving less-favorable sites that
may require significant investment in transmission
as well as other additional infrastructure costs. New
sources of renewable generation also appear on the
market as a result of cogeneration at biorefineries
built primarily to produce renewable liquid fuels to
meet the Federal RFS, where combustion of waste
products to produce electricity is an economically attractive option.
After 2020, renewable generation in the No Sunset
and Extended Policies cases increases more rapidly
than in the Reference case, and as a result

Figure 10. New light-duty vehicle fuel efficiency
standards and fuel efficiency achieved in two
cases, 2005-2035 (miles per gallon)

Figure 11. Renewable electricity generation
in three cases, 2005-2035 (billion kilowatthours)
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generation from fossil fuels—particularly natural
gas—is reduced from the levels projected in the Reference case (Figure 12). In 2035, electricity generation
from natural gas in the No Sunset and Extended Policies cases is 13 percent and 16 percent lower, respectively, than in the Reference case.
Greenhouse gas emissions
In the No Sunset and Extended Policies cases, the
combination of lower overall energy demand and
greater use of renewable fuels leads to lower levels of
energy-related CO2 emissions than projected in the
Reference case. The difference grows over time, to
146 million metric tons (2 percent) in the No Sunset
case and 200 million metric tons (3 percent) in the
Extended Policies case in 2035 (Figure 13). From
2012 to 2035, energy-related CO2 emissions are reduced by a cumulative total of more than 1.9 billion
metric tons in the Extended Policies case relative to
the Reference case.

Energy prices and tax credit payments
With lower levels of overall energy use and more consumption of renewable fuels in the No Sunset and
Extended Policies cases, energy prices are lower than
projected in the Reference case. In 2035, natural gas
wellhead prices are $0.56 per thousand cubic feet (7
percent) and $0.70 per thousand cubic feet (9 percent)
lower in the No Sunset and Extended Policies cases,
respectively, than in the Reference case (Figure 14),
and electricity prices are 5 percent and 6 percent
lower than projected in the Reference case (Figure
15).
The reductions in energy consumption and CO2 emissions in the Extended Policies case require additional
equipment costs to consumers and revenue reductions for the Government. From 2010 to 2035,
residential and commercial consumers spend an additional $16 billion (real 2008 dollars) per year on
average for newly purchased end-use equipment, distributed generation systems, and residential shell

Figure 12. Electricity generation from natural gas
in three cases, 2005-2035 (billion kilowatthours)

Figure 13. Energy-related carbon dioxide emissions
in three cases, 2005-2035 (million metric tons)
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Figure 14. Natural gas wellhead prices
in three cases, 2005-2035 (2008 dollars
per thousand cubic feet)
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Figure 15. Average electricity prices in three cases,
2005-2035 (2008 cents per kilowatthour)
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improvements in the Extended Policies case than in
the Reference case.
Tax credits paid to consumers in the buildings sector
in the Extended Policies case average $10.5 billion
more per year than in the Reference case, reaching a
cumulative total of $300 billion in revenue reductions
to the Government over the period from 2010 to 2035.
In comparison, cumulative revenue reductions as a
result of tax credits in the buildings sector total $27
billion over the same period in the Reference case.
The largest response to Federal PTC incentives for
new central-station renewable generation is seen in
the No Sunset case, with extension of the PTC resulting in cumulative reductions in Government tax revenues that total approximately $45 billion from 2010
to 2035, as compared with $24 billion in the Reference
case. Additional reductions in Government tax revenue in the No Sunset case result from extension of the
blenders tax credit, the biodiesel blenders tax credit,
and the cellulosic biofuels PTC, with cumulative total
tax revenue reductions from 2010 to 2035 of $156 billion, $32 billion, and $168 billion (all in 2008 dollars),
respectively, compared to the Reference case.

World oil prices and production trends in
AEO2010
In AEO2010, the price of light, low-sulfur (or
“sweet”) crude oil delivered at Cushing, Oklahoma, is
tracked to represent movements in world oil prices.
EIA makes projections of future supply and demand
for “total liquids,” which includes conventional petroleum liquids—such as conventional crude oil, natural
gas plant liquids, and refinery gain—in addition to
unconventional liquids, which include biofuels, bitumen, coal-to-liquids (CTL), gas-to-liquids (GTL),
extra-heavy oils, and shale oil.
World oil prices can be influenced by a multitude of
factors. Some tend to be short term, such as movements in exchange rates, financial markets, and
weather, and some are longer term, such as expectations concerning future demand and production decisions by the Organization of the Petroleum Exporting
Countries (OPEC ). In 2009, the interaction of market
factors led prompt month contracts (contracts for the
nearest traded month) for crude oil to rise relatively
steadily from a January average of $41.68 per barrel
to a December average of $74.47 per barrel [38].
Changes in the world oil market over the course of
2009 served to highlight the myriad factors driving
future liquids demand and supply and how a change
in these factors can reverberate through the world

liquids market. Over the long term, world oil prices in
EIA’s outlook are determined by four broad factors:
non-OPEC conventional liquids supply, OPEC investment and production decisions, unconventional
liquids supply, and world liquids demand. Uncertainty in long-term projections of world oil prices can
be explained largely by uncertainty about one or more
of these four broad factors.
Recent market trends
In 2009, world oil prices were especially sensitive to
demand expectations, with producers, consumers,
and traders constantly looking for any indication of a
possible recovery in the world’s economy and a likely
corresponding increase in oil demand.
On the supply side, OPEC demonstrated greater dedication to supporting prices in 2009 than it had in
other recent periods where it adopted restraints on
production. From February to June 2008, OPEC
maintained 70 percent or greater compliance as
measured by the actual aggregate production cuts
achieved by quota-restricted members as a percentage of the group’s agreed-upon production cut, before
falling to average levels of just above 60 percent
after September [39]. The above-average compliance
increased the group’s spare capacity to roughly 5 million barrels per day in December 2009, and helped
boost prices to a range of $70 to $80 per barrel [40].
Since June 2009, Iraq has held two rounds of bidding
for development of its oil resources. The sum of the
targeted production increase from the awarded fields
is about 9.5 million barrels per day, or almost four
times the country’s current production. Although
most industry analysts do not expect Iraq to achieve
those production targets in full, the likely increase
may cause changes in OPEC quota allocations and
long-term production decisions.
There were also significant developments for nonOPEC supply in 2009, some with potentially
long-lasting implications. Although oil prices rose
throughout 2009, many of the projects delayed during
the price slump that started in August 2008 have not
yet been revived. The time required for project development creates a lag between investment decisions
and increased oil deliveries, indicating that mediumterm supply growth may be constrained if delayed
projects are not restarted in the short term.
A related trend, which began in 2008 and continued
in 2009, was a decline in factor input costs—i.e.,
the costs of the materials, labor, and equipment
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necessary to develop liquids projects. The decline in
construction material costs and rig rates may have
encouraged the delay of some projects, as investors
played a wait-and-see game in order to secure contracts at the lowest possible cost. That trend appears
to have bottomed out at the end of 2009, however, after producing only a slight overall reduction in costs
[41]. Before the recent reduction in production costs,
an industry research group estimated that costs had
approximately doubled since 2000 [42].
Severe problems in the global credit market that began in 2008 and continued through 2009 have made it
difficult to finance some exploration and production
(E&P) projects. The full effect of limits on credit
availability for oil supply projects will not be realized
for some time, as the projects stalled due to a lack of
financing, particularly exploration projects, would
not have brought supply to the market for several
years. In addition to its impact on individual E&P
projects, the recent credit crisis may also have led to
an overall and possibly lasting change in risk tolerance on the part of both lenders and investors. Still,
while credit terms were being tightened and financial
risk was being trimmed, ongoing exploration efforts
in Africa resulted in a wave of discoveries and new
hope for unexplored and under-explored non-OPEC
resources.
Long-term prospects
Developments in 2008 and 2009 have demonstrated
the range of the uncertainties that underlie the four
broad factors underlying long-term world oil prices,
as described above. It remains unclear how the
world’s economy and the demand for liquids will recover, what non-OPEC resources will be brought to
market, what production targets OPEC will set or
meet, and whether or when individual unconventional liquids projects will come online. The price
path assumptions in AEO2010 encompass a broad
range of possible production levels and world oil price
paths, with a range of $160 per barrel (in real terms)
between the High Oil Price and Low Oil Price cases in
2035 (Figure 16). Consideration of Low and High Oil
Price cases allows EIA and others to analyze a variety
of future oil and energy market conditions in comparison with the Reference case.
Reference case oil prices
The global oil market projections in the AEO2010
Reference case are based on the assumption that current practices, politics, and levels of access will continue in the near to mid-term, whereas long-term
28

developments will be determined largely by
economics. The Reference case assumes that the
world economy— and liquids demand—experience
significant recovery in 2010, with total liquids consumption returning to the 2008 level of just under 86
million barrels per day.
Satisfying the growing world demand for liquids in
the next decade will require accessing higher cost supplies, particularly from non-OPEC producers. In the
Reference case, the higher cost of non-OPEC supply
supports average annual increases in real world oil
prices of approximately 0.7 percent from 2008 to 2020
and 1.4 percent from 2020 to 2035. Oil prices, in real
terms, rebound following the global recession, to $95
per barrel in 2015 and $133 per barrel in 2035 (real
2008 dollars). Although increases in OPEC production will meet a portion of the growing world demand,
the Reference case assumes that OPEC’s limits on
production growth will maintain its share of total
world liquids supply at approximately 40 percent,
where it has roughly been over the past 15 years.
Growth in non-OPEC production will come primarily
from high-cost conventional projects in regions
with unstable fiscal or political regimes and from relatively expensive unconventional liquids projects. The
return to higher price levels in the Reference case
results from limited access to prospective areas for
foreign investors, less attractive fiscal terms, and
higher exploration and production costs than have
been seen in the past.
Low Oil Price case
The AEO2010 Low Oil Price case assumes that
greater competition and international cooperation
will guide the development of political and fiscal
Figure 16. Average annual world oil prices
in three cases, 1980-2035 (2008 dollars per barrel)
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regimes in both consuming and producing nations,
facilitating coordination and cooperation among
them. Non-OPEC producing countries are assumed
to develop fiscal policies and investment regimes that
encourage private-sector participation in the development of their domestic resources; and OPEC is assumed to increase its production levels, providing
50 percent of the world’s liquids supply by 2035.
The availability of low-cost resources in both nonOPEC and OPEC countries allows for prices to stabilize at relatively low levels, $51 per barrel in real 2008
dollars, thereby reducing the incentive for consuming
nations to invest in unconventional liquids production as heavily as they do in the Reference case.
High Oil Price case
The AEO2010 High Oil Price case assumes not only a
rebound in world oil prices with the return of world
economic growth, but also a continued rapid escalation in prices as a result of long-term restrictions on
conventional liquids production. The restrictions result from both political decisions and resource characteristics: the major OPEC and non-OPEC producing
countries use quotas, fiscal regimes, and varying degrees of nationalization to further increase revenues
from oil production, and the consuming countries
turn to domestic production of high-cost unconventional liquids to satisfy demand. As a result, in the
High Oil Price case, world oil prices rise throughout
the projection period, to $210 per barrel in 2035.
Liquids demand is dampened by the high prices, but
is overshadowed by the severity of limitations on
access to and availability of lower cost conventional
resources. OPEC’s share of production falls to 35
percent.
Components of liquid fuels supply
In the AEO2010 Reference case, total world liquid
fuels consumption in 2035 is 112 million barrels per
day, or 26 million barrels per day higher than in 2008,
with production increases from OPEC and nonOPEC conventional sources totaling 15.5 million barrels per day. As a result, the conventional liquids
share of world liquids supply drops from 95 percent in
2008 to 87 percent in 2035.
Production of unconventional crude oils in the AEO2010 Reference case is 4.0 million barrels per day
higher in 2035 than in 2008 and represents 5.6 percent of global liquid fuels supply in 2035. Production
increases from Venezuela’s Orinoco belt and Canada’s oil sands are limited by access restrictions in

Venezuela and environmental concerns in Canada.
The relatively high world oil prices in the Reference
case encourage U.S. production of oil shale, with volumes reaching 0.4 million barrels per day in 2035.
Relatively high prices also encourage growth in global
CTL, GTL, and biofuel production, from a combined
total of 1.8 million barrels per day in 2008 to 8.4 million barrels per day in 2035, or 8 percent of total liquids supplied.
In the AEO2010 Low Oil Price case, oil prices are on
average more than 50 percent lower than in the Reference case from 2015 to 2035. In this case, conventional crude oil accounts for the largest share of total
liquids production in any of the three price cases in
2035, at about 90 percent. Production of conventional
crude oil totals 100.5 million barrels per day in 2035,
higher than the total for all conventional liquids in
the Reference case. Total conventional liquids production reaches 114.8 million barrels per day, and
total liquids production reaches 127 million barrels
per day, in the Low Oil Price case in 2035.
Despite their generally higher costs, production of
unconventional crude oils is also higher in the Low
Oil Price case than in the Reference case, as a result of
changes in economic access to resources. In the Low
Oil Price case, Venezuela’s production of extra-heavy
oil in 2035 increases from the Reference case projection of 1.3 million barrels per day to 3.4 million barrels per day—a 160-percent increase that more than
compensates for lower production of Canada’s oil
sands (0.6 million barrels per day in 2035) due to
reduced profitability. Total production of unconventional crude oil in the Low Oil Price case is 1.0 million
barrels per day higher in 2035 than projected in the
Reference case. Production of other unconventional
liquids (CTL, GTL, and biofuels) in 2035, primarily in
the United States, China, and Brazil, is 3.2 million
barrels per day lower than projected in the Reference
case, again due to reduced profitability.
In the High Oil Price case, oil prices from 2015 to
2035 are on average 66 percent higher than in the
Reference case. The higher prices are caused by
restrictions on economic access to non-OPEC conventional resources in countries such as Russia,
Kazakhstan, and Brazil, combined with reductions in
OPEC production. Conventional liquids production
in the High Oil Price case totals 71.8 million barrels
per day in 2035, 9.8 million barrels per day lower than
the 2008 total; total liquids production reaches only
91 million barrels per day in 2035.
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Access restrictions also limit the production of Venezuela’s extra-heavy oil from the Orinoco belt, which
totals 0.8 million barrels per day in 2035, as compared
with 1.3 million barrels per day in the Reference
case. Higher world oil prices support increased production from Canada’s oil sands, which totals 5.5
million barrels per day in 2035, as compared with 4.5
million barrels per day in the Reference case. Production of shale oil, predominantly in the United States,
does not change appreciably from the Reference case
level in the High Oil Price case, because the projects
are economically viable in the Reference case, and
even a 66-percent increase in prices does not stimulate additional production growth. With the increase
in oil sands production outweighing the decrease in
extra-heavy oil production through 2035, production
of unconventional crude oil from all sources is higher
in the High Oil Price case than in the Reference case.
Production of liquids from other unconventional
sources, including CTL, GTL, and biofuels, is almost
50 percent (3.9 million barrels per day) higher in the
High Oil Price case than in the Reference case in
2035. The increase results primarily from higher CTL
production in China (approximately 1.3 million barrels per day above the Reference case projection in
2035) and higher biofuels production in the United
States (0.9 million barrels per day above the Reference case in 2035). U.S. GTL production in the High
Oil Price case is notably different from the Reference
case projection, with production beginning in 2017
and reaching 0.5 million barrels per day in 2035.

Energy intensity trends in AEO2010
Energy intensity—energy consumption per dollar of
real GDP—indicates how much energy a country uses
to produce its goods and services. From the early
1950s to the early 1970s, U.S. total primary energy
consumption and real GDP increased at nearly the
same annual rate (Figure 17). During that period,
real oil prices remained virtually flat. In contrast,
from the mid-1970s to 2008, the relationship between
energy consumption and real GDP growth changed,
with primary energy consumption growing at less
than one-third the previous average rate and real
GDP growth continuing to grow at its historical rate.
The decoupling of real GDP growth from energy consumption growth led to a decline in energy intensity
that averaged 2.8 percent per year from 1973 to 2008.
In the AEO2010 Reference case, energy intensity continues to decline, at an average annual rate of 1.9 percent from 2008 to 2035.
30

Definitions and classifications
Energy efficiency is defined as the ratio of the amount
of energy services provided to the amount of energy
consumed [43]. Familiar examples of energy services
are the heat supplied by a furnace and the light output of a lamp.
Energy conservation is defined as the lowering of energy consumption by reducing energy services. For
example, lowering a thermostat’s setting during the
heating season is classified as energy conservation,
because less heating is provided. Because the ratio of
energy services to energy consumption is unchanged,
energy efficiency does not change in this example.
As indicated above, energy intensity is defined as
energy consumption per dollar of real GDP. Any
change in energy intensity that does not result from a
change in efficiency is referred to as a structural
change [44]. Examples of structural change include
energy conservation, a change in the mix of economic
activity among the sectors of the economy, a change
in the mix of activities within a sector, and a geographical change in population density. Energy use is
affected in these examples of structural change, but
not because of changes in energy efficiency.
CO2 emissions associated with energy production and
consumption are a growing concern. Carbon intensity
is the ratio of CO2 emissions to real GDP. The type of
fuel used to provide energy services—or in the case
of electricity, the fuel used to generate it—affects
carbon intensity.
As defined here, efficiency and intensity are inversely
related: increases in energy efficiency reduce energy
intensity. To facilitate comparisons among them, the
Figure 17. Trends in U.S. oil prices, energy
consumption, and economic output, 1950-2035
(annual index, 2008 = 1.0)
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efficiency index discussed below is calculated as the
inverse of the usual efficiency concept: energy consumption per unit of service demand. In this way,
both improvements in efficiency and improvements
in intensity are shown as decreases.
Results for the Reference case

rate of decline in the index for energy efficiency,
reflecting the dominant role of structural change. The
Figure 18. Projected changes in indexes of energy
efficiency, energy intensity, and carbon intensity
in the AEO2010 Reference case, 2008-2035
(index, 2008 = 1.0)
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Because the available data are limited, it is difficult to
determine the amount of historical decoupling of
energy consumption growth from real GDP growth
that was attributable to improvements in energy efficiency [45]. With the wealth of technology detail on
energy-using equipment in NEMS, efficiency can be
characterized readily [46]. Figure 18 compares indexes of the Reference case projections for energy efficiency, energy intensity, and carbon intensity. The
average rate of decline in the index for energy
intensity from 2008 to 2035 is almost quadruple the
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Comparing efficiency projections
Realized improvements in energy efficiency generally rely on a combination of technology and economics [47]. The figure below illustrates the role of
technology assumptions in the AEO2010 projections for energy efficiency in the residential and
commercial buildings sector. Projected energy consumption in the Reference case is compared with
projections in the Best Available Technology, High
Technology, and 2009 Technology cases and an estimate based on an assumption of no change in efficiency for building shells and equipment (the cases
are defined in Appendix E).
With the exception of the constant efficiency estimate, the rate at which existing equipment stocks
Delivered energy consumption in the residential
and commercial buildings sector in five scenarios,
2008-2035 (quadrillion Btu)
30
25

Constant efficiency estimate

2009 Technology

Reference
20

&
Best Available Technology

15
High Technology
10
5
0
2008

2015

2020

2025

2030

2035

are replaced in each of the cases is governed by the
rate of stock turnover. The constant efficiency estimate assumes no stock turnover and no change in
efficiency from the 2009 existing stock. The 2009
Technology case assumes a normal rate of stock
turnover, but limits new equipment choices to what
is available in 2009. Comparing the two projections,
energy consumption in 2035 is 1.2 quadrillion Btu
lower in the 2009 Technology case. The difference—
about 4.5 percent—shows the effect of stock turnover even absent any technology improvements.
In the Best Available Technology case, with new construction materials and replacement equipment limited to the most energy-efficient available, energy
consumption in the buildings sector in 2035 is 8.6
percent lower than the 2009 level and 23 percent
lower than in the Reference case, even though total
floorspace grows by more than 50 percent. Even in
2035, however, not every piece of equipment or
every building shell reaches the maximum efficiency
that could be achieved as a result of technology
improvements, because some long-lived equipment
and building shells installed before 2009 still have
not been replaced at that point. Surpassing the efficiency levels projected in the Best Available Technology case would require policies designed to increase
the rate of stock turnover—for example, by incentivizing or mandating retrofits of existing buildings
and replacement of equipment with the most efficient models available.
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larger reduction in the index for carbon intensity
reflects a shift toward less carbon-intensive energy
sources in the Reference case, especially wind,
biofuels, and solar. In the Reference case, the ratio
of carbon emissions to energy consumption in 2035 is
5 percent lower than its 2008 value.
Energy consumption increases at an average annual
rate of 0.5 percent from 2008 to 2035 in the AEO2010
Reference case. The portion of the energy intensity
decline projected in the Reference case that can be
attributed to structural changes and the portion that
can be attributed to changes in energy efficiency is
illustrated by comparing the growth of primary
energy use in the Reference case with estimates of
constant energy efficiency and constant energy intensity, calculated from the AEO2010 Reference case
(Figure 19).
Assuming no improvement in energy intensity beyond 2008, energy consumption would grow in the
Reference case at the rate of real GDP, 2.4 percent
annually, to 192 quadrillion Btu in 2035—77.6
quadrillion Btu (68 percent) higher than in the Reference case. Similarly, assuming no change in energy
efficiency beyond its 2008 level, energy consumption
would increase to 132.8 quadrillion Btu in 2035, or
18.3 quadrillion Btu (16 percent) higher than in the
Reference case. The intensity decline from structural
change in the Reference case, 59.2 quadrillion Btu, is
the difference between the projection for energy consumption in 2035 when no change in energy intensity
is assumed and the same projection when no change
in energy efficiency is assumed. Thus, structural
change accounts for 76 percent of the decline in
energy intensity in the Reference case, and efficiency
improvement accounts for 24 percent.
Figure 19. Structural and efficiency effects on
primary energy consumption in the AEO2010
Reference case (quadrillion Btu)
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Table 4 shows average annual growth rates from 2008
to 2035 for real GDP, population, and major indicators for energy consumption in the end-use sectors in
the Reference case. Because the growth rate for real
GDP is higher than any of the other growth rates, energy consumption in each sector would be expected to
grow more slowly than real GDP, and energy intensity would be expected to decline, even in the absence
of efficiency gains.
In each of the end-use sectors, most of the improvement (decline) in energy intensity results from structural change: 82 percent in the buildings sectors,
where average annual increases in residential and
commercial floorspace are only about one-half the average increase in real GDP; 82 percent in the industrial sector, where output from non-energy-intensive
manufacturing grows at twice the rate of output from
energy-intensive manufacturing; and 53 percent in
the transportation sector, where structural change is
slower and improvements in fuel efficiency as a result
of tightening fuel economy standards account for
47 percent of the decline in energy intensity. (For
further discussion of efficiency in the AEO2010 buildings cases, see box on page 31.)
Results for the Integrated Technology cases
The AEO2010 Low Technology case assumes that the
efficiency of newly purchased equipment does not improve beyond what is currently available (although
end-use or process efficiency does improve to some extent as a result of stock turnover, because replacement equipment nearly always is more efficient than
the equipment it replaces). The High Technology case
Table 4. Average annual increases in economic
output, population, and energy consumption
indicators in the buildings, industrial,
and transportation sectors, 2008-2035
(percent per year)
Real GDP
Population
Buildings sector
Number of households
Commercial floorspace
Industrial sector
Real value of industrial shipments
Nonmanufacturing
Energy-intensive manufacturing
Non-energy-intensive manufacturing
Transportation sector
Vehicle miles traveled
Light-duty vehicles
Freight trucks
Air seat-miles
Rail ton-miles
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assumes earlier availability of high-efficiency technologies and lower technology costs than in the Reference case. Also, in a departure from previous AEOs,
the AEO2010 High Technology case assumes that
consumers are more likely to choose advanced technologies, because they evaluate efficiency investments at a 7-percent real discount rate, which is
generally lower than assumed in the Reference case.
In the Low Technology and High Technology cases,
projections for energy consumption in 2035 are 2.4
quadrillion Btu (2 percent) higher and 5.7 quadrillion
Btu (5 percent) lower, respectively, than in the Reference case. Energy efficiency and intensity trends in
the Reference, Low Technology, and High Technology cases are shown in Figure 20. From 2008 to 2035,
there is a 12- to 17-percent improvement in energy efficiency across the three cases and a 39- to 43-percent
reduction in intensity.
The relatively narrow range of projections in Figure
20 indicates that, although technology advances play
a role in reducing energy intensity and carbon intensity, structural components are much more significant. Population shifts to more moderate climates,
smaller households, less energy-intensive manufacturing, and more fuel-efficient LDVs and high-speed
rail could further reduce energy intensity. Policies
governing future CO2 emissions and deployment of
low- and no-carbon technologies will be the main
determinant of future carbon intensity.

Natural gas as a fuel for heavy trucks:
Issues and incentives
Environmental and energy security concerns related
to petroleum use for transportation fuels, together
with recent growth in U.S. proved reserves and technically recoverable natural gas resources, including
Figure 20. Energy efficiency and energy intensity
in three cases, 2008-2035 (index, 2008 = 1.0)
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shale gas, have sparked interest in policy proposals
aimed at stimulating increased use of natural gas as a
vehicle fuel, particularly for heavy trucks. In 2008,
U.S. freight trucks used more than 2 million barrels
of petroleum-based diesel fuel per day. In the AEO2010 Reference case, they are projected to use 2.7 million barrels per day in 2035. Petroleum-based diesel
use by freight trucks in 2008 accounted for 15 percent
of total petroleum consumption (excluding biofuels
and other non-petroleum-based products) in the
transportation sector (13.2 million barrels per day)
and 12 percent of the U.S. total for all sectors (18.7
million barrels per day). In the Reference case, oil use
by freight trucks grows to 20 percent of total transportation use (13.7 million barrels per day) and 14
percent of the U.S. total (19.0 million barrels per day)
by 2035. The following analysis examines the potential impacts of policies aimed at increasing sales of
heavy-duty natural gas vehicles (HDNGVs) and the
use of natural gas fuels, and key factors that lead to
uncertainty in these estimates.
Historically, natural gas has played a limited role as
a transportation fuel in the United States. In 2008,
natural gas accounted for 0.2 percent of the fuel
used by all highway vehicles and 0.2 percent of the
fuel used by heavy trucks—the market that many
observers believe to be the most attractive for increasing the use of natural gas. Because there are relatively few heavy vehicles that use natural gas for fuel
currently, there has been very little development of
natural gas fueling infrastructure. Currently there
are 827 fueling stations for CNG and 38 fuel stations
for LNG in the United States. Most are privately
owned and are used for central refueling [48].
Further, they are not distributed evenly: 24 percent
(201) of the CNG facilities and 71 percent (27) of the
LNG facilities are in California. Unless more natural
gas vehicles enter the market, there will be little incentive to build more natural gas fueling infrastructure nationally or in local or regional corridors.
Despite the price advantage that natural gas has had
over diesel fuel in recent years (an advantage that is
projected to increase over time in the Reference case),
other factors—including higher vehicle costs, lower
operating range, and limited fueling infrastructure—
have severely limited market acceptance and penetration of natural gas vehicles. As of 2008, trucks powered by natural gas made up only 0.3 percent of the
heavy truck fleet, or about 27,000 of the 8.7 million
registered heavy trucks. Although their share grows
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in the Reference case projections, high incremental
costs keep the fleet of HDNGVs relatively small, at
1.7 percent (260,000 vehicles) of the total stock of 15
million heavy trucks on the road in 2035.
Characteristics and usage of heavy-duty
natural gas vehicles
HDNGVs have significant incremental costs relative
to their diesel-powered counterparts in the AEO2010
Reference case: $17,000 for light-heavy (class 3,
GVWR of 10,000 to 14,000 pounds), $40,000 for
medium-heavy (classes 4 through 6, GVWR of 14,001
to 26,000 pounds), and $60,000 for heavy trucks
(classes 7 and 8, GVWR of 26,001 pounds and
greater). By far the largest component of incremental
cost is the fuel storage system, which consists either
of cylindrical tanks to hold CNG at high pressure or of
highly insulated tanks to hold LNG. Because tank
technology is fairly mature and, in the case of cylindrical tanks to hold gases at high pressure, is already
widely deployed, the Reference case does not assume
significant reductions in incremental vehicle costs
over time.
Natural gas for use in transport vehicles currently
costs 42 percent less than diesel fuel (on an energyequivalent basis and considering only existing taxes),
and with oil prices rising at a significantly faster rate
than U.S. natural gas prices, the gap is projected to
widen to 50 percent in 2035 in the AEO2010 Reference case (Figure 21). Consequently, the payback period for incremental vehicle costs becomes shorter
when natural gas trucks are used more intensively.
The Department of Transportation’s Vehicle Inventory and Use Survey (VIUS), last completed in 2002,
suggests a wide range for the intensity of heavy truck
Figure 21. Delivered energy prices for diesel and
natural gas transportation fuels in the Reference
case, 2000-2035 (2008 dollars per gallon of diesel
equivalent)
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use. Notably, in the 2002 VIUS, trucks reporting a
primary range of operation that extended more than
500 miles from their base averaged 91,000 vehiclemiles traveled (VMT), or more than 5 times the average of 17,000 VMT for trucks reporting a primary
range of operation range within 100 miles of their
base.
Although long-distance trucking offers a potentially
faster payback of the incremental capital costs for
HDNGVs, their penetration and acceptance in the
long-distance freight market faces two significant
barriers: limited driving range without refueling and
a lack of available fueling infrastructure. A diesel
truck with one 150-gallon diesel tank and a fuel economy of 6 to 7 mpg can drive approximately 1,000 miles
without refueling, which can be extended readily with
an auxiliary fuel tank. In contrast, a CNG-fueled
truck with a frame-rail-mounted storage tank can
drive only about 150 miles without refueling, while
one with a back-of-cab frame-mounted storage tank
can drive about 400 miles without refueling, similar
to an LNG-fueled truck with frame-rail-mounted
tanks. In addition, regardless of fuel type, longdistance trucks are less likely to be fueled at central
bases, which makes them more dependent on fueling
infrastructure that is open to the public.
In addition to concerns about driving range and refueling, the residual value of HDNGVs in the secondary market is likely to be an important consideration
for buyers. Also, purchase decisions can be influenced
by other factors, such as weight limits on highways
and bridges, which can make the considerable additional weight of CNG or LNG tanks a significant
drawback in some market segments.
The importance of range and refueling infrastructure
barriers suggests that the best near-term market
penetration opportunity for HDNGVs, some of whose
incremental costs are already covered by tax credits,
could be in the market for centrally fueled fleets that
operate primarily within a limited distance from their
base. The 2002 VIUS reported a total of 145 billion
truck VMT (not counting light trucks used primarily
for personal transportation), of which about 50 percent was made up by trucks with a primary operating
range of 200 miles or less and about one-third by
trucks fueled at private facilities (presumably, with
considerable overlap between the two groups).
Accordingly, the following analysis focuses on “fleet
vehicles” in the short-range (less than 200 miles),
centrally fueled segment of the heavy truck market.
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Sensitivity cases with incentives for
heavy-duty natural gas vehicles
Policies that provide economic incentives—such as
tax credits for vehicles, fuel, and fueling infrastructure—could stimulate sales of HDNGVs and the
development of additional natural gas fueling
infrastructure. AEO2010 includes several sensitivity
cases that examine the potential impacts of such
incentives.
The Reference Case 2019 Phaseout With Base
Market Potential is a modified Reference case that
incorporates lower incremental costs for all classes
of HDNGVs (zero incremental cost relative to their
diesel-powered counterparts after accounting for
incentives) and tax incentives for natural gas refueling stations ($100,000 per new facility) and for
natural gas fuel ($0.50 per gallon of gasoline equivalent) that begin in 2011 and are phased out by 2019.
The Reference Case 2027 Phaseout With Expanded Market Potential is another modified
Reference case with the same added assumptions of
lower incremental costs for HDNGVs and subsidies
for fueling stations and natural gas fuel as in the first
modified Reference case, but with the subsidies
extended to 2027 before phaseout. In addition, it
assumes increases in the potential market for natural
gas vehicles, for both “fleet vehicles” and “nonfleet
vehicles” (see Table 5).
In the following text and data presentations, the cases
above are referred to more briefly as the 2019
Phaseout Base Market case and 2027 Phaseout Expanded Market case.
HDNGVs cannot gain a major share of the heavy
truck market in the absence of major investments in
natural gas fueling infrastructure. The assumed
Table 5. Maximum market potential for
natural gas heavy-duty vehicles in Base Market
and Expanded Market cases (percent of total
heavy-duty vehicle fleet)
Vehicle type and class
Fleet vehicles
Class 3
Classes 4-6
Classes 7-8
Nonfleet vehicles
Class 3
Classes 4-6
Classes 7-8

Base
Market

Expanded
Market

10
10
10

35
45
60

3
3
3

10
25
25

$100,000 tax credit per filling station is a relatively
small percentage of the estimated $1 million to
$4 million cost for such facilities. Assuming an initial
cost of $2 million per station, Table 6 shows the
levelized capital cost of the station per gallon of diesel
equivalent refueling capacity with and without the
$100,000 tax credit, for station fuel throughput
capacities of 1,250, 5,000, and 12,500 gallons per day
[49].
As indicated in Table 6, increasing the throughput
capacity of a fueling station from 1,250 to 5,000 gallons diesel equivalent per day lowers the capital cost
recovery component of supplying natural gas fuel to
HDNGVs by more than $1.00 per gallon of diesel
equivalent. The infrastructure tax credit lowers the
capital cost recovery component by only an additional
8 cents per gallon for the smallest facility size shown
in the table and by only 1 cent per gallon for the
largest facility size. This suggests that throughput
capacity (demand) is a far more important consideration for decisions about investment in natural gas
fueling stations than are potential tax credits on the
order of about $100,000.
Impacts of incentives in the Base Market and
Expanded Market cases with Reference case
world oil price assumptions
In the 2019 Phaseout Base Market and 2027 Phaseout Expanded Market cases, both of which use oil
price assumptions from the AEO2010 Reference case,
HDNGV sales increase with the availability of incentives. Assuming a 2019 phaseout date for tax credits
and the base characterization of maximum penetration of the new truck market, sales of new HDNGVs
in the 2019 Phaseout Base Market case increase from
about 500 in 2008 to 32,500 in 2035, versus 22,000 in
the Reference case (Figure 22). Assuming a 2027
phaseout of tax credits and the expanded characterization of maximum market penetration, HDNGV
sales in the 2027 Phaseout Expanded Market case
increase to 270,000 in 2035, or roughly 35 percent of
Table 6. Levelized capital costs for natural gas
fueling stations with and without assumed
tax credits (2008 dollars per gallon of
diesel equivalent refueling capacity)
Station capacity
(gallons equivalent per day)

Cost
without
credits

Cost
with
credits

1,250
5,000
12,500

1.47
0.37
0.15

1.39
0.35
0.14
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all new heavy truck sales. The HDNGV share of the
total U.S. heavy truck stock in 2035 is 2.8 percent in
the 2019 Phaseout Base Market case and 23.3 percent
in the 2027 Phaseout Expanded Market case (versus
1.7 percent in the Reference case).
As a result of the projected increases in new HDNGV
sales, natural gas demand in the heavy truck sector
increases from about 0.01 trillion cubic feet in 2008 to
0.15 trillion cubic feet in 2035 in the 2019 Phaseout
Base Market case and to 1.6 trillion cubic feet in 2035
in the 2027 Phaseout Expanded Market case (Figure
23). In the Reference case, the natural gas share of
total fuel consumption by heavy trucks increases
from 0.2 percent in 2008 to 1.8 percent in 2035; in
the 2019 Phaseout Base Market and 2027 Phaseout
Expanded Market cases, it increases to 3.3 percent
and 40.0 percent, respectively.
Figure 22. Sales of new heavy-duty natural gas
vehicles in Base Market and Expanded Market
cases with Reference case world oil prices,
2010-2035 (thousands of vehicles)
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Roughly speaking, 1 trillion cubic feet of natural gas
replaces 0.5 million barrels per day of petroleum (predominantly, diesel fuel). Thus, natural gas consumption by HDNGVs in the 2027 Phaseout Expanded
Market case displaces about 0.67 million barrels
per day of petroleum product consumption in 2035
(Figure 24). Without a major impact on world oil
prices, which is not expected to result from the significant but gradual adoption of natural gas as a fuel
for U.S. heavy-duty vehicles, nearly all (more than
four-fifths) of the reduction in U.S. oil consumption
would result in a decline in oil imports.
In the longer term, increased demand for natural gas
in the transportation sector would tend to stimulate
increases in U.S. natural gas production and imports,
as well as higher natural gas prices in all the end-use
sectors. As a result, natural gas demand in the other
sectors would decrease—particularly in the electric
power sector, where some generators would switch to
coal—and expenditures for natural gas would increase. In the AEO2010 Reference case, total U.S.
natural gas consumption increases from 23.3 trillion
cubic feet in 2008 to 24.9 trillion cubic feet in 2035. In
the 2019 Phaseout Base Market case and 2027
Phaseout Expanded Market case, total natural gas
consumption increases by 0.4 percent, to 25.0 trillion
cubic feet, and by 4.8 percent, to 26.1 trillion cubic
feet, respectively, in 2035.
In the 2019 Phaseout Base Market case and 2027
Phaseout Expanded Market case, more than twothirds of the additional natural gas used by HDNGVs
is produced domestically, and less than one-third
is provided by increases in pipeline imports from
Canada and LNG imports. U.S. natural gas prices rise
modestly in both cases.

Figure 23. Natural gas fuel use by heavy-duty
natural gas vehicles in Base Market and Expanded
Market cases with Reference case world oil prices,
2010-2035 (trillion cubic feet)

Figure 24. Reductions in petroleum product use by
heavy-duty vehicles in Base Market and Expanded
Market cases with Reference case world oil prices,
2010-2035 (thousand barrels per day)
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Impacts of incentives in the Base Market and
Expanded Market cases with low world oil
price assumptions
Lower oil prices tend to make HDNGVs a less attractive option, and higher oil prices tend to make them
more attractive. In the two sensitivity cases discussed
above, which assumed Reference case world oil prices,
market penetration by HDNGVs reaches or nearly
reaches its assumed maximum market potential. As a
result, higher oil prices would not lead to further
increases in HDNGV sales, unless the large price
advantage of natural gas were sufficient to open additional segments of the heavy truck transportation
market to the use of natural-gas-fueled vehicles.
On the other hand, if oil prices were lower than projected in the Reference case, there would be less
incentive to switch from diesel to natural gas fuel in
heavy trucks. With no tax incentives or assumed market expansion for HDNGVs, there are almost no sales
of new HDNGVs in 2035 in the AEO2010 Low Oil
Price case. To analyze the impact of lower oil prices,
EIA ran two sensitivity cases that were identical to
those discussed earlier but instead used the Low Oil
Price case. In the 2019 Phaseout Base Market Low
Price case, sales of new HDNGVs total about 17,000
in 2035. In the 2027 Phaseout Expanded Market Low
Price case, sales of new HDNGVs total about 205,000
in 2035. Similarly, natural gas consumption by
HDNGVs increases to 0.1 trillion cubic feet in 2035
in the 2019 Phaseout Base Market Low Price case
and to 1.2 trillion cubic feet in the 2027 Phaseout
Expanded Market Low Price case, as compared with
almost no demand for natural gas in the heavy vehicle
sector in 2035 in the AEO2010 Low Oil Price case.
Incentive costs and impacts on energy
expenditures
Increased use of natural gas as a transportation fuel
changes the levels of demand for, and consequently
the prices of natural gas and other fuels used in
transportation and other sectors of the economy.
Depending on the amount of natural gas used in the
transportation sector, the sum of incentive payments
to the transportation sector plus higher energy costs
to other sectors may be more than offset by savings
in the transportation sector from fuel switching
from diesel to natural gas. Figure 25 shows annual
vehicle and fuel tax incentive payments and net
changes in economy-wide energy expenditures for

the 2027 Phaseout Expanded Market case [50]. The
graph shows how changes in transportation demand
for natural gas and petroleum products may affect
energy expenditures throughout the economy while
the incentives are in effect. The significant increase
in transportation natural gas use and associated reductions in petroleum product use result in increases
in economy-wide natural gas prices and expenditures
that are more than offset by economy-wide decreases
in petroleum product prices and expenditures.
The projections in Figure 25 do not reflect many of
the factors that could be important for policymakers’
evaluations of incentives for HDNGVs, such as the
cost of infrastructure tax credits, productivity losses
resulting from more frequent refueling, impacts on
net energy costs, incremental vehicle costs beyond
the period when incentives are provided, or environmental benefits of reducing emissions of conventional
pollutants and GHGs. Also, they do not consider
potential effects on royalty and severance payments
as a result of changes in domestic natural gas production or oil imports, or effects on GDP and other
relevant indicators of economic welfare and energy
security.

Factors affecting the relationship
between crude oil and natural gas prices
Background
Over the 1995-2005 period, crude oil prices and U.S.
natural gas prices tended to move together, which
Figure 25. Annual cost of vehicle and fuel tax
credits and net change in annual economy-wide
energy expenditures for the 2027 Phaseout
Expanded Market case, 2010-2027
(billion 2008 dollars)
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supported the conclusion that the markets for the two
commodities were connected. Figure 26 illustrates
the fairly stable ratio over that period between
the price of low-sulfur light crude oil at Cushing,
Oklahoma, and the price of natural gas at the Henry
Hub on an energy-equivalent basis.
The AEO2010 Reference and High Oil Price cases,
however, project a significantly longer and persistent
disparity between the relative prices of low-sulfur
light crude oil and natural gas on an energyequivalent basis [51]. The apparent disconnect in
prices between seemingly similar commodities varies
over a wide range between 2010 and 2035 [52]. Over
much of the projection period in the Reference case,
the crude oil price is about 2.8 times the natural gas
price on an energy equivalent basis—115 percent
higher than the historical average price ratio of 1.3
from 1995 to 2005. In the High Oil Price case, the
ratio widens to as much as 4.8; in the Low Oil Price
case, it narrows from nearly 3.0 in 2009 to 1.1 in 2035.
Such an apparent lack of responsiveness of natural
gas prices to changes in crude oil prices in all cases
reflects the changes that have occurred in the underlying uses of the two commodities. The divergence of
crude oil and natural gas markets also reflects the
fact that opportunities for the substitution of natural
gas for crude oil products are limited by the large
infrastructure investments that would be required to
allow substitution on a significant scale and bring the
prices of the two commodities closer together in the
U.S. market in the Reference and High Oil Price
cases. In the absence of such investments, EIA expects the gap between oil and natural gas prices in
U.S. energy markets to remain wide.

Figure 26. Ratio of low-sulfur light crude oil prices
to natural gas prices on an energy-equivalent basis,
1995-2035

Opportunities to substitute natural gas
for petroleum
In the United States, the capability to substitute
natural gas supplies directly for petroleum, particularly in the electric power sector, has eroded over
time. In 1978, 4.0 quadrillion Btu of petroleum was
consumed to produce electricity, representing nearly
17 percent of total energy use for U.S. electricity generation, as compared with 14 percent for natural gas
[53]. In 2008, only 0.5 quadrillion Btu of petroleum
was consumed for electricity generation, representing
1.2 percent of total energy use for generation [54, 55],
while natural gas has grown to 17 percent of generation. The trend has been similar in the commercial
and industrial sectors where there are a declining
number of opportunities to substitute natural gas for
petroleum.
Still, there are potential opportunities for natural
gas to displace petroleum. First, direct use of natural
gas in the U.S. transportation sector could provide an
opportunity for substitution. Second, natural gas
could be exported to countries where petroleum is
widely used for thermal applications. Third, natural
gas can be converted directly to petroleum-like liquid
fuels that could be substituted for diesel and gasoline
in the existing vehicle fleet using the existing distribution infrastructure.
The physical properties of natural gas are such that it
is more difficult and costly than liquid fuels to transport and consume. As shown in Figure 27, the energy
density of natural gas is much lower than that of most
liquid fuels. To match the energy equivalent of a
1-gallon container of diesel fuel, a balloon of natural
gas at atmospheric pressure would have to be nearly a
thousand times larger than the gallon container. At a
Figure 27. Ratio of natural gas volume to diesel
fuel volume needed to provide the same energy
content
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pressure of 3,600 pounds per square inch (psi), however, which is the pressure rating for the fuel tanks
used in CNG vehicles, only 4 times as much space is
required to match the energy equivalent of 1 gallon of
diesel fuel. And when the gas is converted to LNG by
chilling to about -260 degrees Fahrenheit, its energy
density increases to the point where it requires only
50 percent more volume to match the energy content
of diesel fuel. However, the materials used for the
handling and storage of LNG differ significantly from
those used for CNG or petroleum-like liquid fuels.
An expanded market for CNG or LNG would require
additional investment in vehicles and infrastructure
for compression and storage of CNG or for liquefaction and storage of LNG. Some of the issues, challenges, and opportunities surrounding the use of
natural gas as a substitute for diesel fuel are
described in the Issues in Focus section, “Natural gas
as a fuel for heavy trucks: Issues and incentives.”
Barriers to U.S. exports of LNG
World crude oil and natural gas prices could converge
if barriers to the flow of natural gas between U.S. and
world markets were eliminated through the combined use of the existing pipeline network, existing
LNG terminals, and investment in new U.S. LNG
liquefaction capacity (and possibly LNG tankers) to
allow exports of U.S. natural gas when it is economical. Currently, there is one liquefaction facility in
Alaska that exports LNG from the United States.
Investment in new U.S. liquefaction capacity would
face significant risk, however, because there are large
quantities of “stranded gas” in remote regions of the
world that can be priced well below the expected cost
of resources in the lower 48 States.
Potential for production of liquid fuels from
natural gas
Another opportunity to substitute natural gas for
crude oil would be to convert it to petroleum-like
liquid products similar to gasoline and diesel fuel, for
use in the liquid fuel infrastructure and end-use
equipment. Such a transformation is possible
through use of the GTL process.
There are several GTL processes, the best known
using a Fischer-Tropsch reactor. The reactor produces a paraffin wax that is hydrocracked to form
liquid products that resemble petroleum liquids. Distillates, including diesel, heating oil, and jet fuel, are
the primary products, making up 50 to 70 percent of
the total volume produced, and naphtha usually represents about 25 percent of the volume. The process

efficiency is about 57 percent (43 percent of the
energy content of the natural gas is lost in the process) [56]. Thus, the price ratio of liquid products to
natural gas would have to exceed about 1.8 to justify
operation of the plant, excluding consideration of
other operating costs and the cost of capital investment. To appreciate the price risk faced by investors,
one can consider the effects of recent fluctuations in
energy prices on investments in U.S. natural gas
turbine and combined-cycle generating units and
ethanol production facilities [57]. Indeed, AEO2010
examines the potential impacts of lower energy prices
in the Low Oil Price case, which shows the ratio of
crude oil prices to natural gas prices declining to
1.1 in 2035, indicating that if any GTL plants were
built they would not be operated under those price
conditions.
The technologies and equipment used in the bestknown GTL technology are similar to those that have
been employed for decades in methanol and ammonia
plants, and most are relatively mature; however, the
scale on which previous GTL plants have been implemented is relatively small. The newest GTL plants
have been expanded to much larger sizes, including
one in excess of 100,000 barrels per day, to take
advantage of economies of scale, but recent attempts
to build projects at those larger sizes have encountered technology or project execution risks [58]. Currently, there are four GTL plants in operation
worldwide, with 96,200 barrels per day of total capacity [59]. In addition, two projects with 174,000 barrels
per day of capacity are under construction or ready
for startup [60]. However, the construction of GTL
plants at sites with available stranded gas reserves
has been limited, indicating investor reluctance to
pursue this option fervently, especially when investments in less capital-intensive LNG capacity are possible. Indeed, some GTL projects have been canceled
or deferred in the past few years [61].
The overnight capital costs for a new GTL plant situated on the U.S. Gulf Coast would range from $50,000
per barrel-stream day of capacity [62] to an estimated
$104,000 per barrel-stream day [63]. Accordingly, a
relatively modest unit with a capacity of 34,000
barrels per day represents an estimated overnight
capital cost [64] of $1.7 billion to $3.5 billion. With
financing included, the estimated total investment
would be $2.2 billion to $4.4 billion. In addition, construction of the facility would take 4 years or more,
imposing further market risk. The risk-adjusted
discount factor used by investors will be critical to
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determining whether investors would proceed with
GTL investments.
Figure 28 shows the maximum “breakeven” average
price of natural gas that could be tolerated over a 10year plant operating period [65] in order to justify the
risk associated with investing in a GTL facility, based
on the range of capital costs discussed above and a
10-percent hurdle rate [66]. Profitable cases lie below
the line. At $100 per barrel for crude oil, the breakeven price for natural gas that would justify investment in a GTL facility is -$1.20 to $5.80 per million
Btu. At higher crude oil prices, the range of the breakeven natural gas price also rises. At a crude oil price of
$200 per barrel, the breakeven price for natural gas is
$10.20 to $17.30 per million Btu. At a crude oil price
of $60 per barrel, the breakeven natural gas price
ranges from -$5.80 to $1.30 per million Btu, illustrating the substantial impact of oil price uncertainty on
the profitability of investment in a GTL facility.
Figure 28 also shows how investment in a GTL facility would fare with the natural gas and crude oil price
projections in the AEO2010 Reference, Low Oil Price,
and High Oil Price cases. With the prices in the
Low Oil Price case, GTL is a poor investment. With
the prices in the Reference case, GTL is a marginal
investment. Only with the highest prices in the
Reference case and the low end of GTL plant costs do
the breakeven economics favor the project. In the
High Oil Price case, however, the combination of
higher crude oil prices and lower natural gas prices
implies that investment in a GTL plant on the U.S.
Gulf Coast could be profitable.
A large investment in GTL would be needed in order
to produce an appreciable effect on worldwide prices
for crude oil and U.S. natural gas. Construction of
Figure 28. Breakeven natural gas price
(2008 dollars per million Btu) relative to crude oil
price (2008 dollars per barrel) required for
investment in new gas-to-liquids plants
Henry Hub natural gas price

30
Low end of GTL plant cost range

Another option is the potential use of stranded natural gas in Alaska to produce GTL. Because of Alaska’s
severe weather conditions, construction of GTL (or
any other) facilities is likely to be much more expensive than the construction of GTL plants on the U.S.
Gulf Coast or in the Middle East. Some estimates
suggest that doubling the construction costs and
extending the construction period by at least 2 years
would be reasonable assumptions. Construction of
GTL facilities in Alaska, therefore, seems unlikely
given the cost uncertainties mentioned above and the
crude oil price projections in the AEO2010 Reference
case.
Looking forward
A large disparity between crude oil and natural gas
prices, as projected in the AEO2010 Reference and
High Oil Price cases, will provide incentives for innovators and entrepreneurs to pursue opportunities
that, in the longer term, could increase domestic or
international markets for U.S. natural gas. For example, a scenario with relatively high oil prices would
tend to increase the value of CO2 used for EOR as well
as GTL production. Because GTL processing plants
can accommodate natural gas feedstocks with relatively high CO2 content and can target fields smaller
than those required for LNG production, such circumstances would provide incentives for the development of smaller GTL systems that produce both
liquid products and a valuable CO2 co-product. Because EIA cannot predict whether or when such innovations might arise, they are not included in the
AEO2010 analysis cases.
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sufficient new GTL capacity to affect world crude oil
prices, about 1 million barrels per day, would require
a total investment between $50 billion and $135
billion. That level of capacity would still represent
only 1.2 percent of the 85.9 million barrels per day of
the world’s estimated total liquids production in 2007
[67], and less than 1 percent of projected 2035 production in the Reference case [68].
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Production from low-permeability reservoirs, including shale gas and tight gas, has become a major source
of domestic natural gas supply. In 2008, low-permeability reservoirs accounted for about 40 percent of
natural gas production and about 35 percent of natural gas consumption in the United States. Permeability is a measure of the rate at which liquids and gases
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can move through rock. Low-permeability natural
gas reservoirs encompass the shale, sandstone, and
carbonate formations whose natural permeability is
roughly 0.1 millidarcies or below. (Permeability is
measured in “darcies.”)
The use of hydraulic fracturing in conjunction with
horizontal drilling in shale gas formations and the use
of hydraulic fracturing in tight gas formations has
opened up natural gas resources that would not
be commercially viable without these technologies. As
shale gas production has expanded into more basins
and recovery technology has improved, the size of the
shale gas resource base in the AEO has increased
markedly. Because the exploitation of shale gas resources is still in its initial stages, and because many
shale beds have not yet been tested, there is a great
deal of uncertainty over the size of the recoverable
shale gas resource base. Low-permeability gas wells
typically produce at high initial flow rates, which decline rapidly and then stabilize at relatively low levels
for the remaining life of the wells.
To illustrate the importance of low-permeability
natural gas reservoirs for future U.S. natural gas supply, consumption, and prices, three alternative cases
were developed for AEO2010: a No Shale Gas Drilling
case, a No Low-Permeability Gas Drilling case, and a
High Shale Gas Resource case. The No Shale Gas
Drilling and No Low-Permeability Gas Drilling cases
examine the implications of no new drilling in lowpermeability formations. The High Shale Resource
case examines the possibility that shale gas resources
could be considerably greater than those represented
in the Reference case. The three alternative cases are
not intended to represent any expected future reality.
Rather, they are intended to illustrate the importance
of low-permeability formations for EIA’s projections
of future U.S. natural gas supply and are likely to be
extremes. All the cases assume no change from the
Reference case assumptions about the size of, and
access to, Canadian and other international natural
gas resources. Specific assumptions in the three cases
are as follows.
No Shale Gas Drilling case. Starting in 2010, in
this case no new onshore lower 48 shale gas production wells are drilled. Natural gas production from
shale gas wells drilled before 2010 declines continuously through 2035.
No Low-Permeability Gas Drilling case. Starting
in 2010, in this case no new onshore lower 48 lowpermeability natural gas production wells are drilled,
including shale gas wells and “tight” sandstone and

carbonate gas wells. Natural gas production from
low-permeability wells drilled before 2010 declines
continuously through 2035.
High Shale Gas Resource case. In this case, the
unexploited portion of each shale formation supports
twice as many new wells as in the Reference case. The
lower 48 shale gas resource base increases by 88 percent, from 347 trillion cubic feet in the Reference case
to 652 trillion cubic feet in the High Shale Gas Resource case. The estimated recovery per well in each
formation is the same as in the Reference case.
Natural gas supply, consumption, and prices
Low-permeability natural gas resources are more
abundant and less expensive than other domestic
natural gas supply alternatives that could replace
them, and they are expected to play a significant role
in future domestic natural gas markets. Consequently, their future absence or presence is expected
to have a significant impact on the average cost of natural gas production and prices, which in turn would
affect natural gas imports and consumption. In the
No Shale Gas Drilling and No Low-Permeability Gas
Drilling cases, lower 48 onshore natural gas productive capacity is less than in the Reference case, and as
a result average U.S. natural gas prices are higher,
more natural gas is imported, and natural gas consumption is reduced (Table 7). Conversely, in the
High Shale Gas Resource case, natural gas productive
capacity is higher, natural gas prices and imports are
lower, and consumption is higher than projected in
the Reference case.
No Shale Gas Drilling and
No Low-Permeability Gas Drilling cases
In the No Shale Gas Drilling and No Low-Permeability Gas Drilling cases, total domestic natural gas
production in 2035 is 18 percent and 25 percent
lower, respectively, and onshore lower 48 production
is 27 percent and 39 percent lower, respectively, than
in the Reference case. The loss of onshore lower 48
productive capacity leads to higher natural gas prices
and lower consumption levels. In the No Shale Gas
Drilling and No Low-Permeability Gas Drilling cases,
the Henry Hub spot price for natural gas in 2035 is
$1.49 and $2.00 per million Btu higher, respectively,
than the Reference case price of $8.88 per million Btu.
The significantly higher natural gas prices are a
result of the removal of considerable low-cost natural
gas resources, leaving a smaller natural gas resource
base that is more expensive to produce.
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Because higher domestic natural gas prices make
other supply sources more competitive, both offshore
Gulf of Mexico production and net natural gas imports increase in the No Shale Gas Drilling and No
Low-Permeability Gas Drilling cases. Offshore natural gas production levels in 2035 are 7 percent and 18
percent (0.3 trillion cubic feet and 0.8 trillion cubic
feet) higher, respectively, than in the Reference case,
and net imports are 154 percent and 207 percent
higher (2.2 trillion cubic feet and 3.0 trillion cubic
feet). In 2035, net imports make up 6 percent of total
U.S. natural gas supply in the Reference case, 16 percent in the No Shale Gas Drilling case, and 20 percent
in the No Low-Permeability Gas Drilling case. The
higher levels of net imports in the two alternative
cases are the result of increases in LNG imports
and imports from Canada, as well as a reduction in
exports to Mexico.
In 2035, net LNG imports in the No Shale Gas
Drilling and No Low-Permeability Gas Drilling cases
are more than double those in the Reference case
(1.8, 2.4, and 0.8 trillion cubic feet, respectively),
and net natural gas imports from Canada are 52 percent and 59 percent greater, respectively, in the two
alternative cases than in the Reference case. Because
the assumptions in these cases are not applied to
the Canadian natural gas resource base, higher U.S.

prices lead to more natural gas production in Canada
(including Canadian shale gas). In addition, Canada’s
Mackenzie Delta natural gas pipeline begins operating before 2035 in the two alternative cases, which
does not occur in the Reference case. Net natural gas
exports to Mexico in 2035 are 35 percent and 47 percent lower in the No Shale Gas Drilling and No
Low-Permeability Gas Drilling cases, respectively,
than in the Reference case.
The impact on natural gas consumption of restricted
drilling in low-permeability reservoirs is less pronounced than the impact on domestic supply, for two
reasons. First, the increase in net imports partially
offsets the reduction in domestic natural gas productive capacity. Second, long-lived natural gas
consumption equipment responds more slowly to
changes in natural gas prices than does natural gas
supply—although the electric power sector, where
natural gas consumption responds relatively quickly
to changes in natural gas prices, is an exception. In
2035, natural gas consumption in the electric power
sector is 1.3 trillion cubic feet (17 percent) lower in
the No Shale Gas Drilling case and 1.9 trillion cubic
feet (26 percent) lower in the No Low-Permeability
Gas Drilling case than the Reference case level of 7.4
trillion cubic feet.

Table 7. Natural gas prices, supply, and consumption in four cases, 2035
Projection
Henry Hub spot price
(2008 dollars per million Btu)
Total U.S. natural gas production
(trillion cubic feet)

Reference

No Shale Gas
Drilling

No Low-Permeability
Gas Drilling

High Shale Gas
Resource

8.88

10.37

10.88

7.62

23.3

19.1

17.4

25.9

Onshore Lower 48

17.1

12.5

10.4

20.0

Offshore Lower 48

4.3

4.7

5.1

4.0

Alaska

1.9

1.9

1.9

1.9

2023

2020

2020

2030
0.8

First year of operation for
the Alaska natural gas pipeline
Total net U.S. imports of natural gas
(trillion cubic feet)

1.5

3.7

4.5

Canada

1.7

2.5

2.7

1.4

Mexico

-1.0

-0.7

-0.5

-1.3

0.8

1.8

2.4

0.8

Liquefied natural gas
Total U.S. natural gas consumption
(trillion cubic feet)

24.9

22.9

22.0

26.8

Electric power

7.4

6.1

5.5

8.7

Residential sector

4.9

4.8

4.7

5.0

Commercial sector

3.7

3.6

3.5

3.8

Industrial sector

6.7

6.5

6.4

7.0

Other

2.2

1.9

1.8

2.3

42

U.S. Energy Information Administration / Annual Energy Outlook 2010

Issues in Focus
High Shale Gas Resource case
Relative to the Reference case, both natural gas production costs and prices are reduced in the High Shale
Gas Resource case. Consequently, domestic natural
gas production is more competitive, and U.S. natural
gas consumption is higher. In 2035, onshore lower 48
and total natural gas production are 17 percent and
11 percent higher, respectively, in the High Shale Gas
Resource case than in the Reference case, and Henry
Hub spot prices are $1.26 per million Btu lower than
in the Reference case. Increased domestic production
and lower natural gas prices reduce net imports in
2035 by 44 percent from their level in the Reference
case, to 0.8 trillion cubic feet, and offshore natural gas
production in 2035 is reduced by 7 percent, to 4.0
trillion cubic feet. The decline in net imports results
from a 19-percent reduction in net imports from
Canada, an 8-percent reduction in net LNG imports,
and a 25-percent increase in net exports to Mexico in
the High Shale Gas Resource case, relative to the Reference case.
Because of the lower natural gas prices in the High
Shale Gas Resource case, U.S. natural gas use in 2035
is 2.0 trillion cubic feet (8 percent) higher than in the
Reference case. The majority of the increase is in the
electric power sector, which accounts for 1.3 trillion
cubic feet (18 percent) of the total increase.

U.S. nuclear power plants: Continued life
or replacement after 60?
Background
Nuclear power plants generate approximately 20 percent of U.S. electricity, and the plants in operation today are often seen as attractive assets in the current
environment of uncertainty about future fossil fuel
prices, high construction costs for new power plants
(particularly nuclear plants), and the potential enactment of GHG regulations. Existing nuclear power
plants have low fuel costs and relatively high power
output. However, there is uncertainty about how long
they will be allowed to continue operating.
The nuclear industry has expressed strong interest in
continuing the operation of existing nuclear facilities,
and no particular technical issues have been identified that would impede their continued operation. Recent AEOs had assumed that existing nuclear units
would be retired after 60 years of operation (the initial 40-year license plus one 20-year license renewal).
Maintaining the same assumption in AEO2010, with
the projection horizon extended to 2035, would result

in the retirement of more than one-third of existing
U.S. nuclear capacity between 2029 and 2035. Given
the uncertainty about when existing nuclear capacity
actually will be retired, EIA revisited the assumption
for the development of AEO2010 and modified it to
allow the continued operation of all existing U.S.
nuclear power plants through 2035 in the Reference
case.
The modified assumption in the Reference case implies that the operating lives of some nuclear plants
will be more than 60 years. To address the uncertainty about whether such life extensions will be allowed, an alternative Nuclear 60-Year Life case was
developed, assuming that all the existing U.S. nuclear
power plants will be retired after 60 years of
operation.
Discussion
The Atomic Energy Act of 1954 authorized the U.S.
Nuclear Regulatory Commission (NRC) to issue operating licenses for commercial nuclear power plants
for a period of 40 years. The 40-year time frame was
derived from accounting and anti-trust concerns, not
technical limitations [69]. The law allows the NRC to
issue operating license renewals in 20-year increments, provided that reactor owners demonstrate
that continued operations can be conducted safely. As
of July 2009, the NRC had granted license renewals to
50 of the 104 operating reactors in the United States,
allowing them to operate for 60 years. Fifteen additional applications are under review, and the owners
of 21 other units have announced that they intend to
file for 20-year license extensions. The NRC has yet to
deny an application for a 20-year extension [70]. Previous AEOs assumed that all of the 104 existing units
would operate for a total of 60 years, provided that
they remained economical.
In December 2009, the Oyster Creek Generating Station in Lacey Township, New Jersey, became the first
nuclear power plant in the United States to begin its
40th year of operation. With Oyster Creek and other
nuclear plants of similar vintage just beginning to
enter their first period of license renewal, it probably
will be at least 5 to 10 years before there is any clear
indication as to whether plant operators will be likely
to seek further extensions of their plants’ operating
lives.
For the AEO2010 Reference case, EIA assumed that
the operating lives of existing nuclear power plants
would be extended at least through 2035. Assuming
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that the NRC continues to approve license extensions, the decision to operate a facility is an economic
one made by plant owners. Aging plants may face increased operation and maintenance (O&M) costs and
capital expenditures, which generally decrease their
profitability. Revenue projections are dependent on
electricity prices, which are uncertain due to variations in fossil fuel prices, regional economic growth,
and environmental regulations. Thus, even if the
costs of operating nuclear plants do not change,
changes in electricity prices can affect their profitability when their generation is sold at market-based
rates.
Between 1974 and 1998, 14 commercial nuclear reactors in the United States were retired. The circumstances of each retirement were unique to the
particular plant, but the common thread was that the
expected cost of continued operation was higher than
expected revenues, and there were less costly generating options available. Highly competitive naturalgas-fired generation could have been a factor in those
retirements. Natural-gas-fired combined-cycle plants
were the favored option for new capacity during the
1990s, when natural gas prices were relatively low
and it was widely believed that they would remain low
for the foreseeable future. In contrast, real O&M
costs for nuclear power plants had increased by 77
percent during the 1980s [71], owners faced the risk
that new NRC regulations might require prohibitively expensive retrofits, and there was widespread
concern State public utility commissions would not
allow full cost recovery for expenditures on nuclear
plants.
The economics of existing nuclear power plants are
more favorable today, because natural gas prices are
higher, the nuclear plants are performing well, and
the potential enactment of GHG regulations increases uncertainty about fuel and operating costs for
power plants that burn coal and natural gas. To date,
there have been no announced plans to retire any of
the 104 operating U.S. commercial nuclear reactors.
To the contrary, the NRC and the nuclear power industry are preparing applications for license renewals
that would allow continued operation beyond 60
years, the first of which is scheduled to be submitted
by 2013. In February 2008, DOE and the NRC hosted
a joint workshop titled “Life Beyond 60,” with a broad
group of nuclear industry stakeholders meeting to
discuss this issue [72]. The workshop’s summary
report outlined many of the technical research needs
44

that participants agreed were important to extending
the life of the existing fleet of U.S. nuclear plants.
Several concerns were expressed at the DOE/NRC
workshop. Because heat, water, and radiation can
have long-term effects on the materials they are in
contact with in nuclear power plants, more effective
monitoring may be needed as the systems age, which
could require updates to instruments and controls.
Over the next several years, research is being focused
on identifying problems that aging facilities might encounter and formulating potential solutions. Until
that research has been completed, it will be difficult
to estimate any cost increases that may result from
extending the age of reactors.
Future cost increases may reflect only routine expenditures, or they could involve major capital projects,
such as the replacement of reactor vessels, containment structures, or buried piping and cables. To date,
no plans or cost estimates for such potential modifications have been made public; however, they have the
potential to be very expensive, and they could require
extended plant shutdowns. While a plant is out of operation, the generation lost will have to be replaced,
probably with expensive power purchased on the spot
electricity market.
For most existing nuclear plants, decisions about retirement or life extension ultimately will be based on
the cost and feasibility of all the measures needed for
a plant to continue to operate safely and economically. It is difficult to anticipate future operating
costs, but it can be helpful to compare current operating costs with the total levelized costs of new nuclear
power plants in order to gauge the magnitude of increases in O&M costs that would make retirement an
option from an economic standpoint. For instance,
with current O&M costs at the most expensive
nuclear units in operation averaging approximately
3.5 cents per kilowatthour [73] and total levelized
costs for new baseload capacity ranging from 8 cents
to 11 cents per kilowatthour, the operating costs of
existing nuclear power plants would have to increase
substantially before it would be economical to retire
even the most expensive units.
Nuclear plant owners also face the risk of future regulations that could require expensive upgrades. Such a
rule was recently the subject of the Supreme Court
case Entergy Corp v. Riverkeeper [74], which focused
on whether or not the EPA could conduct cost-benefit
analyses to determine whether a plant needed to
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replace open-cycle cooling water systems with closedcycle systems. A retrofit of such magnitude would be
costly and thus could alter the relicensing decision for
a particular facility.
The AEO2010 Reference case assumes an additional
O&M cost of $30 per kilowatt for nuclear power capacity after 30 years of operation, which is meant to
represent the various programs that must be undertaken in order to ensure continued safety. Even with
this added cost, no retirements of existing nuclear
power plants are projected by 2035 in the Reference
case.
Alternative case
If all the existing nuclear power plants in the United
States were retired after 60 years of operation, the
impacts on electricity markets, fuel use, and GHG
emissions would be substantial. Therefore, AEO2010

includes an alternative Nuclear 60-Year Life case,
which assumes that no existing nuclear power plant
will receive a second license extension, and all of them
will be retired after 60 years. The 60-year retirement
assumption is not meant as a hard-and-fast rule but
as a possibility that allows examination of the impact
of retiring existing nuclear capacity from the generation mix.
A total of 30.8 gigawatts of capacity at operating U.S.
nuclear power plants—or approximately one-third of
the existing fleet—will have been in operation for at
least 60 years by 2035. The Nuclear 60-Year Life case
assumes that all of that capacity will be retired between 2029 and 2035. Figure 29 shows the locations
of the plants that would be retired, which are spread
fairly evenly across the regions where nuclear power
capacity is prominent.

Figure 29. U.S. nuclear power plants that will reach 60 years of operation by 2035
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In the Nuclear 60-Year Life case, retirement of the
plants shown in Figure 29 results in the construction
of additional replacement capacity beyond the capacity additions already projected in the Reference case
(Table 8). Of the additional capacity built in the
Nuclear 60-Year Life case, only about 2 gigawatts is
nuclear. Instead, the retired nuclear capacity is replaced almost exclusively with coal and natural gas
capacity, which in the absence of policies regulating
GHG emissions remains more economical than either
nuclear or renewable plants.
Reflecting the different projections for generating
capacity additions in the two cases, the projected
nuclear share of total generation in 2035 is only 13
percent in the Nuclear 60-Year Life case, compared
with 17 percent in the Reference case. Total generation in the Nuclear 60-Year Life case is 1 percent
lower than in the Reference case. CO2 emissions are
higher in the Nuclear 60-Year Life case, because
nuclear power is replaced with fossil fuels. Again,
however, the difference between the projections is
less than 1 percent, because most of the capacity
replacing the retired nuclear plants is fueled by
natural gas.
U.S. electricity prices in 2035 in the Nuclear 60-Year
Life case are 4 percent higher than those in the Reference case. In regions where the retirements are
scheduled to occur, the price increases are slightly
larger: compared to the Reference case, electricity
prices in 2035 are 7 percent higher in the North
American Electric Reliability Council (NERC) Midwest Reliability region and between 5 and 6 percent
higher in the NERC regions in the Northeast,
mid-Atlantic, and Southeast. In regions where no retirements occur, there are still small price increases
relative to the Reference case, because natural gas
prices are higher in the Nuclear 60-Year Life case.
Building new capacity to replace the retired nuclear
Table 8. Comparison of key projections in the
Reference and Nuclear 60-Year Life cases
Projection
Generating capacity additions
by fuel type, 2008-2035 (gigawatts)
Coal
Natural gas
Nuclear
Renewable
Electricity price in 2035
(2008 cents per kilowatthour)
Natural gas price in 2035
(2008 dollars per thousand cubic feet)
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Reference

Nuclear 60Year Life

11
89
7
57

17
102
9
57

10.2

10.6

8.69

9.16

plants is more expensive than allowing their continued operation, and the higher costs are passed on to
consumers in the form of higher electricity prices.
Natural gas prices also are higher in the alternative
case than in the Reference case, by 5.4 percent, because the additional new capacity is predominantly
natural-gas-fired, and the increase in demand pushes
up the price of natural gas.
Finally, the assumed absence of new Federal policies
to limit GHG emissions is crucial to the results of
this analysis. In all likelihood, such policies would
increase the cost of generating electricity from fossil
fuels, improving the relative economics of new
nuclear power plants and favoring construction of
more nuclear capacity to replace the retired units.

Accounting for carbon dioxide emissions
from biomass energy combustion
CO2 emissions from the combustion of biomass [75]
to produce energy are excluded from the energyrelated CO2 emissions reported in AEO2010. According to current international convention [76], carbon
released through biomass combustion is excluded
from reported energy-related emissions. The release
of carbon from biomass combustion is assumed to be
balanced by the uptake of carbon when the feedstock
is grown, resulting in zero net emissions over some
period of time [77]. However, analysts have debated
whether increased use of biomass energy may result
in a decline in terrestrial carbon stocks, leading to a
net positive release of carbon rather than the zero net
release assumed by its exclusion from reported energy-related emissions.
For example, the clearing of forests for biofuel crops
could result in an initial release of carbon that is not
fully recaptured in subsequent use of the land for agriculture. To capture the potential net emissions, the
international convention for GHG inventories is to
report biomass emissions in the category “agriculture, forestry, and other land use,” usually based on
estimates of net changes in carbon stocks over time.
This indirect accounting of CO2 emissions from biomass can potentially lead to confusion in accounting
for and understanding the flow of CO2 emissions
within energy and non-energy systems. In recognition of this issue, reporting of CO2 emissions from
biomass combustion alongside other energy-related
CO2 emissions offers an alternative accounting treatment. It is important, however, to avoid misinterpreting emissions from fossil energy and biomass energy

U.S. Energy Information Administration / Annual Energy Outlook 2010

Issues in Focus
sources as necessarily additive. Instead, the combined
total of direct CO2 emissions from biomass and
energy-related CO2 emissions implicitly assumes that
none of the carbon emitted was previously or subsequently reabsorbed in terrestrial sinks or that other
emissions sources offset any such sequestration.
In the future, EIA plans to report CO2 emissions from
biomass combustion alongside other energy-related
CO2 emissions, but to exclude them from the total
unless their inclusion is dictated by regulation. As
shown in Figure 30, including direct CO2 emissions
from biomass energy combustion would increase the
2008 total for energy-related CO2 emissions by 353
million metric tons (6.1 percent). In the AEO2010
Reference case, including emissions from biomass
would increase the projected 2035 total for energy-related CO2 emissions by 813 million metric tons
(12.9 percent) [78]. If in fact these emissions are all
offset by biological sequestration, the net emissions
would be zero as assumed in EIA’s totals.
Figure 30. Carbon dioxide emissions from biomass
energy combustion, 2008-2035 (million metric tons)
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The projections in AEO2010 are not statements
of what will happen but of what might happen,
given the assumptions and methodologies used. The
projections are business-as-usual trend estimates,
reflecting known technology and technological and
demographic trends. AEO2010 generally assumes
that current laws and regulations are maintained
throughout the projections. Thus, the projections
provide a baseline starting point that can be used to
analyze policy initiatives. However, EIA does not
propose or advocate future legislative or regulatory
changes.
While energy markets are complex, energy
models are simplified representations of energy
production and consumption, regulations, and
producer and consumer behavior. Projections are

highly dependent on the data, methodologies, model
structures, and assumptions used in their development. Behavioral characteristics are indicative of
real-world tendencies rather than representations
of specific outcomes.
EIA has endeavored to make these projections as
objective, reliable, and useful as possible; however,
energy markets are subject to much uncertainty.
Many of the events that shape energy markets
cannot be anticipated, including severe weather,
political disruptions, strikes, and technological
breakthroughs. In addition, future developments in
technologies, demographics, and resources cannot
be foreseen with certainty. Many key uncertainties
in the AEO2010 projections are addressed through
alternative cases.

Trends in economic activity
Real gross domestic product returns
to its pre-recession level by 2011

Inflation, interest rates remain low,
unemployment exceeds 6 percent

Figure 31. Average annual growth rates of real
GDP, labor force, and productivity in three cases,
2008-2035 (percent per year)

Figure 32. Average annual inflation, interest, and
unemployment rates in three cases, 2008-2035
(percent per year)
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AEO2010 presents three views of economic growth
(Figure 31). The rate of growth in real GDP depends
on assumptions about labor force growth and productivity. In the Reference case, growth in real GDP
averages 2.4 percent per year.
GDP growth is considerably slower in the near term
as a result of the recent recession. The U.S. economy
has seen 10 recessions since 1947 [78]. The 2007-2009
recession is projected to be the longest, with four consecutive quarters of negative growth, and also the
deepest since 1957. In the AEO2010 Reference case,
economic recovery accelerates in 2011, while employment recovers more slowly. Real GDP returns to its
pre-recessionary level by 2011, but unemployment
rates do not return to pre-recessionary levels until
2019.
The AEO2010 High and Low Economic Growth cases
examine the impacts of alternative assumptions
on the economy. The High Economic Growth case
includes more rapid expansion of the labor force, nonfarm employment, and productivity, with real GDP
growth averaging 3.0 percent per year from 2008 to
2035. With higher productivity gains and employment growth, inflation and interest rates are lower in
the High Economic Growth case than in the Reference case. In the Low Economic Growth case, real
GDP growth averages 1.8 percent per year from 2008
to 2035, with slower growth rates for the labor force,
nonfarm employment, and labor productivity. Consequently, the Low Economic Growth case shows
higher inflation and interest rates and slower growth
in industrial output.
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Inflation

Interest rates

Unemployment

In the Reference case, annual consumer price inflation averages 2.2 percent, the annual yield on the
10-year Treasury note averages 5.4 percent, and the
average unemployment rate is 6.3 percent (Figure
32). In the High Economic Growth case, population,
technological change, and productivity grow faster
than in the Reference case, leading to faster growth in
capital stock, labor force, and employment. Potential
output growth is faster, and as a result the real GDP
annual growth rate is 0.5 percent higher than in the
Reference case. In the Low Growth case, productivity,
technological change, population, labor force, and
capital stock grow more slowly, and real GDP growth
is 0.5 percent lower than in the Reference case.
In the first 2 years of the Reference case projection, as
the economy slowly recovers from the recession that
began at the end of 2007, inflation and interest rates
are below their 27-year projected averages of 2.2 and
5.4 percent, respectively, and unemployment rates
are above their long-term average of 6.3 percent. The
recession reduces household wealth, and unemployment remains high as people take longer than in past
recessions to find employment. The unemployment
rate returns to its 2007 rate of 5.8 percent in 2019.
Annual gains in labor productivity average 2.0 percent, underpinning the projections for inflation and
interest rates.
Energy prices for U.S. consumers grow by 2.4 percent
per year from 2008 to 2035 in the Reference case,
compared with 2.2-percent annual growth in overall
consumer prices. For energy commodities, annual
price increases average 2.5 percent per year.
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Trends in economic activity
Output growth for energy-intensive
industries slows

Energy expenditures decline
relative to Gross Domestic Product

Figure 33. Sectoral composition of industrial
output growth rates in three cases, 2008-2035
(percent per year)

Figure 34. Energy expenditures in the
U.S. economy in three cases, 1990-2035
(trillion 2008 dollars)
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Industrial sector output has grown more slowly than
the overall economy in recent decades, as imports
have met a growing share of demand for industrial
goods, whereas the service sector has grown more
rapidly [79]. In the AEO2010 Reference case, real
GDP grows at an annual average rate of 2.4 percent
from 2008 to 2035, while the industrial sector and its
manufacturing component grow by 1.4 percent per
year and 1.5 percent per year, respectively (Figure
33). With higher energy prices and greater foreign
competition, the energy-intensive manufacturing sectors grow at a slower rate of 0.8 percent per year,
which reflects a 0.6-percent annual decline for bulk
chemicals and a 1.7-percent annual increase for food
processing.
As the economy recovers from the recent recession,
growth in U.S. manufacturing output in the Reference case accelerates from 2011 through 2020. After
2020, both GDP and manufacturing output return to
growth rates closer to trend. Increased foreign competition, slow expansion of domestic production capacity, and higher energy prices increase competitive
pressure on most manufacturing industries after
2020.

0.0
1990

2000

2008

2015

2025

2035

Total end-use expenditures for energy in the U.S.
economy were $1.4 trillion in 2008. After falling in
2009, energy expenditures rise to $1.8 trillion (2008
dollars) in 2035 in the AEO2010 Reference case, $2.1
trillion in the High Economic Growth case, and $1.5
trillion in the Low Economic Growth case (Figure 34).
The energy intensity of the economy as a whole, measured as energy consumption (thousand Btu) per dollar of real GDP, was 8.6 in 2008. Structural shifts in
the economy, improvements in energy efficiency, and
rising world oil prices lead to a decline in U.S. energy
intensity to 5.1 in 2035.
Since 2003, rising oil prices have pushed the share of
energy expenditures as a percent of GDP upward; a
9.8-percent share in 2008 was the highest since 1986.
In the AEO2010 Reference case, as energy use
becomes more efficient, its share declines to 6.5 percent of GDP by 2035 (Figure 35).
Figure 35. Energy end-use expenditures as a share
of gross domestic product, 1970-2035 (nominal
expenditures as percent of nominal GDP)
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AEO2010 includes a range of possible economic outcomes resulting from different assumptions about
growth in productivity, labor force, and population.
Industrial output grows at annual average rates of
2.1 percent in the High Economic Growth case and
0.5 percent in the Low Economic Growth case.
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International oil markets
Oil price cases depict uncertainty
in world oil markets

World liquids supply remains
geographically diversified

Figure 36. Average annual world oil prices
in three cases, 1980-2035 (2008 dollars per barrel)

Figure 37. World liquids production shares
by region in three cases, 2008 and 2035 (percent)

250

100

History

Africa/Middle East
Far East

Projections
80

200

Central/South America

High Oil Price

Europe and Eurasia
60

150
Reference

North America
40
Other OPEC

100
20

OPEC Persian Gulf

Low Oil Price
50

0
2008

0
1980

1995

2008

2020

2035

World oil price projections in AEO2010, defined in
terms of the average price of low-sulfur, light crude oil
delivered to Cushing, Oklahoma, span a broad range
reflecting the inherent volatility and uncertainty of
world oil prices (Figure 36). The AEO2010 price paths
are not intended to reflect absolute bounds for future
oil prices, but rather to allow analysis of the implications of world oil market conditions that differ from
those assumed in the Reference case. The AEO2010
Reference case assumes a continuation of current
trends in terms of economic access to non-OPEC resources and OPEC market share of world production.
The High Oil Price case depicts a future world oil
market in which conventional production is restricted by political decisions and economic access to
resources: use of quotas, fiscal regimes, and various
degrees of access restrictions by the major producing
countries decrease their oil production, and consuming countries turn to high-cost unconventional
liquids production to satisfy demand. The OPEC
share of liquids production is lower than in the Reference case.
The Low Oil Price case depicts a future world oil market in which non-OPEC producing countries develop
stable fiscal policies and investment regimes directed
at encouraging development of their resources. In the
Low Price case, OPEC nations increase production in
order to achieve approximately a 50-percent market
share of total liquids production by 2035, up from
approximately 42 percent in 2008.
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OPEC production decisions are the most significant
factor underlying differences among the price cases.
In the Reference case, OPEC conventional production
maintains approximately a 40-percent share of total
world liquids production through 2035, consistent
with levels over the past 15 years. In the High Oil
Price case, OPEC’s share of world liquids production
declines to 35 percent; in the Low Oil Price case,
OPEC’s share expands to almost 50 percent (Figure
37). In all the cases, total liquids production by countries in the Organization for Economic Cooperation
and Development is between 21 and 27 million barrels per day in 2035, constrained mainly by resource
availability rather than price or political concerns.
In the High Oil Price case, several non-OPEC countries with large resource holdings (including Russia,
Brazil, Mexico, and Kazakhstan) either maintain or
further restrict opportunities for investment in domestic resource development, limiting their contribution to the total world liquids supply. Political, fiscal,
and resource conditions in each of those countries are
unique. However, all will require domestic and foreign investment to develop new projects and maintain
infrastructure, and all have recently either not
encouraged such investment or indicated that they
may enact future restrictions on foreign investment.
In the Low Oil Price case, several resource-rich
nations outside OPEC, including Russia and Brazil,
are assumed to change legislation or fiscal terms in
order to encourage foreign investment in the development of their liquids resources. As a result, the largest increases in liquids supply among the non-OPEC
countries occur in Russia, Brazil, and Kazakhstan.
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U.S. energy demand
Unconventional liquids gain
market share as prices rise

U.S. average energy use per person
declines through 2035

Figure 38. Unconventional resources as a share of
total world liquids production in three cases,
2008 and 2035 (percent)

Figure 39. Energy use per capita and per dollar of
gross domestic product, 1980-2035 (index, 1980 = 1)
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World production of liquid fuels from unconventional
resources in 2008 was 4.0 million barrels per day, or
about 5 percent of total liquids production. In the
AEO2010 projections, production from unconventional sources grows to about 13, 15, and 19 million
barrels per day in 2035 in the Low Oil Price, Reference, and High Oil Price cases, respectively, accounting for about 10, 13, and 21 percent of total world
liquids production (Figure 38).
The factors most likely to affect production levels
vary for the different types of unconventional liquid.
Price is the most important factor for bitumen production from Canadian oil sands, because the fiscal
regime and extraction technologies remain relatively
constant, regardless of world oil prices. Production of
Venezuela’s extra-heavy oil depends more on the prevailing investment environment and the assumed
government-imposed levels of economic access to
resources in the different price cases. In the Low Oil
Price case, with more foreign investment in extraheavy oil, production in 2035 climbs to nearly 3.4
million barrels per day. In the Reference and High Oil
Price cases, with growing investment restrictions,
extra-heavy oil production is limited to 1.3 and 0.8
million barrels per day, respectively, in 2035.
Production levels for biofuels, CTL, and GTL are
driven largely by the needs of consuming nations—
particularly, the United States and China, to compensate for restrictions on economic access to conventional liquid resources. In the Low Oil Price and High
Oil Price cases, production from those three sources
in 2035 totals 5.3 million barrels per day and 12.3 million barrels per day, respectively.
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Growth in U.S. energy use is linked to population
growth through increases in demand for housing,
commercial floorspace, transportation, manufacturing, and services. This affects not only the level of energy use, but also the mix of fuels and consumption by
sector. Energy consumption per person has declined
sharply during the recent economic recession, and the
2009 level of 310 million Btu per person was the
lowest since 1968. In the AEO2010 Reference case,
energy use per capita increases slightly as the economy rebounds, then begins declining in 2013 as
higher efficiency standards for vehicles and lighting
begin to take effect (Figure 39). From 2013 to 2035,
energy use per capita declines by 0.3 percent per year
on average, to 293 million Btu in 2035.
Energy intensity (Btu of energy use per dollar of real
GDP) also falls as a result of structural changes and
efficiency improvements. Since 1990, a growing share
of U.S. output has come from services and less from
manufacturing. In 1990, 74 percent of the total value
of output came from services, 6 percent from energyintensive manufacturing industries, and the balance
from the non-energy-intensive manufacturing industries (e.g., agriculture, mining, and construction). In
2008, services accounted for 78 percent of total output
and energy-intensive manufacturing only 5 percent.
Services continue to play a growing role in the Reference case, accounting for 82 percent of total output in
2035, with energy-intensive manufacturing accounting for less than 4 percent. In combination with
improvements in energy efficiency, the shift away
from energy-intensive industries pushes overall
energy intensity down by an average of 1.9 percent
per year from 2008 to 2035.
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U.S. energy demand
Buildings and transportation sectors
lead increases in primary energy use

Renewable sources lead rise in
primary energy consumption

Figure 40. Primary energy use by end-use sector,
2008-2035 (quadrillion Btu)

Figure 41. Primary energy use by fuel, 1980-2035
(quadrillion Btu)
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Total primary energy consumption, including fuels
for electricity generation, grows by 0.5 percent per
year from 2008 to 2035, to 114.5 quadrillion Btu in
2035 in the Reference case (Figure 40). The fastest
growth (1.0 percent annually) is in the commercial
sector, which currently has the smallest share of
end-use energy demand but surpasses the residential
sector by the end of the period. Growth in commercial
sector energy use is propelled by growth in population
(0.9 percent per year) and commercial floorspace (1.3
percent per year), but it is constrained somewhat by
tightening efficiency standards.
Energy use for transportation grows by 0.6 percent
per year in the Reference case. LDVs have accounted
for more than 16 percent of total U.S. energy consumption since 2002; however, their share declines to
15.5 percent in 2020, when the average fuel economy
of new LDVs is required by EISA2007 to reach 35.5
mpg. Growth in energy consumption by LDVs averages 0.4 percent per year from 2008 to 2035.
Energy consumption in the industrial sector grows
only modestly through 2035, as U.S. output continues
to shift toward less energy-intensive industries. Use
of liquefied petroleum gas (LPG) feedstocks in the
production of ethylene, propylene, and ammonia,
which contributes to the small increase, declines
after 2020 as output from the chemical industry falls.
Energy consumption in the refining sector also grows,
as liquids consumption increases and more biofuels
are produced to meet the RFS required by EISA2007.
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Consumption of all fuels increases in the Reference
case, but the aggregate fossil fuel share of total energy
use falls from 84 percent in 2008 to 78 percent in 2035
as renewable fuel use grows rapidly (Figure 41). The
renewable share of total energy use increases from
8 percent in 2008 to 14 percent in 2035, in response to
the EISA2007 RFS, expansion of Federal tax credits
for renewable electricity generation and capacity, and
State RPS programs.
In the transportation sector, where almost all liquid
biofuels are used, petroleum’s share of liquid fuel use
declines as consumption of alternative fuels (biodiesel, E85, and ethanol for blending) increases.
Biofuels account for more than 80 percent of the
growth in liquid fuel consumption.
Overall, natural gas consumption grows by about 0.2
percent per year from 2008 to 2035, despite declines
of about 1.5 percent per year from 2008 through 2014,
when coal-fired power plants now under construction
or planned begin operation, and Federal tax credits
and State RPS programs spur additions of new electricity generation capacity fired by renewable fuels.
Coal consumption increases by 0.4 percent per year in
the Reference case. Several coal-fired power plants,
with combined capacity totaling 15.6 gigawatts, are
planned to come on line by 2012. More coal is
consumed for heat and power in the CTL process, offsetting declines in coal consumption for coking and
other industrial uses.
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Residential sector energy demand
Residential energy use per capita
varies with technology assumptions

Miscellaneous uses dominate growth
in electricity demand

Figure 42. Residential delivered energy
consumption per capita in four cases, 1990-2035
(index, 1990 = 1)

Figure 43. Change in residential electricity
consumption for selected end uses in the Reference
case, 2008-2035 (billion kilowatthours)
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Residential energy use per capita continues declining
in the AEO2010 Reference case, to 16 percent below
the 2008 level in 2035 (Figure 42). One cause of the
decline is a decrease in energy use for space heating
due to a projected shift in State populations from
colder to warmer regions. The reduced demand for
home heating fuels is offset in part by increased
demand for electric air conditioning.
Recent improvements in household energy efficiency
have been offset by growth in square footage and
the introduction of new electric appliances. Three
alternative cases show the potential role of energyefficient technologies in defining household energy
use. The 2009 Technology case assumes no change in
efficiency for equipment or building shells beyond
2009 levels. The High Technology case assumes more
purchases of energy-efficient appliances by consumers, and earlier availability, lower cost, and higher
efficiency for some advanced electric devices. The
Best Available Technology case limits purchases of
new appliances to the most efficient available and
assumes that new home construction applies the
most energy-efficient criteria among today’s common
building practices.
In the 2009 Technology case, household energy use
per capita falls by 10 percent from 2008 to 2035,
as gains in energy efficiency are limited to stock
turnover and more efficient new construction. With
greater gains for appliances and building shells in the
High Technology and Best Available Technology
cases, household energy use per capita declines by
30 percent and 39 percent, respectively, from 2008 to
2035.
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Electricity accounted for 41 percent of total residential delivered energy consumption in 2008, and in the
AEO2010 Reference case that portion increases to 48
percent in 2035. The increase in electricity consumption results from a proliferation of new electric
devices. Comparatively few new devices powered by
natural gas or liquids have emerged in recent decades,
and few are anticipated in the Reference case. Electric
appliances have become increasingly prevalent, and
that trend continues as demand grows for largescreen televisions (TVs) and other electric devices.
Electricity use for TV sets and set-top boxes surpasses
that for refrigerators in 2010. Set-top boxes, including digital video recorders, are needed to decode
digital signals from cable or satellite providers and to
convert digital signals for older analog TVs. TVs on
the market today vary significantly with respect to
power draw, depending on technology and screen
size. The technology continues to evolve, and improvements in efficiency are expected with the introduction of light-emitting diode (LED) backlighting
for TV screens and with new efficiency standards
adopted in California.
Other electrically powered services include a range of
appliances and devices whose consumption, while
small individually, is significant in the aggregate
(Figure 43). Electricity use for “other” devices—
including microwave ovens, video and audio equipment, game systems, spas, security systems, and
coffee makers—increases on average by 1.9 percent
per year in the Reference case—slightly more
than the 1.6-percent annual growth in residential
floorspace.
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Residential sector energy demand
New approaches to energy efficiency
standards show potential for gains

Tax credits encourage installation
of renewable technologies

Figure 44. Energy intensity for selected end uses of
electricity in the residential sector in three cases,
2008 and 2035 (kilowatthours per year)

Figure 45. Residential market saturation
by renewable technologies in two cases, 2008, 2020,
and 2035 (percent share of single-family homes)
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The energy efficiency of residential appliances plays a
key role in determining the amount of energy used in
buildings. In recent years, the implementation of
Federal standards has fallen behind legislated schedules, leading States and other groups to become more
active in promoting residential energy efficiency. In
2009, industry and efficiency advocate groups agreed
on a set of regional standards to supplant the national
standards currently in place. The new standards
would divide the Nation into three regions based on
climate characteristics for furnaces, heat pumps, and
central air conditioners [80].
The absence of appliance standards has implications
for energy use. Neither televisions nor set-top boxes
are covered by Federal standards today, although
some efficiency gains have been realized through
voluntary programs, such as Energy Star. In the
absence of standards, electricity use for personal
computers and related equipment (e.g., printers,
modems, and routers) grows at roughly the same rate
as population in the Reference case.
The potential effects of new efficiency standards are
most evident for lighting (Figure 44). Federal standards included in EISA2007 will require generalservice lighting to use about 30 percent less electricity
by 2014 for the same level of light output. In 2020, the
standard is tightened further, requiring generalservice lighting to use 60 percent less electricity than
today’s incandescent bulbs. Overall, in the AEO2010
Reference case, electricity use for lighting per household in 2035 is 44 percent lower than in 2008.
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More than one-half of the States have either binding RPS or nonbinding voluntary targets for renewable energy generation. The recent enactment of
Federal ITCs for distributed renewable technologies
through 2016 provides the greater assurance necessary for market development that will help States
achieve their renewable energy goals.
The AEO2010 Reference case assumes that Federal
tax credits for distributed renewable technologies
will expire as scheduled. The Extended Policies case
shows the implications of extending the tax credits
indefinitely. Whereas total installed PV capacity
reaches 9.5 gigawatts in 2035 in the Reference case, it
grows to 60.5 gigawatts in 2035 in the Extended
Policies case. The comparatively smaller distributed
wind turbine market is similarly affected, with 8.1
gigawatts installed in the Extended Policies case, as
compared with 1.7 gigawatts in the Reference case, in
2035.
Ground-source heat pumps are more energy efficient—but also more expensive—than conventional
technologies. In the Reference case, implementation
of current incentives increases the number of installations from 47,000 units in 2008 to an average of
more than 150,000 units per year through 2016, when
the Federal tax credit expires. Even with the increase
in installations, however, the market share of
ground-source heat pumps is only 2.3 percent in 2035
in the Reference case, up from 0.3 percent in 2008
(Figure 45). In the Extended Policies case—with the
tax credit extended through 2035—the market share
nearly doubles, to 4 percent in 2035.
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Commercial sector energy demand
Efficiency improvements could lower
projected consumption growth

Electricity leads expected growth
in commercial energy use

Figure 46. Commercial delivered energy
consumption per capita in four cases, 1990-2035
(index, 1990 = 1)

Figure 47. Average annual growth rates for
selected electricity end uses in the commercial
sector, 2008-2035 (percent per year)
Commercial floorspace (1.3 percent per year)
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Growth in commercial floorspace averages 1.3 percent per year from 2008 to 2035 in the AEO2010 Reference case, exceeding the 0.9-percent average for
population growth over the period. Delivered commercial energy use per person remains virtually constant, however, as efficiency improvements largely
offset the increase in commercial floorspace (Figure
46). Recently updated standards for lighting and refrigeration account for much of the efficiency improvement. More stringent building codes in ARRA
further improve building efficiency in the long term.
Three alternative cases show the effects of different
assumptions about technology and energy efficiency
on energy consumption per capita. The 2009 Technology case limits equipment and building shell technologies to the options available in 2009. The High
Technology case assumes lower costs, higher efficiencies for equipment and building shells, and earlier
availability of some advanced equipment than in the
Reference case, as consumers place greater importance on the value of future energy savings. The Best
Available Technology case assumes more improvement in the efficiency of building shells than in the
High Technology case and limits future equipment
choices to a technology menu that includes only the
most efficient model for each type of technology available in a particular year, regardless of cost. In 2035,
commercial energy consumption per capita is 4.8 percent higher in the 2009 Technology case than in the
Reference case, and in the High Technology and
Best Available Technology cases it is 12.5 percent
and 17.5 percent lower than in the Reference case,
respectively.
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Purchased electricity use accounts for 59 percent of
all commercial delivered energy consumption in 2035
in the Reference case, up from 54 percent in 2008. Despite growth in natural gas use for CHP, the natural
gas and liquids share of commercial energy use declines as the efficiency of building and equipment
stocks improves and demand for new electronic
equipment continues to grow.
Major commercial end uses, such as space heating
and cooling, water heating, and lighting, are covered
by Federal and State efficiency standards, limiting
growth in consumption to rates less than the
1.3-percent annual growth in commercial floorspace
(Figure 47). Other electric end uses, some of which
are not subject to Federal standards, account for most
of the growth in commercial electricity consumption.
Although the number of computers and related
devices (such as monitors and printers) grows more
rapidly than floorspace, with increasing purchases
and use of Energy Star equipment their electricity
use grows at less than half the rate of floorspace. As
reliance on the Internet for information and data
transfer increases, electricity use for “other” office
equipment—including servers and mainframe computers—surpasses that for commercial refrigeration
in 2018. Refrigeration is one of the few commercial
end uses for which electricity use declines in the Reference case, primarily as a result of new efficiency
standards. Electricity demand for other miscellaneous end uses (e.g., video displays and medical
devices) increases by an average of 2.3 percent per
year and, in 2035, accounts for 40 percent of end-use
electricity consumption in the commercial sector.

U.S. Energy Information Administration / Annual Energy Outlook 2010

59

Commercial sector energy demand
Technology provides potential energy
savings in the commercial sector

Tax credits, advanced technologies
could boost distributed generation

Figure 48. Efficiency gains for selected commercial
equipment in three cases, 2035 (percent change
from 2008 installed stock efficiency)

Figure 49. Additions to electricity generation
capacity in the commercial sector in two cases,
2008-2035 (gigawatts)
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Delivered energy consumption for space heating,
cooling, and water heating grows at an average
annual rate of 0.4 percent in the Reference case, as
compared with 1.3-percent annual growth in commercial floorspace. The remaining end uses in the
commercial sector grow by 1.2 percent per year as
a group in the Reference case, but by only 0.5 percent
in the Best Available Technology case.

Recent legislation has extended or increased the ITCs
for distributed generation technologies and removed
the cap on credits for wind-powered generation. In
the Reference case, tax credits boost the near-term
expansion of distributed generation in the commercial sector, and its growth remains strong in later
years as technology costs decline, conversion efficiency improves, and electricity prices increase.

Lighting improvements have consistently been a
source of efficiency gains, as standards for fluorescent
lamps and ballasts, incandescent reflector lamps, and
metal halide lamp fixtures have reduced their
electricity consumption. Incandescent bulbs, which
already are less common in the commercial sector, are
nearly eliminated by 2014 as compliance with
EISA2007 lighting standards increases. Significant
potential for further improvement remains, as shown
by the Best Available Technology case (Figure 48);
however, many of those best available technologies,
such as LED lighting, currently are too costly to be
practical in many commercial applications.

PV capacity benefits from a 30-percent ITC through
2016 and reverts to a 10-percent credit thereafter
(Figure 49). Conventional natural-gas-fired turbines
and engines account for the next-largest capacity increase, followed by microturbines and fuel cells. Wind
power also benefits from the ITC, growing by 8.7 percent per year. Conventional CHP technology receives
a 10-percent tax credit through 2016. Comparatively
expensive fuel cells receive a 30-percent ITC capped
at $3,000 per kilowatt.

The energy efficiency of refrigeration equipment improves significantly in each of the cases, as a result of
EPACT2005 and EISA2007 standards, which are in
place for a wide range of commercial equipment that
accounts for a significant share of the sector’s total
electricity use for refrigeration. Additional efficiency
improvements could come from the actions of States
applying their own equipment standards for end uses
not covered by Federal mandates. In addition, at the
Federal level, new research and development funding
from ARRA may lead to efficiency improvements in
communication and information technology devices.
60

In the Reference case, commercial distributed generating capacity grows from 2 gigawatts in 2008 to
almost 10 gigawatts in 2035. In the Extended Policies
case, which assumes that the ITC provisions are extended through 2035, total commercial generating capacity increases by 17 gigawatts. PV technology
benefits the most from the extension of the ITC provisions in the Extended Policies case, with installed
capacity in 2035 that is 125 percent higher than in the
Reference case. After 2016, with the extension of the
ITC, wind power capacity in the commercial sector
grows the fastest, averaging more than 16 percent
per year from 2016 to 2035.
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Industrial sector energy demand
Heat and power energy consumption
increases in manufacturing industries

Use of fuels as feedstocks declines
in the chemical industry

Figure 50. Industrial delivered energy consumption
by application, 2008-2035 (quadrillion Btu)

Figure 51. Industrial consumption of fuels
for use as feedstocks by fuel type, 2008-2035
(quadrillion Btu)
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Industrial delivered energy consumption increases
by 8 percent from 2008 to 2035 in the AEO2010 Reference case—despite a 44-percent increase in industrial
shipments—as a result of slow growth or declines
in energy-intensive manufacturing output and strong
growth in high-value (but less energy-intensive)
industries, such as computers and electronics. In the
chemical industry, output declines by nearly 10 percent from 2008 to 2035 in the face of rising energy
prices and pressure from overseas competition.

The use of fuels for feedstock in the industrial sector
involves the consumption of fuels as raw materials
for the production of various chemicals, as well as the
consumption of asphalt and road oil for the building
of roads in the construction industry. Most of the
consumption of fuel-based feedstocks occurs in the
chemical industry, primarily for the production of
ethylene, propylene, and butadiene—three chemicals
that are basic to the production of a variety of plastic
products.

In 2008, about two-thirds of delivered energy consumption in the industrial sector was used for heat
and power in manufacturing; that share increases to
three-quarters in 2035 (Figure 50). Heat and power
consumption in the nonmanufacturing industries
(agriculture, mining, and construction) remains
constant over the projection, accounting for about
one-sixth of total industrial energy consumption. The
remaining consumption consists of nonfuel uses of
energy products, primarily as feedstocks in chemical
manufacturing and asphalt for construction.

Feedstock consumption trends in the AEO2010 Reference case reflect a switch from petrochemical feedstocks (naphtha and gas oils) to LPG feedstocks
(ethane, butane, and propane) and a decline in basic
chemical production. The shift occurs because of a
growing divergence between more rapidly rising
crude oil prices, which are the basis for petrochemical
feedstock prices, and the slow pace of increase in
natural gas prices—the primary basis for LPG prices.

The rise in manufacturing heat and power consumption in the AEO2010 Reference case can be attributed
primarily to a relatively large 36-percent increase in
total energy use for the refining industry (although
the value of shipments produced by the refining industry grows by only 11 percent over the same period). The strong growth in fuel use for refining
results from higher industrial demand for lighter
feedstocks, changes in the production mix as demand
for diesel fuels increases, a shift by refineries from
lighter to heavier crude oils, and growth in biofuels
production.

From 2008 to 2035, total energy use as a feedstock
declines by 6 percent in the industrial sector (Figure
51). Virtually all the decline is in the use of natural
gas feedstocks, which drops by 21 percent as domestic
production of ammonia, hydrogen, and methanol
slows. Domestic ammonia production falls by 6 percent as a result of slow growth in agricultural
production and foreign competition in the ammonia
industry. Domestic outputs of hydrogen and methanol decline even more, by 74 percent and 32 percent,
respectively. Consumption of asphalt and road oil
remains flat in the Reference case, reflecting slow
growth in the construction industry.
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Industrial sector energy demand
Over time, more fuels are brought
into the mix of industrial energy use

Output growth is strongest for food
and non-energy-intensive industries

Figure 52. Industrial energy consumption by fuel,
2003, 2008, and 2035 (quadrillion Btu)

Figure 53. Cumulative growth in value of
shipments by industrial subsector in three cases,
2008-2035 (percent)
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Liquid fuels and natural gas currently account for
about two-thirds of industrial delivered energy use,
and electricity, coal, and renewables make up the
remainder (Figure 52). With fuel-switching opportunities often limited to boilers, kilns, and some feedstocks, changes in fuel shares tend to reflect longterm transitions among the mix of industries and
capital investment. Although their use is declining,
liquid fuels and natural gas are the leading industrial
fuel sources throughout the projections. Almost onehalf of industrial liquid fuel consumption is for use as
a feedstock for the production of petrochemicals.
Another large portion (28 percent) is generated as byproduct fuel and consumed at refineries. The decline
in industrial use of liquid fuels and natural gas reflects a drop in chemical production, which accounted
for a large share of industrial use of the two fuels
(excluding natural gas lease and plant fuel) in 2008.
Increased coal use for CTL production more than offsets a decline in traditional industrial applications of
coal, such as steam generation and coke production,
largely because of environmental concerns about
emissions from coal-fired boilers, along with improvements in manufacturing efficiency that reduce the
need for process steam. Metallurgical coal use also
declines, reflecting a decline in steel industry output
and the greater penetration of electric arc furnaces.
The flat outlook for industrial electricity use reflects
efficiency gains in many industries, due in part to
motor efficiency standards. In addition, consumption
of renewable energy in the industrial sector expands
with expected growth in the lumber, paper, and other
industries that consume biomass-based byproducts.
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Industrial shipments vary across the AEO2010 economic growth cases, both in aggregate and by industry. Total industrial shipments grow by 44 percent
from 2008 to 2035 in the Reference case, as compared
with 16 percent in the Low Economic Growth case
and 74 percent in the High Economic Growth case.
Near-term industrial activity is slowed by the economic recession, however, with shipments from 2008
to 2011 lower for most industries and in particular for
iron and steel, cement, aluminum, transportation
equipment, and machinery.
A few energy-intensive manufacturing industries
account for a large share of total industrial energy
consumption. Ranked by their 2008 total energy use,
the top five energy-consuming industries—bulk
chemicals, refining, paper, steel, and food—accounted
for about 60 percent of total industrial energy consumption but only 22 percent of total value of shipments. From 2008 to 2035, four of those top five
industries (with food products being the exception),
as well as the other energy-intensive industries
(glass, cement, and aluminum) grow more slowly
than the non-energy-intensive industries (Figure 53).
The relatively slow growth of energy-intensive manufacturing industries in the Reference case results
from increased foreign competition, reduced domestic
demand for the raw materials and basic goods they
produce, and movement of investment capital to
more profitable areas of the economy.
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Transportation sector energy demand
Energy consumption growth varies
widely across industry sectors

Growth in transportation energy use
slows relative to historical trend

Figure 54. Change in delivered energy
consumption for industrial subsectors in three
cases, 2008-2035 (quadrillion Btu)

Figure 55. Delivered energy consumption for
transportation by mode, 2008 and 2035
(quadrillion Btu)
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The projections for industrial energy consumption
vary by industry (Figure 54) and are subject to considerable uncertainty. Industrial delivered energy consumption grows by 8 percent from 2008 to 2035 in the
Reference case, declines by 9 percent in the Low
Economic Growth case, and increases by 25 percent
in the High Economic Growth case.

From 2008 to 2035, transportation sector energy consumption grows at an average annual rate of 0.6 percent (from 27.9 quadrillion Btu to 32.5 quadrillion
Btu), slower than the 1.3-percent average rate from
1980 to 2008. The slower growth is a result of changing demographics, improved fuel economy, and increased saturation of personal travel demand.

In absolute terms, the most significant changes in
energy use are in the three largest energy-consuming
industries: bulk chemicals, iron and steel, and refining. For the first two, declines in energy use in most
cases reflect changes in competition from countries
with access to less expensive energy sources, as well
as changes in product mix. Energy consumption in
the refining industry increases—despite a relatively
flat trend in overall petroleum demand—given the
industry’s needs to process heavier crude oils, comply
with low-sulfur fuel standards, and produce biofuels
as mandated in EISA2007. Energy use also increases
in the food and paper and pulp industries, where rising shipments reverse recent declines. For the
cement, aluminum, and “other nonmanufacturing”
industries, delivered energy consumption declines,
primarily as a result of relatively slow output growth
and long-term changes in production technology.

Energy demand for LDVs increases by 10 percent, or
1.7 quadrillion Btu (0.8 million barrels per day), from
16.7 quadrillion Btu in 2008 (Figure 55). Slower
growth in fuel prices compared with recent history
and rising real disposable income combine to increase
annual VMT. Delivered energy consumption by LDVs
is tempered by fuel economy improvements that result from more stringent standards for vehicle fuel
economy and CO2 emissions. Energy demand for
heavy-duty vehicles (including freight trucks and
buses) increases by 37 percent, as a result of only slow
improvement in fuel economy and modest increases
in industrial output.

Aggregate industrial energy intensity, or consumption per real dollar of shipments, declines in all three
cases. When a higher rate of economic growth is
assumed the decline is more rapid, because nonenergy-intensive output grows relatively more rapidly: 1.4 percent in the High Economic Growth case, as
compared with 1.2 percent in the Reference case and
1.0 percent in the Low Economic Growth case.

Energy demand for air travel increases by 24 percent,
or 0.6 quadrillion Btu (0.3 million barrels per day),
from 2.6 quadrillion Btu in 2008. Growth in personal
air travel is driven by increases in income per capita
and relatively low fuel costs; however, gains in aircraft fuel efficiency and slow growth in air freight
movement (caused by slow growth in imports) combine to slow the increase in fuel use by aircraft. Energy consumption for marine and rail travel increases
slightly as industrial output rises and demand for coal
transport grows. Energy use for pipelines increases as
growing volumes of natural gas and biofuels are
transported.
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Transportation sector energy demand
New CAFE and emissions standards
boost vehicle fuel efficiency

New technologies promise
better vehicle fuel efficiency

Figure 56. Average fuel economy of new light-duty
vehicles in five cases, 1980-2035 (miles per gallon)

Figure 57. Market penetration of new technologies
for light-duty vehicles, 2035 (percent)
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Light trucks (pickups, SUVs, and vans) have claimed
a rising share of U.S. LDV sales since the 1970s, peaking at over 55 percent of new LDV sales in 2004 before
dropping to just over 47 percent in 2009 [81]. Thus,
despite technology improvements, average fuel economy for new LDVs ranged between 24 and 26 mpg
from 1995 to 2006 after peaking at 26.2 mpg in 1987,
then rose to 26.6 mpg in 2007 with higher fuel prices
and introduction of tighter fuel economy standards.
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In the AEO2010 Reference case, the fuel economy of
new LDVs improves from 27.6 mpg in 2008 to 40.0
mpg in 2035. Market adoption of advanced technologies facilitates the improvement in fuel economy that
will be needed to meet new, more stringent CAFE
standards (Figure 57).

NHTSA and EPA have proposed attribute-based
CAFE and emissions standards for MY 2012 to 2016.
In the Reference case, the average fuel economy of
new LDVs (including credits for AFVs and banked
credits) rises from 29 mpg in 2011 to 34 mpg in 2016
and 35.6 mpg in 2020, averaging 3.1 percent per year
from 2011 to 2016 and 1.2 percent per year from 2016
to 2020 (Figure 56). EISA2007 requires an average of
35 mpg in 2020.

In 2035, advanced drag reduction, which provides
significant fuel economy improvements by reducing
vehicle air resistance at higher speeds, is implemented in nearly 99 percent of new LDVs. With the
adoption of light-weight materials that reduce vehicle
mass, the average weight of new cars declines from
3,264 pounds in 2008 to 3,112 pounds in 2035, providing significant improvements in fuel economy. In
addition, adoption of advanced transmission technologies, such as continuous variable and automated
manual transmissions, grows from 5 percent of the
LDV market in 2008 to 43 percent in 2035.

LDV sales in 2035 are about 19 million units in all the
AEO2010 cases, but the mix of cars and light trucks
varies. In the Reference case, cars represent 66 percent of sales in 2035, and LDV fuel economy averages
40 mpg. In the High Oil Price case, cars are 69 percent
of sales in 2035, and LDV fuel economy averages 43
mpg. In the Low Oil Price case, cars are 57 percent of
sales in 2035, and LDV fuel economy averages 37
mpg. Economics of fuel-saving technologies improve
in the High Technology and High Oil Price cases, and
consumers buy more efficient vehicles. But average
fuel economy improves modestly, because the CAFE
standards assumed in the two cases already require
significant improvement in fuel economy performance and the penetration of advanced technologies.

Camless valve activation, which reduces engine friction and allows for infinitely variable valve timing
and lift, increases engine efficiency by approximately
14 percent. After its introduction in 2020, camless
valve activation is implemented in 30 percent of the
LDVs marketed by 2035. Other technologies that improve fuel economy—including turbocharging, supercharging, and cylinder deactivation—increase from a
5-percent share of new LDV sales in 2008 to 57 percent in 2035. Improvements in accessories, such as
the replacement of mechanical pumps with electric
pumps that increase fuel economy by up to 1.5 percent, are implemented in 24 percent of new LDV
sales in 2035, as compared with 0.1 percent of new
LDV sales in 2008.
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Electricity demand
Unconventional vehicle technologies
approach 50 percent of sales in 2035

Residential and commercial sectors
dominate electricity demand growth

Figure 58. Sales of unconventional light-duty
vehicles by fuel type, 2008, 2020, and 2035
(million vehicles sold)

Figure 59. U.S. electricity demand growth,
1950-2035 (percent, 3-year moving average)
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With more stringent CAFE standards and higher fuel
prices, unconventional vehicles (vehicles that use alternative fuels, electric motors and advanced electricity storage, advanced engine controls, or other new
technologies) account for nearly 50 percent of new
LDV sales in 2035 in the Reference case. Unconventional vehicle technologies play a significant role in
meeting the new NHTSA CAFE standards for LDVs.
FFVs represent 41 percent of unconventional LDV
sales in 2035 (Figure 58), the largest share among
unconventional vehicle types. Manufacturers currently receive incentives for selling FFVs, through
fuel economy credits that count toward CAFE compliance. However, due to limitations on gasoline blending, FFVs will also play a critical role in meeting the
RFS mandate for biofuels. Although these credits are
phased out by 2020, FFVs make up more than 20 percent of all new LDV sales in 2035, in part because of
their increased availability.
Four types of hybrid vehicle are expected to be available for sale by 2035: standard gasoline-electric or
diesel-electric hybrid (HEV), plug-in hybrid with an
all-electric range of 10 miles (PHEV-10), plug-in
hybrid with an all-electric range of 40 miles (PHEV40), and micro hybrid (MHEV). MHEVs, in which the
gasoline engine is turned off only when switching to
battery power when the vehicle is idling, represent
53 percent of hybrid LDV sales and 13 percent of new
LDV sales in 2035. HEVs have the second-largest
share, at 37 percent of hybrid LDV sales. PHEV-10s
make up 9 percent and PHEV-40s make up 2 percent
of all hybrid LDV sales in 2035 in the Reference case,
or about 500,000 PHEVS in total.
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Electricity demand increases in response to population growth and economic growth and fluctuates in
the short term in response to business cycles and
weather trends. Over the long term, electricity
demand growth has slowed progressively in each
decade since the 1950s. After growing by 9.8 percent
per year in the 1950s, electricity demand (including
retail sales and direct use) increased by 2.4 percent
per year in the 1990s, and from 2000 to 2008 it
grew on average by 0.9 percent per year. The slower
growth continues in the AEO2010 Reference case, as
increased demand for electricity services is offset by
efficiency gains from new appliance efficiency standards and investment in energy-efficient equipment.
Total electricity demand increases by 30 percent in
the Reference case (an average of 1.0 percent per
year), from 3,873 billion kilowatthours in 2008 to
5,021 billion kilowatthours in 2035 (Figure 59). The
largest percentage increase is in the commercial sector (42 percent), with the service industries continuing to lead the growth. Residential electricity demand
increases by 24 percent, due to growth in population
and disposable income and continued population
shifts to warmer regions with greater cooling requirements. Total industrial electricity demand grows by
only 3 percent from 2008 to 2035, as a result of efficiency gains and slow growth in industrial production, particularly in the energy-intensive industries.
In the transportation sector, penetration of PHEVs
by 2035 is not sufficient to reverse the slowing trend
in electricity demand growth, because for every
1 million PHEV-40 vehicles added, U.S. electricity
demand increases by only about 0.1 percent.
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Electricity prices
Electricity prices moderate in the
near term, then rise gradually

Coal-fired power plants provide
largest share of electricity supply

Figure 60. Average annual U.S. retail electricity
prices in three cases, 1970-2035
(2008 cents per kilowatthour)

Figure 61. Electricity generation by fuel in
three cases, 2008 and 2035 (billion kilowatthours)
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Real electricity prices vary, depending on the economy, fuel prices, regulations, competition in wholesale and retail markets, and costs of new generation.
In the AEO2010 Reference case, average annual electricity prices fall from 9.8 cents per kilowatthour
(2008 dollars) in 2008 to 8.6 cents per kilowatthour in
2011 because of a drop in fossil fuel prices and lower
demand that coincides with the startup of new renewable, natural gas, and coal-fired capacity. After 2011,
prices rise to 10.2 cents per kilowatthour in 2035
(Figure 60) in response to rising fuel prices and the
construction of new power plants as demand rises.
Electricity prices are influenced by economic activity.
In the High Economic Growth case, electricity prices
rise to 10.9 cents per kilowatthour in 2035; in the
Low Growth case they rise to only 9.3 cents per
kilowatthour.
Electricity prices are based on generation, transmission, and distribution costs. Fuel costs account for
most of the generation costs for natural-gas- and oilfired plants but much less for coal and nuclear plants.
There are no fuel costs associated with wind and solar
plants. In competitive wholesale markets, natural gas
and liquid fuel costs often set hourly prices. With
natural-gas-fired generation increasing throughout
the Reference case projection, natural gas prices have
the greatest impact on electricity prices. Transmission costs rise by 33 percent from 2008 to 2035, as
new infrastructure is built but still make up only 9
percent of average electricity prices by the end of the
projection period. Distribution costs vary over time
and are about the same in 2035 as in 2008.
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In the Reference case, without GHG regulations, coal
accounts for the largest share of total electricity generation (Figure 61). With slow growth in electricity
demand, little new coal-fired capacity is added, and
the coal share falls from 48 percent in 2008 to 44 percent in 2035. (A 3-percent premium is added to the
financing cost for CO2-intensive technologies to reflect the potential for CO2 regulation to reduce the
competitiveness of coal with other technologies.)
The natural gas share of generation, at 21 percent in
2008, rose in 2009 when natural gas prices fell. Over
the next few years, with slow growth in electricity demand, completion of coal plants under construction,
and addition of new renewable capacity, the gas share
falls, before trending up to 21 percent in 2035. The
near- to mid-term downturn in natural gas generation might be dampened if new policies made coal use
for electricity generation less attractive, or if growth
in renewable generation were slower than projected.
Renewable generation, supported by Federal and
State tax incentives and ARRA funding, shows the
strongest growth in the Reference case and is 2.4-fold
higher in 2035 than in 2008. The renewable share of
generation grows from 9 percent in 2008 to 17 percent
in 2035. Although generation from nuclear plants increases by 11 percent, their share of total generation
falls from 20 percent in 2008 to 17 percent in 2035.
Growth in demand for electricity varies with different
assumptions about future economic conditions. In
2035, total generation in the High Economic Growth
case is 9 percent above the Reference case projection,
and in the Low Economic Growth case it is 9 percent
below the Reference case.
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Electricity generation
Most new capacity additions
use natural gas and renewables

Costs and regulatory uncertainties
vary across options for new capacity

Figure 62. Electricity generation capacity
additions by fuel type, 2009-2035 (gigawatts)

Figure 63. Levelized electricity costs for new power
plants, 2020 and 2035 (2008 cents per kilowatthour)
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Decisions to add capacity and the choice of fuel type
depend on a number of factors [82]. With growing
electricity demand and the expected retirement of
45 gigawatts of existing capacity, 250 gigawatts of
new generating capacity (including end-use CHP)
will be needed between 2009 and 2035 (Figure 62).
Natural-gas-fired plants account for 46 percent of
capacity additions in the Reference case, as compared
with 37 percent for renewables, 12 percent for coalfired plants, and 3 percent for nuclear. Escalating
construction costs have the largest impact on the
more capital-intensive generation technologies,
including renewables, coal, and nuclear. However,
Federal tax incentives, State energy programs, and
rising prices for fossil fuels increase the competitiveness of renewable and nuclear capacity. In contrast,
uncertainty about future limits on GHG emissions
and other possible environmental regulations reduces
the competitiveness of coal (reflected in the AEO2010
Reference case by adding 3 percentage points to the
cost of capital for new coal-fired capacity). The incentives extended and expanded by the ARRA have previously resulted in considerable growth in renewable
capacity, and this trend is expected to continue.
Capacity additions also are affected by demand
growth and by fuel prices. Capacity additions from
2009 to 2035 range from 158 gigawatts in the Low
Economic Growth case to 341 gigawatts in the High
Economic Growth case. With higher fuel costs in the
AEO2010 High Oil Price case, fewer natural-gas-fired
plants are added, because fuel costs make up a relatively large share of their total expenditures.
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Technology choices for new generating capacity typically are made to minimize costs while meeting local
and Federal emissions standards. Capacity expansion
decisions consider capital, operating, and transmission costs. Coal-fired, nuclear, and renewable plants
are capital-intensive, while operating (fuel) expenditures make up most of the costs for gas-fired capacity
(Figure 63) [83]. Capital costs depend on such factors
as equipment costs, interest rates, and cost-recovery
periods. Fuel costs can vary according to fuel prices,
plant operating efficiency, resource availability, and
transportation costs. Some technologies and fuels
also receive subsidies, such as PTCs and ITCs.
Regulatory uncertainty also affects capacity planning
decisions. New coal-fired plants could be required to
install CCS equipment, resulting in higher material,
labor, and operating costs. Alternatively, coal plants
without carbon controls could incur higher costs for
siting and permitting. Because nuclear and renewable power plants (including wind plants) do not emit
GHGs, however, their costs are not directly affected
by regulatory uncertainty in this area.
Capital costs can decline over time as developers gain
experience with a given technology. In the AEO2010
Reference case, capital costs of new technologies are
adjusted upward initially, to reflect the optimism inherent in early estimates of project costs. The costs
decline as project developers gain experience, and the
decline continues at a progressively slower rate as
more units are built. Operating efficiencies also are
assumed to improve over time, resulting in reduced
variable costs unless increases in fuel costs exceed the
savings from efficiency gains.
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Nuclear capacity
EPACT2005 tax credits
stimulate some nuclear builds

Biomass and wind lead growth
in renewable generation

Figure 64. Electricity generating capacity at
U.S. nuclear power plants in three cases,
2008, 2020, and 2035 (gigawatts)

Figure 65. Nonhydroelectric renewable electricity
generation by energy source, 2008-2035
(billion kilowatthours)
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In the AEO2010 Reference case, nuclear power capacity increases from 100.6 gigawatts in 2008 to 112.9
gigawatts in 2035 (Figure 64), including 4.0 gigawatts
of expansion at existing plants and 8.4 gigawatts of
new capacity. The Reference case includes a second
unit at the Watts Bar site, where construction was
halted in 1988 when the plant was partially completed. Estimated costs for new nuclear plants have
continued to rise, making new investments in nuclear
power uncertain. In the Reference case, only about six
new nuclear power plants are completed by 2035.
All existing nuclear units continue to operate through
2035 in the Reference case, which assumes that they
will apply for, and receive, operating license renewals,
including in some cases a second 20-year extension
after they reach 60 years of operation. With costs for
natural-gas-fired generation rising and future regulation of GHG emissions uncertain, the economics of
keeping existing nuclear power plants in operation
are favorable.
Nuclear capacity additions vary with assumptions
about overall demand for electricity and the prices of
other fuels. The amount of nuclear capacity added
also is sensitive to assumptions about future plans
and policies for limiting or reducing GHG emissions.
Across the Oil Price and Economic Growth cases,
nuclear capacity additions from 2008 to 2035 vary
from 6 to 15 gigawatts. The first 6 gigawatts of new
nuclear capacity is built in all cases, based on tax
incentives and loan guarantees. More new nuclear capacity is built in the High Economic Growth and High
Oil Price cases, because overall capacity requirements
are higher and/or alternatives are more expensive.
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Use of renewable energy resources in the electric
power sector increases sharply in the AEO2010 Reference case (Figure 65). Nonhydroelectric renewable
generation accounts for 41 percent of the growth in
total electricity generation from 2008 to 2035, supported by extension of Federal tax credits, State
requirements for renewable electricity generation,
and the loan guarantee program in EPACT2005 and
ARRA. Wind power and biomass provide the largest
share of the growth. Generation from wind power
increases from 1.3 percent of total generation in 2008
to 4.1 percent in 2035. Generation from biomass, both
in the electric power sector and from end-use cogeneration, grows from 0.9 percent of total generation in
2008 to 5.5 percent in 2035. A large portion of the
increase in biomass generation comes from increased
co-firing—a process in which biomass is mixed with
coal in existing coal-fired plants, displacing some of
the coal that would otherwise be burned.
Renewable electricity generation also grows in the
end-use sectors as a result of the EISA2007 RFS,
which requires increased use of biofuels produced at
biorefineries. At some BTL facilities, synthetic gas
from the biomass conversion process is used for electricity generation. As in previous AEOs, solar technologies are too costly for widespread use in wholesale
power applications, but demonstration programs and
State policies support some growth in central-station
PV. In addition, State programs, Federal tax rebates,
and utility programs encourage small-scale, distributed PV generation applications, which grow rapidly
over the projection period.
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Renewable generation
Wind power dominates renewable
capacity growth in the near term

Higher or lower costs affect growth
in renewable generation capacity

Figure 66. Grid-connected coal-fired and
wind-powered generating capacity, 2003-2035
(gigawatts)

Figure 67. Nonhydropower renewable generation
capacity in three cases, 2015-2035 (gigawatts)
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In the AEO2010 Reference case, renewable capacity—particularly, wind-powered capacity—increases
rapidly from 2008 to 2013 in response to the Federal
PTC for wind, ARRA funding, and State RPS legislation. Growth in renewable capacity slows dramatically after 2014 because of the expiration of the
Federal PTC for wind and the completion of projects
expected to be supported by ARRA funding. The
growth before 2013 is adequate to meet State RPSmandated renewable requirements through about
2030; however, renewable capacity begins to grow
again after 2030 to meet the State RPS mandates.
Installed wind capacity grew by about 19 gigawatts
from 2003 to 2008, a trend that continues in the Reference case with the installation of 39 gigawatts from
2008 to 2013, more than doubling wind capacity in
the United States (Figure 66). The near-term growth
of other renewable capacity, however, is limited. Geothermal capacity is restricted to a relatively small
number of suitable sites; solar capacity remains too
costly for widespread implementation; and energy
crops do not become economical before 2015. Other
biomass resources that could be used for electric
power generation are used instead to produce biofuels
in order to meet the Federal RFS, leading to a small
increase in electricity generation at biorefineries.
With new generation needed in the later years of the
projection, State RPS programs lead to the installation of more dedicated renewable capacity. Dedicated
biomass capacity increases by nearly 5 gigawatts from
2030 to 2035, largely using biomass feedstocks from
energy crops. As a result, co-firing of renewables in
coal-fired boilers decreases late in the projection.
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Renewable generation grows from a 9-percent share
of total electricity production in 2008 to a 17-percent
share in 2035 in the Reference case. The increase is
supported by Federal tax credits, State RPS programs, and a premium added to the cost of long-lived
carbon-intensive technologies, reflecting market
behavior with regard to potential carbon regulations.
In the Reference case, capital costs for renewable capacity in 2035 are 20 to 50 percent lower than in 2008.
Two additional cases show the effects of technology
costs on the use of renewables for generation (Figure
67). In the Low Renewable Cost case, costs for renewable generation technologies in 2035 are 25 percent
lower than in the Reference case, but in the High Renewable Cost case they do not change from their 2009
levels. In the Low Renewable Cost case, renewable
generation in 2035 totals 1,145 billion kilowatthours,
or a 22-percent share of all generation. In the High
Renewable Cost case, total renewable generation in
2035 is 786 billion kilowatthours and accounts for 15
percent of generation. Although the costs for renewable generation are higher in the High Renewable
Cost case, its growth is still supported by PTCs in
the early years of the projection and continued State
mandates for renewable electricity in the later years.
With lower costs, geothermal electricity generation in
the Low Renewable Cost case is almost 70 percent
higher than in the Reference case in 2035, and generation from biomass and wind also show significant
increases. In the High Renewable Cost case, wind
actually increases from its Reference case value in
2035, reflecting a decrease in biomass combustion at
biofuels plants.
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Natural gas prices
State portfolio standards increase
renewable generating capacity

Natural gas prices rise but remain
attractive relative to oil

Figure 68. Regional growth in nonhydroelectric
renewable electricity generation capacity,
including end-use capacity, 2008-2035 (gigawatts)

Figure 69. Annual average lower 48 wellhead and
Henry Hub spot market prices for natural gas,
1990-2035 (2008 dollars per million Btu)
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Regional additions of renewable generating capacity
depend for the most part on State RPS programs.
As of October 31, 2009, there were mandatory RPS
programs in 30 States and nonbinding renewable
goals in 5 States [84]. From 2008 to 2035, California
installs the most renewable capacity, 22 gigawatts
(Figure 68), primarily new wind capacity but also
including 3.1 gigawatts of distributed PV capacity.
New England installs more than 8 gigawatts of
new wind capacity, representing the second-largest
regional growth of the technology (see Figure F2 in
Appendix F for a map of the regions). Florida and the
Mid-Atlantic account for 80 percent of the dedicated
biomass capacity installed by 2035 in the electric
power sector (mostly later in the period).
Distributed biomass capacity corresponds largely
with the location of cellulosic ethanol plants. Although the Southeast has ample biomass resources,
only small amounts of renewable capacity are installed in the region’s electric power sector in the
absence of State RPS programs, whereas distributed
biomass capacity increases by more than 6 gigawatts
from 2008 to 2035. Geothermal energy, which is constrained geographically by the availability of local
resources, is installed exclusively in the Southwest
and California. The same regions have the greatest
resource potential for large-scale solar capacity, but
because of its high cost only a small amount is
installed. Most of the increase in solar capacity consists of distributed PV, and some States in the Northeast (New Jersey, for example) have mandates or
provide other incentives for PV installations. Approximately 1.6 gigawatts of distributed PV capacity is
installed in the Mid-Atlantic region by 2035.
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Average natural gas prices generally increase in the
Reference case, as higher cost resources are brought
on line to meet demand growth (Figure 69). The price
increase is tempered by improvements in technology.
There is a great deal of uncertainty about the longterm trend in natural gas prices, however, particularly in light of the growing development of shale gas
resources.
The ratio of low-sulfur light crude oil prices to Henry
Hub natural gas prices on an energy equivalent basis
remains high relative to the historical average
throughout the projection (Figure 70). The ratio is
maintained by growing worldwide demand for transportation fuels and robust North American natural
gas supply relative to demand. Still, increased use of
natural gas as a substitute for petroleum in some
transportation uses and/or as a GTL feedstock could
increase natural gas prices and narrow the ratio.
Figure 70. Ratio of low-sulfur light crude oil price
to Henry Hub natural gas price on an energy
equivalent basis, 1990-2035
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Natural gas prices
Natural gas prices vary with economic
growth and technology progress

U.S. natural gas prices have limited
sensitivity to oil prices

Figure 71. Annual average lower 48 wellhead prices
for natural gas in three technology cases, 1990-2035
(2008 dollars per thousand cubic feet)

Figure 72. Annual average lower 48 wellhead prices
for natural gas in three oil price cases, 1990-2035
(2008 dollars per thousand cubic feet)
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The extent to which natural gas prices increase in the
AEO2010 Reference case and in the Rapid and Slow
Technology cases depends on assumptions about the
rate of improvement in natural gas exploration and
production technologies. Technology improvements,
in addition to reducing drilling and operating costs
and expanding the economically recoverable resource
base, also affect the timing of production increases
from sources such as shale gas.
Technology improvement is particularly important to
the production of natural gas from shale formations,
which can typically be produced at lower incremental
cost, but require relatively high capital expenditures.
The Reference case assumes that annual technology
improvements follow historical trends. In the Rapid
Technology case, exploration and development costs
per well decline at a faster rate, which accelerates
growth in production. Technology improvements also
lead to earlier initial production and higher production rates, which result in favorable economics that
encourage further growth. The downward pressure
placed on natural gas prices by more rapid technology
improvement is, however, offset somewhat by higher
levels of consumption.
In the Slow Technology case, slower declines in exploration and development costs lead to higher natural
gas prices and lower levels of consumption than
in the Reference case (Figure 71). In both the Slow
and Rapid Technology cases, as in the Reference case,
completion of the Alaska pipeline (in 2020 and 2027 in
the Slow Technology and Rapid Technology cases,
respectively) results in a temporary decline in natural
gas prices.
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Oil prices have small but measurable impacts on domestic natural gas production and prices, causing
them to increase in the High Oil Price case and
decrease in the Low Oil Price case. Higher or lower oil
prices lead to higher or lower levels of drilling activity, which affect the costs of labor and key commodities, such as steel, that factor into production costs for
both industries. As a result, domestic natural gas
prices rise and fall with oil prices (Figure 72). The
changes are offset in part by increased production of
liquids associated with natural gas production when
oil prices are higher, as well as the increase in recovery of associated gas that comes with increased oil
production.
Different oil price assumptions also affect domestic
natural gas supply through their effects on global
availability of natural gas exports. Although U.S.
natural gas consumption is lower in the High Oil
Price case, higher oil prices tend to increase natural
gas consumption in international markets, where it is
used instead of liquids and also to produce liquids,
thereby reducing the amount of natural gas, particularly LNG, available for export to U.S. markets.
Internationally, there is a greater potential for shifting between oil and natural gas than in the United
States. In addition, many European and Asian natural gas price contracts are tied to oil prices, and as a
result world natural gas prices tend to move with oil
prices. A stronger price linkage in the United States
could occur with the development of new markets,
such as GTL production, natural gas vehicles, or LNG
exports.
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Natural gas supply
Shale gas provides largest source of
growth in U.S. natural gas supply

Economic growth and technology
progress affect natural gas supply

Figure 73. Natural gas production by source,
1990-2035 (trillion cubic feet)

Figure 74. Total U.S. natural gas production
in five cases, 1990-2035 (trillion cubic feet)
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The increase in U.S. natural gas production from
2008 to 2035 in the AEO2010 Reference case results
primarily from continued growth in production of
shale gas, recent discoveries in deep waters offshore,
and, to a lesser extent, stranded natural gas brought
to market after construction of the Alaska natural gas
pipeline is completed in 2023 (Figure 73). Shale gas
and coalbed methane make up 34 percent of total U.S.
production in 2035, doubling their 17-percent share
in 2008.
Shale gas is the largest contributor to the growth in
production, while production from coalbed methane
deposits remains relatively stable from 2008 to
2035. Advances in horizontal drilling and hydraulic
fracturing techniques—as well as improved drill bits,
steering systems, and instrumentation monitoring
equipment—have contributed to higher success and
recovery rates, reduced cycle times, lower costs, and
shorter times required to bring new shale gas production to market.
Offshore natural gas, the bulk of which is from deep
waters in the Gulf of Mexico, contributes significantly
to domestic supply. Fields that started producing
recently or are expected to start producing within the
next few years include Great White, Norman, Shenzi,
Tahiti, and Cascade. Production from the continued
development of recent discoveries, as well as new
discoveries, more than offsets production declines in
older fields, resulting in a net increase in offshore
production through 2035.
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Growth in domestic natural gas production is affected
by economic growth and advances in exploration and
production technology. The effect of economic growth
on domestic natural gas production results from its
impact on natural gas consumption and prices. Improvements in technology reduce natural gas drilling
and production costs, increase the productive capacity of natural gas wells, and increase the number of
successful wells.
Natural gas consumption in 2035 is 2.1 trillion cubic
feet higher in the High Economic Growth case than in
the Reference case. More than one-half of the increase
in the High Growth case is met by an increase of
1.3 trillion cubic feet in domestic production (Figure
74); the remainder is met by an increase in pipeline
imports from Canada, supported in part by the
introduction of Mackenzie Delta gas in 2032. Roughly
one-third of the increase in domestic production
comes from shale gas, one-third comes from other
lower 48 onshore production, excluding coalbed
methane production, and the balance comes from
coalbed methane, offshore, and Alaska.
Annual production of natural gas from 2008 to 2035
is, on average, 0.4 trillion cubic feet higher in the
Rapid Technology case than in the Reference case.
The additional production from the lower 48 States
places downward pressure on natural gas prices and
delays construction of the Alaska natural gas
pipeline—from 2023 in the Reference case to 2027 in
the Rapid Technology case. In the Slow Technology
case, average annual production of domestic natural
gas from 2008 to 2035 is 0.5 trillion cubic feet lower
than in the Reference case from 2008 to 2035.
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Natural gas supply
Natural gas production grows in
Northeast, Rocky Mountain regions

Shale gas production grows
substantially in most regions

Figure 75. Lower 48 onshore natural gas
production by region, 2008 and 2035
(trillion cubic feet)

Figure 76. Shale gas production by region,
2008, 2020, and 2035 (trillion cubic feet)
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A 4-fold increase in shale gas production from 2008 to
2035 more than offsets a 31-percent decline in other
lower 48 onshore natural gas production in the AEO2010 Reference case. Significant increases in shale
gas production are expected in the Northeast, Gulf
Coast, and Midcontinent regions (Figure 75). (See
Figure F4 in Appendix F for a map of the regions.)
Coalbed methane production, which has grown rapidly over the past several decades, is relatively stable
through 2035 and is confined largely to the Rocky
Mountain region.
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Growth in natural gas production from shale formations offsets declines in other supply sources
nationwide throughout the AEO2010 Reference case
projection. The growth depends, in part, on future
growth in demand for natural gas. With an assumed
347 trillion cubic feet of technically recoverable shale
gas, the potential for increased production is large.
The true potential of the U.S. shale gas resource
remains uncertain, however, as estimates vary and
experience continues to provide new information.

In the Northeast, natural gas production grows by 34
percent from 2008 to 2035 in the Reference case, led
by increased development of shale gas. The growth
has the potential to replace some of the Northeast’s
current natural gas supply that comes from the
U.S. Gulf Coast and from Canada, resulting in more
Gulf Coast supply available to other regions. This has
the potential to moderate natural gas prices at the
Henry Hub.

Shale gas production occurs in new and sometimes
previously abandoned areas, where its production
may require increases in processing, storage, and
pipeline capacity. Although production from the
Antrim shale has started declining, and development
in parts of the Marcellus shale has been inhibited
somewhat by limitations on the issuance of drilling
permits [85], shale gas production in the Northeast
region more than doubles from 2008 to 2035 in the
Reference case (Figure 76).

While U.S. shale gas production increases, total onshore natural gas production declines slightly in the
Gulf Coast region, by 27 percent in the Midcontinent
region, and by 9 percent in the Southwest from 2008
to 2035. The Rocky Mountain region is expected to
see an increase in total production (8 percent), largely
from tight sand formations (which are included in the
“other gas” category). The largest decline in total
natural gas production, about 63 percent, is projected
for the West Coast region, where no shale gas or coalbed methane is produced.

In the Gulf Coast region, where the Haynesville play
is expected to become a major contributor, shale gas
compensates for almost 91 percent of the decline in
other natural gas production. In the Midcontinent region, production from the Fayetteville and Woodford
shales offsets approximately 57 percent of the decline
in other natural gas production. And in the Southwest region, production from the older Barnett shale
play offsets approximately 66 percent of the decline
in other natural gas production. There is no projected
shale gas production in the West Coast region.
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Natural gas imports
U.S. net imports of natural gas
decline as domestic production rises

High LNG supply case illustrates
uncertainty in future import levels

Figure 77. U.S. net imports of natural gas
by source, 1990-2035 (trillion cubic feet)

Figure 78. Cumulative difference from Reference
case natural gas supply and consumption in the
High LNG Supply case, 2008-2035 (trillion cubic feet)
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U.S. net imports of natural gas decline in the Reference case from 13 percent of total supply in 2008 to 6
percent in 2035. The reduction consists primarily of
lower imports from Canada and higher exports to
Mexico, as a result of demand growth in both countries that outpaces the growth in their production, as
well as increased U.S. production.
In the Reference case, imports from Canada decline
rapidly through 2014 (Figure 77), as increased production from growing sources, such as shale gas, is
not yet sufficient to offset the decline in other sources.
After 2014, U.S. imports from Canada stabilize at
1.7 to 1.9 trillion cubic feet per year through 2035.
However, the size of Canada’s shale gas resource
is uncertain at present. In the Low Technology and
High Economic Growth cases, which include higher
natural gas prices, a pipeline from the Mackenzie
Delta is constructed before 2035. With lower natural
gas prices, it is not completed by 2035.
U.S. imports of LNG increase to a high of 1.5 trillion
cubic feet in 2021 as new liquefaction capacity is built
in exporting countries, then decline as demand from
other importing countries grows to absorb more of
the output from the new capacity. Other importing
countries have few economical alternatives to LNG,
whereas the United States has ample supplies of
domestic natural gas. Therefore, U.S. import levels
depend primarily on the amount of excess liquefaction capacity available. Domestic production keeps
U.S. natural gas prices low relative to world LNG
prices, which remain tied to oil prices in many foreign
markets. Actual import volumes are likely to vary
notably around the trend line.
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U.S. imports of LNG depend on world liquefaction
capacity, world demand for LNG, and U.S. natural
gas prices. When there is excess natural gas supply in
world markets (for example, during years with
warmer weather than normal), more LNG becomes
available for U.S. imports. The AEO2010 High LNG
case assumes the availability of more LNG imports to
North America than in the Reference case—up to
5 times more in 2035 and cumulatively 2.9 times more
from 2009 to 2035, or a total of 70 trillion cubic feet.
The increase in LNG imports results in lower wellhead prices, with annual wellhead prices lower in the
High LNG case than in the Reference case by 7 to 18
percent ($0.55 to $1.42 per thousand cubic feet)
during the period from 2020 to 2035. A major impact
of the increase in LNG imports in the High LNG case
is on the timing of the Alaska pipeline, which is
opened in 2023 in the Reference case but delayed
until 2033 in the High LNG case. In the lower 48
States, a major impact of increased LNG imports is
reduced production of onshore natural gas and an
even larger percentage reduction in offshore production, because lower prices imply that fewer U.S.
natural gas resources are economical to produce.
Effects on U.S. natural gas consumption in the High
LNG case are primarily in the price-responsive electricity generation sector, where natural gas competes
with coal and renewables. The electricity generation
sector accounts for 80 percent of the cumulative
difference in consumption between the two cases
(Figure 78).
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Liquid fuels supply
Transportation uses spur growth
in liquid fuels consumption

U.S. crude oil production increases
as projected world oil prices rise

Figure 79. Liquid fuels consumption by sector,
1990-2035 (million barrels per day)

Figure 80. Domestic crude oil production by
source, 1990-2035 (million barrels per day)
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U.S. consumption of liquid fuels—including fuels
from petroleum and, increasingly, those derived from
fuels such as biomass, coal, and natural gas—totals
22.1 million barrels per day in 2035 in the Reference
case, an increase of 2.5 million barrels per day over
the 2008 total (Figure 79). In all sectors except transportation, liquid fuel consumption remains at
roughly the same level over the projection period. As
a result, the transportation sector accounts for 74
percent of total liquid fuels consumption in 2035, up
from 71 percent in 2008.
Motor gasoline, ultra-low-sulfur diesel, and jet fuel
are the main fuels consumed in the transportation
sector. Although EIA expects that the most recent
increases in U.S. CAFE standards will increase the
fuel efficiency of motor vehicles, the growth in
demand for transportation services that results from
increases in population and GDP outpaces the
expected improvements in efficiency.
Growth in demand for transportation fuels is met
primarily by diesel fuel and biofuels. While motor gasoline consumption (including ethanol used in E10)
increases by 0.1 million barrels per day from 2008 to
2035 in the Reference case, consumption of diesel fuel
and E85 increases by 1.0 and 1.2 million barrels per
day, respectively, over the period. Growth in demand
for biofuels is primarily a result of the EISA2007 RFS.
Growth in demand for diesel fuel results from the
increasing sales of diesel LDVs that are needed to
meet the new CAFE standards, as well as an increase
in shipping that leads to more consumption of diesel
by heavy freight trucks.
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Total U.S. crude production increases from 2008 to
2035, as rising world oil prices spur both onshore and
offshore drilling. In the short term, a vast majority of
the increase comes from deepwater offshore fields.
Fields that started producing in 2009 or are expected
to start in the next few years include Great White,
Norman, Tahiti, Gomez, Cascade, and Chinook. All
are in water deeper than 800 meters, and most are in
the Central Gulf of Mexico. Production from those
fields, combined with increased production from
fields that started producing in 2007 and 2008, contributes to the near-term growth in offshore production. Over the longer term, production from the
continued development of other recent discoveries, as
well as new discoveries, offsets production declines in
older fields, resulting in an increase in production
through 2035 (Figure 80).
Removal of the Congressional moratorium on drilling
in the Eastern Gulf of Mexico, Atlantic, and Pacific
regions of the Outer Continental Shelf also allows for
more crude oil production from offshore areas in the
Pacific after 2016, in the Atlantic after 2021, and in
the Eastern Gulf of Mexico after 2025 [86]. In 2035,
U.S. crude oil production includes 0.4 million barrels
per day from the Pacific offshore, 0.2 million from the
Atlantic offshore, and 0.1 million from the Eastern
Gulf of Mexico. Lower 48 onshore production of crude
oil continues to increase through 2035, primarily as a
result of wider application of CO2 EOR techniques.
EOR makes up 37 percent of total onshore production
in 2035, up from 12 percent in 2008. Continued exploitation of the Bakken shale formation and the
startup of oil shale liquids production after 2023 also
contribute to the growth in onshore oil production.
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Liquid fuels supply
U.S. oil production depends on prices
and technology

Liquids production from biomass,
coal, and oil grows as oil prices rise

Figure 81. Total U.S. crude oil production
in five cases, 1990-2035 (million barrels per day)

Figure 82. Liquids production from biomass, coal,
and oil shale, 2008-2035 (thousand barrels per day)
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U.S. crude oil production, both onshore and offshore,
is sensitive to future world oil prices and advances in
technology. The rate of growth in domestic crude oil
production depends largely on assumptions about
world oil prices (Figure 81), as remaining onshore resources typically require more costly secondary or
tertiary recovery techniques. Generally, high-cost
projects are more economical when world oil prices
are high. However, long lead times from discovery to
production limit the increase in production, particularly offshore, over the projection period. Production
from deepwater offshore projects and from lower 48
onshore EOR projects accounts for most of the variation in domestic production in the High and Low
World Oil Price cases.
Different assumptions about rates of technology
improvement also have significant effects on crude oil
production, through their effects on exploration and
development costs, success rates, and production
efficiencies. Advances in horizontal drilling and
hydraulic fracturing techniques, as well as improved
drill bits, steering systems, and instrumentation
monitoring equipment, are among the key advances
that have contributed to increases in domestic
production over the past few years, reversing the
historical trend of declining U.S. crude oil production.
Horizontal drilling, in particular, is regarded by many
as one of the most valuable technologies introduced in
the industry, because it can be used in many situations where conventional drilling is impossible or
prohibitively expensive.
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Liquids produced from BTL and CTL, as well as oil
shale production, become more significant as world
oil prices increase. BTL production shows the most
rapid rise in the AEO2010 Reference case (Figure 82),
as increases in the costs of petroleum-based
feedstocks make alternative feedstocks, such as biomass, more cost-competitive. In addition, the carbonmitigating potential of BTL fuels makes them more
attractive in a carbon-conscious environment. Financial and technical difficulties, however, continue to
provide major challenges to the penetration of BTL
technology in the liquid fuels industry.
CTL production also grows in the Reference case,
more rapidly than BTL in the early years but more
slowly after 2020, so that total CTL production in
2035 is less than one-half the total for BTL. Although
advances in coal liquefaction technology have made it
commercially available in other countries, including
South Africa, China, and Germany, the technical and
financial risks of building what would be essentially a
first-of-a-kind facility in the United States have discouraged significant investment thus far. In addition,
the possibility of new legislation aimed at reducing
U.S. GHG emissions creates further uncertainty for
future investment in CTL.
With ongoing improvement in oil shale technology,
commercial production starts in 2023 and increases
rapidly to 1.7 percent of total U.S. liquids supply in
2035. However, oil shale development suffers from
environmental, technical, and financial uncertainties
similar to those for CTL.
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Liquid fuels consumption
Imports of liquid fuels vary
with world oil price assumptions

EISA2007 RFS targets are not met
in 2022 but are surpassed later

Figure 83. Net import share of U.S. liquid fuels
consumption in three cases, 1990-2035 (percent)

Figure 84. EISA2007 RFS credits earned
in selected years, 2008-2035 (billion credits)
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U.S. imports of liquid fuels, which grew steadily from
the mid-1980s to 2005, decline significantly from
2008 to 2035 in the AEO2010 Reference and High Oil
Price cases, even as they continue to provide a major
part of total U.S. liquids supply. Higher prices lead to
more domestic production of oil and in combination
with the RFS lead to more domestic biofuel production, while at the same time the higher energy prices
moderate growth in overall demand for liquids.
The net import share of U.S. liquid fuels consumption
fell from 60 percent in 2005 to 57 percent in 2008 and
about 54 percent in 2009. That trend continues in the
projections, with the net import share falling to 45
percent in the Reference case and to 30 percent in the
High Oil Price case in 2035. Increased domestic production of crude oil and biofuels reduces the need for
imports of crude oil and petroleum products in the
High Oil Price case, but the import share of total consumption is still substantial (Figure 83). In the Low
Oil Price case, the net import share rises to 62 percent
in 2035. With lower prices for liquid fuels, demand increases while domestic production decreases, and
more imports are needed to meet demand.
The above projections for net import shares are based
on total U.S. consumption of all liquid fuels, including
biofuels and other alternative fuels. When only petroleum consumption is considered (instead of total
liquid fuels consumption), the net import share of
petroleum declines from 57 percent in 2008 to 49 percent in 2035 in the Reference case.
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EISA2007 mandates a total RFS credit requirement
of 36 billion gallons in 2022. Credits are equal to
ethanol-equivalent gallons produced [87], except for
the biodiesel schedule, which is based on actual volumes. BTL distillates receive a 1.7-gallon credit for
each gallon produced, because the energy content of
BTL fuels is higher than the energy content of ethanol. In total, 15 billion gallons of credits from conventional biofuels and 21 billion gallons from advanced
biofuels—including 16 billion gallons from cellulosic
biofuels—are required in 2022.
If available biofuel quantities are inadequate to meet
the initial targets, EISA2007 provides for application
of waivers and modification of applicable credit volumes. In the Reference case only 25.7 billion gallons
of RFS credits are generated in 2022 (Figure 84), because economic and technological factors prevent cellulosic biofuel production from providing the credits
that would be needed to meet the requirement.
Corn ethanol makes the largest contribution toward
the RFS mandate, providing up to 14.2 billion credits
in 2022. Cellulosic ethanol contributes 2.1 billion
credits to the advanced and cellulosic biofuel requirement in 2022, and BTL contributes 2.5 billion credits.
The remaining 6.9 billion gallons of credits for
advanced biofuels in 2022 include ethanol imports,
biodiesel, and renewable diesel. As the technologies
mature, production of cellulosic ethanol and BTL
increases to 5.1 billion and 9.6 billion gallons of
credits, respectively, in 2035. Production of biofuels
ultimately surpasses the RFS requirement as higher
oil prices and lower production costs improve their
competitiveness.
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Liquid fuels refinery capacity
Refinery operations shift focus
to diesel fuel production

Near-term increase in refinery capacity
leads to a lower utilization rate

Figure 85. U.S. motor gasoline and diesel fuel
consumption, 2008-2035 (million barrels per day)

Figure 86. U.S. refinery capacity, 1970-2035
(million barrels per day)
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Diesel consumption increases steadily from 2008 to
2035 in the AEO2010 Reference case, while motor
gasoline consumption remains relatively flat (Figure
85). Increased consumption of ethanol in E85 is
the main reason for the absence of substantial growth
in petroleum-based gasoline consumption, which
increases by less than 0.1 million barrels per day. In
addition, however, the combination of increased
diesel output and decreased refinery capacity leads to
a shift in the product slate of U.S. refineries. Diesel
consumption increases by approximately 1.0 million
barrels per day from 2008 to 2035 in the Reference
case, and diesel exports increase by approximately
0.2 million barrels per day. The increase in domestic
demand for diesel fuel is a result of increased freight
shipping activity.

New projects to add capacity are underway at some
domestic refineries, and most of those projects are
scheduled to come on line in the next several years,
adding approximately 500,000 barrels per day of new
refining distillation capacity by the end of 2012. Two
large expansion projects in Port Arthur, Texas, and
Garyville, Louisiana, make up the majority of the new
capacity [88]. The additional capacity will be added, in
part, to meet the increase in demand for ultra-low-sulfur diesel fuel from 2008 to 2035. Some of
it will be configured to process heavier and less desirable crude oils, capitalizing on their lower costs. In
the near term, however, because the current
economic downturn reduces demand for motor fuels,
capacity utilization falls to approximately 80 percent
in 2010 from 85 percent in 2008 (Figure 86).

Despite recent decreases in both demand for petroleum products and capacity utilization rates, total
capacity expands in the near term as planned additions are completed. The planned additions are
focused on diesel output for use in both domestic and
foreign markets.

After 2012, approximately 1.5 million barrels per day
of existing capacity is taken out of service by 2022 in
the AEO2010 Reference case. The reduction in operating capacity, coupled with growth in demand for
diesel fuel, increases capacity utilization to around
89 percent in 2020, and it remains at roughly that
level through 2035. Given the current economic
climate, the potential for future carbon mitigation
legislation that could affect refiners, and the overall
level of demand, EIA does not expect future capacity
additions after 2013 in the Reference case or Low Oil
Price case. Excess refinery capacity is fully utilized in
the Low Oil Price case, but no new capacity is built.

After peaking in 2012, refinery capacity is expected to
decline by a total of approximately 0.8 million barrels
per day from 2012 through 2035 as diesel fuel consumption continues to grow in the Reference case,
resulting in a growing diesel share of refinery output.
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Coal production
New generation of biofuels helps
meet renewable fuels standard

Coal production increases at a
slower rate than in the past

Figure 87. U.S. production of cellulosic ethanol
and other new biofuels, 2015-2035
(billion gallons per year)

Figure 88. Coal production by region, 1970-2035
(quadrillion Btu)
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A number of new biofuels that begin to enter the U.S.
market for transportation fuels in the later years
of the AEO2010 projection period contribute to
meeting the EISA2007 RFS mandate. New BTL fuels
include Fischer-Tropsch liquids, renewable diesel
(also known as “green diesel”), and pyrolysis oils. The
new fuels are assumed to satisfy both the advanced
biofuel and cellulosic biofuel requirements in the
RFS, because their life-cycle GHG emissions are 60
percent lower than those from conventional gasoline
or diesel fuel. In 2035, production of those three fuels
totals approximately 9.2 billion gallons, compared
with 5.1 billion gallons of cellulosic ethanol (Figure
87).
Each of the other new biofuels has distinct advantages over cellulosic ethanol and first-generation
biofuels, primarily in that they can be used in existing
distribution networks and vehicle fleets, because
their constituent chemical compounds are similar to
those found in traditional petroleum-based fuels.
Thus, they do not have the corrosive properties that
limit the transportation of other biofuels through existing petroleum product pipelines, and the use of
higher blends is not restricted to FFVs. This potentially avoids the substantial resource expenditures
that would be required for development of new infrastructure for traditional biofuels and avoids a key
barrier that ethanol faces in use beyond E10 blends.
In addition, the technologies used to produce the new
fuels can exploit a variety of feedstocks, including
biomass and animal fats, which contributes to their
attractive GHG profiles and production costs.
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In the AEO2010 Reference case, increasing coal use
for electricity generation, along with the startup of
several CTL plants, leads to growth in coal production
averaging 0.2 percent per year from 2008 to 2035.
This is significantly less than the 0.9-percent average
growth rate for U.S. coal production from 1980 to
2008.
Western coal production increases through 2035
(Figure 88), but at a much slower rate than in the
past. Both new and existing electric power plants are
major sources of additional demand for Western coal.
Low-cost supplies of coal from the West satisfy most
of the additional fuel needs at coal-fired power plants
both west and east of the Mississippi River.
Coal production in the Interior region (see Figure F6
in Appendix F for a map of the regions), which has
trended downward since the early 1990s, rebounds
somewhat in the Reference case, primarily supplanting more expensive coal from Central Appalachia that
currently is consumed at coal-fired power plants in
the Southeast. Much of the additional output from
the Interior region originates from mines tapping
into the extensive reserves of mid- and high-sulfur
bituminous coal in Illinois, Indiana, and western
Kentucky. In addition, some of the growth in output
from the Interior region results from increased lignite
production in Texas and Louisiana. Total production
of Appalachian coal declines from current levels, as
output shifts from the extensively mined, higher cost
reserves of Central Appalachia to lower cost supplies
from the Interior region and the northern part of the
Appalachian basin.
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Coal prices
Long-term outlook for coal production
varies considerably across cases

Minemouth coal prices in the Western
and Interior regions rise

Figure 89. U.S. coal production in six cases,
2008, 2020, and 2035 (quadrillion Btu)

Figure 90. Average annual minemouth coal prices
by region, 1990-2035 (2008 dollars per million Btu)
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U.S. coal production varies across the AEO2010
cases, reflecting different assumptions about the
costs of producing and transporting coal, the outlook
for economic growth, and the outlook for world oil
prices (Figure 89). In addition, although they are not
shown in the figure, alternative assumptions about
restrictions on GHG emissions could have even larger
impacts on coal production over the projection period.
Assumptions about economic growth primarily affect
the projections for overall electricity demand, which
in turn determine the need for coal-fired generation.
In contrast, assumptions about the costs of producing
and transporting coal primarily affect the choice of
technologies for electricity generation, with coal
capturing a larger share of the U.S. electricity market
in the Low Coal Cost case and a smaller share in
the High Coal Cost case. In the High Oil Price case,
higher oil prices stimulate the demand for coal-based
synthetic liquids, leading to a substantial expansion
of coal use at CTL plants. Production of coal-based
synthetic liquids totals 919,000 barrels per day in
2035 in the High Oil Price case, nearly four times
more than in the Reference case.
Coal production in the Reference case increases by
6 percent from 2008 to 2035, whereas the alternative
cases show changes ranging from a decrease of 7 percent to an increase of 16 percent. In the earlier years
of the projection, from 2008 to 2020, variations in coal
production across the cases are smaller, ranging
from a decline of 4 percent to an increase of 4 percent,
primarily reflecting the smaller changes in overall
energy demand over the shorter time frame.
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In the Western and Interior coal supply regions,
slight declines in mining productivity, combined with
projections of increasing production, result in higher
minemouth prices, with average annual price growth
of 0.5 percent and 0.7 percent, respectively, in the two
regions from 2008 to 2035 (Figure 90).
In contrast, after peaking in 2009, the average minemouth price for Appalachian coal declines by 0.5 percent per year through 2035, as a result of falling
demand for the region’s coal and a shift to lower cost
production in the northern part of the Appalachian
basin. Recent jumps in the average price of Appalachian coal, from $1.26 per million Btu in 2000 to $2.36
per million Btu in 2008, were in part a result of
significant declines in mining productivity during
the period. The price increases have substantially
reduced the competitiveness of Appalachian coal with
coal from the other producing regions.
In the Reference case, average U.S. minemouth coal
prices are roughly flat to slightly down overall, from
$1.55 per million Btu in 2008 to $1.51 in 2020 and
$1.44 in 2035—a decline of 0.3 percent per year over
the entire period but starting from an unusual rise in
2008. Sizable increases in prices from 2000 to 2008
averaged 5.9 percent per year, and sharper declines
from 1990 to 2000 averaged 4.2 percent per year. The
moderation of coal prices in the projection results
from a variety of factors, including a shift in production from Appalachia to the Interior and Western
regions, which have lower costs of production, and a
relatively flat outlook for coal mining productivity,
which in recent years has been declining at a substantial pace in all the major coal-producing regions.
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Coal prices
Substantial changes in coal prices
have moderate effects on demand

Long-term outlook for coal is shaped
by concerns about GHG legislation

Figure 91. Average annual delivered coal prices in
four cases, 1990-2035 (2008 dollars per million Btu)

Figure 92. Change in U.S. coal consumption
by end use in two cases, 2008-2035 (quadrillion Btu)
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Alternative assumptions for coal mining and transportation costs affect delivered coal prices and
demand. Two Coal Cost cases developed for AEO2010
examine the impacts on U.S. coal markets of alternative assumptions about mining productivity, labor
costs, mine equipment costs, and coal transportation
rates (Figure 91). Although alternative assumptions
about economic growth and world oil prices lead to
some variations in the price paths for coal, the differences from the Reference case are relatively small in
those cases.
In the High Coal Cost case, the average delivered coal
price is $3.72 per million Btu (2008 dollars) in 2035—
74 percent higher than in the Reference case. Because
the higher coal prices result in switching from coal to
natural gas and renewables in the electricity sector,
U.S. coal consumption in 2035 is 7 percent (1.8 quadrillion Btu) lower in the High Coal Cost case than in
the Reference case. In the Low Coal Cost case, delivered coal prices in 2035 average $1.32 per million
Btu—38 percent lower than in the Reference
case—and total coal consumption is 6 percent (1.5
quadrillion Btu) higher than in the Reference case.
Because the Economic Growth and Oil Price cases
use the Reference case assumptions for coal mining
and rail transportation costs, they show smaller variations in average delivered coal prices than do the two
coal cost cases. Differences in coal price projections in
the Economic Growth and Oil Price cases result
mainly from higher and lower levels of demand for
coal. In the Oil Price cases, higher and lower fuel costs
for both coal producers and railroads also contribute
to the slight variations in coal prices.

Electric power

Coal-to-liquids

Other

In the AEO2010 Reference case, the cost of capital for
investments in GHG-intensive technologies, including CTL plants and coal-fired power plants without
CCS, is increased by 3 percentage points to reflect the
behavior of utilities, other energy companies, and
regulators concerning the possible enactment of
GHG legislation which could mandate that owners
purchase allowances, invest in CCS, or invest in other
projects to offset their emissions in the future. A
No GHG Concern case, in which the additional 3 percentage points for GHG-intensive technologies is
removed, is used to evaluate the impact on energy
investments.
In the No GHG Concern case, coal use for both
electricity generation and production of coal-based
synthetic liquids is considerably higher than in the
Reference case (Figure 92), and 65 gigawatts of new
coal-fired generating capacity is added between 2009
and 2035, as compared with 31 gigawatts in the
Reference case. As a result, additions of both natural
gas and renewable generating capacity are somewhat lower in the No GHG Concern case than in
the Reference case. The production of coal-based synthetic liquids is also higher in the No GHG Concern
case, at 525,000 barrels per day in 2035, compared
with 243,000 barrels per day in the Reference case.
CO2 emissions increase to 6,488 million metric tons in
2035 in the No GHG Concern case, about 3 percent
higher than in the Reference case and 12 percent
higher than in 2008.
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Emissions from energy use
Growth of carbon dioxide emissions
slows in the projections

Sulfur dioxide emissions decrease
due to the Clean Air Interstate Rule

Figure 93. Carbon dioxide emissions by sector and
fuel, 2008 and 2035 (million metric tons)

Figure 94. Sulfur dioxide emissions from
electricity generation, 2000-2035
(million short tons)
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Federal and State energy policies recently enacted
will stimulate increased use of renewable technologies and efficiency improvements in the future, slowing the growth of energy-related CO2 emissions
through 2035. In the Reference case, emissions do not
exceed pre-recession 2007 levels until 2025. In 2035,
energy-related CO2 emissions total 6,320 million metric tons, about 6 percent higher than in 2007 and 9
percent higher than in 2008 (Figure 93). On average,
emissions in the Reference case grow by 0.3 percent
per year from 2008 to 2035, compared with 0.8 percent per year from 1980 to 2008.
Shares of the fossil fuels responsible for energyrelated CO2 emissions—coal, natural gas, and petroleum—do not vary substantially from 2008 to 2035.
Petroleum, used mainly in the transportation sector,
remains the largest source of CO2 emissions, accounting for 42 percent of the total in 2008 and 41 percent
in 2035. CAFE standards and RFS requirements
reduce consumption and slow the growth of CO2
emissions from petroleum. The coal share of CO2
emissions rises from 37 percent in 2008 to 38 percent
in 2035; the natural gas share is stable at 21 percent.
In 2008, 41 percent of total CO2 emissions came from
electricity generation. With its high carbon content
and 48-percent share of generation, coal accounted
for 82 percent of power sector CO2 emissions. Given
the uncertainty over future GHG regulations, higher
capital costs for coal-fired technologies, and new RPS
programs in many States, coal’s share of generation
falls to 44 percent in 2035. In addition, higher fuel
costs and improved efficiency slow the overall growth
of electricity demand and associated emissions.
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In December 2008, the U.S. Court of Appeals for the
District of Columbia Circuit temporarily reinstated
CAIR, which includes a cap-and-trade system for SO2
and NOx emissions. The decision also required the
EPA to develop new rules to correct flaws cited in the
Court’s July 2008 ruling that vacated CAIR, but
because AEO2010 considers only current rules and
regulations, the projections for SO2 and NOx emissions are based on the current version of CAIR.
To comply with CAIR, SO2 emissions in 2035 are 50
percent below the 2008 total (Figure 94). Reductions
are achieved by more use of low-sulfur coal and flue
gas desulfurization (FGD) scrubbers. From 2009 to
2035, coal-fired plants with about 81 gigawatts total
capacity are retrofitted with scrubbers. Emissions
vary from year to year, because CAIR allows utilities
to bank unused allowances at the end of a year and
use them in future years. In the 2030-2035 period, the
amounts of banked allowances applied by utilities
allow actual emissions to rise slightly.
SO2 allowance prices increase from over $230 per ton
in 2008 to almost $1,500 per ton in the later years of
the projection. The price increase is a result of declining emissions caps, which lead to higher prices when
allowances become scarce.
In addition to CAIR, implementation of a GHG emissions control policy could significantly reduce SO2
emissions by forcing the retirement of older, less
efficient coal-fired plants without FGD equipment.

U.S. Energy Information Administration / Annual Energy Outlook 2010

Endnotes for Market Trends
Nitrogen oxide emissions also
decline in the Reference case
Figure 95. Nitrogen oxide emissions from
electricity generation, 2000-2035
(million short tons)
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With the temporary reinstatement of CAIR, the
annual NOx emissions market officially began operating in 2009 (although provisions in the current CAIR
are temporary until the EPA releases the courtordered replacement rule). In AEO2010, NOx emissions decline from 3.0 million short tons in 2008 to
2.0 million short tons in 2017, then rise slowly after
2018, when more banked allowances are used to meet
the cap (Figure 95).
To reduce NOx emissions, coal-fired power plants
can be retrofitted with selective catalytic converter
(SCR), selective noncatalytic converter, or low-NOx
burner technologies. In the Reference case, 168
gigawatts of total capacity is retrofitted with one or
another of the three technologies. The amounts differ
in the High and Low Economic Growth cases. Higher
economic growth increases demand for electricity,
and more plants are retrofitted. Lower growth has
the opposite effect. In 2035, the NOx allowance price,
which is $3,268 per ton in the Reference case, is
higher in High Economic Growth case (because more
investment is required to comply with the cap)
and lower in the Low Economic Growth Case, where
demand for electricity is lower.
At the beginning of 2009, the EPA introduced an
annual market for NOx emissions to complement the
existing seasonal market. So far, allowance prices in
the annual market have been significantly higher
than in the seasonal market, suggesting that the
annual program may be more binding.

78. The National Bureau of Economic Research defines a
recession as “a significant decline in economic activity
spread across the economy, lasting more than a few
months, normally visible in real GDP, real income,
employment, industrial production, and wholesaleretail sales.” However, the shorthand version of a
recession is often given as two consecutive quarters of
negative growth in GDP. In December 2008, the
National Bureau of Economic Research declared that
the United States had entered a recession in December
2007.
79. The industrial sector includes manufacturing, agriculture, construction, and mining. The energy-intensive
manufacturing sectors include food, paper, bulk chemicals, petroleum refining, glass, cement, steel, and aluminum.
80. Air-Conditioning, Heating, and Refrigeration Institute, “Agreement on Legislative and Regulatory Strategy for Amending Federal Energy Efficiency Standards, Test Procedures, Metrics and Building Code
Provisions for Residential Central Air Conditioners,
Heat Pumps, Weatherized and Non-Weatherized
Furnaces and Related Matters” (October 13, 2009),
web site http://www.ahrinet.org/Admin/Pages/Util/
ShowDoc.aspx?doc=1635.
81. S.C. Davis and S.W. Diegel, Transportation Energy
Data Book: Edition 25, ORNL-6974 (Oak Ridge, TN,
May 2006), Chapter 4, “Light Vehicles and Characteristics,” web site http://cta.ornl.gov/data/chapter4.
shtml.
82. The factors that influence decisionmaking on capacity
additions include electricity demand growth, the need
to replace inefficient plants, the costs and operating
efficiencies of different generation options, fuel prices,
State RPS programs, and the availability of Federal
tax credits for some technologies.
83. Unless otherwise noted, the term “capacity” in the discussion of electricity generation indicates utility,
nonutility, and CHP capacity. Costs reflect the average of regional costs, except that a representative
region is used to estimate costs for wind plants.
84. Detailed qualifications for each of the 35 State programs represented in the AEO2010 modeling include
eligible technologies, funding limits, and penalties for
noncompliance.
85. For example, drilling permits are not currently being
issued in the State of New York, where concerns have
been raised about potential risks to drinking water
supplies.
86. Leasing in the Eastern Gulf of Mexico is restricted
until 2022 under the Gulf of Mexico Energy Security
Act of 2006.
87. One gallon of ethanol is equal to 0.65 gallon of regular
gasoline.
88. The Motiva plant in Port Arthur, TX, and the Marathon project in Garyville, LA.
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Comparison with Other Projections
Only IHS Global Insights, Inc. (IHSGI) produces a
comprehensive energy projection with a time horizon
similar to that of AEO2010. Other organizations,
however, address one or more aspects of the U.S.
energy market. The most recent projection from IHSGI, as well as others that concentrate on economic
growth, international oil prices, energy consumption,
electricity, natural gas, petroleum, and coal, are compared here with the AEO2010 projections.

Economic growth
Projections of the average annual growth rate of real
GDP in the United States from 2008 to 2018 range
from 2.1 percent to 2.8 percent (Table 9). In the
AEO2010 Reference case, real GDP grows by an
average of 2.2 percent per year over the period, lower
than projected by the Office of Management and Budget (OMB), the Congressional Budget Office (CBO),
the Social Security Administration (SSA), and the Bureau of Labor Statistics (BLS)—although none of
those projections has been updated since August
2009. The AEO2010 projection is similar to the IHSGI projection and slightly higher than projections by
the Interindustry Forecasting Project at the University of Maryland (INFORUM). In March 2009, the
consensus Blue Chip projection was for 2.2-percent
average annual growth from 2008 to 2018.
The range of GDP growth rates is wider for the recovery period from 2018 to 2030, with projections
ranging from 2.2 to 2.7 percent per year. Uncertainty
about the timing and speed of recovery from the current recession contributes to the wide range of
Table 9. Projections of average annual economic
growth rates, 2008-2035
Average annual percentage
growth rates
Projection
AEO2009 (Reference case)
AEO2010 (Reference case)
IHSGI (May 2009)
OMB (July 2009) a
CBO (August 2009) a
INFORUM (December 2009)
SSA (May 2009)
BLS (December 2009) a
IEA (2009) b
Blue Chip Consensus
(March 2009)
aOMB

20082018

20182030

20302035

2.2
2.2
2.2
2.8
2.5
2.1
2.3
2.4
1.8

2.6
2.7
2.7
–
–
2.4
2.1
–
2.2

–
2.4
2.5
–
–
–
2.2
–
–

2.2

–

–

and CBO projections end in 2019; BLS projection ends in

2018.

bIEA

published U.S. growth rates for 2007-2015 (1.8 percent),
2015-2030 (2.2 percent), and 2007-2030 (2.1 percent).
– = not reported.
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projections over the 2018-2030 period. The 2.7percent average annual GDP growth rate in the
AEO2010 Reference case from 2018 to 2030 is on the
higher side of the estimates but similar to the IHSGI
projection. SSA, the International Energy Agency
(IEA), and INFORUM project lower growth, as a result of their lower projections for labor productivity.
AEO2010 projects productivity increases averaging
2.1 percent per year from 2018 to 2030, as compared
with the SSA and INFORUM projections of 1.7 and
1.6 percent per year, respectively, over the same
period.
There are few public or private projections of GDP
growth for the United States that extend to 2035. The
AEO2010 Reference case projects 2.4-percent average
annual GDP growth, consistent with the trends in
labor force and productivity growth. IHSGI projects
GDP growth averaging 2.5 percent per year from
2008 to 2035, and INFORUM projects an average of
2.3 percent from 2008 to 2030 (the last year of the
INFORUM projection). Both AEO2010 and IHSGI
project higher growth rates for productivity and labor
force growth than does INFORUM.

World oil prices
In the AEO2010 Reference case, world oil prices rise
from current levels to approximately $95 per barrel in
2015 and $108 per barrel in 2020 (Table 10). After
2020, prices increase slowly to $133 per barrel in
2035. The price trend is slightly lower than in last
year’s (AEO2009) Reference case.
Market volatility and different assumptions about the
future of the world economy are reflected in the range
of price projections for both the short and long term.
Most of the projections show prices rising throughout
the entire period. The projections for world oil prices
in 2030 range from $65 per barrel to $124 per barrel.
The range of the other projections is encompassed in
Table 10. Projections of world oil prices, 2015-2035
(2008 dollars per barrel)
Projection

2015

2020

2025

2030

2035

AEO2009 (Reference case) 112.91 117.99 124.62 133.29
–
AEO2010 (Reference case)
94.52 108.28 115.09 123.50 133.22
INFORUM
92.50 107.98 109.74 116.81
–
DB
93.18 105.48 114.65 121.16 125.42
IHSGI
85.07 81.93 74.86 77.27 80.03
IEA (Reference)
–
100.00
–
115.00
–
EVA
80.35 84.45 90.98 100.45
–
SEER (Business-as-Usual)
79.20 74.31 69.73 65.43
–
SEER (Multi-Dimensional) 99.03 101.52 105.81 113.91
–
– = not reported.
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the range of the AEO2010 Low and High Oil Price
cases: from $52 per barrel to $204 per barrel in 2030
and from $51 per barrel to $210 per barrel in 2035.

Neither IHSGI nor INFORUM projects the introduction of Fischer-Tropsch fuels, nor do they include an
accounting for the difference between the energy contained in biofuels and the energy contained in the biomass feedstock used in their production. When the
AEO2010 projections are adjusted for those two items
(about 2.3 quadrillion Btu in 2030 and 3.1 quadrillion
Btu in 2035), energy consumption in 2030 in the
AEO2010 Reference case is similar to that in the
INFORUM projection, with differences of about 0.7
quadrillion Btu (lower) in the residential sector and
about 0.7 quadrillion Btu (higher) in the electric
power sector. For the residential sector, about
one-half of the difference between the INFORUM and
AEO2010 Reference case projections is related to
electricity consumption: INFORUM shows lower residential electricity prices but similar electricity prices
in the industrial and commercial sectors. Total natural gas demand in the INFORUM projection is similar
to that in the AEO2010 Reference case, despite natural gas prices that are 50 to 80 cents per thousand
cubic feet higher than in the AEO2010 Reference case
in 2020, 2025, and 2030.

The world oil price measures are, by and large, comparable across projections. EIA reports the price of
imported low-sulfur, light crude oil, approximately
the same as the West Texas Intermediate (WTI)
prices that are widely cited as a proxy for world oil
prices in the trade press. Deutsche Bank (DB),
IHSGI, Energy Ventures Analysis, Inc. (EVA), and
Strategic Energy & Economic Research, Inc. (SEER)
report prices in WTI terms. IEA’s World Energy Outlook 2009 expresses prices as the IEA crude oil import
price; INFORUM expresses prices as the average U.S.
imported refiner acquisition cost of crude oil.

Total energy consumption
Two of the projections, IHSGI and INFORUM,
feature energy consumption by sector (although the
INFORUM projection does not include data for 2008
and does not extend to 2035). Energy prices in the
IHSGI projection are lower than those in the AEO2010 Reference case. Prices in the INFORUM projections for crude oil, natural gas, and coal also are
higher than in AEO2010, but electricity prices in
the end-use sectors are at the same level (industrial
and commercial) or lower (residential) than in
the AEO2010 Reference case. Both IHSGI and
INFORUM project slower growth in energy consumption than in the AEO2010 Reference case (Table 11).

Energy prices in the IHSGI projection generally are
lower than those in the AEO2010 Reference case. In
the IHSGI projection for 2035, average natural gas
wellhead prices are $2.20 per thousand cubic feet
lower, average delivered electricity prices are 7 mills
per kilowatthour lower, coal prices to the electric
power sector are about $0.20 per million Btu lower,

Table 11. Projections of energy consumption by sector, 2007-2035 (quadrillion Btu)

Sector

2007

2008

2030

2035

AEOIN2010 FORUM IHSGI

AEOIN2010 FORUM IHSGI
–
11.3
10.9

AEOIN2010 FORUM IHSGI

AEOIN2010 FORUM IHSGI
–
12.1
11.9

Residential

11.3

11.3

10.8

Commercial

8.4

8.4

8.4

8.6

–

8.6

11.9

12.6

11.8

10.5

10.6

9.9

11.0

–

10.0

25.2

–

–

24.8

–

–

26.1

–

–

26.7

–

–

24.8

25.2

23.0

23.8

–

22.0

23.8

23.9

22.8

23.6

–

23.2

Transportation

29.0

28.9

28.6

27.8

–

27.3

31.3

31.0

29.1

32.5

–

30.6

Electric power

40.6

40.6

42.1

40.2

–

41.8

46.6

45.8

48.6

48.1

–

49.0

12.8

12.8

12.8

12.7

–

12.8

15.3

15.3

15.8

15.9

–

16.3

–

–

100.1

–

–

111.2

–

–

114.5

–

–

100.1

99.1

–

97.8

108.8

106.4

111.4

–

108.5

Industrial
Industrial excluding losses a

Less: electricity

purchases b

Total primary energy

101.7

Total primary energy
excluding industrial
losses a

101.2

101.7

108.7

– = not reported.
aLosses in CTL and biofuel production.
bEnergy consumption in the end-use sectors includes electricity purchases from the electric power sector, which must be subtracted to avoid
double counting in the derivation of total primary energy consumption.
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and light sweet crude oil prices are more than $50 per
barrel lower than in the AEO2010 projection. When
the energy contained in biofuels and biomass
feedstocks (which is not included in the IHSGI projection) is subtracted from the AEO2010 Reference case
projections, overall demand is about 3 quadrillion Btu
lower in the IHSGI projection, transportation sector
demand is about 2 quadrillion Btu lower, commercial
sector demand (mostly for natural gas) is about 1 quadrillion Btu lower, and there are smaller differences
in the industrial and residential sectors that more
than offset the difference of about 1 quadrillion Btu
between the higher IHSGI projection and the
AEO2010 Reference case projection for energy consumption in the electric power sector.

Electricity
Table 12 provides a summary of results from the
AEO2010 Reference case and compares them with
other projections. For 2015, electricity sales range
from a low of 3,870 billion kilowatthours in AEO2010
to a high of 3,998 billion kilowatthours in the IHSGI
projection. IHSGI shows higher sales in the residential and commercial sectors and slightly lower sales in
the industrial sector. For 2035, electricity sales in the
IHSGI projection are 4,734 billion kilowatthours,
somewhat higher than the 4,660 billion kilowatthours in AEO2010. IHSGI projects higher residential
and industrial sales and lower commercial sales of
electricity in 2035.
The AEO2010 Reference case shows declining real
electricity prices after 2008, with rising prices near
the end of the period, based on projected increases in
fuel costs for generation and capital expenditures for
construction of new capacity. The higher fossil fuel
prices and capital expenditures in the AEO2010 projection result in an increase in the average electricity
price, from 8.9 cents per kilowatthour in 2015 to 10.2
cents per kilowatthour in 2035. IHSGI shows electricity prices declining from 2015 to 2035.
Total generation and imports of electricity in 2015
are higher in the IHSGI projection than in the AEO2010 Reference case. The requirements for generating capacity are driven by growth in electricity sales
and the need to replace existing units that are uneconomical or are being retired for various reasons.
Consistent with its projections of electricity sales,
IHSGI shows higher growth in generation and imports through 2015 in comparison with the AEO2010
Reference case. For 2035, total generation and
88

imports are slightly lower in the IHSGI projection
than in AEO2010. The two projections for nuclear
power are similar, but those for generation from coal,
oil, hydroelectric/other, and electricity imports all are
lower, and the projection for natural gas is higher
in the IHSGI projections than in the AEO2010 Reference case.
The projections for generating capability in 2015
range from 1,032 gigawatts for IHSGI to 1,124
gigawatts for EVA, which shows more oil-fired and
natural-gas-fired capacity than in the other projections. The IHSGI projections for hydroelectric/other
capacity are lower than those from EVA and the
AEO2010 Reference case. The IHSGI and AEO2010
projections of generating capability in 2035 are similar, except that IHSGI expects much less oil- and natural-gas-fired capacity than is projected in AEO2010.
The AEO2010 projection includes 4.0 gigawatts of
uprates for nuclear capacity and expects all existing
nuclear units to continue operating through 2035,
based on the assumption that they will apply for and
receive operating license renewals, including, in some
cases, a second 20-year extension after they reach 60
years of operation. AEO2010 also includes a second
unit in 2014 at the Watts Bar site, where construction
of a partially completed reactor was halted in 1988.
Environmental regulations are important determinants in the selection of electricity generation technologies. The AEO2009 Reference case did not
include the SO2 and NOx cap-and-trade programs for
power plants called for in the EPA’s CAIR, because
the Circuit Court for the District of Columbia had vacated CAIR in a July 2008 ruling. On December 23,
2008, the Court temporarily reinstated the rule, however, and it is represented in the AEO2010 Reference
case. AEO2010 does not include the CAMR regulations, which were voided by the U.S. Court of Appeals
in February 2008. Also, because AEO2010 includes
only current laws and regulations, it does not assume
any cap or tax on CO2 emissions. Restrictions on CO2
emissions could change the mix of technologies used
to generate electricity.

Natural gas
The variation among projections of natural gas consumption, production, imports, and prices (Table 13)
can be significant. This variation results from differences among the assumptions that underlie the
different projection. For example, the AEO2010 Reference case generally assumes that current laws
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Table 12. Comparison of electricity projections, 2015 and 2035 (billion kilowatthours, except where noted)
Projection

2008

AEO2010
Reference
case

Other projections
IHSGI

EVA

2015
Average end-use price
(2008 cents per kilowatthour)
Residential
Commercial
Industrial
Total generation plus imports
Coal
Oil
Natural gas a
Nuclear
Hydroelectric/other b
Net imports
Electricity sales
Residential
Commercial/other c
Industrial
Capability, including CHP (gigawatts) d
Coal
Oil and natural gas
Nuclear
Hydroelectric/other

9.8
11.4
10.4
6.9
4,148
1,995
45
879
806
391
33
3,720
1,379
1,359
982
1,008
312
454
101
141

8.9
10.7
9.1
5.9
4,300
2,037
46
690
834
672
20
3,870
1,400
1,473
997
1,069
325
442
105
198

9.6
11.0
10.1
6.7
4,383
2,070
46
896
849
504
18
3,998
1,512
1,517
970
1,032
323
446
106
157

–
–
–
–
–
–
–
–
–
–
28
–
–
–
–
1,124
323
510
106
186

2035
Average end-use price
(2008 cents per kilowatthour)
Residential
Commercial
Industrial
Total generation plus imports
Coal
Oil
Natural gas a
Nuclear
Hydroelectric/other b
Net imports
Electricity sales
Residential
Commercial/other c
Industrial
Capability, including CHP (gigawatts) d
Coal
Oil and natural gas
Nuclear
Hydroelectric/other

9.8
11.4
10.4
6.9
4,148
1,995
45
879
806
391
33
3,720
1,379
1,359
982
1,008
312
454
101
141

10.2
11.8
10.4
7.1
5,285
2,305
49
1,093
898
915
25
4,660
1,707
1,937
1,016
1,216
337
531
113
236

9.5
10.8
9.9
6.5
5,187
2,244
32
1,148
900
851
12
4,734
1,809
1,831
1,094
1,082
334
399
116
233

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

aIncludes supplemental gaseous fuels. For EVA, represents total oil and natural gas. b“Other” includes conventional hydroelectric, pumped

storage, geothermal, wood, wood waste, municipal waste, other biomass, solar and wind power, batteries, chemicals, hydrogen, pitch,
purchased steam, sulfur, petroleum coke, and miscellaneous technologies. c“Other” includes sales of electricity to government, railways,
and street lighting authorities. dEIA capacity is net summer capability, including CHP plants. IHSGI capacity is nameplate, excluding
cogeneration plants.
– = not reported.
Sources: 2008 and AEO2010: AEO2010 National Energy Modeling System, run AEO2010R.D111809A. IHSGI: IHS Global Insight, Inc.,
2009 Energy Outlook (Lexington, MA, September 2009). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (February
2010).
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and regulations will continue through the projection
period as enacted, whereas some of the other projections assume the enactment of new public policy over
the next 25 years. For example, the results of the
Altos projection reflect the inclusion of carbon mitigation legislation.
All but two of the projections (Altos and EVA) show
an initial decline and subsequent increase in natural
gas consumption from 2008 levels, but they differ in
terms of when, between 2015 and 2025, 2008 levels

are regained. The INFORUM projection for 2015 is
1.2 to 2.1 trillion cubic feet lower than the others but
recovers quickly by 2025. With the exception of the
SEER projection, which shows a decline in natural
gas consumption from 2025 to 2030, total natural gas
consumption grows in spite of increasing prices in the
later years of all the projections. Altos and EVA show
natural gas consumption exceeding 2008 levels by
2010 and continuing to increase at much more rapid
rates than in the other projections.

Table 13. Comparison of natural gas projections, 2015, 2025, and 2035 (trillion cubic feet, except where noted)
Projection

2008

AEO2010
Reference
case

Other projections
IHSGI

EVA

DB

SEER

Altos

INFORUM

2015
Dry gas production a

20.56

19.29

22.63

24.47

19.29

20.01

19.19

19.71

2.95

2.38

2.43

4.84

–

2.73

3.79

4.12

Pipeline

2.65

1.29

1.62

2.65

–

1.83

0.47

–

LNG

0.30

1.09

0.81

2.19

0.90

3.32

–

Net imports

3.48

23.25

21.74

22.63

24.84

–

22.80

24.18 b

18.86 b

Residential

4.87

4.71

4.71

5.07

–

4.87

4.75

4.76

Commercial

3.12

3.23

3.05

3.21

–

3.14

3.18

3.16

Industrial c

6.65

6.88

6.24

6.84

–

6.23

6.41

6.35

Electricity generators d

6.66

5.18

6.74

7.62

–

6.73

9.83

4.60

1.95

1.73

1.90

2.09

–

1.84

5.70

5.73

6.40

Consumption

Other

e

–

–

Lower 48 wellhead price (2008 dollars
per thousand cubic feet) f

8.07

5.77

5.34

6.06

–

End-use prices (2008 dollars per thousand cubic feet)
Residential

13.87

11.89

12.15

–

–

12.26

–

–

Commercial

12.29

10.28

10.51

–

–

11.08

–

–

Industrial g

9.38

6.63

8.01

–

–

7.11

–

–

Electricity generators

9.34

6.24

6.44

–

–

6.70

–

–

Dry gas production a

20.56

21.31

21.91

24.41

20.63

22.30

27.23

20.93

2.95

2.17

2.34

2.89

–

2.18

3.67

5.77

Pipeline

2.65

0.89

1.42

2.52

–

1.25

-1.42

–

LNG

0.30

1.28

0.92

0.37

0.93

5.09

–

2025
Net imports

2.65

23.25

23.57

24.22

27.84

–

24.35

27.72 b

21.82 b

Residential

4.87

4.89

4.62

5.16

–

4.90

4.85

4.86

Commercial

3.12

3.45

3.06

3.28

–

3.41

3.33

3.24

Industrial c

6.65

6.94

6.34

7.55

–

6.55

6.47

6.93

Electricity generators d

6.66

6.28

8.12

9.49

–

7.51

13.08

6.81

1.95

2.00

2.07

2.36

–

1.99

–

6.35

5.87

7.31

Consumption

Other

e

–

Lower 48 wellhead price (2008 dollars
per thousand cubic feet) f

8.07

8.42

5.90

7.01

–

End-use prices (2008 dollars per thousand cubic feet)
Residential

13.87

12.65

12.08

–

–

12.96

–

–

Commercial

12.29

11.01

10.49

–

–

11.87

–

–

Industrial g

9.38

7.22

8.10

–

–

7.70

–

–

Electricity generators

9.34

6.94

6.57

–

–

8.87

–

–

– = not reported. See notes and sources at end of table.
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For the residential and commercial sectors, natural
gas consumption patterns are similar across the
projections, with the exception of IHSGI, which
shows a decline in residential consumption and commercial consumption that remains below the 2008
level through 2035. Excluding IHSGI, the average
annual rate of growth in residential natural gas
consumption from 2008 to 2025 ranges from almost
no growth to 0.5 percent, and the average for commercial natural gas consumption varies from 0.2
percent (INFORUM) to 0.6 percent (AEO2010).
Three of the six projections (EVA, INFORUM, and
the AEO2010 Reference case) show industrial natural
gas consumption returning to 2008 levels or higher by
2015. In the AEO2010 projection, industrial natural
gas consumption exceeds 2008 levels in 2015, because
industrial natural gas prices are relatively low, and
there is a significant increase in the use of natural gas

at refineries for biofuel production. The AEO2010
Reference case and EVA projections show the strongest short-term growth in industrial natural gas consumption, averaging 0.5 percent per year from 2008
to 2015.
The differences among the projections for natural gas
consumption in the electric power sector can be attributed to two primary factors: assumptions about
carbon mitigation legislation and assumptions about
the costs and availability of hydroelectric and other
renewable energy resources. The AEO2010 Reference
case and INFORUM projections are the lowest, and
they are the only ones in which the sector’s consumption of natural gas in 2015 is lower than in 2008 (in
the AEO2010 Reference case, as a result of slow
growth in electricity demand, completion of planned
new coal-fired capacity, and construction of new renewable capacity in response to incentives and RFS

Table 13. Comparison of natural gas projections, 2015, 2025, and 2035 (continued)
(trillion cubic feet, except where noted)
Projection

2008

AEO2010
Reference
case

Other projections
IHSGI

EVA

DB

SEER

Altos

INFORUM

2035
Dry gas production a
Net imports
Pipeline
LNG

20.56

23.27

23.02

–

18.44

–

32.72

2.95

1.46

1.84

–

–

–

1.70

–

2.65

0.64

0.92

–

–

–

-4.46

–
–

0.30

0.83

0.92

–

–

6.16

23.25

24.86

24.84

–

–

–

30.48 b

–

Residential

4.87

4.87

4.45

–

–

–

4.85

–

Commercial

3.12

3.69

3.05

–

–

–

3.50

–

Industrial c

6.65

6.72

6.37

–

–

–

6.42

–

Electricity generators d

6.66

7.42

8.81

–

–

–

15.72

–

1.95

2.17

2.16

–

–

–

–

–

8.06

5.87

–

Consumption

Other

e

3.91

–

Lower 48 wellhead price (2008 dollars
per thousand cubic feet) f

8.07

9.91

–

7.89

–

End-use prices (2008 dollars per thousand cubic feet)
Residential

13.87

14.82

11.85

–

–

–

–

–

Commercial

12.29

13.03

10.31

–

–

–

–

–

Industrial g

9.38

8.99

8.05

–

–

–

–

–

Electricity generators

9.34

8.69

6.54

–

–

–

–

–

– = not reported.
aDoes not include supplemental fuels. bDoes not include natural gas use as fuel for lease and plants, pipelines, or natural gas vehicles.
cIncludes consumption for industrial CHP plants, a small number of electricity-only plants, and GTL plants for heat and power production.
dIncludes consumption of energy by electricity-only and CHP plants whose primary business is to sell electricity, or electricity and heat, to
the public. Includes electric utilities, small power producers, and exempt wholesale generators. eIncludes lease, plant, and pipeline fuel and
fuel consumed in natural gas vehicles. f2008 wellhead natural gas price for SEER is $7.65 per thousand cubic feet. gThe 2008 industrial
natural gas price for IHSGI and SEER are $10.30 and $9.80 per thousand cubic feet, respectively.
Sources: 2008 and AEO2010: AEO2010 National Energy Modeling System, run AEO2010R.D111809A. IHSGI: IHS Global Insight, Inc.,
2009 U.S. Energy Outlook (September 2009). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (February 2010).
DB: Deutsche Bank AG, e-mail from Adam Sieminski (November 3, 2009). SEER: Strategic Energy and Economic Research, Inc., “Natural
Gas Outlook” (November 2009). Altos: Altos World Gas Trade Model (October 2009). INFORUM: INFORUM Base, e-mail from Douglas
Meade (January 15, 2010).
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programs at the State level). The highest level of natural gas consumption in the electric power sector is in
the Altos projection, ranging from 29 percent to 114
percent above the other projections for 2015 and 38
percent to 108 percent above the others for 2025.
The natural gas supply projections from Altos and
EVA differ significantly from the other projections,
in part because of higher consumption levels. In addition, however, Altos also has a very different outlook
for net pipeline imports of natural gas. Whereas the
other projections show declines in pipeline imports,
Altos has a more aggressive outlook, projecting that
the United States will become a net exporter by 2020,
and that U.S. pipeline exports will total 4.5 trillion
cubic feet in 2035. As a result, the requirements for
additional supply from domestic production and LNG
imports in the Altos projection are significantly
greater than those in the other projections.
Wellhead natural gas prices in the Altos projection
are higher than those in the other projections, with
the exception of DB, but the differences are not proportional to the differences in domestic production.
Three of the seven projections (AEO2010 Reference
case, IHSGI, and SEER) present relatively similar
outlooks for supply sources, with domestic production
providing a growing percentage of total natural gas
supply over the projection period (with very similar
percentages). The AEO2010 Reference case, IHSGI,
and SEER also show a decline in net pipeline imports
of natural gas, but net imports remain positive over
the entire projection period, with growth in LNG imports to about 1 trillion cubic feet. The same three
projections also show generally lower natural gas
prices than the others, indicating a generally more optimistic view of domestic natural gas supply potential.
In contrast, EVA, DB, and Altos project greater reliance on net LNG imports, at 2.2 trillion cubic feet per
year and above. The DB wellhead natural gas prices
are the highest among the projections shown in Table
13, reflecting a more pessimistic view of the potential
for future domestic natural gas production.
Price margins for delivered natural gas (defined
as the difference between delivered and wellhead
natural gas prices) reflect average transportation and
delivery charges, as well as differences in what each
sector pays for natural gas at the supply point. Only
the AEO2010 Reference case, IHSGI, and SEER include projections for delivered natural gas prices.
For the residential and commercial sectors, IHSGI
projects an increase in margins over their 2008 levels,
92

followed by a decline. The AEO2010 Reference case
and SEER project continued increases in residential
and commercial margins over the projection period.
In the AEO2010 Reference case, the increases result
largely from a decline in natural gas consumption per
customer, which increases the per-unit-equivalent
charge for the fixed component of customers’ gas
bills.
End-use natural gas prices in the industrial sector are
difficult to compare because of apparent definitional
differences between the projections, which are obvious from a comparison of 2008 prices in the different
projections. In the IHSGI and SEER projections,
industrial natural gas prices in 2008 are, respectively,
$0.93 and $0.43 (2008 dollars) per thousand cubic feet
higher than in the AEO2010 Reference case, implying
some difference in the definition of industrial natural
gas prices (the definitions were not available to EIA).
The projected industrial margins remain relatively
stable in the IHSGI, SEER, and AEO2010 projections, but they differ significantly: the average industrial margins for IHSGI and SEER are $1.32 and
$0.87 per thousand cubic feet higher, respectively,
than the average industrial margin in the AEO2010
Reference case.
The AEO2010 Reference case and IHSGI margins for
the electric power sector are more similar, with
IHSGI showing slightly higher average margins consistent with the difference in the margins for 2008. In
the SEER projections, natural gas margins for the
electric power sector decline in the near term from
their 2008 level of $1.60 per thousand cubic feet (2008
dollars), then increase rapidly after 2013, exceeding
SEER’s industrial margin after 2018 and climbing to
$4.05 per thousand cubic feet in 2030. In the AEO2010 Reference case and IHSGI projections, margins
in the electric power sector also decline quickly after
2008, but they remain considerably lower than their
2008 levels, reaching a maximum of $0.64 per thousand cubic feet (2008 dollars) in 2029 in the AEO2010
Reference case and $0.72 per thousand cubic feet
(2008 dollars) in 2015 in the IHSGI projection.

Liquid fuels
In the AEO2010 Reference case, the world oil price is
assumed to be $95 per barrel in 2015, $115 in 2025,
and $133 in 2035 (see Table 10). This price projection
is similar to DB’s price projection for WTI ($93 per
barrel in 2015, $115 in 2025, and $125 in 2035). EVA,
IHSGI, and Purvin and Gertz, Inc. (P&G) project
much lower crude oil prices.
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Table 14. Comparison of liquids projections, 2015, 2025, and 2035
(million barrels per day, except where noted)
Projection

2008

AEO2010
Reference
case

Other projections
IHSGI

EVA

DB

P&G

IEA

2015
Crude oil and NGL production
Crude oil
Natural gas liquids
Total net imports
Crude oil
Petroleum products
Petroleum demand
Motor gasoline
Jet fuel
Distillate fuel
Residual fuel
Other
Net import share of
petroleum demand (percent)

6.75
4.96
1.78
11.14
9.75
1.39
19.52
8.99
1.54
3.94
0.62
4.43

7.54
5.77
1.77
10.12
8.88
1.24
20.18
9.37
1.57
4.08
0.66
4.49

6.50
4.75
1.75
10.42
9.68
0.74
19.29
8.56
1.58
4.08
0.61
4.45

62

57

54

Crude oil and NGL production
Crude oil
Natural gas liquids
Total net imports
Crude oil
Petroleum products
Petroleum demand
Motor gasoline
Jet fuel
Distillate fuel
Residual fuel
Other
Net import share of
petroleum demand (percent)

6.75
4.96
1.78
11.14
9.75
1.39
19.52
8.99
1.54
3.94
0.62
4.43

7.87
6.13
1.74
9.70
8.60
1.10
20.63
9.32
1.75
4.41
0.66
4.50

5.76
3.87
1.90
11.19
10.57
0.62
20.38
7.80
1.98
5.23
0.61
4.75

62

55

Crude oil and NGL production
Crude oil
Natural gas liquids
Total net imports
Crude oil
Petroleum products
Petroleum demand
Motor gasoline
Jet fuel
Distillate fuel
Residual fuel
Other
Net import share of
petroleum demand (percent)

6.75
4.96
1.78
11.14
9.75
1.39
19.52
8.99
1.54
3.94
0.62
4.43
62

8.14
–
–
–
–
–
–
–
–
–
–
–

6.60
4.95
1.65
10.40
–
–
18.65
8.97
1.40
3.61
0.54
–

–

–

6.11
4.36
1.75
11.58
11.80
-0.22
18.21
8.96
1.62
4.14
0.57
2.92

–
4.70
–
–
–
–
17.90
–
–
–
–
–

64

–

4.86
3.24
1.62
12.03
12.30
-0.27
18.07
7.79
1.81
4.70
0.58
3.19

–
–
–
–
–
–
–
–
–
–
–
–

67

–

2025
7.16
–
–
–
–
–
–
–
–
–
–
–

5.39
4.04
1.35
10.70
–
–
17.51
8.32
1.36
3.34
0.50
–

55

–

–

8.11
6.27
1.83
9.66
8.65
1.02
20.86
9.06
1.84
4.91
0.67
4.37

5.06
3.07
1.99
13.31
11.72
1.59
21.81
7.33
2.29
6.56
0.59
5.05

–
–
–
–
–
–
–
–
–
–
–
–

4.29
3.22
1.07
9.50
–
–
15.18
6.80
1.29
2.95
0.44
–

–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–

54

61

–

–

–

–

2035

– = not reported.
Sources: 2008 and AEO2010: AEO2010 National Energy Modeling System, run AEO2010R.D111809A. IHSGI: IHS Global Insight, Inc.,
2009 Energy Outlook (Lexington, MA, September 2009). EVA: Energy Ventures Analysis, Inc., FUELCAST: Long-Term Outlook (February
2010). DB: Deutsche Bank AG, e-mail from Adam Sieminski (November 3, 2009). P&G: Purvin and Gertz, Inc., 2009 Global Petroleum
Market Outlook, Vol. 2, Table III-2 (April 2009). IEA: International Energy Agency, World Energy Outlook 2009 (Paris, France, November
2009), Table 1.4.
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A major difference between the AEO2010 Reference
case and all but the EVA projection is that the
AEO2010 projects much higher domestic crude oil
production throughout the projection (Table 14). In
addition, domestic production of crude oil increases
gradually over time in the AEO2010 projection,
whereas all the other projections show rapid decreases in domestic production. As a consequence, the
AEO2010 Reference case shows lower net imports of
crude oil.
Overall petroleum product demand in the AEO2010
Reference case is similar to that in the IHSGI projection but higher than those in the EVA, DB, P&G, and
IEA projections. The IHSGI projection shows a
higher ratio of distillate to motor gasoline consumption than in the AEO2010 Reference case, however,
especially in 2035, implying more distillate use than
in the AEO2010 projection.
AEO2010, IHSGI, DB, and P&G all show motor gasoline demand decreasing in absolute terms. For
AEO2010, the decline in motor gasoline demand is
the result of increased efficiency, tighter CAFE standards, and increased use of ethanol. All four projections also show increasing ratios of distillate fuel to
motor gasoline consumption.
In the AEO2010 Reference case, demand for jet fuel
increases at a gradual pace, averaging 0.8 percent per
year from 2015 to 2035. In the IHSGI projection, jet
fuel demand is at the same level as in the AEO2010 in
2015 but increases at a faster pace, averaging just
under 1.9 percent per year from 2015 to 2035. In the
DB projection, jet fuel demand gradually decreases
over time, by 0.4 percent per year on average from
2015 to 2035.

Coal
The outlook for coal markets varies considerably
across the projections compared in Table 15. Differences in assumptions about expectations for and
implementation of legislation aimed at reducing GHG
emissions can lead to significantly different projections for coal production, consumption, and prices.
In addition, different assumptions about world oil
prices, natural gas prices, and economic growth can
contribute to variation across the projections.
In the AEO2010 Reference case, total U.S. coal consumption increases from 1,122 million tons (22.4
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quadrillion Btu) in 2008 to 1,235 million tons (23.6
quadrillion Btu) in 2025 and 1,319 million tons (25.1
quadrillion Btu) in 2035. Total coal consumption also
increases in the IEA projection, to 22.7 quadrillion
Btu in 2025. Total coal consumption decreases in both
the IHSGI and DB projections to 1,095 million tons
and 21.9 quadrillion Btu, respectively, in 2025 and to
1,086 million tons and 20.8 quadrillion Btu, respectively, in 2035.
In the AEO2010 projection, coal production increases
from 1,172 million tons (23.9 quadrillion Btu) to
1,234 million tons (24.4 quadrillion Btu) in 2025 and
to 1,285 million tons (25.2 quadrillion Btu) in 2035.
INFORUM projects a larger increase in coal production, to 1,465 million tons in 2025. In the Wood
Mackenzie Company (WM) projection, production
(excluding coking coal) remains relatively constant,
increasing to 1,180 million tons in 2025. In the IHSGI
projection, coal production falls to 1,109 million tons
in 2025 and 1,098 million tons in 2035.
U.S. coal exports decline from 82 million tons in 2008
to 48 million tons in 2025 in the AEO2010 Reference
case, and coal imports increase slightly from 32 million tons in 2008 to 34 million tons in 2025. In contrast to the other projections, AEO2010 projects that
the United States eventually will become a net importer of coal. U.S. coal exports fall to 33 million tons
in 2035 in the AEO2010 Reference case, and coal imports increase to 53 million tons. INFORUM projects
an increase in exports to 161 million tons, as well as
an increase in imports to 43 million tons, in 2025. In
the WM projection, both exports and imports (excluding coking coal) fall to 26 million tons in 2025. IHSGI
projects a decrease in exports to 49 million tons in
2025 and to 45 million tons in 2035, with little change
in coal imports, which total 35 million tons in 2025
and 33 million tons in 2035.
Minemouth coal prices in the AEO2010 Reference
case decline from $31.26 per ton ($1.55 per million
Btu) in 2008 to $28.19 per ton ($1.44 per million Btu)
in 2025 and remain relatively constant thereafter,
with a price of $28.10 per ton ($1.44 per million Btu)
projected for 2035. In the IHSGI projection, the average minemouth coal price falls to $26.08 per ton in
2025 and $25.81 per ton in 2035. Both WM and
INFORUM project slight decreases in minemouth
coal prices, to $31.14 per ton and $30.91 per ton in
2025, respectively.
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Table 15. Comparison of coal projections, 2015, 2025, and 2035 (million short tons, except where noted)
Other projections

2008

AEO2010
Reference
case

IHSGI

DB

Production
Consumption by sector
Electric power
Coke plants
Coal-to-liquids
Other industrial/buildings
Total
Net coal exports
Exports
Imports
Minemouth price
(2008 dollars per short ton)
(2008 dollars per million Btu)
Average delivered price
to electricity generators
(2008 dollars per short ton)
(2008 dollars per million Btu)

1,172

1,155

1,141

–

1,042
22
0
58
1,122
49
82
32

1,044
20
21
56
1,141
30
60
30

1,042
21
–
57
1,120
19
57
38

31.26
1.55

30.38
1.52

27.26
1.32

c

–
–

–
–

27.42
d
1.37

d

31.15
–

40.71
2.05

39.46
2.01

41.14
2.00

c

–
–

–
–

41.64
d
2.09

d

40.57
–

Production
Consumption by sector
Electric power
Coke plants
Coal-to-liquids
Other industrial/buildings
Total
Net coal exports
Exports
Imports
Minemouth price
(2008 dollars per short ton)
(2008 dollars per million Btu)
Average delivered price
to electricity generators
(2008 dollars per short ton)
(2008 dollars per million Btu)

1,172

1,234

1,109

–

1,180

a

1,465

1,042
22
0
58
1,122
49
82
32

1,116
19
44
56
1,235
14
48
34

1,021
20
–
54
1,095
14
49
35

31.26
1.55

28.19
1.44

26.08
1.27

c

–
–

–
–

31.14
d
1.57

d

30.91
–

40.71
2.05

38.49
1.99

39.33
1.91

c

–
–

–
–

46.01
d
2.32

d

40.25
–

Projection

IEA

WM

–

1,149

INFORUM

2015

–
–
–
–
b
23.0
–
–
–

–
–
–
–
b
21.8
–
–
–

a

–
–
–
–
–
a

3
a
19
16 a

1,254
–
–
–
–
–
65
102
37

2025
–
–
–
–
–
a
21.9
–
–
–

–
–
–
–
b
22.7
–
–
–

–
–
–
–
–
a

0
a
26
a
26

–
–
–
–
–
118
161
43

Btu = British thermal unit. – = not reported. See notes and sources at end of table.
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Table 15. Comparison of coal projections, 2015, 2025, and 2035 (continued)
(million short tons, except where noted)
Projection

Other projections

2008

AEO2010
Reference
case

IHSGI

DB

1,172

1,285

1,098

1,042
22
0
58
1,122
49
82
32

1,183
14
68
54
1,319
-20
33
53

1,018
19
49
1,086
12
45
33

31.26
1.55

28.10
1.44

25.81
1.26

c

40.71
2.05

40.74
2.09

39.02
1.90

c

IEA

WM

INFORUM

–

–

–

–

–
–

–
–

–
–

–
–

–
–
–
–
–

–
–
–
–
–

–
–
–
–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

2035
Production
Consumption by sector
Electric power
Coke plants
Coal-to-liquids
Other industrial/buildings
Total
Net coal exports
Exports
Imports
Minemouth price
(2008 dollars per short ton)
(2008 dollars per million Btu)
Average delivered price
to electricity generators
(2008 dollars per short ton)
(2008 dollars per million Btu)

–
b
20.8
–
–
–

Btu = British thermal unit. – = not reported.
aExcludes coking coal.
bReported in quadrillion Btu.
cImputed, using heat conversion factor implied by U.S. steam coal consumption figures for the electricity sector.
dConverted to 2008 dollars, using the AEO2010 GDP inflator.
Sources: 2008 and AEO2010: AEO2010 National Energy Modeling System, run AEO2010R.D111809A. IHSGI: IHS Global Insight, Inc.,
2009 U.S. Energy Outlook (September 2009). DB: Deutsche Bank AG, e-mail from Adam Sieminski (December 31, 2009). IEA:
International Energy Agency, World Energy Outlook 2009 (Paris, France, November 2009).WM: Wood Mackenzie Company, Fall 2009
Long Term Outlook Base Case. INFORUM: INFORUM Base, e-mail from Douglas Meade (January 15, 2010).
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List of Acronyms
A.B.

Assembly Bill

H.R.

House of Representatives

ACESA

American Clean Energy and Security Act of 2009

IEA

International Energy Agency

AEO

Annual Energy Outlook

IECC

International Energy Conservation Code

AEO2007

Annual Energy Outlook 2007

IHSGI

IHS Global Insight

AEO2008

Annual Energy Outlook 2008

AEO2009

Annual Energy Outlook 2009

INFORUM Interindustry Forecasting Project at the
University of Maryland

AEO2010

Annual Energy Outlook 2010

ITC

Alternative-fuel vehicle

LCFS

Low Carbon Fuel Standard (California)

ARRA

American Recovery and Reinvestment Act of 2009

LED

Light-emitting diode

BLS

Bureau of Labor Statistics

LDV

Light-duty vehicle

BTL

Biomass-to-liquids

LNG

Liquefied natural gas

British thermal unit

LPG

Liquid petroleum gas

CAA

Clean Air Act

MHEV

Micro hybrid electric vehicle

CAFE

Corporate Average Fuel Economy

mpg

Miles per gallon

CAIR

Clean Air Interstate Rule

MY

Model year

CAMR

Clean Air Mercury Rule

NEMS

National Energy Modeling System (EIA)

CARB

California Air Resources Board

NERC

North American Electric Reliability Council

CBO

Congressional Budget Office

NGL

Natural gas liquids

CCS

Carbon capture and storage

NHTSA

National Highway Traffic Safety Administration

Combined heat and power

NOx

Nitrogen oxide

CNG

Compressed natural gas

NRC

U.S. Nuclear Regulatory Commission

CO2

Carbon dioxide

O&M

Operation and maintenance

CREB

Clean and Renewable Energy Bonds

OMB

Office of Management and Budget

Coal-to-liquids

OPEC

Organization of the Petroleum Exporting Countries

CWA

Clean Water Act

P&G

Purvin and Gertz, Inc.

DB

Deutsche Bank AG

PHEV

Plug-in hybrid electric vehicle

DOE

U.S. Department of Energy

PHEV-10

DOD

U.S. Department of Defense

PHEV designed to travel about 10 miles
on battery power alone

E10

Fuel containing 10 percent ethanol and 90 percent
gasoline by volume

PHEV-40

PHEV designed to travel about 40 miles
on battery power alone

E85

Fuel containing a blend of 70 to 85 percent ethanol
and 30 to 15 percent gasoline by volume

EIA
EIEA2008

AFV

Btu

CHP

CTL

Investment tax credit

PTC

Production tax credit

PV

Solar photovoltaic

Energy Information Administration

RFG

Reformulated gasoline

Energy Improvement and Extension Act of 2008

RFS

Renewable fuels standard

Energy Independence and Security Act of 2007

RGGI

Regional Greenhouse Gas Initiative

EOR

Enhanced oil recovery

RPS

Renewable portfolio standard

EPA

U.S. Environmental Protection Agency

SCR

Selective catalytic control equipment

EPACT2005 Energy Policy Act of 2005

SEER

Strategic Energy and Economic Research, Inc.

EVA

Energy Ventures Analysis, Inc.

SO2

Sulfur dioxide

Federal Energy Management Program

SSA

Social Security Administration

FFV

Flex-fuel vehicle

SUV

Sport utility vehicle

FGD

Flue gas desulfurization

TAPS

Trans Alaska Pipeline System

Gross domestic product

TV

Television

GHG

Greenhouse gas

VIUS

Vehicle Inventory and Use Summary

GSA

U.S. General Services Administration

VMT

Vehicle miles traveled

GTL

Gas-to-liquids

WCI

Western Climate Initiative

Gross vehicle weight rating

WM

Wood Mackenzie Company

HDNGV

Heavy-duty natural gas vehicle

WTI

West Texas Intermediate (crude oil)

HEV

Hybrid electric vehicle

EISA2007

FEMP

GDP

GVWR
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Notes and Sources
Table Notes and Sources
Note: Tables indicated as sources in these notes
refer to the tables in Appendixes A, B, C, and D
of this report.
Table 1. Estimated average fleet-wide fuel economy
and CO2-equivalent emissions compliance levels,
model years 2012-2016: Environmental Protection
Agency and National Highway Traffic Safety Administration, Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards; Final Rule, 40 CFR, Parts 85, 86, and 600, 49 CFR Parts 531,
533, 537, and 538 [EPA-HQ-OAR-2009-0472; FRL-_8959-4;
NHTSA-2009-0059], RIN 2060-AP58; RIN 2127-AK50
(Washington, DC, April 2010), web site www.nhtsa.dot.gov/
staticfiles/DOT/NHTSA/Rulemaking/Rules/
AssociatedFiles/CAFE-GHG-MY_2012-2016_Final_Rule_
v2. pdf.
Table 2. Renewable portfolio standards in the 30
States with current mandates: U.S. Energy Information Administration, Office of Integrated Analysis and
Forecasting. Based on a review of enabling legislation and
regulatory actions from the various States of policies identified by the Database of State Incentives for Renewable Energy (web site www.dsireuse.org) as of September 1, 2009.
Table 3. Key analyses from “Issues in Focus” in recent AEOs: U.S. Energy Information Administration, Annual Energy Outlook 2009, DOE/EIA-0383(2009) (Washington, DC, March 2009); U.S. Energy Information Administration, Annual Energy Outlook 2008, DOE/EIA-0383
(2008) (Washington, DC, June 2008); U.S. Energy Information Administration, Annual Energy Outlook 2007, DOE/
EIA-0383(2007) (Washington, DC, February 2007).
Table 4. Average annual increases in economic output, population, and energy consumption indicators
in the buildings, industrial, and transportation sectors, 2008-2035: AEO2010 National Energy Modeling System, run AEO2010R.D111809A.
Table 5. Maximum market potential for natural gas
heavy-duty vehicles in Base Market and Expanded
Market cases: U.S. Energy Information Administration,
Office of Integrated Analysis and Forecasting using data
from U.S. Department of Commerce, Bureau of Census, Vehicle Inventory and Use Survey, EC02TV (Washington, DC,
December 2004).
Table 6. Levelized capital costs for natural gas fueling stations with and without assumed tax credits:
U.S. Energy Information Administration, Office of Integrated Analysis and Forecasting.
Table 7. Natural gas prices, supply, and consumption
in four cases, 2035: AEO2010 National Energy Modeling
System,
runs
AEO2010R.D111809A,
NOSHALE.
D021110A, NOLOPERM.D020510A, and HISHALE.
D012210A.
Table 8. Comparison of key projections in the Reference and Nuclear 60-Year Life cases: AEO2010 National Energy Modeling System, runs AEO2010R.
D111809A and NUCRET.D123009A.
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Table 9. Projections of average annual economic
growth rates, 2008-2035: AEO2009 (Reference case):
AEO2009 National Energy Modeling System, run
AEO2009.D030208F. AEO2010 (Reference case):
AEO2010 National Energy Modeling System, run
AEO2010R.D111809A. IHSGI (May 2009): IHS/Global
Insight, Inc., U.S. Macroeconomic 30 Year Trend Forecast
(Lexington, MA, November 2009). OMB (July 2009): Office of Management and Budget, Mid-Session Review, Budget of the United States Government Fiscal Year 2009
(Washington, DC, June 2008). CBO (August 2009): Congressional Budget Office, The Budget and Economic Outlook (Washington, DC, January 2009) INFORUM (December 2009): INFORUM, email from Jeff Werling (December 8, 2008). SSA (May 2009): Social Security Administration, OASDI Trustees Report (Washington, DC, May
2008). BLS (December 2009): Bureau of Labor Statistics,
Macro Projections 2007. IEA (2009): International Energy
Agency, World Energy Outlook 2008 (Paris, France, September 2008). Blue Chip Consensus (March 2009): Blue
Chip Economic Indicators (Aspen Publishers, March 10,
2008).
Table 10. Projections of world oil prices, 2015-2035:
AEO2009 (Reference case): AEO2009 National Energy
Modeling System, run AEO2009.D030208F. AEO2010
(Reference case): AEO2010 National Energy Modeling
System, run AEO2010R.D111809A. DB: Deutsche Bank
AG, e-mail from Adam Sieminski (November 4, 2008).
IHSGI: IHS/Global Insight, Inc., U.S. Energy Outlook
(Lexington, MA, September 2008). IEA (reference): International Energy Agency, World Energy Outlook 2008
(Paris, France, September 2008), Reference Scenario. IER:
Institute of Energy Economics and the Rational Use of Energy at the University of Stuttgart, e-mail from Markus
Blesl (December 4, 2008). EVA: Energy Ventures Analysis,
Inc., e-mail from Roger Avalos (January 7, 2009). SEER:
Strategic Energy and Economic Research, Inc., e-mail from
Ron Denhardt (February 6, 2009).
Table 11. Projections of energy consumption by sector, 2007-2035: AEO2010: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A. IHSGI:
IHS/Global Insight, Inc., 2009 Energy Outlook (Lexington,
MA, September 2009). EVA: Energy Ventures Analysis,
Inc., FUELCAST: Long-Term Outlook (February 2010).
Table 12. Comparison of electricity projections, 2015
and 2035: AEO2010: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A. IHSGI: IHS/Global Insight, Inc., 2009 Energy Outlook (Lexington, MA, September 2009). EVA: Energy Ventures Analysis, Inc.,
FUELCAST: Long-Term Outlook (February 2010).
Table 13. Comparison of natural gas projections,
2015, 2025, and 2035: AEO2010: AEO2010 National Energy Modeling System, run AEO2010R.D111809A. IHSGI:
IHS/Global Insight, Inc., U.S. Energy Outlook (Lexington,
MA, September 2008). EVA: Energy Ventures Analysis,
Inc., FUELCAST: Long-Term Outlook (February 2010).
DB: Deutsche Bank AG, email from Adam Sieminski (November 3, 2009). SEER: Strategic Energy and Economic
Research, Inc., Natural Gas Outlook (November 2009).
Altos: Altos World Gas Trade Model (October 2009);
INFORUM: INFORUM Base, email from Douglas Meade
(Janauray15, 2010).
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Table 14. Comparison of liquids projections, 2015,
2025, and 2035: AEO2010: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A. IHSGI:
IHS/Global Insight, Inc., 2009 Energy Outlook (Lexington,
MA, September 2009). EVA: Energy Ventures Analysis,
Inc., FUELCAST: Long-Term Outlook (February 2010).
DB: Deutsche Bank AG, email from Adam Sieminski (November 3, 2009). P&G: Purvin and Gertz, Inc., 2009 Global
Petroleum Market Outlook, Vol. 2, Table III-2 (April 2009).
IEA: International Energy Agency, World Energy Outlook
2009 (Paris, France, November 2009), Table 1.4.
Table 15. Comparison of coal projections, 2015, 2025,
and 2035: AEO2010: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A. IHSGI: IHS/Global Insight, Inc., 2009 Energy Outlook (Lexington, MA, September 2009). DB: Deutsche Bank AG, email from Adam
Sieminski (November 3, 2009). IEA: International Energy
Agency, World Energy Outlook 2009 (Paris, France, November 2009), Table 1.4. WM: Wood Mackenzie Company,
Fall 2009 Long Term Outlook Base Case. INFORUM:
INFORUM Base, email from Douglas Meade (January15,
2010).

Figure Notes and Sources
Note: Tables indicated as sources in these notes refer
to the tables in Appendixes A, B, C, and D of this
report.
Figure 1. U.S. primary energy consumption, 19802035: History: U.S. Energy Information Administration,
Annual Energy Review 2008, DOE/EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National
Energy Modeling System, run AEO2010R. D111809A.
Figure 2. U.S. liquid fuels supply, 1970-2035: History:
U.S. Energy Information Administration, Annual Energy
Review 2008, DOE/EIA-0384(2008) (Washington, DC, June
2009). Projections: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 3. U.S. natural gas supply, 1990-2035: History:
U.S. Energy Information Administration, Annual Energy
Review 2008, DOE/EIA-0384(2008) (Washington, DC, June
2009). Projections: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 4. U.S. energy-related carbon dioxide emissions, 2008 and 2035: History: U.S. Energy Information
Administration, Annual Energy Review 2008, DOE/EIA0384(2008) (Washington, DC, June 2009). Projections:
U.S. Energy Information Administration, AEO2010
National Energy Modeling System, run AEO2010R.
D111809A.
Figure 5. Projected average fleet-wide fuel economy
and CO2-equivalent emissions compliance levels
for passenger cars, model year 2016: Environmental
Protection Agency and National Highway Traffic Safety
Administration, Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards; Final Rule, 40 CFR, Parts 85, 86, and 600, 49 CFR
Parts 531, 533, 537, and 538 [EPA-HQ-OAR-2009-0472;
FRL-_8959-4; NHTSA-2009-0059], RIN 2060-AP58; RIN
2127-AK50 (Washington, DC, April 2010), web site www.
nhtsa.dot.gov/staticfiles/DOT/NHTSA/Rulemaking/Rules/
Associated Files/CAFE-GHG-MY_2012-2016_Final_Rule_
v2.pdf.

Figure 6. Projected average fleet-wide fuel economy
and CO2-equivalent emissions compliance levels
for light trucks, model year 2016: Environmental Protection Agency and National Highway Traffic Safety Administration, Light-Duty Vehicle Greenhouse Gas Emission
Standards and Corporate Average Fuel Economy Standards; Final Rule, 40 CFR, Parts 85, 86, and 600, 49 CFR
Parts 531, 533, 537, and 538 [EPA-HQ-OAR-2009-0472;
FRL-_8959-4; NHTSA-2009-0059], RIN 2060-AP58; RIN
2127-AK50 (Washington, DC, April 2010), web site
www.nhtsa.dot.
gov/staticfiles/DOT/NHTSA/Rulemaking/Rules/
AssociatedFiles/CAFE-GHG-MY_2012-2016_Final_Rule_
v2.pdf.
Figure 7. Total energy consumption in three cases,
2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384(2008)
(Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, runs AEO2010R.
D111809A, NOSUNSET.D012510A, and EXTENDED.
D012410A.
Figure 8. Light-duty vehicle energy consumption
in three cases, 2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/
EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A,
NOSUNSET.D012510A,
and
EXTENDED.D012410A.
Figure 9. New light-duty vehicle fuel efficiency standards in two cases, 2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008,
DOE/EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System,
runs AEO2010R.D111809A and EXTENDED.D012410A.
Figure 10. New light-duty vehicle fuel efficiency
standards and fuel efficiency achieved in two cases,
2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384
(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, runs AEO2010R.
D111809A, NOSUNSET.D012510A, and EXTENDED.
D012410A.
Figure 11. Renewable electricity generation in three
cases, 2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384
(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, runs AEO2010R.
D111809A, NOSUNSET.D012510A, and EXTENDED.
D012410A.
Figure 12. Electricity generation from natural gas in
three cases, 2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/
EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A,
NOSUNSET.D012510A,
and
EXTENDED.D012410A.
Figure 13. Energy-related carbon dioxide emissions
in three cases, 2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/
EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A,
NOSUNSET.D012510A,
and
EXTENDED.D012410A.
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Figure 14. Natural gas wellhead prices in three
cases, 2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384
(2008) (Washington, DC, June 2009). Projections:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A,
NOSUNSET.D012510A,
and
EXTENDED.D012410A.
Figure 15. Average electricity prices in three cases,
2005-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384(2008)
(Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, runs AEO2010R.
D111809A, NOSUNSET.D012510A, and EXTENDED.
D012410A.
Figure 16. Average annual world oil prices in three
cases, 1980-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384
(2008) (Washington, DC, June 2009). Projections:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A, LP2010.D011910A, and HP2010.
D011910A.
Figure 17. Trends in U.S. oil prices, energy consumption, and economic output, 1950-2035: History: U.S.
Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384(2008) (Washington, DC, June
2009). Projections: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 18. Projected changes in indexes of energy efficiency, energy intensity, and carbon intensity in
the AEO2010 Reference case, 2008-2035: AEO2010 National Energy Modeling System, run AEO2010R.
D111809A.
Figure 19. Structural and efficiency effects on primary energy consumption in the AEO2010 Reference case: AEO2010 National Energy Modeling System,
run AEO2010R.D111809A, and U.S. Energy Information
Administration, Office of Integrated Analysis and Forecasting.
Figure 20. Energy efficiency and energy intensity in
three cases, 2008-2035: AEO2010 National Energy
Modeling
System,
runs
AEO2010R.D111809A,
LTRKITEN.D020510A, and HTRKITEN.D020510A.
Figure 21. Delivered energy prices for diesel and
natural gas transportation fuels in the Reference
case, 2000-2035: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 22. Sales of new heavy-duty natural gas vehicles in Base Market and Expanded Market cases
with Reference case world oil prices, 2010-2035:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A, ATHNG80S27.D033010A, and
ATHNG80SNM19.D032510A.
Figure 23. Natural gas fuel use by heavy-duty natural gas vehicles in Base Market and Expanded Market cases with Reference case world oil prices,
2010-2035: AEO2010 National Energy Modeling System,
runs AEO2010R.D111809A, ATHNG80S27.D033010A,
and ATHNG80SNM19.D032510A.
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Figure 24. Reductions in petroleum product use by
heavy-duty vehicles in Base Market and Expanded
Market cases with Reference case world oil prices,
2010-2035: AEO2010 National Energy Modeling System,
runs AEO2010R.D111809A, ATHNG80S27.D033010A,
and ATHNG80SNM19.D032510A.
Figure 25. Annual cost of vehicle and fuel tax credits
and net change in annual economy-wide energy
expenditures for the 2027 Phaseout Expanded
Market case, 2010-2027: AEO2010 National Energy
Modeling System, runs ATHNG80LP27.D033110A,
ATHNG80SNM19.D032510A,
ATHNG80LPNM19.
D032510A, and ATHNG80S27.D033010A.
Figure 26. Ratio of low-sulfur light crude oil prices
to natural gas prices on an energy-equivalent basis,
1995-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384(2008)
(Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, runs AEO2010R.
D111809A, LP2010.D011910A, and HP2010.D011910A.
Figure 27. Ratio of natural gas volume to diesel fuel
volume needed to provide the same energy content:
U.S. Energy Information Administration, Office of Integrated Analysis and Forecasting.
Figure 28. Breakeven natural gas price relative to
crude oil price required for investment in new
gas-to-liquids plants: AEO2010 National Energy
Modeling System, runs AEO2010R.D111809A, LP2010.
D011910A, and HP2010.D011910A; and U.S. Energy Information Administration, Office of Integrated Analysis and
Forecasting.
Figure 29. U.S. nuclear power plants that will reach
60 years of operation by 2035: U.S. Nuclear Regulatory
Commission, 2009-2010 Information Digest, NUREG-1350,
Vol. 1 (August 2009), web site www.nrc.gov/reading-rm/
doc-collections/nuregs/staff/sr1350/v21/sr1350v21.pdf.
Figure 30. Carbon dioxide emissions from biomass
energy combustion, 2008-2035: U.S. Energy Information Administration, Office of Integrated Analysis and
Forecasting.
Figure 31. Average annual growth rates of real GDP,
labor force, and productivity in three cases,
2008-2035: AEO2010 National Energy Modeling System,
runs AEO2010R.D111809A, HM2010.D020310A, and
LM2010.D011110A.
Figure 32. Average annual inflation, interest, and
unemployment rates in three cases, 2008-2035:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A, HM2010.D020310A, and LM2010.
D011110A.
Figure 33. Sectoral composition of industrial output
growth rates in three cases, 2008-2035: AEO2010 National Energy Modeling System, runs AEO2010R.
D111809A, HM2010.D020310A, and LM2010.D011110A.
Figure 34. Energy expenditures in the U.S. economy
in three cases, 1990-2035: AEO2010 National Energy
Modeling System, runs AEO2010R.D111809A, HM2010.
D020310A, and LM2010.D011110A.
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Figure 35. Energy end-use expenditures as a share of
gross domestic product, 1970-2035: History: U.S. Department of Commerce, Bureau of Economic Analysis, and
U.S. Energy Information Administration, Annual Energy
Review 2008, DOE/EIA-0384(2008) (Washington, DC, June
2009). Projections: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 36. Average annual world oil prices in three
cases, 1980-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384
(2008) (Washington, DC, June 2009). Projections:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A, LP2010.D011910A, and HP2010.
D011910A.
Figure 37. World liquids production shares by region
in three cases, 2008 and 2035: AEO2010 National Energy Modeling System, runs AEO2010R.D111809A,
LP2010.D011910A, and HP2010.D011910A.
Figure 38. Unconventional resources as a share of
total world liquids production in three cases, 2008
and 2035: 2008: Derived from U.S. Energy Information
Administration, International Energy Annual 2005
(June-October 2007), Table G.4, web site www.eia.doe.gov/
iea. Projections: Generate World Oil Balance (GWOB)
Model and AEO2010 National Energy Modeling System,
runs AEO2010R.D111809A, LP2010.D011910A, and
HP2010.D011910A.
Figure 39. Energy use per capita and per dollar of
gross domestic product, 1980-2035: History: U.S. Energy Information Administration, Annual Energy Review
2008, DOE/EIA-0384(2008) (Washington, DC, June 2009).
Projections: AEO2010 National Energy Modeling System, run AEO2010R.D111809A.
Figure 40. Primary energy use by end-use sector,
2008-2035: AEO2010 National Energy Modeling System,
run AEO2010R.D111809A.
Figure 41. Primary energy use by fuel, 1980-2035:
History: U.S. Energy Information Administration, Annual
Energy Review 2008, DOE/EIA-0384(2008) (Washington,
DC, June 2009). Projections: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
Figure 42. Residential delivered energy consumption per capita in four cases, 1990-2035: History: U.S.
Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384(2008) (Washington, DC, June
2009). Projections: AEO2010 National Energy Modeling
System,
runs
AEO2010R.D111809A,
BLDFRZN.
D012010A,
BLDHIGH.D012010C,
and
BLDBEST.
D012010A.
Figure 43. Change in residential electricity consumption for selected end uses in the Reference
case, 2008-2035: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 44. Energy intensity for selected end uses of
electricity in the residential sector in three cases,
2008 and 2035: AEO2010 National Energy Modeling System, runs AEO2010R.D111809A, BLDFRZN.D012010A,
and BLDBEST.D012010A.
Figure 45. Residential market saturation by renewable technologies in two cases, 2008, 2020, and 2035:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A and EXTENDED.D122409A.

Figure 46. Commercial delivered energy consumption per capita in four cases, 1990-2035: History: U.S.
Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384(2008) (Washington, DC, June
2009). Projections: AEO2010 National Energy Modeling
System,
runs
AEO2010R.D111809A,
BLDFRZN.
D012010A,
BLDHIGH.D012010C,
and
BLDBEST.
D012010A.
Figure 47. Average annual growth rates for selected
electricity end uses in the commercial sector,
2008-2035: AEO2010 National Energy Modeling System,
run AEO2010R.D111809A.
Figure 48. Efficiency gains for selected commercial
equipment in three cases, 2035: AEO2010 National Energy Modeling System, runs AEO2010R.D111809A;
BLDFRZN.D012010A, and BLDBEST.D012010A.
Figure 49. Additions to electricity generation capacity in the commercial sector in two cases, 2008-2035 :
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A and EXTENDED.D122409A.
Figure 50. Industrial delivered energy consumption
by application, 2008-2035: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
Figure 51. Industrial consumption of fuels for use as
feedstocks by fuel type, 2008-2035: AEO2010 National
Energy Modeling System, run AEO2010R.D111809A.
Figure 52. Industrial energy consumption by fuel,
2003, 2008, and 2035: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
Figure 53. Cumulative growth in value of shipments
by industrial subsector in three cases, 2008-2035:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A, HM2010.D020310A, and LM2010.
D011110A.
Figure 54. Change in delivered energy consumption
for industrial subsectors in three cases, 2008-2035:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A, HM2010.D020310A, and LM2010.
D011110A.
Figure 55. Delivered energy consumption for transportation by mode, 2008 and 2035: 2008: AEO2010 National Energy Modeling System, run AEO2010R.
D111809A.
Figure 56. Average fuel economy of new light-duty
vehicles in five cases, 1980-2035: History: U.S. Department of Transportation, National Highway Traffic Safety
Administration, Summary of Fuel Economy Performance
(Washington, DC, January 2008), web site www.nhtsa.dot.
gov/staticfiles/DOT/NHTSA/Vehicle%20Safety/Articles/
Associated%20 Files/SummaryFuelEconomyPerformance2008.pdf. Projections: AEO2010 National Energy
Modeling System, runs AEO2010R.D111809A, HP2010.
D011910A, LP2010.D011910A, TRNHIGH.D120409A, and
TRNLOW.D120409A.
Figure 57. Market penetration of new technologies
for light-duty vehicles, 2035: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
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Notes and Sources
Figure 58. Sales of unconventional light-duty vehicles by fuel type, 2008, 2020, and 2035: AEO2010 National Energy Modeling System, run AEO2010R.
D111809A.
Figure 59. U.S. electricity demand growth, 19502035: History: U.S. Energy Information Administration,
Annual Energy Review 2008, DOE/EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National
Energy Modeling System, run AEO2010R. D111809A.
Figure 60. Average annual U.S. retail electricity
prices in three cases, 1970-2035: History: U.S. Energy
Information Administration, Annual Energy Review 2008,
DOE/EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System,
runs AEO2010R.D111809A, LM2010.D011110A, and
HM2010.D020310A.
Figure 61. Electricity generation by fuel in three
cases, 2008 and 2035: AEO2010 National Energy
Modeling System, runs AEO2010R.D111809A, LM2010.
D011110A, and HM2010.D020310A.
Figure 62. Electricity generation capacity additions
by fuel type, 2009-2035: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
Figure 63. Levelized electricity costs for new power
plants, 2020 and 2035: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
Figure 64. Electricity generating capacity at U.S. nuclear power plants in three cases, 2008, 2020, and
2035: AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A, LM2010.D011110A, and HM2010.
D020310A.
Figure 65. Nonhydroelectric renewable electricity
generation by energy source, 2008-2035: AEO2010 National Energy Modeling System, run AEO2010R.
D111809A.
Figure 66. Grid-connected coal-fired and windpowered generating capacity, 2003-2035: U.S. Energy
Information Administration, Annual Energy Review 2008,
DOE/EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, run
AEO2010R.D111809A.
Figure 67. Nonhydropower renewable generation
capacity in three cases, 2015-2035: AEO2010 National
Energy Modeling System, runs AEO2010R.D111809A,
LORENCST10.D011510A, and HIRENCST10.D011410A.
Figure 68. Regional growth in nonhydroelectric renewable electricity generation capacity, including
end-use capacity, 2008-2035: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
Figure 69. Annual average lower 48 wellhead and
Henry Hub spot market prices for natural gas,
1990-2035: History: U.S. Energy Information Administration, Natural Gas Annual 2007, DOE/EIA-0131(2007)
(Washington, DC, January 2009). Henry Hub natural
gas prices: U.S. Energy Information Administration,
Short-Term Energy Outlook Query System, Monthly Natural Gas Data, Variable NGHHUUS. Projections: AEO2010 National Energy Modeling System, run AEO2010R.
D111809A.
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Figure 70. Ratio of low-sulfur light crude oil price to
Henry Hub natural gas price on an energy equivalent basis, 1990-2035: History: U.S. Energy Information
Administration, Annual Energy Review 2007, DOE/EIA0384(2007) (Washington, DC, June 2008). Henry Hub
natural gas prices: U.S. Energy Information Administration, Short-Term Energy Outlook Query System, Monthly
Natural Gas Data, Variable NGHHUUS. Projections:
AEO2010 National Energy Modeling System, run
AEO2010R.D111809A.
Figure 71. Annual average lower 48 wellhead prices
for natural gas in three technology cases, 1990-2035:
History: U.S. Energy Information Administration, Natural Gas Annual, 2007, DOE/EIA-0131(2007) (Washington,
DC, January 2009). Projections: AEO2010 National Energy Modeling System, runs AEO2010R.D111809A,
OGLTEC10.D121409A, and OGHTEC10.D121309A.
Figure 72. Annual average lower 48 wellhead prices
for natural gas in three oil price cases, 1990-2035:
History: U.S. Energy Information Administration, Natural Gas Annual, 2007, DOE/EIA-0131(2007) (Washington,
DC, January 2009). Projections: AEO2010 National Energy Modeling System, runs AEO2010R.D111809A,
HP2010.D011910A, LP2010.D011910A.
Figure 73. Natural gas production by source,
1990-2035: History: U.S. Energy Information Administration, Natural Gas Annual, 2007, DOE/EIA-0131(2007)
(Washington, DC, January 2009) and Office of Integrated
Analysis and Forecasting. Projections: AEO2010 National Energy Modeling System, run AEO2010R.
D111809A.
Figure 74. Total U.S. natural gas production in five
cases, 1990-2035: History: U.S. Energy Information Administration, Natural Gas Annual 2007, DOE/EIA-0131
(2007) (Washington, DC, January 2009). Projections:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A,
LM2010.D011110A,
HM2010.
D020310A, OGLTEC10,D121409A, and OGHTEC10.
D121309A.
Figure 75. Lower 48 onshore natural gas production
by region, 2008 and 2035: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
Figure 76. Shale gas production by region, 2008,
2020, and 2035: AEO2010 National Energy Modeling System, run AEO2010R.D111809A.
Figure 77. U.S. net imports of natural gas by source,
1990-2035: History: U.S. Energy Information Administration, Natural Gas Annual 2007, DOE/EIA-0131 (2007)
(Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, run AEO2010R.
D111809A.
Figure 78. Cumulative difference from Reference
case natural gas supply and consumption in the
High LNG Supply case, 2008-2035: AEO2010 National
Energy Modeling System, run HILNG10.D112509A.
Figure 79. Liquid fuels consumption by sector, 19902035: History: U.S. Energy Information Administration,
Annual Energy Review 2008, DOE/EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National
Energy Modeling System, run AEO2010R. D111809A.
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Figure 80. Domestic crude oil production by source,
1990-2035: History: U.S. Energy Information Administration, Petroleum Supply Annual 2008, Volume 1,
DOE/EIA-0340(2008)/1 (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System, run
AEO2010R.D111809A.
Figure 81. Total U.S. crude oil production in five
cases, 1990-2035: History: U.S. Energy Information Administration, Annual Energy Review 2008, DOE/EIA-0384
(2008) (Washington, DC, June 2009). Projections:
AEO2010 National Energy Modeling System, runs
AEO2010R.D111809A,
HP2010.D011910A,
LP2010.
D011910A, OGLTEC10.D121409A, and OGHTEC10.
D121309A.
Figure 82. Liquids production from biomass, coal,
and oil shale, 2008-2035: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A.
Figure 83. Net import share of U.S. liquid fuels consumption in three cases, 1990-2035: History: U.S. Energy Information Administration, Annual Energy Review
2008, DOE/EIA-0384(2008) (Washington, DC, June 2009).
Projections: AEO2010 National Energy Modeling System, runs AEO2010R.D111809A, LP2010.D011910A, and
HP2010.D011910A.
Figure 84. EISA2007 RFS credits earned in selected
years, 2008-2035: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 85. U.S. motor gasoline and diesel fuel consumption, 2008-2035: AEO2010 National Energy Modeling System, run AEO2010R.D111809A.
Figure 86. U.S. refinery capacity, 1970-2035: History:
U.S. Energy Information Administration, Annual Energy
Review 2008, DOE/EIA-0384(2008) (Washington, DC, June
2009). Projections: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 87. U.S. production of cellulosic ethanol and
other new biofuels, 2015-2035: AEO2010 National Energy Modeling System, run AEO2010R.D111809A.
Figure 88. Coal production by region, 1970-2035: History (short tons): 1970-1990: U.S. Energy Information
Administration, The U.S. Coal Industry, 1970-1990: Two
Decades of Change, DOE/EIA-0559 (Washington, DC, November 2002). 1991-2000: U.S. Energy Information Administration, Coal Industry Annual, DOE/EIA-0584 (various years). 2001-2008: U.S. Energy Information Administration, Annual Coal Report 2008, DOE/EIA-0584(2008)
(Washington, DC, September 2009), and previous issues.
History (conversion to quadrillion Btu): 1970-2008:
Estimation Procedure: U.S. Energy Information Administration, Office of Integrated Analysis and Forecasting. Estimates of average heat content by region and year are
based on coal quality data collected through various energy
surveys (see sources) and national-level estimates of U.S.
coal production by year in units of quadrillion Btu, published in EIA’s Annual Energy Review. Sources: U.S. Energy Information Administration, Annual Energy Review
2008, DOE/EIA-0384(2008) (Washington, DC, June 2009),
Table 1.2; Form EIA-3, “Quarterly Coal Consumption and
Quality Report, Manufacturing Plants”; Form EIA-5,
“Quarterly Coal Consumption and Quality Report, Coke
Plants”; Form EIA-6A, “Coal Distribution Report”; Form
EIA-7A, “Coal Production Report”; Form EIA-423,

“Monthly Cost and Quality of Fuels for Electric Plants Report”; Form EIA-906, “Power Plant Report”; Form
EIA-920, “Combined Heat and Power Plant Report”; Form
EIA-923, “Power Plant Operations Report”; U.S. Department of Commerce, Bureau of the Census, “Monthly Report
EM 545”; and Federal Energy Regulatory Commission,
Form 423, “Monthly Report of Cost and Quality of Fuels for
Electric Plants.” Projections: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A. Note: For
1989-2030, coal production includes waste coal.
Figure 89. U.S. coal production in six cases, 2008,
2020, and 2035: AEO2010 National Energy Modeling System, runs AEO2010R.D111809A, LCCST10.D120909A,
HCCST10.D120909A,
LM2010.D011110A,
HM2010.
D020310A, and HP2010.D011910A. Note: Coal production
includes waste coal.
Figure 90. Average annual minemouth coal prices by
region, 1990-2035: History (dollars per short ton):
1990-2000: U.S. Energy Information Administration, Coal
Industry Annual, DOE/EIA-0584 (various years).
2001-2008: U.S. Energy Information Administration, Annual Coal Report 2008, DOE/EIA-0584(2008) (Washington,
DC, September 2009), and previous issues. History (conversion to dollars per million Btu): 1970-2008: Estimation Procedure: U.S. Energy Information Administration, Office of Integrated Analysis and Forecasting. Estimates of average heat content by region and year based on
coal quality data collected through various energy surveys
(see sources) and national-level estimates of U.S. coal production by year in units of quadrillion Btu published in
EIA’s Annual Energy Review. Sources: U.S. Energy Information Administration, Annual Energy Review 2008,
DOE/EIA-0384(2008) (Washington, DC, June 2009), Table
1.2; Form EIA-3, “Quarterly Coal Consumption and Quality Report, Manufacturing Plants”; Form EIA-5, “Quarterly Coal Consumption and Quality Report, Coke Plants”;
Form EIA-6A, “Coal Distribution Report”; Form EIA-7A,
“Coal Production Report”; Form EIA-423, “Monthly Cost
and Quality of Fuels for Electric Plants Report”; Form
EIA-906, “Power Plant Report”; and Form EIA-920, “Combined Heat and Power Plant Report”; Form EIA-923,
“Power Plant Operations Report”; U.S. Department of
Commerce, Bureau of the Census, “Monthly Report EM
545”; and Federal Energy Regulatory Commission, Form
423, “Monthly Report of Cost and Quality of Fuels for Electric Plants.” Projections: AEO2010 National Energy
Modeling System, run AEO2010R.D111809A. Note: Includes reported prices for both open-market and captive
mines.
Figure 91. Average annual delivered coal prices in
four cases, 1990-2035: History: 1990-2008: U.S. Energy
Information Administration, Quarterly Coal Report, October-December 2008, DOE/EIA-0121(2008/4Q) (Washington,
DC, March 2009), and previous issues; Electric Power
Monthly, October 2009, DOE/EIA-0226(2009/10) (Washington, DC, October 2009); and Annual Energy Review 2008,
DOE/EIA-0384(2008) (Washington, DC, June 2009). Projections: AEO2010 National Energy Modeling System,
runs
AEO2010R.D111809A,
LCCST10.D120909A,
HCCST10.D120909A, and HP2010.D011910A.
Figure 92. Change in U.S. coal consumption by end
use in two cases, 2008-2035: AEO2010 National Energy
Modeling System, runs AEO2010R.D111809A and
NORSK2010.D012510A.
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Figure 93. Carbon dioxide emissions by sector and
fuel, 2008 and 2035: AEO2010 National Energy Modeling
System, run AEO2010R.D111809A.
Figure 94. Sulfur dioxide emissions from electricity
generation, 2000-2035: History: 1995: U.S. Environmental Protection Agency, National Air Pollutant Emissions Trends, 1990-1998, EPA-454/R-00-002 (Washington,
DC, March 2000). 2000: U.S. Environmental Protection
Agency, Acid Rain Program Preliminary Summary Emissions Report, Fourth Quarter 2004, web site www.epa.gov/
airmarkets/emissions/prelimarp/index.html. 2008 and
Projections: AEO2010 National Energy Modeling System, run AEO2010R.D111809A.
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Figure 95. Nitrogen oxide emissions from electricity
generation, 2000-2035: History: 1995: U.S. Environmental Protection Agency, National Air Pollutant Emissions Trends, 1990-1998, EPA-454/R-00-002 (Washington,
DC, March 2000). 2000: U.S. Environmental Protection
Agency, Acid Rain Program Preliminary Summary Emissions Report, Fourth Quarter 2004, web site www.epa.gov/
airmarkets/emissions/prelimarp/index.html. 2008 and
Projections: AEO2010 National Energy Modeling System, run AEO2010R.D111809A.
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Appendix A

Reference Case
7DEOH$

7RWDO(QHUJ\6XSSO\'LVSRVLWLRQDQG3ULFH6XPPDU\
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
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3ULFHV GROODUVSHUXQLW
3HWUROHXP GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO3ULFH   
,PSRUWHG&UXGH2LO3ULFH                
1DWXUDO*DV GROODUVSHUPLOOLRQ%WX
3ULFHDW+HQU\+XE                      
:HOOKHDG3ULFH                        
1DWXUDO*DV GROODUVSHUWKRXVDQGFXELFIHHW
:HOOKHDG3ULFH                        
&RDO GROODUVSHUWRQ
0LQHPRXWK3ULFH                      
&RDO GROODUVSHUPLOOLRQ%WX
0LQHPRXWK3ULFH                      
$YHUDJH'HOLYHUHG3ULFH                 
$YHUDJH(OHFWULFLW\3ULFH FHQWVSHUNLORZDWWKRXU
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Reference Case
7DEOH$

7RWDO(QHUJ\6XSSO\DQG'LVSRVLWLRQ6XPPDU\ &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH

6XSSO\'LVSRVLWLRQDQG3ULFHV

3ULFHV QRPLQDOGROODUVSHUXQLW
3HWUROHXP GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO3ULFH   
,PSRUWHG&UXGH2LO3ULFH                
1DWXUDO*DV GROODUVSHUPLOOLRQ%WX
3ULFHDW+HQU\+XE                      
:HOOKHDG3ULFH                        
1DWXUDO*DV GROODUVSHUWKRXVDQGFXELFIHHW
:HOOKHDG3ULFH                        
&RDO GROODUVSHUWRQ
0LQHPRXWK3ULFH                      
&RDO GROODUVSHUPLOOLRQ%WX
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,QFOXGHVZDVWHFRDO

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPZRRGDQGZRRGZDVWHELRPDVVVXFKDVFRUQXVHGIRUOLTXLGIXHOVSURGXFWLRQDQGQRQHOHFWULFHQHUJ\GHPDQGIURPZRRG
5HIHUWR7DEOH$IRUGHWDLOV

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPODQGILOOJDVELRJHQLFPXQLFLSDOZDVWHZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHVDQGQRQHOHFWULFHQHUJ\IURPUHQHZDEOH
VRXUFHVVXFKDVDFWLYHDQGSDVVLYHVRODUV\VWHPV([FOXGHVHOHFWULFLW\LPSRUWVXVLQJUHQHZDEOHVRXUFHVDQGQRQPDUNHWHGUHQHZDEOHHQHUJ\6HH7DEOH$IRU
VHOHFWHGQRQPDUNHWHGUHVLGHQWLDODQGFRPPHUFLDOUHQHZDEOHHQHUJ\

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHOLTXLGK\GURJHQPHWKDQRODQGVRPHGRPHVWLFLQSXWVWRUHILQHULHV

,QFOXGHVLPSRUWVRIILQLVKHGSHWUROHXPSURGXFWVXQILQLVKHGRLOVDOFRKROVHWKHUVEOHQGLQJFRPSRQHQWVDQGUHQHZDEOHIXHOVVXFKDVHWKDQRO

,QFOXGHVFRDOFRDOFRNH QHW DQGHOHFWULFLW\ QHW 

,QFOXGHVFUXGHRLODQGSHWUROHXPSURGXFWV

%DODQFLQJLWHP,QFOXGHVXQDFFRXQWHGIRUVXSSO\ORVVHVJDLQVDQGQHWVWRUDJHZLWKGUDZDOV

,QFOXGHVSHWUROHXPGHULYHGIXHOVDQGQRQSHWUROHXPGHULYHGIXHOVVXFKDVHWKDQRODQGELRGLHVHODQGFRDOEDVHGV\QWKHWLFOLTXLGV3HWUROHXPFRNHZKLFKLVDVROLG
LVLQFOXGHG$OVRLQFOXGHGDUHQDWXUDOJDVSODQWOLTXLGVDQGFUXGHRLOFRQVXPHGDVDIXHO5HIHUWR7DEOH$IRUGHWDLOHGUHQHZDEOHOLTXLGIXHOVFRQVXPSWLRQ

([FOXGHVFRDOFRQYHUWHGWRFRDOEDVHGV\QWKHWLFOLTXLGVDQGFRDOEDVHGV\QWKHWLFQDWXUDOJDV

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPZRRGDQGZRRGZDVWHQRQHOHFWULFHQHUJ\IURPZRRGDQGELRIXHOVKHDWDQGFRSURGXFWVXVHGLQWKHSURGXFWLRQRIOLTXLG
IXHOVEXWH[FOXGHVWKHHQHUJ\FRQWHQWRIWKHOLTXLGIXHOV

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHDQGQHWHOHFWULFLW\LPSRUWV

:HLJKWHGDYHUDJHSULFHGHOLYHUHGWR86UHILQHUV

5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSOLHV

,QFOXGHVUHSRUWHGSULFHVIRUERWKRSHQPDUNHWDQGFDSWLYHPLQHV

3ULFHVZHLJKWHGE\FRQVXPSWLRQZHLJKWHGDYHUDJHH[FOXGHVUHVLGHQWLDODQGFRPPHUFLDOSULFHVDQGH[SRUWIUHHDORQJVLGHVKLS IDV SULFHV
%WX %ULWLVKWKHUPDOXQLW
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVQDWXUDOJDVVXSSO\YDOXHV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\
 QDWXUDOJDVVXSSO\YDOXHVDQGQDWXUDOJDVZHOOKHDGSULFH(,$1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ QDWXUDO
JDVZHOOKHDGSULFH0LQHUDOV0DQDJHPHQW6HUYLFHDQG(,$1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ DQGFRDO
PLQHPRXWKDQGGHOLYHUHGFRDOSULFHV(,$$QQXDO&RDO5HSRUW'2((,$   :DVKLQJWRQ'&6HSWHPEHU SHWUROHXPVXSSO\YDOXHVDQG
FUXGHRLODQGOHDVHFRQGHQVDWHSURGXFWLRQ(,$3HWUROHXP6XSSO\$QQXDO'2((,$   :DVKLQJWRQ'&-XQH 2WKHUSHWUROHXP
VXSSO\YDOXHV(,$3HWUROHXP6XSSO\$QQXDO'2((,$   :DVKLQJWRQ'&-XO\ DQGORZVXOIXUOLJKWFUXGHRLOSULFH(,$)RUP
(,$³0RQWKO\)RUHLJQ&UXGH2LO$FTXLVLWLRQ5HSRUW´2WKHUDQGFRDOYDOXHV4XDUWHUO\&RDO5HSRUW2FWREHU'HFHPEHU'2((,$ 4
:DVKLQJWRQ'&0DUFK 2WKHUDQGYDOXHV(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 3URMHFWLRQV
(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$

108

U.S. Energy Information Administration / Annual Energy Outlook 2010

Reference Case
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(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH
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&RPSUHVVHG1DWXUDO*DV               
/LTXLG+\GURJHQ                      
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

































































































































'HOLYHUHG(QHUJ\&RQVXPSWLRQIRU$OO
6HFWRUV
/LTXHILHG3HWUROHXP*DVHV              
(                                
0RWRU*DVROLQH                       
-HW)XHO                            
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
2WKHU3HWUROHXP                     
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO 
1DWXUDO*DV                          
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
/HDVHDQG3ODQW)XHO                  
3LSHOLQH1DWXUDO*DV                   
1DWXUDO*DV6XEWRWDO                  
0HWDOOXUJLFDO&RDO                     
2WKHU&RDO                           
&RDOWR/LTXLGV+HDWDQG3RZHU          
1HW&RDO&RNH,PSRUWV                 
&RDO6XEWRWDO                        
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOH(QHUJ\                   
/LTXLG+\GURJHQ                      
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

































































































































































































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO 
1DWXUDO*DV                          
6WHDP&RDO                          
1XFOHDU3RZHU                        
5HQHZDEOH(QHUJ\                   
(OHFWULFLW\,PSRUWV                     
7RWDO                             

















































































U.S. Energy Information Administration / Annual Energy Outlook 2010

Reference Case
7DEOH$

(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH

$QQXDO
*URZWK

SHUFHQW















7RWDO(QHUJ\&RQVXPSWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                
0RWRU*DVROLQH                       
-HW)XHO                            
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
2WKHU3HWUROHXP                     
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO 
1DWXUDO*DV                          
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
/HDVHDQG3ODQW)XHO                  
3LSHOLQH1DWXUDO*DV                   
1DWXUDO*DV6XEWRWDO                  
0HWDOOXUJLFDO&RDO                     
2WKHU&RDO                           
&RDOWR/LTXLGV+HDWDQG3RZHU          
1HW&RDO&RNH,PSRUWV                 
&RDO6XEWRWDO                        
1XFOHDU3RZHU                        
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOH(QHUJ\                   
/LTXLG+\GURJHQ                      
(OHFWULFLW\,PSRUWV                     
7RWDO                              

























































































































































































































(QHUJ\8VHDQG5HODWHG6WDWLVWLFV
'HOLYHUHG(QHUJ\8VH                   
7RWDO(QHUJ\8VH                       
(WKDQRO&RQVXPHGLQ0RWRU*DVROLQHDQG(
3RSXODWLRQ PLOOLRQV                    
*URVV'RPHVWLF3URGXFW ELOOLRQGROODUV
&DUERQ'LR[LGH(PLVVLRQV PLOOLRQPHWULFWRQV


























































,QFOXGHVZRRGXVHGIRUUHVLGHQWLDOKHDWLQJ6HH7DEOH$DQGRU7DEOH$IRUHVWLPDWHVRIQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSV
VRODUWKHUPDOKRWZDWHUKHDWLQJDQGHOHFWULFLW\JHQHUDWLRQIURPZLQGDQGVRODUSKRWRYROWDLFVRXUFHV

,QFOXGHVHWKDQRO EOHQGVRISHUFHQWRUOHVV DQGHWKHUVEOHQGHGLQWRJDVROLQH

([FOXGHVHWKDQRO,QFOXGHVFRPPHUFLDOVHFWRUFRQVXPSWLRQRIZRRGDQGZRRGZDVWHODQGILOOJDVPXQLFLSDOZDVWHDQGRWKHUELRPDVVIRUFRPELQHGKHDWDQGSRZHU
6HH7DEOH$DQGRU7DEOH$IRUHVWLPDWHVRIQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUVRODUWKHUPDOKRWZDWHUKHDWLQJDQGHOHFWULFLW\JHQHUDWLRQIURPZLQG
DQGVRODUSKRWRYROWDLFVRXUFHV

,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVSHWUROHXPFRNHDVSKDOWURDGRLOOXEULFDQWVVWLOOJDVDQGPLVFHOODQHRXVSHWUROHXPSURGXFWV

5HSUHVHQWVQDWXUDOJDVXVHGLQZHOOILHOGDQGOHDVHRSHUDWLRQVDQGLQQDWXUDOJDVSURFHVVLQJSODQWPDFKLQHU\

7KHHQHUJ\FRQWHQWRIELRIXHOVIHHGVWRFNPLQXVWKHHQHUJ\FRQWHQWRIOLTXLGIXHOSURGXFHG

,QFOXGHVFRQVXPSWLRQRIHQHUJ\SURGXFHGIURPK\GURHOHFWULFZRRGDQGZRRGZDVWHPXQLFLSDOZDVWHDQGRWKHUELRPDVVVRXUFHV([FOXGHVHWKDQROEOHQGV 
SHUFHQWRUOHVV LQPRWRUJDVROLQH

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQRO
YDULHVVHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

,QFOXGHVRQO\NHURVHQHW\SH

'LHVHOIXHOIRURQDQGRIIURDGXVH

,QFOXGHVDYLDWLRQJDVROLQHDQGOXEULFDQWV

,QFOXGHVXQILQLVKHGRLOVQDWXUDOJDVROLQHPRWRUJDVROLQHEOHQGLQJFRPSRQHQWVDYLDWLRQJDVROLQHOXEULFDQWVVWLOOJDVDVSKDOWURDGRLOSHWUROHXPFRNHDQG
PLVFHOODQHRXVSHWUROHXPSURGXFWV

,QFOXGHVHOHFWULFLW\JHQHUDWHGIRUVDOHWRWKHJULGDQGIRURZQXVHIURPUHQHZDEOHVRXUFHVDQGQRQHOHFWULFHQHUJ\IURPUHQHZDEOHVRXUFHV([FOXGHVHWKDQRODQG
QRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVEXLOGLQJVSKRWRYROWDLFV\VWHPVDQGVRODUWKHUPDOKRWZDWHUKHDWHUV

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKH
SXEOLF,QFOXGHVVPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGDQGZRRGZDVWHELRJHQLFPXQLFLSDOZDVWHRWKHUELRPDVVZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHV
([FOXGHVQHWHOHFWULFLW\LPSRUWV

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHQRWLQFOXGHGDERYH

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGDQGZRRGZDVWHELRJHQLFPXQLFLSDOZDVWHRWKHUELRPDVVZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHV
([FOXGHVHWKDQROQHWHOHFWULFLW\LPSRUWVDQGQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVEXLOGLQJVSKRWRYROWDLFV\VWHPVDQGVRODUWKHUPDO
KRWZDWHUKHDWHUV
%WX %ULWLVKWKHUPDOXQLW
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGFRQVXPSWLRQEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&
-XQH DQGSRSXODWLRQDQGJURVVGRPHVWLFSURGXFW,+6*OREDO,QVLJKW,QGXVWU\DQG(PSOR\PHQWPRGHOV$XJXVWDQGFDUERQGLR[LGH
HPLVVLRQV(,$(PLVVLRQVRI*UHHQKRXVH*DVHVLQWKH8QLWHG6WDWHV'2((,$   :DVKLQJWRQ'&'HFHPEHU 3URMHFWLRQV(,$$(2
1DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH
'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH
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$QQXDO
*URZWK

SHUFHQW

5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             









































&RPPHUFLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             

















































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
0HWDOOXUJLFDO&RDO                      
2WKHU,QGXVWULDO&RDO                    
&RDOWR/LTXLGV                         
(OHFWULFLW\                             









































































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LHVHO)XHO GLVWLOODWHIXHORLO              
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
(OHFWULFLW\                             









































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
6WHDP&RDO                           









































$YHUDJH3ULFHWR$OO8VHUV
/LTXHILHG3HWUROHXP*DVHV               
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
0HWDOOXUJLFDO&RDO                      
2WKHU&RDO                            
&RDOWR/LTXLGV                         
(OHFWULFLW\                             

































































































1RQ5HQHZDEOH(QHUJ\([SHQGLWXUHVE\
6HFWRU ELOOLRQGROODUV
5HVLGHQWLDO                            
&RPPHUFLDO                           
,QGXVWULDO                             
7UDQVSRUWDWLRQ                         
7RWDO1RQ5HQHZDEOH([SHQGLWXUHV       
7UDQVSRUWDWLRQ5HQHZDEOH([SHQGLWXUHV    
7RWDO([SHQGLWXUHV                   
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Reference Case
7DEOH$

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH &RQWLQXHG
1RPLQDO'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH














$QQXDO
*URZWK

SHUFHQW

5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             









































&RPPHUFLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             

















































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
0HWDOOXUJLFDO&RDO                      
2WKHU,QGXVWULDO&RDO                    
&RDOWR/LTXLGV                         
(OHFWULFLW\                             









































































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LHVHO)XHO GLVWLOODWHIXHORLO              
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
(OHFWULFLW\                             









































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
6WHDP&RDO                           
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Reference Case
7DEOH$

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH &RQWLQXHG
1RPLQDO'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH














$QQXDO
*URZWK

SHUFHQW

$YHUDJH3ULFHWR$OO8VHUV
/LTXHILHG3HWUROHXP*DVHV               
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
0HWDOOXUJLFDO&RDO                      
2WKHU&RDO                            
&RDOWR/LTXLGV                         
(OHFWULFLW\                             

































































































1RQ5HQHZDEOH(QHUJ\([SHQGLWXUHVE\
6HFWRU ELOOLRQQRPLQDOGROODUV
5HVLGHQWLDO                            
&RPPHUFLDO                           
,QGXVWULDO                             
7UDQVSRUWDWLRQ                         
7RWDO1RQ5HQHZDEOH([SHQGLWXUHV       
7UDQVSRUWDWLRQ5HQHZDEOH([SHQGLWXUHV    
7RWDO([SHQGLWXUHV                   



































































,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
([FOXGHVXVHIRUOHDVHDQGSODQWIXHO
,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQRO
YDULHVVHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

6DOHVZHLJKWHGDYHUDJHSULFHIRUDOOJUDGHV,QFOXGHV)HGHUDO6WDWHDQGORFDOWD[HV

.HURVHQHW\SHMHWIXHO,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

'LHVHOIXHOIRURQURDGXVH,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

&RPSUHVVHGQDWXUDOJDVXVHGDVDYHKLFOHIXHO,QFOXGHVHVWLPDWHGPRWRUYHKLFOHIXHOWD[HVDQGHVWLPDWHGGLVSHQVLQJFRVWVRUFKDUJHV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

:HLJKWHGDYHUDJHVRIHQGXVHIXHOSULFHVDUHGHULYHGIURPWKHSULFHVVKRZQLQHDFKVHFWRUDQGWKHFRUUHVSRQGLQJVHFWRUDOFRQVXPSWLRQ
%WX %ULWLVKWKHUPDOXQLW
 1RWDSSOLFDEOH
1RWH'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVDQGSULFHVIRUPRWRUJDVROLQHGLVWLOODWHIXHORLODQGMHWIXHODUHEDVHGRQSULFHVLQWKH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 3HWUROHXP
0DUNHWLQJ$QQXDO'2((,$   :DVKLQJWRQ'&$XJXVW UHVLGHQWLDODQGFRPPHUFLDOQDWXUDOJDVGHOLYHUHGSULFHV(,$1DWXUDO*DV$QQXDO
'2((,$   :DVKLQJWRQ'&-DQXDU\ UHVLGHQWLDODQGFRPPHUFLDOQDWXUDOJDVGHOLYHUHGSULFHV(,$1DWXUDO*DV0RQWKO\'2((,$
   :DVKLQJWRQ'&-XO\ DQGLQGXVWULDOQDWXUDOJDVGHOLYHUHGSULFHVDUHHVWLPDWHGEDVHGRQ(,$ 0DQXIDFWXULQJ(QHUJ\&RQVXPSWLRQ
6XUYH\DQGLQGXVWULDODQGZHOOKHDGSULFHVIURPWKH1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ DQGWKH1DWXUDO*DV0RQWKO\
'2((,$   :DVKLQJWRQ'&-XO\ WUDQVSRUWDWLRQVHFWRUQDWXUDOJDVGHOLYHUHGSULFHVDUHEDVHGRQ(,$1DWXUDO*DV$QQXDO'2((,$
   :DVKLQJWRQ'&-DQXDU\ DQGHVWLPDWHG6WDWHWD[HV)HGHUDOWD[HVDQGGLVSHQVLQJFRVWVRUFKDUJHVWUDQVSRUWDWLRQVHFWRUQDWXUDOJDV
GHOLYHUHGSULFHVDUHPRGHOUHVXOWVDQGHOHFWULFSRZHUVHFWRUQDWXUDOJDVSULFHV(,$(OHFWULF3RZHU0RQWKO\'2((,$$SULODQG$SULO
7DEOH%DQGFRDOSULFHVEDVHGRQ(,$4XDUWHUO\&RDO5HSRUW2FWREHU'HFHPEHU'2((,$ 4  :DVKLQJWRQ'&0DUFK
DQG(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$DQGHOHFWULFLW\SULFHV(,$$QQXDO(QHUJ\5HYLHZ'2((,$
   :DVKLQJWRQ'&-XQH DQG(SULFHVGHULYHGIURPPRQWKO\SULFHVLQWKH&OHDQ&LWLHV$OWHUQDWLYH)XHO3ULFH5HSRUW3URMHFWLRQV(,$
$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$

5HVLGHQWLDO6HFWRU.H\,QGLFDWRUVDQG&RQVXPSWLRQ
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ

$QQXDO
*URZWK

SHUFHQW















.H\,QGLFDWRUV
+RXVHKROGV PLOOLRQV
6LQJOH)DPLO\                         
0XOWLIDPLO\                           
0RELOH+RPHV                        
7RWDO                              









































$YHUDJH+RXVH6TXDUH)RRWDJH          

































































'HOLYHUHG(QHUJ\&RQVXPSWLRQE\)XHO
(OHFWULFLW\
6SDFH+HDWLQJ                        
6SDFH&RROLQJ                        
:DWHU+HDWLQJ                        
5HIULJHUDWLRQ                         
&RRNLQJ                             
&ORWKHV'U\HUV                        
)UHH]HUV                            
/LJKWLQJ                             
&ORWKHV:DVKHUV                     
'LVKZDVKHUV                         
&RORU7HOHYLVLRQVDQG6HW7RS%R[HV      
3HUVRQDO&RPSXWHUVDQG5HODWHG(TXLSPHQW
)XUQDFH)DQVDQG%RLOHU&LUFXODWLRQ3XPSV 
2WKHU8VHV                          
'HOLYHUHG(QHUJ\                    

































































































































1DWXUDO*DV
6SDFH+HDWLQJ                        
6SDFH&RROLQJ                        
:DWHU+HDWLQJ                        
&RRNLQJ                             
&ORWKHV'U\HUV                        
'HOLYHUHG(QHUJ\                    

























































'LVWLOODWH)XHO2LO
6SDFH+HDWLQJ                        
:DWHU+HDWLQJ                        
'HOLYHUHG(QHUJ\                    

































/LTXHILHG3HWUROHXP*DVHV
6SDFH+HDWLQJ                        
:DWHU+HDWLQJ                        
&RRNLQJ                             
2WKHU8VHV                          
'HOLYHUHG(QHUJ\                    

















































0DUNHWHG5HQHZDEOHV ZRRG             
2WKHU)XHOV                           

























(QHUJ\,QWHQVLW\
 PLOOLRQ%WXSHUKRXVHKROG
'HOLYHUHG(QHUJ\&RQVXPSWLRQ           
7RWDO(QHUJ\&RQVXPSWLRQ              
 WKRXVDQG%WXSHUVTXDUHIRRW
'HOLYHUHG(QHUJ\&RQVXPSWLRQ           
7RWDO(QHUJ\&RQVXPSWLRQ              

U.S. Energy Information Administration / Annual Energy Outlook 2010

115

Reference Case
7DEOH$

5HVLGHQWLDO6HFWRU.H\,QGLFDWRUVDQG&RQVXPSWLRQ &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ














$QQXDO
*URZWK

SHUFHQW

'HOLYHUHG(QHUJ\&RQVXPSWLRQE\(QG8VH
6SDFH+HDWLQJ                        
6SDFH&RROLQJ                        
:DWHU+HDWLQJ                        
5HIULJHUDWLRQ                         
&RRNLQJ                             
&ORWKHV'U\HUV                        
)UHH]HUV                            
/LJKWLQJ                             
&ORWKHV:DVKHUV                     
'LVKZDVKHUV                         
&RORU7HOHYLVLRQVDQG6HW7RS%R[HV      
3HUVRQDO&RPSXWHUVDQG5HODWHG(TXLSPHQW
)XUQDFH)DQVDQG%RLOHU&LUFXODWLRQ3XPSV 
2WKHU8VHV                          
'HOLYHUHG(QHUJ\                    

































































































































(OHFWULFLW\5HODWHG/RVVHV               

















7RWDO(QHUJ\&RQVXPSWLRQE\(QG8VH
6SDFH+HDWLQJ                        
6SDFH&RROLQJ                        
:DWHU+HDWLQJ                        
5HIULJHUDWLRQ                         
&RRNLQJ                             
&ORWKHV'U\HUV                        
)UHH]HUV                            
/LJKWLQJ                             
&ORWKHV:DVKHUV                     
'LVKZDVKHUV                         
&RORU7HOHYLVLRQVDQG6HW7RS%R[HV      
3HUVRQDO&RPSXWHUVDQG5HODWHG(TXLSPHQW
)XUQDFH)DQVDQG%RLOHU&LUFXODWLRQ3XPSV 
2WKHU8VHV                          
7RWDO                              

































































































































1RQPDUNHWHG5HQHZDEOHV
*HRWKHUPDO+HDW3XPSV                
6RODU+RW:DWHU+HDWLQJ                
6RODU3KRWRYROWDLF                     
:LQG                               
7RWDO                              



















































'RHVQRWLQFOXGHZDWHUKHDWLQJSRUWLRQRIORDG
,QFOXGHVVPDOOHOHFWULFGHYLFHVKHDWLQJHOHPHQWVDQGPRWRUVQRWOLVWHGDERYH
,QFOXGHVVXFKDSSOLDQFHVDVRXWGRRUJULOOVDQGPRVTXLWRWUDSV

,QFOXGHVZRRGXVHGIRUSULPDU\DQGVHFRQGDU\KHDWLQJLQZRRGVWRYHVRUILUHSODFHVDVUHSRUWHGLQWKH5HVLGHQWLDO(QHUJ\&RQVXPSWLRQ6XUYH\

,QFOXGHVNHURVHQHDQGFRDO

,QFOXGHVDOORWKHUXVHVOLVWHGDERYH

5HSUHVHQWVGHOLYHUHGHQHUJ\GLVSODFHG
%WX %ULWLVKWKHUPDOXQLW
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 
3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$

&RPPHUFLDO6HFWRU.H\,QGLFDWRUVDQG&RQVXPSWLRQ
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ














$QQXDO
*URZWK

SHUFHQW

.H\,QGLFDWRUV
7RWDO)ORRUVSDFH ELOOLRQVTXDUHIHHW
6XUYLYLQJ                            
1HZ$GGLWLRQV                        
7RWDO                              

































(QHUJ\&RQVXPSWLRQ,QWHQVLW\
 WKRXVDQG%WXSHUVTXDUHIRRW
'HOLYHUHG(QHUJ\&RQVXPSWLRQ           
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO(QHUJ\&RQVXPSWLRQ              

































3XUFKDVHG(OHFWULFLW\
6SDFH+HDWLQJ                       
6SDFH&RROLQJ                       
:DWHU+HDWLQJ                       
9HQWLODWLRQ                           
&RRNLQJ                             
/LJKWLQJ                             
5HIULJHUDWLRQ                         
2IILFH(TXLSPHQW 3&                  
2IILFH(TXLSPHQW QRQ3&              
2WKHU8VHV                          
'HOLYHUHG(QHUJ\                    

































































































1DWXUDO*DV
6SDFH+HDWLQJ                       
6SDFH&RROLQJ                       
:DWHU+HDWLQJ                       
&RRNLQJ                             
2WKHU8VHV                          
'HOLYHUHG(QHUJ\                    

























































'LVWLOODWH)XHO2LO
6SDFH+HDWLQJ                       
:DWHU+HDWLQJ                       
2WKHU8VHV                          
'HOLYHUHG(QHUJ\                    









































0DUNHWHG5HQHZDEOHV ELRPDVV          
2WKHU)XHOV                           

























'HOLYHUHG(QHUJ\&RQVXPSWLRQE\(QG8VH
6SDFH+HDWLQJ                       
6SDFH&RROLQJ                       
:DWHU+HDWLQJ                       
9HQWLODWLRQ                           
&RRNLQJ                             
/LJKWLQJ                             
5HIULJHUDWLRQ                         
2IILFH(TXLSPHQW 3&                  
2IILFH(TXLSPHQW QRQ3&              
2WKHU8VHV                          
'HOLYHUHG(QHUJ\                    

































































































'HOLYHUHG(QHUJ\&RQVXPSWLRQE\)XHO
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Reference Case
7DEOH$

&RPPHUFLDO6HFWRU.H\,QGLFDWRUVDQG&RQVXPSWLRQ &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ














$QQXDO
*URZWK

SHUFHQW

(OHFWULFLW\5HODWHG/RVVHV                

















7RWDO(QHUJ\&RQVXPSWLRQE\(QG8VH
6SDFH+HDWLQJ                       
6SDFH&RROLQJ                       
:DWHU+HDWLQJ                       
9HQWLODWLRQ                           
&RRNLQJ                             
/LJKWLQJ                             
5HIULJHUDWLRQ                         
2IILFH(TXLSPHQW 3&                  
2IILFH(TXLSPHQW QRQ3&              
2WKHU8VHV                          
7RWDO                              

































































































1RQPDUNHWHG5HQHZDEOH)XHOV
6RODU7KHUPDO                         
6RODU3KRWRYROWDLF                      
:LQG                                
7RWDO                               











































,QFOXGHVIXHOFRQVXPSWLRQIRUGLVWULFWVHUYLFHV
,QFOXGHVPLVFHOODQHRXVXVHVVXFKDVVHUYLFHVWDWLRQHTXLSPHQWDXWRPDWHGWHOOHUPDFKLQHVWHOHFRPPXQLFDWLRQVHTXLSPHQWDQGPHGLFDOHTXLSPHQW
,QFOXGHVPLVFHOODQHRXVXVHVVXFKDVSXPSVHPHUJHQF\JHQHUDWRUVFRPELQHGKHDWDQGSRZHULQFRPPHUFLDOEXLOGLQJVDQGPDQXIDFWXULQJSHUIRUPHGLQFRPPHUFLDO
EXLOGLQJV

,QFOXGHVPLVFHOODQHRXVXVHVVXFKDVFRRNLQJHPHUJHQF\JHQHUDWRUVDQGFRPELQHGKHDWDQGSRZHULQFRPPHUFLDOEXLOGLQJV

,QFOXGHVUHVLGXDOIXHORLOOLTXHILHGSHWUROHXPJDVHVFRDOPRWRUJDVROLQHDQGNHURVHQH

,QFOXGHVPLVFHOODQHRXVXVHVVXFKDVVHUYLFHVWDWLRQHTXLSPHQWDXWRPDWHGWHOOHUPDFKLQHVWHOHFRPPXQLFDWLRQVHTXLSPHQWPHGLFDOHTXLSPHQWSXPSVHPHUJHQF\
JHQHUDWRUVFRPELQHGKHDWDQGSRZHULQFRPPHUFLDOEXLOGLQJVPDQXIDFWXULQJSHUIRUPHGLQFRPPHUFLDOEXLOGLQJVDQGFRRNLQJ GLVWLOODWH SOXVUHVLGXDOIXHORLOOLTXHILHG
SHWUROHXPJDVHVFRDOPRWRUJDVROLQHDQGNHURVHQH

5HSUHVHQWVGHOLYHUHGHQHUJ\GLVSODFHGE\VRODUWKHUPDOVSDFHKHDWLQJDQGZDWHUKHDWLQJDQGHOHFWULFLW\JHQHUDWLRQE\VRODUSKRWRYROWDLFV\VWHPV
%WX %ULWLVKWKHUPDOXQLW
3& 3HUVRQDOFRPSXWHU
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 
3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$

,QGXVWULDO6HFWRU.H\,QGLFDWRUVDQG&RQVXPSWLRQ
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ

.H\,QGLFDWRUV
9DOXHRI6KLSPHQWV ELOOLRQGROODUV
0DQXIDFWXULQJ                        
1RQPDQXIDFWXULQJ                     
7RWDO                              
(QHUJ\3ULFHV
 GROODUVSHUPLOOLRQ%WX
/LTXHILHG3HWUROHXP*DVHV              
0RWRU*DVROLQH                       
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
$VSKDOWDQG5RDG2LO                   
1DWXUDO*DV+HDWDQG3RZHU             
1DWXUDO*DV)HHGVWRFNV                
0HWDOOXUJLFDO&RDO                     
2WKHU,QGXVWULDO&RDO                   
&RDOIRU/LTXLGV                       
(OHFWULFLW\                            
 QRPLQDOGROODUVSHUPLOOLRQ%WX
/LTXHILHG3HWUROHXP*DVHV              
0RWRU*DVROLQH                       
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
$VSKDOWDQG5RDG2LO                   
1DWXUDO*DV+HDWDQG3RZHU             
1DWXUDO*DV)HHGVWRFNV                
0HWDOOXUJLFDO&RDO                     
2WKHU,QGXVWULDO&RDO                   
&RDOIRU/LTXLGV                       
(OHFWULFLW\                            
(QHUJ\&RQVXPSWLRQ TXDGULOOLRQ%WX 
,QGXVWULDO&RQVXPSWLRQ([FOXGLQJ5HILQLQJ
/LTXHILHG3HWUROHXP*DVHV+HDWDQG3RZHU 
/LTXHILHG3HWUROHXP*DVHV)HHGVWRFNV    
0RWRU*DVROLQH                       
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
3HWUROHXP&RNH                       
$VSKDOWDQG5RDG2LO                   
0LVFHOODQHRXV3HWUROHXP               
3HWUROHXP6XEWRWDO                   
1DWXUDO*DV+HDWDQG3RZHU             
1DWXUDO*DV)HHGVWRFNV                
/HDVHDQG3ODQW)XHO                  
1DWXUDO*DV6XEWRWDO                 
0HWDOOXUJLFDO&RDODQG&RNH            
2WKHU,QGXVWULDO&RDO                   
&RDO6XEWRWDO                       
5HQHZDEOHV                         
3XUFKDVHG(OHFWULFLW\                   
'HOLYHUHG(QHUJ\                   
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              













$QQXDO
*URZWK

SHUFHQW
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Reference Case
7DEOH$

,QGXVWULDO6HFWRU.H\,QGLFDWRUVDQG&RQVXPSWLRQ &RQWLQXHG
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ


120













$QQXDO
*URZWK

SHUFHQW

5HILQLQJ&RQVXPSWLRQ
/LTXHILHG3HWUROHXP*DVHV+HDWDQG3RZHU 
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWUROHXP&RNH                       
6WLOO*DV                             
0LVFHOODQHRXV3HWUROHXP               
3HWUROHXP6XEWRWDO                   
1DWXUDO*DV+HDWDQG3RZHU             
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
1DWXUDO*DV6XEWRWDO                 
2WKHU,QGXVWULDO&RDO                   
&RDOWR/LTXLGV+HDWDQG3RZHU          
&RDO6XEWRWDO                       
%LRIXHOV+HDWDQG&RSURGXFWV           
3XUFKDVHG(OHFWULFLW\                   
'HOLYHUHG(QHUJ\                   
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

























































































































































7RWDO,QGXVWULDO6HFWRU&RQVXPSWLRQ
/LTXHILHG3HWUROHXP*DVHV+HDWDQG3RZHU 
/LTXHILHG3HWUROHXP*DVHV)HHGVWRFNV    
0RWRU*DVROLQH                       
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
3HWUROHXP&RNH                       
$VSKDOWDQG5RDG2LO                   
6WLOO*DV                             
0LVFHOODQHRXV3HWUROHXP               
3HWUROHXP6XEWRWDO                   
1DWXUDO*DV+HDWDQG3RZHU             
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
1DWXUDO*DV)HHGVWRFNV                
/HDVHDQG3ODQW)XHO                  
1DWXUDO*DV6XEWRWDO                 
0HWDOOXUJLFDO&RDODQG&RNH            
2WKHU,QGXVWULDO&RDO                   
&RDOWR/LTXLGV+HDWDQG3RZHU          
&RDO6XEWRWDO                       
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOHV                         
3XUFKDVHG(OHFWULFLW\                   
'HOLYHUHG(QHUJ\                   
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              
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Reference Case
7DEOH$

,QGXVWULDO6HFWRU.H\,QGLFDWRUVDQG&RQVXPSWLRQ &RQWLQXHG
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ














$QQXDO
*URZWK

SHUFHQW

(QHUJ\&RQVXPSWLRQSHUGROODURI
6KLSPHQW WKRXVDQG%WXSHUGROODUV
/LTXHILHG3HWUROHXP*DVHV+HDWDQG3RZHU 
/LTXHILHG3HWUROHXP*DVHV)HHGVWRFNV    
0RWRU*DVROLQH                       
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
3HWUROHXP&RNH                       
$VSKDOWDQG5RDG2LO                   
6WLOO*DV                             
0LVFHOODQHRXV3HWUROHXP               
3HWUROHXP6XEWRWDO                   
1DWXUDO*DV+HDWDQG3RZHU             
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
1DWXUDO*DV)HHGVWRFNV                
/HDVHDQG3ODQW)XHO                  
1DWXUDO*DV6XEWRWDO                 
0HWDOOXUJLFDO&RDODQG&RNH            
2WKHU,QGXVWULDO&RDO                   
&RDOWR/LTXLGV+HDWDQG3RZHU          
&RDO6XEWRWDO                       
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOHV                         
3XUFKDVHG(OHFWULFLW\                   
'HOLYHUHG(QHUJ\                   
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

























































































































































































































,QGXVWULDO&RPELQHG+HDWDQG3RZHU
&DSDFLW\ JLJDZDWWV                    
*HQHUDWLRQ ELOOLRQNLORZDWWKRXUV          



























,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVOXEULFDQWVDQGPLVFHOODQHRXVSHWUROHXPSURGXFWV
5HSUHVHQWVQDWXUDOJDVXVHGLQZHOOILHOGDQGOHDVHRSHUDWLRQVDQGLQQDWXUDOJDVSURFHVVLQJSODQWPDFKLQHU\

,QFOXGHVQHWFRDOFRNHLPSRUWV

,QFOXGHVFRQVXPSWLRQRIHQHUJ\SURGXFHGIURPK\GURHOHFWULFZRRGDQGZRRGZDVWHPXQLFLSDOZDVWHDQGRWKHUELRPDVVVRXUFHV

7KHHQHUJ\FRQWHQWRIELRIXHOVIHHGVWRFNPLQXVWKHHQHUJ\FRQWHQWRIOLTXLGIXHOSURGXFHG
%WX %ULWLVKWKHUPDOXQLW
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGSULFHVIRUPRWRUJDVROLQHDQGGLVWLOODWHIXHORLODUHEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 3HWUROHXP0DUNHWLQJ$QQXDO
'2((,$   :DVKLQJWRQ'&$XJXVW DQGSHWURFKHPLFDOIHHGVWRFNDQGDVSKDOWDQGURDGRLOSULFHVDUHEDVHGRQ(,$6WDWH(QHUJ\'DWD
5HSRUW'2((,$   :DVKLQJWRQ'&$XJXVW DQGFRDOSULFHVDUHEDVHGRQ(,$4XDUWHUO\&RDO5HSRUW2FWREHU'HFHPEHU
'2((,$ 4  :DVKLQJWRQ'&0DUFK DQG(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$DQGHOHFWULFLW\
SULFHV(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH DQGQDWXUDOJDVSULFHVDUHEDVHGRQ(,$0DQXIDFWXULQJ
(QHUJ\&RQVXPSWLRQ6XUYH\DQGLQGXVWULDODQGZHOOKHDGSULFHVIURPWKH1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ DQGWKH
1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ UHILQLQJFRQVXPSWLRQYDOXHVDUHEDVHGRQ3HWUROHXP6XSSO\$QQXDO'2((,$
   :DVKLQJWRQ'&-XO\ UHILQLQJFRQVXPSWLRQEDVHGRQ3HWUROHXP6XSSO\$QQXDO'2((,$   :DVKLQJWRQ'&-XQH
 2WKHUDQGFRQVXPSWLRQYDOXHVDUHEDVHGRQ(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH DQG
VKLSPHQWV,+6*OREDO,QVLJKW,QGXVWU\PRGHO$XJXVW3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$

7UDQVSRUWDWLRQ6HFWRU.H\,QGLFDWRUVDQG'HOLYHUHG(QHUJ\&RQVXPSWLRQ
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ

.H\,QGLFDWRUV
7UDYHO,QGLFDWRUV
 ELOOLRQYHKLFOHPLOHVWUDYHOHG
/LJKW'XW\9HKLFOHVOHVVWKDQSRXQGV
&RPPHUFLDO/LJKW7UXFNV             
)UHLJKW7UXFNVJUHDWHUWKDQSRXQGV
 ELOOLRQVHDWPLOHVDYDLODEOH
$LU                               
 ELOOLRQWRQPLOHVWUDYHOHG
5DLO                              
'RPHVWLF6KLSSLQJ                   
(QHUJ\(IILFLHQF\,QGLFDWRUV
 PLOHVSHUJDOORQ
1HZ/LJKW'XW\9HKLFOH&$)(6WDQGDUG 
1HZ&DU                        
1HZ/LJKW7UXFN                  
&RPSOLDQFH1HZ/LJKW'XW\9HKLFOH    
1HZ&DU                        
1HZ/LJKW7UXFN                  
7HVWHG1HZ/LJKW'XW\9HKLFOH        
1HZ&DU                        
1HZ/LJKW7UXFN                  
2Q5RDG1HZ/LJKW'XW\9HKLFOH       
1HZ&DU                        
1HZ/LJKW7UXFN                  
/LJKW'XW\6WRFN                    
1HZ&RPPHUFLDO/LJKW7UXFN          
6WRFN&RPPHUFLDO/LJKW7UXFN         
)UHLJKW7UXFN                       
 VHDWPLOHVSHUJDOORQ
$LUFUDIW                            
 WRQPLOHVSHUWKRXVDQG%WX
5DLO                              
'RPHVWLF6KLSSLQJ                   
(QHUJ\8VHE\0RGH
 TXDGULOOLRQ%WX
/LJKW'XW\9HKLFOHV                     
&RPPHUFLDO/LJKW7UXFNV                
%XV7UDQVSRUWDWLRQ                     
)UHLJKW7UXFNV                         
5DLO3DVVHQJHU                        
5DLO)UHLJKW                           
6KLSSLQJ'RPHVWLF                     
6KLSSLQJ,QWHUQDWLRQDO                   
5HFUHDWLRQDO%RDWV                     
$LU                                  
0LOLWDU\8VH                           
/XEULFDQWV                            
3LSHOLQH)XHO                          
7RWDO                               

122













$QQXDO
*URZWK

SHUFHQW
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Reference Case
7DEOH$

7UDQVSRUWDWLRQ6HFWRU.H\,QGLFDWRUVDQG'HOLYHUHG(QHUJ\&RQVXPSWLRQ
&RQWLQXHG
5HIHUHQFH&DVH

.H\,QGLFDWRUVDQG&RQVXPSWLRQ

(QHUJ\8VHE\0RGH
 PLOOLRQEDUUHOVSHUGD\RLOHTXLYDOHQW
/LJKW'XW\9HKLFOHV                     
&RPPHUFLDO/LJKW7UXFNV                
%XV7UDQVSRUWDWLRQ                     
)UHLJKW7UXFNV                         
5DLO3DVVHQJHU                        
5DLO)UHLJKW                           
6KLSSLQJ'RPHVWLF                     
6KLSSLQJ,QWHUQDWLRQDO                   
5HFUHDWLRQDO%RDWV                     
$LU                                  
0LOLWDU\8VH                           
/XEULFDQWV                            
3LSHOLQH)XHO                          
7RWDO                               






















































































































$QQXDO
*URZWK

SHUFHQW


















&RPPHUFLDOWUXFNVWRSRXQGV
&$)(VWDQGDUGEDVHGRQSURMHFWHGQHZYHKLFOHVDOHV
,QFOXGHV&$)(FUHGLWVIRUDOWHUQDWLYHIXHOHGYHKLFOHVDOHVEXWGRHVQRWLQFOXGHEDQNHGFUHGLWVXVHGIRUFRPSOLDQFH

(QYLURQPHQWDO3URWHFWLRQ$JHQF\UDWHGPLOHVSHUJDOORQ

7HVWHGQHZYHKLFOHHIILFLHQF\UHYLVHGIRURQURDGSHUIRUPDQFH

&RPELQHGFDUDQGOLJKWWUXFN³RQWKHURDG´HVWLPDWH
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWD
UHSRUWV
6RXUFHVDQG(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ (,$$QQXDO
(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH )HGHUDO+LJKZD\$GPLQLVWUDWLRQ+LJKZD\6WDWLVWLFV :DVKLQJWRQ'&2FWREHU 
2DN5LGJH1DWLRQDO/DERUDWRU\7UDQVSRUWDWLRQ(QHUJ\'DWD%RRN(GLWLRQDQG$QQXDO 2DN5LGJH71 1DWLRQDO+LJKZD\7UDIILFDQG6DIHW\$GPLQLVWUDWLRQ
6XPPDU\RI)XHO(FRQRP\3HUIRUPDQFH :DVKLQJWRQ'&-DQXDU\ 86'HSDUWPHQWRI&RPPHUFH%XUHDXRIWKH&HQVXV³9HKLFOH,QYHQWRU\DQG8VH
6XUYH\´(&79 :DVKLQJWRQ'&'HFHPEHU (,$$OWHUQDWLYHVWR7UDGLWLRQDO7UDQVSRUWDWLRQ)XHOV 3DUW,,8VHUDQG)XHO'DWD 0D\(,$6WDWH
(QHUJ\'DWD5HSRUW'2((,$   :DVKLQJWRQ'&$XJXVW 86'HSDUWPHQWRI7UDQVSRUWDWLRQ5HVHDUFKDQG6SHFLDO3URJUDPV$GPLQLVWUDWLRQ
$LU&DUULHU6WDWLVWLFV0RQWKO\'HFHPEHU :DVKLQJWRQ'& (,$)XHO2LODQG.HURVHQH6DOHV'2((,$   :DVKLQJWRQ'&'HFHPEHU
  DQG 8QLWHG 6WDWHV 'HSDUWPHQW RI 'HIHQVH 'HIHQVH )XHO 6XSSO\ &HQWHU  3URMHFWLRQV  (,$ $(2 1DWLRQDO (QHUJ\ 0RGHOLQJ 6\VWHP UXQ
$(25'$
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Reference Case
7DEOH$

(OHFWULFLW\6XSSO\'LVSRVLWLRQ3ULFHVDQG(PLVVLRQV
%LOOLRQ.LORZDWWKRXUV8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH

6XSSO\'LVSRVLWLRQDQG3ULFHV


124













$QQXDO
*URZWK

SHUFHQW

*HQHUDWLRQE\)XHO7\SH
(OHFWULF3RZHU6HFWRU
3RZHU2QO\
&RDO                                
3HWUROHXP                            
1DWXUDO*DV                          
1XFOHDU3RZHU                        
3XPSHG6WRUDJH2WKHU                 
5HQHZDEOH6RXUFHV                   
'LVWULEXWHG*HQHUDWLRQ 1DWXUDO*DV       
7RWDO                              
&RPELQHG+HDWDQG3RZHU
&RDO                                
3HWUROHXP                            
1DWXUDO*DV                          
5HQHZDEOH6RXUFHV                    
7RWDO                              
7RWDO1HW*HQHUDWLRQ                    
/HVV'LUHFW8VH                         









































































































































1HW$YDLODEOHWRWKH*ULG                  

















(QG8VH*HQHUDWLRQ
&RDO                                 
3HWUROHXP                             
1DWXUDO*DV                           
2WKHU*DVHRXV)XHOV                   
5HQHZDEOH6RXUFHV                    
2WKHU                               
7RWDO                               
/HVV'LUHFW8VH                        
7RWDO6DOHVWRWKH*ULG                 

















































































7RWDO(OHFWULFLW\*HQHUDWLRQE\)XHO
&RDO                                 
3HWUROHXP                             
1DWXUDO*DV                           
1XFOHDU3RZHU                         
5HQHZDEOH6RXUFHV                   
2WKHU                               
7RWDO(OHFWULFLW\*HQHUDWLRQ            
7RWDO1HW*HQHUDWLRQWRWKH*ULG           









































































1HW,PSRUWV                              

















(OHFWULFLW\6DOHVE\6HFWRU
5HVLGHQWLDO                              
&RPPHUFLDO                             
,QGXVWULDO                               
7UDQVSRUWDWLRQ                           
7RWDO                                 
'LUHFW8VH                              
7RWDO(OHFWULFLW\8VH                    
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Reference Case
7DEOH$

(OHFWULFLW\6XSSO\'LVSRVLWLRQ3ULFHVDQG(PLVVLRQV &RQWLQXHG
%LOOLRQ.LORZDWWKRXUV8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH

6XSSO\'LVSRVLWLRQDQG3ULFHV

(QG8VH3ULFHV
 FHQWVSHUNLORZDWWKRXU
5HVLGHQWLDO                              
&RPPHUFLDO                             
,QGXVWULDO                               
7UDQVSRUWDWLRQ                           
$OO6HFWRUV$YHUDJH                     
 QRPLQDOFHQWVSHUNLORZDWWKRXU
5HVLGHQWLDO                              
&RPPHUFLDO                             
,QGXVWULDO                               
7UDQVSRUWDWLRQ                           
$OO6HFWRUV$YHUDJH                     
3ULFHVE\6HUYLFH&DWHJRU\
 FHQWVSHUNLORZDWWKRXU
*HQHUDWLRQ                              
7UDQVPLVVLRQ                            
'LVWULEXWLRQ                              
 QRPLQDOFHQWVSHUNLORZDWWKRXU
*HQHUDWLRQ                              
7UDQVPLVVLRQ                            
'LVWULEXWLRQ                              
(OHFWULF3RZHU6HFWRU(PLVVLRQV
6XOIXU'LR[LGH PLOOLRQWRQV                 
1LWURJHQ2[LGH PLOOLRQWRQV                
0HUFXU\ WRQV                           













$QQXDO
*URZWK

SHUFHQW



































































































































































































,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVSODQWVWKDWRQO\SURGXFHHOHFWULFLW\
,QFOXGHVHOHFWULFLW\JHQHUDWLRQIURPIXHOFHOOV

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWH7KH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQHVWLPDWHVDSSUR[LPDWHO\ELOOLRQNLORZDWWKRXUVRIHOHFWULFLW\ZHUHJHQHUDWHGIURP
DPXQLFLSDOZDVWHVWUHDPFRQWDLQLQJSHWUROHXPGHULYHGSODVWLFVDQGRWKHUQRQUHQHZDEOHVRXUFHV6HH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ 0HWKRGRORJ\IRU$OORFDWLQJ
0XQLFLSDO6ROLG:DVWHWR%LRJHQLFDQG1RQ%LRJHQLF(QHUJ\ :DVKLQJWRQ'&0D\ 

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGZRRGZDVWHELRJHQLFPXQLFLSDOZDVWHODQGILOOJDVRWKHUELRPDVVVRODUDQGZLQGSRZHU

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\DQGKHDWWRWKHSXEOLF LHWKRVHWKDWUHSRUW1RUWK$PHULFDQ,QGXVWU\
&ODVVLILFDWLRQ6\VWHPFRGH 

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQWKHFRPPHUFLDODQGLQGXVWULDOVHFWRUVDQGVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDO
FRPPHUFLDODQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG

,QFOXGHVUHILQHU\JDVDQGVWLOOJDV

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGZRRGZDVWHDOOPXQLFLSDOZDVWHODQGILOOJDVRWKHUELRPDVVVRODUDQGZLQGSRZHU

,QFOXGHVEDWWHULHVFKHPLFDOVK\GURJHQSLWFKSXUFKDVHGVWHDPVXOIXUDQGPLVFHOODQHRXVWHFKQRORJLHV

,QFOXGHVSXPSHGVWRUDJHQRQELRJHQLFPXQLFLSDOZDVWHUHILQHU\JDVVWLOOJDVEDWWHULHVFKHPLFDOVK\GURJHQSLWFKSXUFKDVHGVWHDPVXOIXUDQGPLVFHOODQHRXV
WHFKQRORJLHV
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGHOHFWULFSRZHUVHFWRUJHQHUDWLRQVDOHVWRXWLOLWLHVQHWLPSRUWVHOHFWULFLW\VDOHVDQGHPLVVLRQV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 
$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH DQGVXSSRUWLQJGDWDEDVHVDQGSULFHV(,$$(21DWLRQDO(QHUJ\
0RGHOLQJ6\VWHPUXQ$(25'$3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$

(OHFWULFLW\*HQHUDWLQJ&DSDFLW\
*LJDZDWWV
5HIHUHQFH&DVH


1HW6XPPHU&DSDFLW\


(OHFWULF3RZHU6HFWRU
3RZHU2QO\
&RDO                                 
2LODQG1DWXUDO*DV6WHDP              
&RPELQHG&\FOH                       
&RPEXVWLRQ7XUELQH'LHVHO               
1XFOHDU3RZHU                        
3XPSHG6WRUDJH                       
)XHO&HOOV                             
5HQHZDEOH6RXUFHV                    
'LVWULEXWHG*HQHUDWLRQ                  
7RWDO                              
&RPELQHG+HDWDQG3RZHU
&RDO                                 
2LODQG1DWXUDO*DV6WHDP              
&RPELQHG&\FOH                       
&RPEXVWLRQ7XUELQH'LHVHO               
5HQHZDEOH6RXUFHV                    
7RWDO                              

126













$QQXDO
*URZWK

SHUFHQW

















































































































































&XPXODWLYH3ODQQHG$GGLWLRQV
&RDO                                 
2LODQG1DWXUDO*DV6WHDP              
&RPELQHG&\FOH                       
&RPEXVWLRQ7XUELQH'LHVHO               
1XFOHDU3RZHU                         
3XPSHG6WRUDJH                       
)XHO&HOOV                             
5HQHZDEOH6RXUFHV                    
'LVWULEXWHG*HQHUDWLRQ                  
7RWDO                              
&XPXODWLYH8QSODQQHG$GGLWLRQV
&RDO                                 
2LODQG1DWXUDO*DV6WHDP              
&RPELQHG&\FOH                       
&RPEXVWLRQ7XUELQH'LHVHO               
1XFOHDU3RZHU                         
3XPSHG6WRUDJH                       
)XHO&HOOV                             
5HQHZDEOH6RXUFHV                    
'LVWULEXWHG*HQHUDWLRQ                  
7RWDO                              
&XPXODWLYH(OHFWULF3RZHU6HFWRU$GGLWLRQV

























































































































































































&XPXODWLYH5HWLUHPHQWV
&RDO                                 
2LODQG1DWXUDO*DV6WHDP              
&RPELQHG&\FOH                       
&RPEXVWLRQ7XUELQH'LHVHO               
1XFOHDU3RZHU                         
3XPSHG6WRUDJH                       
)XHO&HOOV                             
5HQHZDEOH6RXUFHV                    
7RWDO                              

















































































7RWDO(OHFWULF3RZHU6HFWRU&DSDFLW\        
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Reference Case
7DEOH$

(OHFWULFLW\*HQHUDWLQJ&DSDFLW\ &RQWLQXHG
*LJDZDWWV
5HIHUHQFH&DVH


1HW6XPPHU&DSDFLW\















$QQXDO
*URZWK

SHUFHQW

(QG8VH*HQHUDWRUV
&RDO                                  
3HWUROHXP                             
1DWXUDO*DV                            
2WKHU*DVHRXV)XHOV                    
5HQHZDEOH6RXUFHV                     
2WKHU                                 
7RWDO                                

































































&XPXODWLYH&DSDFLW\$GGLWLRQV           


















1HWVXPPHUFDSDFLW\LVWKHVWHDG\KRXUO\RXWSXWWKDWJHQHUDWLQJHTXLSPHQWLVH[SHFWHGWRVXSSO\WRV\VWHPORDG H[FOXVLYHRIDX[LOLDU\SRZHU DVGHPRQVWUDWHG
E\WHVWVGXULQJVXPPHUSHDNGHPDQG

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVSODQWVWKDWRQO\SURGXFHHOHFWULFLW\,QFOXGHVFDSDFLW\LQFUHDVHV XSUDWHV DWH[LVWLQJXQLWV

,QFOXGHVRLOJDVDQGGXDOILUHGFDSDFLW\

1XFOHDUFDSDFLW\LQFOXGHVJLJDZDWWVRIXSUDWHVWKURXJK

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGZRRGZDVWHDOOPXQLFLSDOZDVWHODQGILOOJDVRWKHUELRPDVVVRODUDQGZLQGSRZHU)DFLOLWLHVFRILULQJ
ELRPDVVDQGFRDODUHFODVVLILHGDVFRDO

3ULPDULO\SHDNORDGFDSDFLW\IXHOHGE\QDWXUDOJDV

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\DQGKHDWWRWKHSXEOLF LHWKRVHWKDW UHSRUW1RUWK$PHULFDQ,QGXVWU\
&ODVVLILFDWLRQ6\VWHPFRGH 

&XPXODWLYHDGGLWLRQVDIWHU'HFHPEHU

&XPXODWLYHUHWLUHPHQWVDIWHU'HFHPEHU

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQWKHFRPPHUFLDODQGLQGXVWULDOVHFWRUVDQGVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDO
FRPPHUFLDODQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGFDSDFLW\DQGSURMHFWHGSODQQHGDGGLWLRQV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ )RUP(,$$QQXDO(OHFWULF*HQHUDWRU5HSRUW´
SUHOLPLQDU\ 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ (OHFWULFLW\7UDGH
%LOOLRQ.LORZDWWKRXUV8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
(OHFWULFLW\7UDGH














$QQXDO
*URZWK

SHUFHQW

,QWHUUHJLRQDO(OHFWULFLW\7UDGH
*URVV'RPHVWLF6DOHV
)LUP3RZHU                             
(FRQRP\                               
7RWDO                                

































*URVV'RPHVWLF6DOHV PLOOLRQGROODUV
)LUP3RZHU                             

(FRQRP\                               

7RWDO                                 





























,QWHUQDWLRQDO(OHFWULFLW\7UDGH
,PSRUWVIURP&DQDGDDQG0H[LFR
)LUP3RZHU                             
(FRQRP\                               
7RWDO                                

































([SRUWVWR&DQDGDDQG0H[LFR
)LUP3RZHU                             
(FRQRP\                               
7RWDO                                

































 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV)LUP3RZHU6DOHVDUHFDSDFLW\VDOHVPHDQLQJWKHGHOLYHU\RIWKHSRZHULVVFKHGXOHGDVSDUWRIWKHQRUPDORSHUDWLQJFRQGLWLRQVRIWKHDIIHFWHGHOHFWULF
V\VWHPV(FRQRP\6DOHVDUHVXEMHFWWRFXUWDLOPHQWRUFHVVDWLRQRIGHOLYHU\E\WKHVXSSOLHULQDFFRUGDQFHZLWKSULRUDJUHHPHQWVRUXQGHUVSHFLILHGFRQGLWLRQV
6RXUFHVDQGLQWHUUHJLRQDOILUPHOHFWULFLW\WUDGHGDWD1RUWK$PHULFDQ(OHFWULF5HOLDELOLW\&RXQFLO 1(5& (OHFWULFLW\6DOHVDQG'HPDQG'DWDEDVH
DQG0H[LFDQHOHFWULFLW\WUDGHGDWD(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 
&DQDGLDQLQWHUQDWLRQDOHOHFWULFLW\WUDGHGDWD1DWLRQDO(QHUJ\%RDUG&DQDGLDQ(QHUJ\2YHUYLHZ 0D\ &DQDGLDQHOHFWULFLW\WUDGHGDWD1DWLRQDO
(QHUJ\%RDUG&DQDGLDQ(QHUJ\2YHUYLHZ 0D\ 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ /LTXLG)XHOV6XSSO\DQG'LVSRVLWLRQ
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6XSSO\DQG'LVSRVLWLRQ














$QQXDO
*URZWK

SHUFHQW

&UXGH2LO
'RPHVWLF&UXGH3URGXFWLRQ                
$ODVND                                
/RZHU6WDWHV                        
1HW,PSRUWV                             
*URVV,PSRUWV                          
([SRUWV                               
2WKHU&UXGH6XSSO\                      
7RWDO&UXGH6XSSO\                     









































































2WKHU3HWUROHXP6XSSO\                    
1DWXUDO*DV3ODQW/LTXLGV                  
1HW3URGXFW,PSRUWV                       
*URVV5HILQHG3URGXFW,PSRUWV            
8QILQLVKHG2LO,PSRUWV                   
%OHQGLQJ&RPSRQHQW,PSRUWV              
([SRUWV                               
5HILQHU\3URFHVVLQJ*DLQ                  
3URGXFW6WRFN:LWKGUDZDO                  
2WKHU1RQSHWUROHXP6XSSO\                
6XSSO\IURP5HQHZDEOH6RXUFHV            
(WKDQRO                               
'RPHVWLF3URGXFWLRQ                   
1HW,PSRUWV                          
%LRGLHVHO                              
'RPHVWLF3URGXFWLRQ                   
1HW,PSRUWV                          
2WKHU%LRPDVVGHULYHG/LTXLGV            
/LTXLGVIURP*DV                         
/LTXLGVIURP&RDO                         
2WKHU                                 

















































































































































































7RWDO3ULPDU\6XSSO\                      

















/LTXLG)XHOV&RQVXPSWLRQ
E\)XHO
/LTXHILHG3HWUROHXP*DVHV               
(                                 
0RWRU*DVROLQH                        
-HW)XHO                             
'LVWLOODWH)XHO2LO                      
'LHVHO                               
5HVLGXDO)XHO2LO                       
2WKHU                               
E\6HFWRU
5HVLGHQWLDODQG&RPPHUFLDO               
,QGXVWULDO                             
7UDQVSRUWDWLRQ                         
(OHFWULF3RZHU                        
7RWDO                                  

























































































































'LVFUHSDQF\                            
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Reference Case
7DEOH$ /LTXLG)XHOV6XSSO\DQG'LVSRVLWLRQ &RQWLQXHG
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6XSSO\DQG'LVSRVLWLRQ


'RPHVWLF5HILQHU\'LVWLOODWLRQ&DSDFLW\        
&DSDFLW\8WLOL]DWLRQ5DWH SHUFHQW             
1HW,PSRUW6KDUHRI3URGXFW6XSSOLHG SHUFHQW  
1HW([SHQGLWXUHVIRU,PSRUWHG&UXGH2LODQG
3HWUROHXP3URGXFWV ELOOLRQGROODUV      













$QQXDO
*URZWK

SHUFHQW



















































,QFOXGHVOHDVHFRQGHQVDWH
6WUDWHJLFSHWUROHXPUHVHUYHVWRFNDGGLWLRQVSOXVXQDFFRXQWHGIRUFUXGHRLODQGFUXGHVWRFNZLWKGUDZDOVPLQXVFUXGHSURGXFWVXSSOLHG
,QFOXGHVRWKHUK\GURFDUERQVDQGDOFRKROV

7KHYROXPHWULFDPRXQWE\ZKLFKWRWDORXWSXWLVJUHDWHUWKDQLQSXWGXHWRWKHSURFHVVLQJRIFUXGHRLOLQWRSURGXFWVZKLFKLQWRWDOKDYHDORZHUVSHFLILFJUDYLW\WKDQ
WKHFUXGHRLOSURFHVVHG

,QFOXGHVS\URO\VLVRLOVELRPDVVGHULYHG)LVFKHU7URSVFKOLTXLGVDQGUHQHZDEOHIHHGVWRFNVXVHGIRUWKHSURGXFWLRQRIJUHHQGLHVHODQGJDVROLQH

,QFOXGHVGRPHVWLFVRXUFHVRIRWKHUEOHQGLQJFRPSRQHQWVRWKHUK\GURFDUERQVDQGHWKHUV

7RWDOFUXGHVXSSO\SOXVQDWXUDOJDVSODQWOLTXLGVRWKHULQSXWVUHILQHU\SURFHVVLQJJDLQDQGQHWSURGXFWLPSRUWV

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQRO
YDULHVVHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

,QFOXGHVHWKDQRODQGHWKHUVEOHQGHGLQWRJDVROLQH

,QFOXGHVRQO\NHURVHQHW\SH

,QFOXGHVGLVWLOODWHIXHORLODQGNHURVHQHIURPSHWUROHXPDQGELRPDVVIHHGVWRFNV

,QFOXGHVDYLDWLRQJDVROLQHSHWURFKHPLFDOIHHGVWRFNVOXEULFDQWVZD[HVDVSKDOWURDGRLOVWLOOJDVVSHFLDOQDSKWKDVSHWUROHXPFRNHFUXGHRLOSURGXFWVXSSOLHG
PHWKDQRODQGPLVFHOODQHRXVSHWUROHXPSURGXFWV

,QFOXGHVFRQVXPSWLRQIRUFRPELQHGKHDWDQGSRZHUZKLFKSURGXFHVHOHFWULFLW\DQGRWKHUXVHIXOWKHUPDOHQHUJ\

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKH
SXEOLF,QFOXGHVVPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

%DODQFLQJLWHP,QFOXGHVXQDFFRXQWHGIRUVXSSO\ORVVHVDQGJDLQV

(QGRI\HDURSHUDEOHFDSDFLW\

5DWHLVFDOFXODWHGE\GLYLGLQJWKHJURVVDQQXDOLQSXWWRDWPRVSKHULFFUXGHRLOGLVWLOODWLRQXQLWVE\WKHLURSHUDEOHUHILQLQJFDSDFLW\LQEDUUHOVSHUFDOHQGDUGD\
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGSHWUROHXPSURGXFWVXSSOLHGEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$ 
:DVKLQJWRQ'&-XQH 2WKHUGDWD(,$3HWUROHXP6XSSO\$QQXDO'2((,$   :DVKLQJWRQ'&-XO\ 2WKHUGDWD(,$
3HWUROHXP 6XSSO\ $QQXDO  '2((,$   :DVKLQJWRQ '& -XQH    3URMHFWLRQV  (,$ $(2 1DWLRQDO (QHUJ\ 0RGHOLQJ 6\VWHP UXQ
$(25'$
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Reference Case
7DEOH$ 3HWUROHXP3URGXFW3ULFHV
&HQWVSHU*DOORQ8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6HFWRUDQG)XHO

&UXGH2LO3ULFHV GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO       
,PSRUWHG&UXGH2LO                     













$QQXDO
*URZWK

SHUFHQW

























5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV             
'LVWLOODWH)XHO2LO                      

























&RPPHUFLDO
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  

































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV             
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  









































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV             
(WKDQRO (                        
(WKDQRO:KROHVDOH3ULFH               
0RWRU*DVROLQH                      
-HW)XHO                            
'LHVHO)XHO GLVWLOODWHIXHORLO             
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  









































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  

































5HILQHG3HWUROHXP3URGXFW3ULFHV
/LTXHILHG3HWUROHXP*DVHV             
0RWRU*DVROLQH                      
-HW)XHO                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  
$YHUDJH                           

































































'HOLYHUHG6HFWRU3URGXFW3ULFHV
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Reference Case
7DEOH$ 3HWUROHXP3URGXFW3ULFHV &RQWLQXHG
1RPLQDO&HQWVSHU*DOORQ8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6HFWRUDQG)XHO

&UXGH2LO3ULFHV QRPLQDOGROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO       
,PSRUWHG&UXGH2LO                     













$QQXDO
*URZWK

SHUFHQW

























5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV             
'LVWLOODWH)XHO2LO                      

























&RPPHUFLDO
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO QRPLQDOGROODUVSHUEDUUHO

































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV             
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO QRPLQDOGROODUVSHUEDUUHO









































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV             
(WKDQRO (                        
(WKDQRO:KROHVDOH3ULFH               
0RWRU*DVROLQH                      
-HW)XHO                            
'LHVHO)XHO GLVWLOODWHIXHORLO             
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO QRPLQDOGROODUVSHUEDUUHO









































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO QRPLQDOGROODUVSHUEDUUHO

































5HILQHG3HWUROHXP3URGXFW3ULFHV
/LTXHILHG3HWUROHXP*DVHV             
0RWRU*DVROLQH                      
-HW)XHO                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO QRPLQDOGROODUVSHUEDUUHO
$YHUDJH                           

































































'HOLYHUHG6HFWRU3URGXFW3ULFHV



:HLJKWHGDYHUDJHSULFHGHOLYHUHGWR86UHILQHUV
,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQRO
YDULHVVHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

6DOHVZHLJKWHGDYHUDJHSULFHIRUDOOJUDGHV,QFOXGHV)HGHUDO6WDWHDQGORFDOWD[HV

,QFOXGHVRQO\NHURVHQHW\SH

'LHVHOIXHOIRURQURDGXVH,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF,QFOXGHVVPDOOSRZHU
SURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

:HLJKWHGDYHUDJHVRIHQGXVHIXHOSULFHVDUHGHULYHGIURPWKHSULFHVLQHDFKVHFWRUDQGWKHFRUUHVSRQGLQJVHFWRUDOFRQVXPSWLRQ
1RWH'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVDQGLPSRUWHGORZVXOIXUOLJKWFUXGHRLOSULFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ )RUP(,$³0RQWKO\)RUHLJQ&UXGH2LO$FTXLVLWLRQ
5HSRUW´DQGLPSRUWHGFUXGHRLOSULFH(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH DQGSULFHVIRU
PRWRUJDVROLQHGLVWLOODWHIXHORLODQGMHWIXHODUHEDVHGRQ(,$3HWUROHXP0DUNHWLQJ$QQXDO'2((,$   :DVKLQJWRQ'&$XJXVW DQG
UHVLGHQWLDOFRPPHUFLDOLQGXVWULDODQGWUDQVSRUWDWLRQVHFWRUSHWUROHXPSURGXFWSULFHVDUHGHULYHGIURP(,$)RUP(,$$³5HILQHUV¶*DV3ODQW2SHUDWRUV¶
0RQWKO\3HWUROHXP3URGXFW6DOHV5HSRUW´DQGHOHFWULFSRZHUSULFHVEDVHGRQ)HGHUDO(QHUJ\5HJXODWRU\&RPPLVVLRQ)(5&)RUP³0RQWKO\5HSRUW
RI&RVWDQG4XDOLW\RI)XHOVIRU(OHFWULF3ODQWV´DQG(SULFHVGHULYHGIURPPRQWKO\SULFHVLQWKH&OHDQ&LWLHV$OWHUQDWLYH)XHO3ULFH5HSRUWDQG
 ZKROHVDOH HWKDQRO SULFHV GHULYHG IURP %ORRPEHUJ 86 DYHUDJH UDFN SULFH  3URMHFWLRQV  (,$ $(2 1DWLRQDO (QHUJ\ 0RGHOLQJ 6\VWHP UXQ
$(25'$
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Reference Case
7DEOH$ 1DWXUDO*DV6XSSO\'LVSRVLWLRQDQG3ULFHV
7ULOOLRQ&XELF)HHWSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6XSSO\'LVSRVLWLRQDQG3ULFHV














$QQXDO
*URZWK

SHUFHQW

3URGXFWLRQ
'U\*DV3URGXFWLRQ                    
6XSSOHPHQWDO1DWXUDO*DV               

























1HW,PSRUWV                            
3LSHOLQH                              
/LTXHILHG1DWXUDO*DV                   

































7RWDO6XSSO\                           

















&RQVXPSWLRQE\6HFWRU
5HVLGHQWLDO                            
&RPPHUFLDO                           
,QGXVWULDO                             
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
1DWXUDO*DVWR/LTXLGV3URGXFWLRQ         
(OHFWULF3RZHU                        
7UDQVSRUWDWLRQ                        
3LSHOLQH)XHO                          
/HDVHDQG3ODQW)XHO                   
7RWDO                               

























































































'LVFUHSDQF\                          

















1DWXUDO*DV3ULFHV
 GROODUVSHUPLOOLRQ%WX
+HQU\+XE6SRW3ULFH                  
$YHUDJH/RZHU:HOOKHDG3ULFH       

























 GROODUVSHUWKRXVDQGFXELFIHHW
$YHUDJH/RZHU:HOOKHDG3ULFH       

















'HOLYHUHG3ULFHV
 GROODUVSHUWKRXVDQGFXELFIHHW
5HVLGHQWLDO                          
&RPPHUFLDO                         
,QGXVWULDO                           
(OHFWULF3RZHU                       
7UDQVSRUWDWLRQ                      
$YHUDJH                         
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Reference Case
7DEOH$ 1DWXUDO*DV6XSSO\'LVSRVLWLRQDQG3ULFHV &RQWLQXHG
7ULOOLRQ&XELF)HHWSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6XSSO\'LVSRVLWLRQDQG3ULFHV














$QQXDO
*URZWK

SHUFHQW

1DWXUDO*DV3ULFHV
 QRPLQDOGROODUVSHUPLOOLRQ%WX
+HQU\+XE6SRW3ULFH                  
$YHUDJH/RZHU:HOOKHDG3ULFH       

























 QRPLQDOGROODUVSHUWKRXVDQGFXELFIHHW
$YHUDJH/RZHU:HOOKHDG3ULFH       

















'HOLYHUHG3ULFHV
 QRPLQDOGROODUVSHUWKRXVDQGFXELFIHHW
5HVLGHQWLDO                          
&RPPHUFLDO                         
,QGXVWULDO                           
(OHFWULF3RZHU                       
7UDQVSRUWDWLRQ                      
$YHUDJH                         



























































0DUNHWHGSURGXFWLRQ ZHW PLQXVH[WUDFWLRQORVVHV
6\QWKHWLFQDWXUDOJDVSURSDQHDLUFRNHRYHQJDVUHILQHU\JDVELRPDVVJDVDLULQMHFWHGIRU%WXVWDELOL]DWLRQDQGPDQXIDFWXUHGJDVFRPPLQJOHGDQGGLVWULEXWHG
ZLWKQDWXUDOJDV

,QFOXGHVDQ\QDWXUDOJDVUHJDVLILHGLQWKH%DKDPDVDQGWUDQVSRUWHGYLDSLSHOLQHWR)ORULGDDVZHOODVJDVIURP&DQDGDDQG0H[LFR

,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVDQ\QDWXUDOJDVXVHGLQWKHSURFHVVRIFRQYHUWLQJQDWXUDOJDVWROLTXLGIXHOWKDWLVQRWDFWXDOO\FRQYHUWHG

,QFOXGHVDQ\QDWXUDOJDVWKDWLVFRQYHUWHGLQWROLTXLGIXHO

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKH
SXEOLF,QFOXGHVVPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

&RPSUHVVHGQDWXUDOJDVXVHGDVYHKLFOHIXHO

5HSUHVHQWVQDWXUDOJDVXVHGLQZHOOILHOGDQGOHDVHRSHUDWLRQVDQGLQQDWXUDOJDVSURFHVVLQJSODQWPDFKLQHU\

%DODQFLQJLWHP1DWXUDOJDVORVWDVDUHVXOWRIFRQYHUWLQJIORZGDWDPHDVXUHGDWYDU\LQJWHPSHUDWXUHVDQGSUHVVXUHVWRDVWDQGDUGWHPSHUDWXUHDQGSUHVVXUHDQG
WKHPHUJHURIGLIIHUHQWGDWDUHSRUWLQJV\VWHPVZKLFKYDU\LQVFRSHIRUPDWGHILQLWLRQDQGUHVSRQGHQWW\SH,QDGGLWLRQDQGYDOXHVLQFOXGHQHWVWRUDJH
LQMHFWLRQV

5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSOLHV

&RPSUHVVHGQDWXUDOJDVXVHGDVDYHKLFOHIXHO3ULFHLQFOXGHVHVWLPDWHGPRWRUYHKLFOHIXHOWD[HVDQGHVWLPDWHGGLVSHQVLQJFRVWVRUFKDUJHV

:HLJKWHGDYHUDJHSULFHV:HLJKWVXVHGDUHWKHVHFWRUDOFRQVXPSWLRQYDOXHVH[FOXGLQJOHDVHSODQWDQGSLSHOLQHIXHO
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVVXSSO\YDOXHVDQGOHDVHSODQWDQGSLSHOLQHIXHOFRQVXPSWLRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 1DWXUDO*DV$QQXDO'2((,$
   :DVKLQJWRQ'&-DQXDU\ VXSSO\YDOXHVDQGOHDVHSODQWDQGSLSHOLQHIXHOFRQVXPSWLRQDQGZHOOKHDGSULFH(,$1DWXUDO*DV0RQWKO\
'2((,$   :DVKLQJWRQ '& -XO\    2WKHU  DQG  FRQVXPSWLRQ EDVHG RQ  (,$ $QQXDO (QHUJ\ 5HYLHZ  '2((,$ 
:DVKLQJWRQ'&-XQH ZHOOKHDGSULFH0LQHUDOV0DQDJHPHQW6HUYLFHDQG(,$1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\
 UHVLGHQWLDODQGFRPPHUFLDOGHOLYHUHGSULFHV(,$1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ UHVLGHQWLDODQG
FRPPHUFLDOGHOLYHUHGSULFHV(,$1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ DQGHOHFWULFSRZHUSULFHV(,$(OHFWULF
3RZHU0RQWKO\'2((,$$SULODQG$SULO7DEOH%DQGLQGXVWULDOGHOLYHUHGSULFHVDUHHVWLPDWHGEDVHGRQ(,$ 0DQXIDFWXULQJ(QHUJ\
&RQVXPSWLRQ6XUYH\DQGLQGXVWULDODQGZHOOKHDGSULFHVIURPWKH1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ DQGWKH1DWXUDO
*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ WUDQVSRUWDWLRQVHFWRUGHOLYHUHGSULFHVDUHEDVHGRQ(,$1DWXUDO*DV$QQXDO'2((,$
   :DVKLQJWRQ'&-DQXDU\ DQGHVWLPDWHGVWDWHWD[HVIHGHUDOWD[HVDQGGLVSHQVLQJFRVWVRUFKDUJHVWUDQVSRUWDWLRQVHFWRUGHOLYHUHGSULFHV
DUHPRGHOUHVXOWV 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ 2LODQG*DV6XSSO\
5HIHUHQFH&DVH
3URGXFWLRQDQG6XSSO\














$QQXDO
*URZWK

SHUFHQW

&UXGH2LO
/RZHU$YHUDJH:HOOKHDG3ULFH
 GROODUVSHUEDUUHO                   

















3URGXFWLRQ PLOOLRQEDUUHOVSHUGD\
8QLWHG6WDWHV7RWDO                       
/RZHU2QVKRUH                      
/RZHU2IIVKRUH                      
$ODVND                                









































/RZHU(QGRI<HDU5HVHUYHV
 ELOOLRQEDUUHOV                           

















/RZHU$YHUDJH:HOOKHDG3ULFH
 GROODUVSHUPLOOLRQ%WX
+HQU\+XE6SRW3ULFH                     
$YHUDJH/RZHU:HOOKHDG3ULFH          

























 GROODUVSHUWKRXVDQGFXELFIHHW
$YHUDJH/RZHU:HOOKHDG3ULFH          

















'U\3URGXFWLRQ WULOOLRQFXELFIHHW 
8QLWHG6WDWHV7RWDO                       
/RZHU2QVKRUH                      
$VVRFLDWHG'LVVROYHG                  
1RQ$VVRFLDWHG                       
&RQYHQWLRQDO                       
8QFRQYHQWLRQDO                      
6KDOH*DV                        
&RDOEHG0HWKDQH                  
/RZHU2IIVKRUH                      
$VVRFLDWHG'LVVROYHG                  
1RQ$VVRFLDWHG                       
$ODVND                                









































































































/RZHU(QGRI<HDU'U\5HVHUYHV
 WULOOLRQFXELFIHHW                        























































1DWXUDO*DV

6XSSOHPHQWDO*DV6XSSOLHV WULOOLRQFXELFIHHW
7RWDO/RZHU:HOOV'ULOOHG WKRXVDQGV


5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSOLHV
,QFOXGHVOHDVHFRQGHQVDWH
0DUNHWHGSURGXFWLRQ ZHW PLQXVH[WUDFWLRQORVVHV

*DVZKLFKRFFXUVLQFUXGHRLOUHVHUYRLUVHLWKHUDVIUHHJDV DVVRFLDWHG RUDVJDVLQVROXWLRQZLWKFUXGHRLO GLVVROYHG 

,QFOXGHVWLJKWJDV

6\QWKHWLFQDWXUDOJDVSURSDQHDLUFRNHRYHQJDVUHILQHU\JDVELRPDVVJDVDLULQMHFWHGIRU%WXVWDELOL]DWLRQDQGPDQXIDFWXUHGJDVFRPPLQJOHGDQGGLVWULEXWHG
ZLWKQDWXUDOJDV
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGFUXGHRLOORZHUDYHUDJHZHOOKHDGSULFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$  3HWUROHXP0DUNHWLQJ$QQXDO'2((,$
   :DVKLQJWRQ'&$XJXVW DQGORZHURQVKRUHORZHURIIVKRUHDQG$ODVNDFUXGHRLOSURGXFWLRQ(,$3HWUROHXP6XSSO\$QQXDO
'2((,$   :DVKLQJWRQ'&-XQH  86FUXGHRLODQGQDWXUDOJDVUHVHUYHV(,$86&UXGH2LO1DWXUDO*DVDQG1DWXUDO*DV/LTXLGV
5HVHUYHV'2((,$   :DVKLQJWRQ'&2FWREHU $ODVNDDQGWRWDOQDWXUDOJDVSURGXFWLRQDQGVXSSOHPHQWDOJDVVXSSOLHV(,$1DWXUDO*DV
$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ QDWXUDOJDVORZHUDYHUDJHZHOOKHDGSULFH0LQHUDOV0DQDJHPHQW6HUYLFHDQG(,$1DWXUDO
*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ QDWXUDOJDVORZHUDYHUDJHZHOOKHDGSULFH$ODVNDDQGWRWDOQDWXUDOJDVSURGXFWLRQ
DQGVXSSOHPHQWDOJDVVXSSOLHV(,$1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ 2WKHUDQGYDOXHV(,$2IILFHRI
,QWHJUDWHG$QDO\VLVDQG)RUHFDVWLQJ3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ &RDO6XSSO\'LVSRVLWLRQDQG3ULFHV
0LOOLRQ6KRUW7RQVSHU<HDU8QOHVV2WKHUZLVH1RWHG
$QQXDO
*URZWK

SHUFHQW

5HIHUHQFH&DVH
6XSSO\'LVSRVLWLRQDQG3ULFHV












3URGXFWLRQ
$SSDODFKLD                               
,QWHULRU                                  
:HVW                                   

































(DVWRIWKH0LVVLVVLSSL                      
:HVWRIWKH0LVVLVVLSSL                     
7RWDO                                  

































:DVWH&RDO6XSSOLHG                       

















1HW,PSRUWV
,PSRUWV                                 
([SRUWV                                 
7RWDO                                  

































7RWDO6XSSO\                              

















&RQVXPSWLRQE\6HFWRU
5HVLGHQWLDODQG&RPPHUFLDO                 
&RNH3ODQWV                              
2WKHU,QGXVWULDO                           
&RDOWR/LTXLGV+HDWDQG3RZHU              
&RDOWR/LTXLGV3URGXFWLRQ                   
(OHFWULF3RZHU                           
7RWDO                                  

































































'LVFUHSDQF\DQG6WRFN&KDQJH              

















$YHUDJH0LQHPRXWK3ULFH
 GROODUVSHUVKRUWWRQ                  
 GROODUVSHUPLOOLRQ%WX                 

































































































'HOLYHUHG3ULFHV GROODUVSHUVKRUWWRQ 
&RNH3ODQWV                              
2WKHU,QGXVWULDO                           
&RDOWR/LTXLGV                            
(OHFWULF3RZHU
 GROODUVSHUVKRUWWRQ                
 GROODUVSHUPLOOLRQ%WX               
$YHUDJH                             
([SRUWV                                
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Reference Case
7DEOH$ &RDO6XSSO\'LVSRVLWLRQDQG3ULFHV &RQWLQXHG
0LOOLRQ6KRUW7RQVSHU<HDU8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6XSSO\'LVSRVLWLRQDQG3ULFHV

$YHUDJH0LQHPRXWK3ULFH
 QRPLQDOGROODUVSHUVKRUWWRQ                
 QRPLQDOGROODUVSHUPLOOLRQ%WX              
'HOLYHUHG3ULFHV QRPLQDOGROODUVSHUVKRUWWRQ 
&RNH3ODQWV                              
2WKHU,QGXVWULDO                           
&RDOWR/LTXLGV                            
(OHFWULF3RZHU
 QRPLQDOGROODUVSHUVKRUWWRQ              
 QRPLQDOGROODUVSHUPLOOLRQ%WX             
$YHUDJH                             
([SRUWV                                













$QQXDO
*URZWK

SHUFHQW



































































































,QFOXGHVDQWKUDFLWHELWXPLQRXVFRDOVXEELWXPLQRXVFRDODQGOLJQLWH
,QFOXGHVZDVWHFRDOFRQVXPHGE\WKHHOHFWULFSRZHUDQGLQGXVWULDOVHFWRUV:DVWHFRDOVXSSOLHGLVFRXQWHGDVDVXSSO\VLGHLWHPWREDODQFHWKHVDPHDPRXQWRI
ZDVWHFRDOLQFOXGHGLQWKHFRQVXPSWLRQGDWD

([FOXGHVLPSRUWVWR3XHUWR5LFRDQGWKH869LUJLQ,VODQGV

3URGXFWLRQSOXVZDVWHFRDOVXSSOLHGSOXVQHWLPSRUWV

,QFOXGHVFRQVXPSWLRQIRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
([FOXGHVDOOFRDOXVHLQWKHFRDOWROLTXLGVSURFHVV

,QFOXGHVDOOHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

%DODQFLQJLWHPWKHVXPRISURGXFWLRQQHWLPSRUWVDQGZDVWHFRDOVXSSOLHGPLQXVWRWDOFRQVXPSWLRQ

,QFOXGHVUHSRUWHGSULFHVIRUERWKRSHQPDUNHWDQGFDSWLYHPLQHV

3ULFHVZHLJKWHGE\FRQVXPSWLRQZHLJKWHGDYHUDJHH[FOXGHVUHVLGHQWLDODQGFRPPHUFLDOSULFHVDQGH[SRUWIUHHDORQJVLGHVKLS IDV SULFHV

)DVSULFHDW86SRUWRIH[LW
 1RWDSSOLFDEOH
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGGDWDEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO&RDO5HSRUW'2((,$   :DVKLQJWRQ'&6HSWHPEHU
 (,$4XDUWHUO\&RDO5HSRUW2FWREHU'HFHPEHU'2((,$ 4  :DVKLQJWRQ'&0DUFK DQG(,$$(21DWLRQDO(QHUJ\0RGHOLQJ
6\VWHPUXQ$(25'$3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ 5HQHZDEOH(QHUJ\*HQHUDWLQJ&DSDFLW\DQG*HQHUDWLRQ
*LJDZDWWV8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
&DSDFLW\DQG*HQHUDWLRQ

138

$QQXDO
*URZWK

SHUFHQW















(OHFWULF3RZHU6HFWRU
1HW6XPPHU&DSDFLW\
&RQYHQWLRQDO+\GURSRZHU              
*HRWKHUPDO                         
0XQLFLSDO:DVWH                     
:RRGDQG2WKHU%LRPDVV             
6RODU7KHUPDO                        
6RODU3KRWRYROWDLF                    
:LQG                               
2IIVKRUH:LQG                       
7RWDO                             

















































































*HQHUDWLRQ ELOOLRQNLORZDWWKRXUV
&RQYHQWLRQDO+\GURSRZHU              
*HRWKHUPDO                         
%LRJHQLF0XQLFLSDO:DVWH              
:RRGDQG2WKHU%LRPDVV              
'HGLFDWHG3ODQWV                    
&RILULQJ                           
6RODU7KHUPDO                        
6RODU3KRWRYROWDLF                    
:LQG                               
2IIVKRUH:LQG                       
7RWDO                             

































































































(QG8VH*HQHUDWRUV
1HW6XPPHU&DSDFLW\
&RQYHQWLRQDO+\GURSRZHU            
*HRWKHUPDO                        
0XQLFLSDO:DVWH                   
%LRPDVV                           
6RODU3KRWRYROWDLF                  
:LQG                             
7RWDO                            

































































*HQHUDWLRQ ELOOLRQNLORZDWWKRXUV
&RQYHQWLRQDO+\GURSRZHU            
*HRWKHUPDO                        
0XQLFLSDO:DVWH                   
%LRPDVV                           
6RODU3KRWRYROWDLF                  
:LQG                             
7RWDO                            
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Reference Case
7DEOH$ 5HQHZDEOH(QHUJ\*HQHUDWLQJ&DSDFLW\DQG*HQHUDWLRQ &RQWLQXHG
*LJDZDWWV8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
&DSDFLW\DQG*HQHUDWLRQ

$QQXDO
*URZWK

SHUFHQW















7RWDO$OO6HFWRUV
1HW6XPPHU&DSDFLW\
&RQYHQWLRQDO+\GURSRZHU              
*HRWKHUPDO                          
0XQLFLSDO:DVWH                      
:RRGDQG2WKHU%LRPDVV             
6RODU                              
:LQG                               
7RWDO                             

































































*HQHUDWLRQ ELOOLRQNLORZDWWKRXUV
&RQYHQWLRQDO+\GURSRZHU              
*HRWKHUPDO                          
0XQLFLSDO:DVWH                      
:RRGDQG2WKHU%LRPDVV              
6RODU                              
:LQG                               
7RWDO                             



































































,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVK\GURWKHUPDOUHVRXUFHVRQO\ KRWZDWHUDQGVWHDP 
,QFOXGHVPXQLFLSDOZDVWHODQGILOOJDVDQGPXQLFLSDOVHZDJHVOXGJH,QFUHPHQWDOJURZWKLVDVVXPHGWREHIRUODQGILOOJDVIDFLOLWLHV$OOPXQLFLSDOZDVWHLVLQFOXGHG
DOWKRXJKDSRUWLRQRIWKHPXQLFLSDOZDVWHVWUHDPFRQWDLQVSHWUROHXPGHULYHGSODVWLFVDQGRWKHUQRQUHQHZDEOHVRXUFHV

)DFLOLWLHVFRILULQJELRPDVVDQGFRDODUHFODVVLILHGDVFRDO

,QFOXGHVSURMHFWLRQVIRUHQHUJ\FURSVDIWHU

'RHVQRWLQFOXGHRIIJULGSKRWRYROWDLFV 39 %DVHGRQDQQXDO39VKLSPHQWVIURPWKURXJK(,$HVWLPDWHVWKDWDVPXFKDVPHJDZDWWVRIUHPRWH
HOHFWULFLW\JHQHUDWLRQ39DSSOLFDWLRQV LHRIIJULGSRZHUV\VWHPV ZHUHLQVHUYLFHLQSOXVDQDGGLWLRQDOPHJDZDWWVLQFRPPXQLFDWLRQVWUDQVSRUWDWLRQDQG
DVVRUWHGRWKHUQRQJULGFRQQHFWHGVSHFLDOL]HGDSSOLFDWLRQV6HH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ
'&-XQH 7DEOH DQQXDO39VKLSPHQWV 7KHDSSURDFKXVHGWRGHYHORSWKHHVWLPDWHEDVHGRQVKLSPHQWGDWDSURYLGHVDQXSSHUHVWLPDWHRI
WKHVL]HRIWKH39VWRFNLQFOXGLQJERWKJULGEDVHGDQGRIIJULG39,WZLOORYHUHVWLPDWHWKHVL]HRIWKHVWRFNEHFDXVHVKLSPHQWVLQFOXGHDVXEVWDQWLDOQXPEHURIXQLWV
WKDWDUHH[SRUWHGDQGHDFK\HDUVRPHRIWKH39XQLWVLQVWDOOHGHDUOLHUZLOOEHUHWLUHGIURPVHUYLFHRUDEDQGRQHG

,QFOXGHVELRJHQLFPXQLFLSDOZDVWHODQGILOOJDVDQGPXQLFLSDOVHZDJHVOXGJH,QFUHPHQWDOJURZWKLVDVVXPHGWREHIRUODQGILOOJDVIDFLOLWLHV2QO\ELRJHQLFPXQLFLSDO
ZDVWHLVLQFOXGHG7KH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQHVWLPDWHVWKDWLQDSSUR[LPDWHO\ELOOLRQNLORZDWWKRXUVRIHOHFWULFLW\ZHUHJHQHUDWHGIURPDPXQLFLSDO
ZDVWHVWUHDPFRQWDLQLQJSHWUROHXPGHULYHGSODVWLFVDQGRWKHUQRQUHQHZDEOHVRXUFHV6HH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ0HWKRGRORJ\IRU$OORFDWLQJ0XQLFLSDO
6ROLG:DVWHWR%LRJHQLFDQG1RQ%LRJHQLF(QHUJ\ :DVKLQJWRQ'&0D\ 

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQWKHFRPPHUFLDODQGLQGXVWULDOVHFWRUVDQGVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDO
FRPPHUFLDODQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG

5HSUHVHQWVRZQXVHLQGXVWULDOK\GURHOHFWULFSRZHU

,QFOXGHVPXQLFLSDOZDVWHODQGILOOJDVDQGPXQLFLSDOVHZDJHVOXGJH$OOPXQLFLSDOZDVWHLVLQFOXGHGDOWKRXJKDSRUWLRQRIWKHPXQLFLSDOZDVWHVWUHDPFRQWDLQV
SHWUROHXPGHULYHGSODVWLFVDQGRWKHUQRQUHQHZDEOHVRXUFHV
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGFDSDFLW\(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ )RUP(,$$QQXDO(OHFWULF*HQHUDWRU5HSRUW SUHOLPLQDU\ DQG
JHQHUDWLRQ(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHP
UXQ$(25'$
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Reference Case
7DEOH$ 5HQHZDEOH(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH
4XDGULOOLRQ%WXSHU<HDU
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH














$QQXDO
*URZWK

SHUFHQW

0DUNHWHG5HQHZDEOH(QHUJ\
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5HVLGHQWLDO ZRRG                       

















&RPPHUFLDO ELRPDVV



















,QGXVWULDO                              
&RQYHQWLRQDO+\GURHOHFWULF                
0XQLFLSDO:DVWH                       
%LRPDVV                              
%LRIXHOV+HDWDQG&RSURGXFWV             

















































7UDQVSRUWDWLRQ                          
(WKDQROXVHGLQ(                    
(WKDQROXVHGLQ*DVROLQH%OHQGLQJ          
%LRGLHVHOXVHGLQ'LVWLOODWH%OHQGLQJ         
/LTXLGVIURP%LRPDVV                    
*UHHQ/LTXLGV                          

























































(OHFWULF3RZHU                          
&RQYHQWLRQDO+\GURHOHFWULF                
*HRWKHUPDO                            
%LRJHQLF0XQLFLSDO:DVWH                
%LRPDVV                              
'HGLFDWHG3ODQWV                      
&RILULQJ                             
6RODU7KHUPDO                          
6RODU3KRWRYROWDLF                       
:LQG                                 

























































































7RWDO0DUNHWHG5HQHZDEOH(QHUJ\           

















6RXUFHVRI(WKDQRO
)URP&RUQ                              
)URP&HOOXORVH                          
,PSRUWV                                 
7RWDO                                 









































U.S. Energy Information Administration / Annual Energy Outlook 2010

Reference Case
7DEOH$ 5HQHZDEOH(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH














$QQXDO
*URZWK

SHUFHQW

1RQPDUNHWHG5HQHZDEOH(QHUJ\
6HOHFWHG&RQVXPSWLRQ
5HVLGHQWLDO                             
6RODU+RW:DWHU+HDWLQJ                  
*HRWKHUPDO+HDW3XPSV                 
6RODU3KRWRYROWDLF                       
:LQG                                 

















































&RPPHUFLDO                            
6RODU7KHUPDO                          
6RODU3KRWRYROWDLF                       
:LQG                                 










































$FWXDOKHDWUDWHVXVHGWRGHWHUPLQHIXHOFRQVXPSWLRQIRUDOOUHQHZDEOHIXHOVH[FHSWK\GURSRZHUVRODUDQGZLQG&RQVXPSWLRQDWK\GURHOHFWULFVRODUDQGZLQG
IDFLOLWLHVGHWHUPLQHGE\XVLQJWKHIRVVLOIXHOHTXLYDOHQWRI%WXSHUNLORZDWWKRXU

,QFOXGHVQRQHOHFWULFUHQHZDEOHHQHUJ\JURXSVIRUZKLFKWKHHQHUJ\VRXUFHLVERXJKWDQGVROGLQWKHPDUNHWSODFHDOWKRXJKDOOWUDQVDFWLRQVPD\QRWQHFHVVDULO\EH
PDUNHWHGDQGPDUNHWHGUHQHZDEOHHQHUJ\LQSXWVIRUHOHFWULFLW\HQWHULQJWKHPDUNHWSODFHRQWKHHOHFWULFSRZHUJULG([FOXGHVHOHFWULFLW\LPSRUWVVHH7DEOH$

,QFOXGHVDOOHOHFWULFLW\SURGXFWLRQE\LQGXVWULDODQGRWKHUFRPELQHGKHDWDQGSRZHUIRUWKHJULGDQGIRURZQXVH

,QFOXGHVPXQLFLSDOZDVWHODQGILOOJDVDQGPXQLFLSDOVHZDJHVOXGJH$OOPXQLFLSDOZDVWHLVLQFOXGHGDOWKRXJKDSRUWLRQRIWKHPXQLFLSDOZDVWHVWUHDPFRQWDLQV
SHWUROHXPGHULYHGSODVWLFVDQGRWKHUQRQUHQHZDEOHVRXUFHV

7KHHQHUJ\FRQWHQWRIELRIXHOVIHHGVWRFNPLQXVWKHHQHUJ\FRQWHQWRIOLTXLGIXHOSURGXFHG

([FOXGHVPRWRUJDVROLQHFRPSRQHQWRI(

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKH
SXEOLF,QFOXGHVVPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

,QFOXGHVELRJHQLFPXQLFLSDOZDVWHODQGILOOJDVDQGPXQLFLSDOVHZDJHVOXGJH,QFUHPHQWDOJURZWKLVDVVXPHGWREHIRUODQGILOOJDVIDFLOLWLHV2QO\ELRJHQLFPXQLFLSDO
ZDVWHLVLQFOXGHG7KH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQHVWLPDWHVWKDWLQ DSSUR[LPDWHO\TXDGULOOLRQ%WXVZHUHFRQVXPHGIURPDPXQLFLSDOZDVWHVWUHDP
FRQWDLQLQJSHWUROHXPGHULYHGSODVWLFVDQGRWKHUQRQUHQHZDEOHVRXUFHV6HH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ0HWKRGRORJ\IRU$OORFDWLQJ0XQLFLSDO6ROLG:DVWH
WR%LRJHQLFDQG1RQ%LRJHQLF(QHUJ\ :DVKLQJWRQ'&0D\ 

,QFOXGHVVHOHFWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQGDWDIRUZKLFKWKHHQHUJ\LVQRWERXJKWRUVROGHLWKHUGLUHFWO\RULQGLUHFWO\DVDQLQSXWWRPDUNHWHGHQHUJ\7KH
(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQGRHVQRWHVWLPDWHRUSURMHFWWRWDOFRQVXPSWLRQRIQRQPDUNHWHGUHQHZDEOHHQHUJ\
 1RWDSSOLFDEOH
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGHWKDQRO(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 
DQGHOHFWULFSRZHUVHFWRU(,$)RUP(,$$QQXDO(OHFWULF*HQHUDWRU5HSRUW´ SUHOLPLQDU\ 2WKHUDQGYDOXHV(,$2IILFHRI,QWHJUDWHG
$QDO\VLVDQG)RUHFDVWLQJ3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ &DUERQ'LR[LGH(PLVVLRQVE\6HFWRUDQG6RXUFH
0LOOLRQ0HWULF7RQV8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH














$QQXDO
*URZWK

SHUFHQW

5HVLGHQWLDO
3HWUROHXP                             
1DWXUDO*DV                            
&RDO                                  
(OHFWULFLW\                             
7RWDO                                

















































&RPPHUFLDO
3HWUROHXP                             
1DWXUDO*DV                            
&RDO                                  
(OHFWULFLW\                             
7RWDO                                

















































,QGXVWULDO
3HWUROHXP                             
1DWXUDO*DV                           
&RDO                                  
(OHFWULFLW\                             
7RWDO                                

















































7UDQVSRUWDWLRQ
3HWUROHXP                             
1DWXUDO*DV                           
(OHFWULFLW\                             
7RWDO                                









































(OHFWULF3RZHU
3HWUROHXP                             
1DWXUDO*DV                            
&RDO                                  
2WKHU                                
7RWDO                                

















































7RWDOE\)XHO
3HWUROHXP                             
1DWXUDO*DV                            
&RDO                                  
2WKHU                                
7RWDO                                

















































&DUERQ'LR[LGH(PLVVLRQV
 WRQVSHUSHUVRQ                        



















(PLVVLRQVIURPWKHHOHFWULFSRZHUVHFWRUDUHGLVWULEXWHGWRWKHHQGXVHVHFWRUV

)XHOFRQVXPSWLRQLQFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWR
WKHSXEOLF

,QFOXGHVOHDVHDQGSODQWIXHO

7KLVLQFOXGHVFDUERQGLR[LGHIURPLQWHUQDWLRQDOEXQNHUIXHOVERWKFLYLOLDQDQGPLOLWDU\ZKLFKDUHH[FOXGHGIURPWKHDFFRXQWLQJRIFDUERQGLR[LGHHPLVVLRQVXQGHU
WKH8QLWHG1DWLRQVFRQYHQWLRQ)URPWKURXJKLQWHUQDWLRQDOEXQNHUIXHOVDFFRXQWHGIRUWRPLOOLRQPHWULFWRQVDQQXDOO\

,QFOXGHVSLSHOLQHIXHOQDWXUDOJDVDQGFRPSUHVVHGQDWXUDOJDVXVHGDVYHKLFOHIXHO

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVHPLVVLRQVIURPJHRWKHUPDOSRZHUDQGQRQELRJHQLFHPLVVLRQVIURPPXQLFLSDOZDVWH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGHPLVVLRQVDQGHPLVVLRQIDFWRUV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ (PLVVLRQVRI*UHHQKRXVH*DVHVLQWKH8QLWHG6WDWHV
'2((,$   :DVKLQJWRQ'&'HFHPEHU 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ (QHUJ\5HODWHG&DUERQ'LR[LGH(PLVVLRQVE\(QG8VH
0LOOLRQ0HWULF7RQV
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH

$QQXDO
*URZWK

SHUFHQW















5HVLGHQWLDO
6SDFH+HDWLQJ                          
6SDFH&RROLQJ                          
:DWHU+HDWLQJ                          
5HIULJHUDWLRQ                           
&RRNLQJ                               
&ORWKHV'U\HUV                          
)UHH]HUV                              
/LJKWLQJ                               
&ORWKHV:DVKHUV                       
'LVKZDVKHUV                           
&RORU7HOHYLVLRQVDQG6HW7RS%R[HV        
3HUVRQDO&RPSXWHUVDQG5HODWHG(TXLSPHQW  
)XUQDFH)DQVDQG%RLOHU&LUFXODWLRQ3XPSV   
2WKHU8VHV                            
'LVFUHSDQF\                           
7RWDO5HVLGHQWLDO                      









































































































































&RPPHUFLDO
6SDFH+HDWLQJ                         
6SDFH&RROLQJ                         
:DWHU+HDWLQJ                         
9HQWLODWLRQ                             
&RRNLQJ                               
/LJKWLQJ                               
5HIULJHUDWLRQ                           
2IILFH(TXLSPHQW 3&                    
2IILFH(TXLSPHQW QRQ3&                
2WKHU8VHV                            
7RWDO&RPPHUFLDO                     









































































































































































































































































































,QGXVWULDO
0DQXIDFWXULQJ
5HILQLQJ                             
)RRG3URGXFWV                        
3DSHU3URGXFWV                        
%XON&KHPLFDOV                        
*ODVV                               
&HPHQW0DQXIDFWXULQJ                  
,URQDQG6WHHO                         
$OXPLQXP                            
)DEULFDWHG0HWDO3URGXFWV               
0DFKLQHU\                            
&RPSXWHUVDQG(OHFWURQLFV              
7UDQVSRUWDWLRQ(TXLSPHQW               
(OHFWULFDO(TXLSPHQW                    
:RRG3URGXFWV                        
3ODVWLFV                              
%DODQFHRI0DQXIDFWXULQJ                
7RWDO0DQXIDFWXULQJ                   
1RQPDQXIDFWXULQJ
$JULFXOWXUH                           
0LQLQJ                               
&RQVWUXFWLRQ                          
7RWDO1RQPDQXIDFWXULQJ               
'LVFUHSDQF\                           
7RWDO,QGXVWULDO                       
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Reference Case
7DEOH$ (QHUJ\5HODWHG&DUERQ'LR[LGH(PLVVLRQVE\(QG8VH &RQWLQXHG
0LOOLRQ0HWULF7RQV
5HIHUHQFH&DVH
6HFWRUDQG6RXUFH

7UDQVSRUWDWLRQ
/LJKW'XW\9HKLFOHV                      
&RPPHUFLDO/LJKW7UXFNV                 
%XV7UDQVSRUWDWLRQ                      
)UHLJKW7UXFNV                          
5DLO3DVVHQJHU                         
5DLO)UHLJKW                            
6KLSSLQJ'RPHVWLF                      
6KLSSLQJ,QWHUQDWLRQDO                    
5HFUHDWLRQDO%RDWV                      
$LU                                   
0LOLWDU\8VH                            
/XEULFDQWV                             
3LSHOLQH)XHO                           
'LVFUHSDQF\                           
7RWDO7UDQVSRUWDWLRQ                   

































































































































$QQXDO
*URZWK

SHUFHQW

















'RHVQRWLQFOXGHZDWHUKHDWLQJSRUWLRQRIORDG
5HSUHVHQWVGLIIHUHQFHVEHWZHHQWRWDOHPLVVLRQVE\HQGXVHDQGWRWDOHPLVVLRQVE\IXHODVUHSRUWHGLQ7DEOH$(PLVVLRQVE\IXHOPD\UHIOHFWEHQFKPDUNLQJDQG
RWKHUPRGHOLQJDGMXVWPHQWVWRHQHUJ\XVHDQGWKHDVVRFLDWHGHPLVVLRQVWKDWDUHQRWDVVLJQHGWRVSHFLILFHQGXVHV

,QFOXGHVHPLVVLRQVUHODWHGWRIXHOFRQVXPSWLRQIRUGLVWULFWVHUYLFHV

,QFOXGHVPLVFHOODQHRXVXVHVVXFKDVVHUYLFHVWDWLRQHTXLSPHQWDXWRPDWHGWHOOHUPDFKLQHVWHOHFRPPXQLFDWLRQVHTXLSPHQWPHGLFDOHTXLSPHQWSXPSVHPHUJHQF\
JHQHUDWRUVFRPELQHGKHDWDQGSRZHULQFRPPHUFLDOEXLOGLQJVPDQXIDFWXULQJSHUIRUPHGLQFRPPHUFLDOEXLOGLQJVDQGFRRNLQJ GLVWLOODWH SOXVHPLVVLRQVIURPUHVLGXDO
IXHORLOOLTXHILHGSHWUROHXPJDVHVFRDOPRWRUJDVROLQHDQGNHURVHQH

&RPPHUFLDOWUXFNVWRSRXQGV
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGHPLVVLRQVDQGHPLVVLRQIDFWRUV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ (PLVVLRQVRI*UHHQKRXVH*DVHVLQWKH8QLWHG6WDWHV
'2((,$   :DVKLQJWRQ'&'HFHPEHU 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ 0DFURHFRQRPLF,QGLFDWRUV
%LOOLRQ&KDLQ:HLJKWHG'ROODUV8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
,QGLFDWRUV

$QQXDO
*URZWK

SHUFHQW















































































































































































,QWHUHVW5DWHV SHUFHQWQRPLQDO
)HGHUDO)XQGV5DWH                      
<HDU7UHDVXU\1RWH                   
$$8WLOLW\%RQG5DWH                     

































9DOXHRI6KLSPHQWV ELOOLRQGROODUV
6HUYLFH6HFWRUV                         
7RWDO,QGXVWULDO                       
1RQPDQXIDFWXULQJ                  
0DQXIDFWXULQJ                      
(QHUJ\,QWHQVLYH                  
1RQHQHUJ\,QWHQVLYH              
7RWDO6KLSPHQWV                         























































































































.H\/DERU,QGLFDWRUV
/DERU)RUFH PLOOLRQV                 
1RQIDUP/DERU3URGXFWLYLW\     
8QHPSOR\PHQW5DWH SHUFHQW          

































.H\,QGLFDWRUVIRU(QHUJ\'HPDQG
5HDO'LVSRVDEOH3HUVRQDO,QFRPH       
+RXVLQJ6WDUWV PLOOLRQV               
&RPPHUFLDO)ORRUVSDFH ELOOLRQVTXDUHIHHW
8QLW6DOHVRI/LJKW'XW\9HKLFOHV PLOOLRQV









































5HDO*URVV'RPHVWLF3URGXFW              
&RPSRQHQWVRI5HDO*URVV'RPHVWLF3URGXFW
5HDO&RQVXPSWLRQ                       
5HDO,QYHVWPHQW                         
5HDO*RYHUQPHQW6SHQGLQJ               
5HDO([SRUWV                           
5HDO,PSRUWV                           
(QHUJ\,QWHQVLW\
 WKRXVDQG%WXSHUGROODURI*'3
'HOLYHUHG(QHUJ\                        
7RWDO(QHUJ\                           
3ULFH,QGLFHV
*'3&KDLQW\SH3ULFH,QGH[      
&RQVXPHU3ULFH,QGH[  
$OOXUEDQ                             
(QHUJ\&RPPRGLWLHVDQG6HUYLFHV         
:KROHVDOH3ULFH,QGH[  
$OO&RPPRGLWLHV                       
)XHODQG3RZHU                       
0HWDOVDQG0HWDO3URGXFWV               

3RSXODWLRQDQG(PSOR\PHQW PLOOLRQV
3RSXODWLRQZLWK$UPHG)RUFHV2YHUVHDV
3RSXODWLRQDJHGDQGRYHU         
3RSXODWLRQRYHUDJH              
(PSOR\PHQW1RQIDUP               
(PSOR\PHQW0DQXIDFWXULQJ          

*'3 *URVVGRPHVWLFSURGXFW
%WX %ULWLVKWKHUPDOXQLW
 1RWDSSOLFDEOH
6RXUFHVDQG,+6*OREDO,QVLJKW,QGXVWU\DQG(PSOR\PHQWPRGHOV$XJXVW3URMHFWLRQV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO
(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
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Reference Case
7DEOH$ ,QWHUQDWLRQDO/LTXLGV6XSSO\DQG'LVSRVLWLRQ6XPPDU\
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6XSSO\DQG'LVSRVLWLRQ

&UXGH2LO3ULFHV GROODUVSHUEDUUHO 
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO          
,PSRUWHG&UXGH2LO                       
&UXGH2LO3ULFHV QRPLQDOGROODUVSHUEDUUHO 
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO          
,PSRUWHG&UXGH2LO                       
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$QQXDO
*URZWK

SHUFHQW

































































































&RQYHQWLRQDO3URGXFWLRQ &RQYHQWLRQDO 
23(&
0LGGOH(DVW                          
1RUWK$IULFD                          
:HVW$IULFD                          
6RXWK$PHULFD                        
7RWDO23(&                        
1RQ23(&
2(&'
8QLWHG6WDWHV VWDWHV                
&DQDGD                             
0H[LFR                              
2(&'(XURSH                       
-DSDQ                               
$XVWUDOLDDQG1HZ=HDODQG              
7RWDO2(&'                        
1RQ2(&'
5XVVLD                              
2WKHU(XURSHDQG(XUDVLD              
&KLQD                               
2WKHU$VLD                          
0LGGOH(DVW                          
$IULFD                               
%UD]LO                               
2WKHU&HQWUDODQG6RXWK$PHULFD         
7RWDO1RQ2(&'                    

















































































































































7RWDO&RQYHQWLRQDO3URGXFWLRQ              

















8QFRQYHQWLRQDO3URGXFWLRQ
8QLWHG6WDWHV VWDWHV                   
2WKHU1RUWK$PHULFD                      
2(&'(XURSH                          
0LGGOH(DVW                             
$IULFD                                 
&HQWUDODQG6RXWK$PHULFD                 
2WKHU                                  
7RWDO8QFRQYHQWLRQDO3URGXFWLRQ         









































































7RWDO3URGXFWLRQ                          

















U.S. Energy Information Administration / Annual Energy Outlook 2010

Reference Case
7DEOH$ ,QWHUQDWLRQDO/LTXLGV6XSSO\DQG'LVSRVLWLRQ6XPPDU\ &RQWLQXHG
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG
5HIHUHQFH&DVH
6XSSO\DQG'LVSRVLWLRQ

&RQVXPSWLRQ
2(&'
8QLWHG6WDWHV VWDWHV                 
8QLWHG6WDWHV7HUULWRULHV                  
&DQDGD                               
0H[LFR                               
2(&'(XURSH                         
-DSDQ                                
6RXWK.RUHD                           
$XVWUDOLDDQG1HZ=HDODQG               
7RWDO2(&'                          
1RQ2(&'
5XVVLD                                
2WKHU(XURSHDQG(XUDVLD                
&KLQD                                
,QGLD                                 
2WKHU$VLD                            
0LGGOH(DVW                            
$IULFD                                
%UD]LO                                 
2WKHU&HQWUDODQG6RXWK$PHULFD          
7RWDO1RQ2(&'                      













$QQXDO
*URZWK

SHUFHQW









































































































































































7RWDO&RQVXPSWLRQ                        

















23(&3URGXFWLRQ                         
1RQ23(&3URGXFWLRQ                     
1HW(XUDVLD([SRUWV                        
23(&0DUNHW6KDUH SHUFHQW                











































:HLJKWHGDYHUDJHSULFHGHOLYHUHGWR86UHILQHUV

,QFOXGHVSURGXFWLRQRIFUXGHRLO LQFOXGLQJOHDVHFRQGHQVDWH QDWXUDOJDVSODQWOLTXLGVRWKHUK\GURJHQDQGK\GURFDUERQVIRUUHILQHU\IHHGVWRFNVDOFRKRODQGRWKHU
VRXUFHVDQGUHILQHU\JDLQV

23(& 2UJDQL]DWLRQRI3HWUROHXP([SRUWLQJ&RXQWULHV$OJHULD$QJROD(FXDGRU,UDQ,UDT.XZDLW/LE\D1LJHULD4DWDU6DXGL$UDELDWKH8QLWHG$UDE(PLUDWHV
DQG9HQH]XHOD

2(&'(XURSH 2UJDQL]DWLRQIRU(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQW$XVWULD%HOJLXP&]HFK5HSXEOLF'HQPDUN)LQODQG)UDQFH*HUPDQ\*UHHFH
+XQJDU\,FHODQG,UHODQG,WDO\/X[HPERXUJWKH1HWKHUODQGV1RUZD\3RODQG3RUWXJDO6ORYDNLD6SDLQ6ZHGHQ6ZLW]HUODQG7XUNH\DQGWKH8QLWHG.LQJGRP

2WKHU(XURSHDQG(XUDVLD $OEDQLD$UPHQLD$]HUEDLMDQ%HODUXV%RVQLDDQG+HU]HJRYLQD%XOJDULD&URDWLD(VWRQLD*HRUJLD.D]DNKVWDQ.\UJ\]VWDQ/DWYLD
/LWKXDQLD0DFHGRQLD0DOWD0ROGRYD0RQWHQHJUR5RPDQLD6HUELD6ORYHQLD7DMLNLVWDQ7XUNPHQLVWDQ8NUDLQHDQG8]EHNLVWDQ

2WKHU$VLD $IJKDQLVWDQ%DQJODGHVK%KXWDQ%UXQHL&DPERGLD .DPSXFKHD )LML)UHQFK3RO\QHVLD*XDP+RQJ.RQJ,QGRQHVLD.LULEDWL/DRV0DOD\VLD
0DFDX0DOGLYHV0RQJROLD0\DQPDU %XUPD 1DXUX1HSDO1HZ&DOHGRQLD1LXH1RUWK.RUHD3DNLVWDQ3DSXD1HZ*XLQHD3KLOLSSLQHV6DPRD6LQJDSRUH
6RORPRQ,VODQGV6UL/DQND7DLZDQ7KDLODQG7RQJD9DQXDWXDQG9LHWQDP

,QFOXGHVOLTXLGVSURGXFHGIURPHQHUJ\FURSVQDWXUDOJDVFRDOH[WUDKHDY\RLORLOVDQGVDQGVKDOH,QFOXGHVERWK23(&DQGQRQ23(&SURGXFHUVLQWKHUHJLRQDO
EUHDNGRZQ

,QFOXGHVERWK23(&DQGQRQ23(&FRQVXPHUVLQWKHUHJLRQDOEUHDNGRZQ

,QFOXGHVERWKFRQYHQWLRQDODQGXQFRQYHQWLRQDOOLTXLGVSURGXFWLRQ
 1RWDSSOLFDEOH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDQGDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$
GDWDUHSRUWV
6RXUFHVDQGORZVXOIXUOLJKWFUXGHRLOSULFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ )RUP(,$³0RQWKO\)RUHLJQ&UXGH2LO$FTXLVLWLRQ5HSRUW´
DQGLPSRUWHGFUXGHRLOSULFH(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH TXDQWLWLHVGHULYHGIURP(,$
,QWHUQDWLRQDO(QHUJ\$QQXDO'2((,$   :DVKLQJWRQ'&$XJXVW TXDQWLWLHVDQGSURMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ
6\VWHPUXQ$(25'$DQG(,$*HQHUDWH:RUOG2LO%DODQFH0RGHO
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Appendix B

Economic Growth Case Comparisons
7DEOH%

7RWDO(QHUJ\6XSSO\'LVSRVLWLRQDQG3ULFH6XPPDU\
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV

6XSSO\'LVSRVLWLRQDQG3ULFHV









/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK

3URGXFWLRQ
&UXGH2LODQG/HDVH&RQGHQVDWH          
1DWXUDO*DV3ODQW/LTXLGV                
'U\1DWXUDO*DV                        
&RDO                                
1XFOHDU3RZHU                         
+\GURSRZHU                           
%LRPDVV                             
2WKHU5HQHZDEOH(QHUJ\                
2WKHU                               
7RWDO                               















































































































,PSRUWV
&UXGH2LO                             
/LTXLG)XHOVDQG2WKHU3HWUROHXP         
1DWXUDO*DV                           
2WKHU,PSRUWV                         
7RWDO                               





























































([SRUWV
3HWUROHXP                            
1DWXUDO*DV                           
&RDO                                 
7RWDO                               



















































'LVFUHSDQF\                           





















&RQVXPSWLRQ
/LTXLG)XHOVDQG2WKHU3HWUROHXP         
1DWXUDO*DV                           
&RDO                                
1XFOHDU3RZHU                         
+\GURSRZHU                           
%LRPDVV                            
2WKHU5HQHZDEOH(QHUJ\                
2WKHU                               
7RWDO                               



























































































































































































































































3ULFHV GROODUVSHUXQLW
3HWUROHXP GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO3ULFH
,PSRUWHG&UXGH2LO3ULFH              
1DWXUDO*DV GROODUVSHUPLOOLRQ%WX
3ULFHDW+HQU\+XE                    
:HOOKHDG3ULFH                      
1DWXUDO*DV GROODUVSHUWKRXVDQGFXELFIHHW
:HOOKHDG3ULFH                      
&RDO GROODUVSHUWRQ
0LQHPRXWK3ULFH                    
&RDO GROODUVSHUPLOOLRQ%WX
0LQHPRXWK3ULFH                    
$YHUDJH'HOLYHUHG3ULFH               
$YHUDJH(OHFWULFLW\3ULFH
 FHQWVSHUNLORZDWWKRXU                  
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Economic Growth Case Comparisons
7DEOH%

7RWDO(QHUJ\6XSSO\DQG'LVSRVLWLRQ6XPPDU\ &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV

6XSSO\'LVSRVLWLRQDQG3ULFHV

3ULFHV QRPLQDOGROODUVSHUXQLW
3HWUROHXP GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO3ULFH
,PSRUWHG&UXGH2LO3ULFH              
1DWXUDO*DV GROODUVSHUPLOOLRQ%WX
3ULFHDW+HQU\+XE                    
:HOOKHDG3ULFH                      
1DWXUDO*DV GROODUVSHUWKRXVDQGFXELFIHHW
:HOOKHDG3ULFH                      
&RDO GROODUVSHUWRQ
0LQHPRXWK3ULFH                    
&RDO GROODUVSHUPLOOLRQ%WX
0LQHPRXWK3ULFH                    
$YHUDJH'HOLYHUHG3ULFH               
$YHUDJH(OHFWULFLW\3ULFH
 FHQWVSHUNLORZDWWKRXU                  









/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK

























































































































































,QFOXGHVZDVWHFRDO
,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPZRRGDQGZRRGZDVWHELRPDVVVXFKDVFRUQXVHGIRUOLTXLGIXHOVSURGXFWLRQDQGQRQHOHFWULFHQHUJ\GHPDQGIURPZRRG5HIHU
WR7DEOH$IRUGHWDLOV

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPODQGILOOJDVELRJHQLFPXQLFLSDOZDVWHZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHVDQGQRQHOHFWULFHQHUJ\IURPUHQHZDEOH
VRXUFHVVXFKDVDFWLYHDQGSDVVLYHVRODUV\VWHPV([FOXGHVHOHFWULFLW\LPSRUWVXVLQJUHQHZDEOHVRXUFHVDQGQRQPDUNHWHGUHQHZDEOHHQHUJ\6HH7DEOH$IRUVHOHFWHG
QRQPDUNHWHGUHVLGHQWLDODQGFRPPHUFLDOUHQHZDEOHHQHUJ\

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHOLTXLGK\GURJHQPHWKDQRODQGVRPHGRPHVWLFLQSXWVWRUHILQHULHV

,QFOXGHVLPSRUWVRIILQLVKHGSHWUROHXPSURGXFWVXQILQLVKHGRLOVDOFRKROVHWKHUVEOHQGLQJFRPSRQHQWVDQGUHQHZDEOHIXHOVVXFKDVHWKDQRO

,QFOXGHVFRDOFRDOFRNH QHW DQGHOHFWULFLW\ QHW 

,QFOXGHVFUXGHRLODQGSHWUROHXPSURGXFWV

%DODQFLQJLWHP,QFOXGHVXQDFFRXQWHGIRUVXSSO\ORVVHVJDLQVDQGQHWVWRUDJHZLWKGUDZDOV

,QFOXGHVSHWUROHXPGHULYHGIXHOVDQGQRQSHWUROHXPGHULYHGIXHOVVXFKDVHWKDQRODQGELRGLHVHODQGFRDOEDVHGV\QWKHWLFOLTXLGV3HWUROHXPFRNHZKLFKLVDVROLGLV
LQFOXGHG$OVRLQFOXGHGDUHQDWXUDOJDVSODQWOLTXLGVDQGFUXGHRLOFRQVXPHGDVDIXHO5HIHUWR7DEOH$IRUGHWDLOHGUHQHZDEOHOLTXLGIXHOVFRQVXPSWLRQ

([FOXGHVFRDOFRQYHUWHGWRFRDOEDVHGV\QWKHWLFOLTXLGVDQGFRDOEDVHGV\QWKHWLFQDWXUDOJDV

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPZRRGDQGZRRGZDVWHQRQHOHFWULFHQHUJ\IURPZRRGDQGELRIXHOVKHDWDQGFRSURGXFWVXVHGLQWKHSURGXFWLRQRIOLTXLGIXHOVEXW
H[FOXGHVWKHHQHUJ\FRQWHQWRIWKHOLTXLGIXHOV

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHDQGQHWHOHFWULFLW\LPSRUWV

:HLJKWHGDYHUDJHSULFHGHOLYHUHGWR86UHILQHUV

5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSOLHV

,QFOXGHVUHSRUWHGSULFHVIRUERWKRSHQPDUNHWDQGFDSWLYHPLQHV

3ULFHVZHLJKWHGE\FRQVXPSWLRQZHLJKWHGDYHUDJHH[FOXGHVUHVLGHQWLDODQGFRPPHUFLDOSULFHVDQGH[SRUWIUHHDORQJVLGHVKLS IDV SULFHV
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVQDWXUDOJDVVXSSO\YDOXHVDQGQDWXUDOJDVZHOOKHDGSULFH(,$1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ FRDO
PLQHPRXWKDQGGHOLYHUHGFRDOSULFHV(,$$QQXDO&RDO5HSRUW'2((,$   :DVKLQJWRQ'&6HSWHPEHU SHWUROHXPVXSSO\YDOXHV(,$
3HWUROHXP6XSSO\$QQXDO'2((,$   :DVKLQJWRQ'&-XQH ORZVXOIXUOLJKWFUXGHRLOSULFH(,$)RUP(,$³0RQWKO\)RUHLJQ&UXGH2LO
$FTXLVLWLRQ5HSRUW´2WKHUFRDOYDOXHV4XDUWHUO\&RDO5HSRUW2FWREHU'HFHPEHU'2((,$ 4  :DVKLQJWRQ'&0DUFK 2WKHUYDOXHV
(,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV
/0'$$(25'$DQG+0'$
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Economic Growth Case Comparisons
7DEOH%

(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH









/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK

(QHUJ\&RQVXPSWLRQ
5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV              
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
&RDO                                
5HQHZDEOH(QHUJ\                    
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

























































































































&RPPHUFLDO
/LTXHILHG3HWUROHXP*DVHV              
0RWRU*DVROLQH                       
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
&RDO                                
5HQHZDEOH(QHUJ\                    
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              













































































































































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV              
0RWRU*DVROLQH                       
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
2WKHU3HWUROHXP                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
/HDVHDQG3ODQW)XHO                  
1DWXUDO*DV6XEWRWDO                  
0HWDOOXUJLFDO&RDO                     
2WKHU,QGXVWULDO&RDO                   
&RDOWR/LTXLGV+HDWDQG3RZHU          
1HW&RDO&RNH,PSRUWV                 
&RDO6XEWRWDO                        
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOH(QHUJ\                    
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              
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Economic Growth Case Comparisons
7DEOH%

(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH









/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK

7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                
0RWRU*DVROLQH                       
-HW)XHO                            
'LVWLOODWH)XHO2LO                     
5HVLGXDO)XHO2LO                      
2WKHU3HWUROHXP                     
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
3LSHOLQH)XHO1DWXUDO*DV               
&RPSUHVVHG1DWXUDO*DV               
/LTXLG+\GURJHQ                      
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

































































































































































'HOLYHUHG(QHUJ\&RQVXPSWLRQIRU$OO
6HFWRUV
/LTXHILHG3HWUROHXP*DVHV              
(                                
0RWRU*DVROLQH                       
-HW)XHO                            
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
2WKHU3HWUROHXP                     
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
/HDVHDQG3ODQW)XHO                  
3LSHOLQH1DWXUDO*DV                   
1DWXUDO*DV6XEWRWDO                  
0HWDOOXUJLFDO&RDO                     
2WKHU&RDO                           
&RDOWR/LTXLGV+HDWDQG3RZHU          
1HW&RDO&RNH,PSRUWV                 
&RDO6XEWRWDO                        
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOH(QHUJ\                   
/LTXLG+\GURJHQ                      
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

























































































































































































































































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
6WHDP&RDO                          
1XFOHDU3RZHU                        
5HQHZDEOH(QHUJ\                   
(OHFWULFLW\,PSRUWV                     
7RWDO                             
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Economic Growth Case Comparisons
7DEOH%

(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV






6HFWRUDQG6RXUFH



7RWDO(QHUJ\&RQVXPSWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                
0RWRU*DVROLQH                       
-HW)XHO                            
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
2WKHU3HWUROHXP                     
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
/HDVHDQG3ODQW)XHO                  
3LSHOLQH1DWXUDO*DV                   
1DWXUDO*DV6XEWRWDO                  
0HWDOOXUJLFDO&RDO                     
2WKHU&RDO                           
&RDOWR/LTXLGV+HDWDQG3RZHU          
1HW&RDO&RNH,PSRUWV                 
&RDO6XEWRWDO                        
1XFOHDU3RZHU                        
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOH(QHUJ\                   
/LTXLG+\GURJHQ                      
(OHFWULFLW\,PSRUWV                     
7RWDO                              















































































































































































































































































(QHUJ\8VHDQG5HODWHG6WDWLVWLFV
'HOLYHUHG(QHUJ\8VH                    
7RWDO(QHUJ\8VH                       
(WKDQRO&RQVXPHGLQ0RWRU*DVROLQHDQG(
3RSXODWLRQ PLOOLRQV                     
*URVV'RPHVWLF3URGXFW ELOOLRQGROODUV
&DUERQ'LR[LGH(PLVVLRQV PLOOLRQPHWULFWRQV







































































/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK


,QFOXGHVZRRGXVHGIRUUHVLGHQWLDOKHDWLQJ6HH7DEOH$DQGRU7DEOH$IRUHVWLPDWHVRIQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVVRODU
WKHUPDOKRWZDWHUKHDWLQJDQGHOHFWULFLW\JHQHUDWLRQIURPZLQGDQGVRODUSKRWRYROWDLFVRXUFHV

,QFOXGHVHWKDQRO EOHQGVRISHUFHQWRUOHVV DQGHWKHUVEOHQGHGLQWRJDVROLQH

([FOXGHVHWKDQRO,QFOXGHVFRPPHUFLDOVHFWRUFRQVXPSWLRQRIZRRGDQGZRRGZDVWHODQGILOOJDVPXQLFLSDOZDVWHDQGRWKHUELRPDVVIRUFRPELQHGKHDWDQGSRZHU6HH
7DEOH$DQGRU7DEOH$IRUHVWLPDWHVRIQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUVRODUWKHUPDOKRWZDWHUKHDWLQJDQGHOHFWULFLW\JHQHUDWLRQIURPZLQGDQGVRODU
SKRWRYROWDLFVRXUFHV

,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVSHWUROHXPFRNHDVSKDOWURDGRLOOXEULFDQWVVWLOOJDVDQGPLVFHOODQHRXVSHWUROHXPSURGXFWV

5HSUHVHQWVQDWXUDOJDVXVHGLQZHOOILHOGDQGOHDVHRSHUDWLRQVDQGLQQDWXUDOJDVSURFHVVLQJSODQWPDFKLQHU\

7KHHQHUJ\FRQWHQWRIELRIXHOVIHHGVWRFNPLQXVWKHHQHUJ\FRQWHQWRIOLTXLGIXHOSURGXFHG

,QFOXGHVFRQVXPSWLRQRIHQHUJ\SURGXFHGIURPK\GURHOHFWULFZRRGDQGZRRGZDVWHPXQLFLSDOZDVWHDQGRWKHUELRPDVVVRXUFHV([FOXGHVHWKDQROEOHQGV SHUFHQWRU
OHVV LQPRWRUJDVROLQH

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQROYDULHV
VHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

,QFOXGHVRQO\NHURVHQHW\SH

'LHVHOIXHOIRURQDQGRIIURDGXVH

,QFOXGHVDYLDWLRQJDVROLQHDQGOXEULFDQWV

,QFOXGHVXQILQLVKHGRLOVQDWXUDOJDVROLQHPRWRUJDVROLQHEOHQGLQJFRPSRQHQWVDYLDWLRQJDVROLQHOXEULFDQWVVWLOOJDVDVSKDOWURDGRLOSHWUROHXPFRNHDQGPLVFHOODQHRXV
SHWUROHXPSURGXFWV

,QFOXGHVHOHFWULFLW\JHQHUDWHGIRUVDOHWRWKHJULGDQGIRURZQXVHIURPUHQHZDEOHVRXUFHVDQGQRQHOHFWULFHQHUJ\IURPUHQHZDEOHVRXUFHV([FOXGHVHWKDQRODQG
QRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVEXLOGLQJVSKRWRYROWDLFV\VWHPVDQGVRODUWKHUPDOKRWZDWHUKHDWHUV

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVVPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGDQGZRRGZDVWHELRJHQLFPXQLFLSDOZDVWHRWKHUELRPDVVZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHV([FOXGHV
QHWHOHFWULFLW\LPSRUWV

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHQRWLQFOXGHGDERYH

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGDQGZRRGZDVWHELRJHQLFPXQLFLSDOZDVWHRWKHUELRPDVVZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHV([FOXGHV
HWKDQROQHWHOHFWULFLW\LPSRUWVDQGQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVEXLOGLQJVSKRWRYROWDLFV\VWHPVDQGVRODUWKHUPDOKRWZDWHU
KHDWHUV
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVFRQVXPSWLRQEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 
SRSXODWLRQDQGJURVVGRPHVWLFSURGXFW,+6*OREDO,QVLJKW,QGXVWU\DQG(PSOR\PHQWPRGHOV$XJXVWFDUERQGLR[LGHHPLVVLRQV(,$(PLVVLRQVRI*UHHQKRXVH
*DVHVLQWKH8QLWHG6WDWHV'2((,$   :DVKLQJWRQ'&'HFHPEHU 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV
/0'$$(25'$DQG+0'$
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Economic Growth Case Comparisons
7DEOH%

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH
'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH









/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK

5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             



















































&RPPHUFLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             





























































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
0HWDOOXUJLFDO&RDO                      
2WKHU,QGXVWULDO&RDO                    
&RDOWR/LTXLGV                         
(OHFWULFLW\                             



























































































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LHVHO)XHO GLVWLOODWHIXHORLO              
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
(OHFWULFLW\                             



























































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
6WHDP&RDO                           



















































$YHUDJH3ULFHWR$OO8VHUV
/LTXHILHG3HWUROHXP*DVHV               
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
0HWDOOXUJLFDO&RDO                      
2WKHU&RDO                            
&RDOWR/LTXLGV                         
(OHFWULFLW\                             

























































































































1RQ5HQHZDEOH(QHUJ\([SHQGLWXUHVE\
6HFWRU ELOOLRQGROODUV
5HVLGHQWLDO                                      
&RPPHUFLDO                                     
,QGXVWULDO                                       
7UDQVSRUWDWLRQ                                   
7RWDO1RQ5HQHZDEOH([SHQGLWXUHV                 
7UDQVSRUWDWLRQ5HQHZDEOH([SHQGLWXUHV    










7RWDO([SHQGLWXUHV                             
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Economic Growth Case Comparisons
7DEOH%

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH &RQWLQXHG
1RPLQDO'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH









/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK

5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             



















































&RPPHUFLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             





























































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
0HWDOOXUJLFDO&RDO                      
2WKHU,QGXVWULDO&RDO                    
&RDOWR/LTXLGV                         
(OHFWULFLW\                             



























































































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LHVHO)XHO GLVWLOODWHIXHORLO              
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
(OHFWULFLW\                             



























































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
6WHDP&RDO                           
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Economic Growth Case Comparisons
7DEOH%

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH &RQWLQXHG
1RPLQDO'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH

$YHUDJH3ULFHWR$OO8VHUV
/LTXHILHG3HWUROHXP*DVHV               
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
0HWDOOXUJLFDO&RDO                      
2WKHU&RDO                            
&RDOWR/LTXLGV                         
(OHFWULFLW\                             





















/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK












































































































1RQ5HQHZDEOH(QHUJ\([SHQGLWXUHVE\
6HFWRU ELOOLRQQRPLQDOGROODUV
5HVLGHQWLDO                                      
&RPPHUFLDO                                     
,QGXVWULDO                                       
7UDQVSRUWDWLRQ                                   
7RWDO1RQ5HQHZDEOH([SHQGLWXUHV                 
7UDQVSRUWDWLRQ5HQHZDEOH([SHQGLWXUHV    








 
7RWDO([SHQGLWXUHV                             


,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
([FOXGHVXVHIRUOHDVHDQGSODQWIXHO
,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQROYDULHV
VHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

6DOHVZHLJKWHGDYHUDJHSULFHIRUDOOJUDGHV,QFOXGHV)HGHUDO6WDWHDQGORFDOWD[HV

.HURVHQHW\SHMHWIXHO,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

'LHVHOIXHOIRURQURDGXVH,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

&RPSUHVVHGQDWXUDOJDVXVHGDVDYHKLFOHIXHO,QFOXGHVHVWLPDWHGPRWRUYHKLFOHIXHOWD[HVDQGHVWLPDWHGGLVSHQVLQJFRVWVRUFKDUJHV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

:HLJKWHGDYHUDJHVRIHQGXVHIXHOSULFHVDUHGHULYHGIURPWKHSULFHVVKRZQLQHDFKVHFWRUDQGWKHFRUUHVSRQGLQJVHFWRUDOFRQVXPSWLRQ
%WX %ULWLVKWKHUPDOXQLW
 1RWDSSOLFDEOH
1RWH'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVSULFHVIRUPRWRUJDVROLQHGLVWLOODWHIXHORLODQGMHWIXHODUHEDVHGRQSULFHVLQWKH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 3HWUROHXP0DUNHWLQJ$QQXDO
'2((,$   :DVKLQJWRQ'&$XJXVW UHVLGHQWLDODQGFRPPHUFLDOQDWXUDOJDVGHOLYHUHGSULFHV(,$1DWXUDO*DV0RQWKO\'2((,$
   :DVKLQJWRQ'&-XO\ LQGXVWULDOQDWXUDOJDVGHOLYHUHGSULFHVDUHHVWLPDWHGEDVHGRQ(,$0DQXIDFWXULQJ(QHUJ\&RQVXPSWLRQ6XUYH\DQG
LQGXVWULDODQGZHOOKHDGSULFHVIURPWKH1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ DQGWKH1DWXUDO*DV0RQWKO\'2((,$
   :DVKLQJWRQ'&-XO\ WUDQVSRUWDWLRQVHFWRUQDWXUDOJDVGHOLYHUHGSULFHVDUHPRGHOUHVXOWVHOHFWULFSRZHUVHFWRUQDWXUDOJDVSULFHV(,$
(OHFWULF3RZHU0RQWKO\'2((,$$SULODQG$SULO7DEOH%FRDOSULFHVEDVHGRQ(,$4XDUWHUO\&RDO5HSRUW2FWREHU'HFHPEHU'2((,$
 4  :DVKLQJWRQ'&0DUFK DQG(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$HOHFWULFLW\SULFHV(,$$QQXDO(QHUJ\
5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH (SULFHVGHULYHGIURPPRQWKO\SULFHVLQWKH&OHDQ&LWLHV$OWHUQDWLYH)XHO3ULFH5HSRUW
3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV/0'$$(25'$DQG+0'$
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7DEOH%

0DFURHFRQRPLF,QGLFDWRUV
%LOOLRQ&KDLQ:HLJKWHG'ROODUV8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
,QGLFDWRUV



5HDO*URVV'RPHVWLF3URGXFW             
&RPSRQHQWVRI5HDO*URVV'RPHVWLF3URGXFW
5HDO&RQVXPSWLRQ                      
5HDO,QYHVWPHQW                        
5HDO*RYHUQPHQW6SHQGLQJ              
5HDO([SRUWV                          
5HDO,PSRUWV                          







/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
(FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF (FRQRPLF 5HIHUHQFH (FRQRPLF
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK
*URZWK









































































































































































































,QWHUHVW5DWHV SHUFHQWQRPLQDO
)HGHUDO)XQGV5DWH                     
<HDU7UHDVXU\1RWH                  
$$8WLOLW\%RQG5DWH                    









































9DOXHRI6KLSPHQWV ELOOLRQGROODUV
6HUYLFH6HFWRUV                        
7RWDO,QGXVWULDO                         
1RQPDQXIDFWXULQJ                    
0DQXIDFWXULQJ                        
(QHUJ\,QWHQVLYH                    
1RQ(QHUJ\,QWHQVLYH                
7RWDO6KLSPHQWV                        

















































































3RSXODWLRQDQG(PSOR\PHQW PLOOLRQV
3RSXODWLRQZLWK$UPHG)RUFHV2YHUVHDV    
3RSXODWLRQDJHGDQGRYHU             
3RSXODWLRQRYHUDJH                  
(PSOR\PHQW1RQIDUP                   
(PSOR\PHQW0DQXIDFWXULQJ              





























































.H\/DERU,QGLFDWRUV
/DERU)RUFH PLOOLRQV                   
1RQIDUP/DERU3URGXFWLYLW\      
8QHPSOR\PHQW5DWH SHUFHQW            









































.H\,QGLFDWRUVIRU(QHUJ\'HPDQG
5HDO'LVSRVDEOH3HUVRQDO,QFRPH         
+RXVLQJ6WDUWV PLOOLRQV                 
&RPPHUFLDO)ORRUVSDFH ELOOLRQVTXDUHIHHW  
8QLW6DOHVRI/LJKW'XW\9HKLFOHV PLOOLRQV   



















































(QHUJ\,QWHQVLW\
WKRXVDQG%WXSHUGROODURI*'3
'HOLYHUHG(QHUJ\                       
7RWDO(QHUJ\                          
3ULFH,QGLFHV
*'3&KDLQ7\SH3ULFH,QGH[    
&RQVXPHU3ULFH,QGH[  
$OOXUEDQ                            
(QHUJ\&RPPRGLWLHVDQG6HUYLFHV        
:KROHVDOH3ULFH,QGH[  
$OO&RPPRGLWLHV                      
)XHODQG3RZHU                      
0HWDOVDQG0HWDO3URGXFWV              

*'3 *URVVGRPHVWLFSURGXFW
%WX %ULWLVKWKHUPDOXQLW
6RXUFHV,+6*OREDO,QVLJKW,QGXVWU\DQG(PSOR\PHQWPRGHOV$XJXVW3URMHFWLRQV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(2
1DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV/0'$$(25'$DQG+0'$
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Appendix C

Price Case Comparisons
7DEOH&

7RWDO(QHUJ\6XSSO\'LVSRVLWLRQDQG3ULFH6XPPDU\
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV

6XSSO\'LVSRVLWLRQDQG3ULFHV




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

3URGXFWLRQ
&UXGH2LODQG/HDVH&RQGHQVDWH          
1DWXUDO*DV3ODQW/LTXLGV                
'U\1DWXUDO*DV                        
&RDO                                
1XFOHDU3RZHU                         
+\GURSRZHU                           
%LRPDVV                             
2WKHU5HQHZDEOH(QHUJ\                
2WKHU                               
7RWDO                               















































































































,PSRUWV
&UXGH2LO                             
/LTXLG)XHOVDQG2WKHU3HWUROHXP         
1DWXUDO*DV                           
2WKHU,PSRUWV                         
7RWDO                               





























































([SRUWV
3HWUROHXP                            
1DWXUDO*DV                           
&RDO                                 
7RWDO                               



















































'LVFUHSDQF\                           





















&RQVXPSWLRQ
/LTXLG)XHOVDQG2WKHU3HWUROHXP         
1DWXUDO*DV                           
&RDO                                
1XFOHDU3RZHU                         
+\GURSRZHU                           
%LRPDVV                            
2WKHU5HQHZDEOH(QHUJ\                
2WKHU                               
7RWDO                               



























































































































































































































































3ULFHV GROODUVSHUXQLW
3HWUROHXP GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO3ULFH
,PSRUWHG&UXGH2LO3ULFH              
1DWXUDO*DV GROODUVSHUPLOOLRQ%WX
3ULFHDW+HQU\+XE                    
:HOOKHDG3ULFH                      
1DWXUDO*DV GROODUVSHUWKRXVDQGFXELFIHHW
:HOOKHDG3ULFH                      
&RDO GROODUVSHUWRQ
0LQHPRXWK3ULFH                    
&RDO GROODUVSHUPLOOLRQ%WX
0LQHPRXWK3ULFH                    
$YHUDJH'HOLYHUHG3ULFH               
$YHUDJH(OHFWULFLW\3ULFH
 FHQWVSHUNLORZDWWKRXU                  
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Price Case Comparisons
7DEOH&

7RWDO(QHUJ\6XSSO\DQG'LVSRVLWLRQ6XPPDU\ &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV

6XSSO\'LVSRVLWLRQDQG3ULFHV

3ULFHV QRPLQDOGROODUVSHUXQLW
3HWUROHXP GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO3ULFH
,PSRUWHG&UXGH2LO3ULFH              
1DWXUDO*DV GROODUVSHUPLOOLRQ%WX
3ULFHDW+HQU\+XE                    
:HOOKHDG3ULFH                      
1DWXUDO*DV GROODUVSHUWKRXVDQGFXELFIHHW
:HOOKHDG3ULFH                      
&RDO GROODUVSHUWRQ
0LQHPRXWK3ULFH                    
&RDO GROODUVSHUPLOOLRQ%WX
0LQHPRXWK3ULFH                    
$YHUDJH'HOLYHUHG3ULFH               
$YHUDJH(OHFWULFLW\3ULFH
 FHQWVSHUNLORZDWWKRXU                  




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

























































































































































,QFOXGHVZDVWHFRDO
,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPZRRGDQGZRRGZDVWHELRPDVVVXFKDVFRUQXVHGIRUOLTXLGIXHOVSURGXFWLRQDQGQRQHOHFWULFHQHUJ\GHPDQGIURPZRRG5HIHU
WR7DEOH$IRUGHWDLOV

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPODQGILOOJDVELRJHQLFPXQLFLSDOZDVWHZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHVDQGQRQHOHFWULFHQHUJ\IURPUHQHZDEOH
VRXUFHVVXFKDVDFWLYHDQGSDVVLYHVRODUV\VWHPV([FOXGHVHOHFWULFLW\LPSRUWVXVLQJUHQHZDEOHVRXUFHVDQGQRQPDUNHWHGUHQHZDEOHHQHUJ\6HH7DEOH$IRUVHOHFWHG
QRQPDUNHWHGUHVLGHQWLDODQGFRPPHUFLDOUHQHZDEOHHQHUJ\

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHOLTXLGK\GURJHQPHWKDQRODQGVRPHGRPHVWLFLQSXWVWRUHILQHULHV

,QFOXGHVLPSRUWVRIILQLVKHGSHWUROHXPSURGXFWVXQILQLVKHGRLOVDOFRKROVHWKHUVEOHQGLQJFRPSRQHQWVDQGUHQHZDEOHIXHOVVXFKDVHWKDQRO

,QFOXGHVFRDOFRDOFRNH QHW DQGHOHFWULFLW\ QHW 

,QFOXGHVFUXGHRLODQGSHWUROHXPSURGXFWV

%DODQFLQJLWHP,QFOXGHVXQDFFRXQWHGIRUVXSSO\ORVVHVJDLQVDQGQHWVWRUDJHZLWKGUDZDOV

,QFOXGHVSHWUROHXPGHULYHGIXHOVDQGQRQSHWUROHXPGHULYHGIXHOVVXFKDVHWKDQRODQGELRGLHVHODQGFRDOEDVHGV\QWKHWLFOLTXLGV3HWUROHXPFRNHZKLFKLVDVROLGLV
LQFOXGHG$OVRLQFOXGHGDUHQDWXUDOJDVSODQWOLTXLGVDQGFUXGHRLOFRQVXPHGDVDIXHO5HIHUWR7DEOH$IRUGHWDLOHGUHQHZDEOHOLTXLGIXHOVFRQVXPSWLRQ

([FOXGHVFRDOFRQYHUWHGWRFRDOEDVHGV\QWKHWLFOLTXLGVDQGFRDOEDVHGV\QWKHWLFQDWXUDOJDV

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPZRRGDQGZRRGZDVWHQRQHOHFWULFHQHUJ\IURPZRRGDQGELRIXHOVKHDWDQGFRSURGXFWVXVHGLQWKHSURGXFWLRQRIOLTXLGIXHOVEXW
H[FOXGHVWKHHQHUJ\FRQWHQWRIWKHOLTXLGIXHOV

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHDQGQHWHOHFWULFLW\LPSRUWV

:HLJKWHGDYHUDJHSULFHGHOLYHUHGWR86UHILQHUV

5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSOLHV

,QFOXGHVUHSRUWHGSULFHVIRUERWKRSHQPDUNHWDQGFDSWLYHPLQHV

3ULFHVZHLJKWHGE\FRQVXPSWLRQZHLJKWHGDYHUDJHH[FOXGHVUHVLGHQWLDODQGFRPPHUFLDOSULFHVDQGH[SRUWIUHHDORQJVLGHVKLS IDV SULFHV
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVQDWXUDOJDVVXSSO\YDOXHVDQGQDWXUDOJDVZHOOKHDGSULFH(,$1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ FRDO
PLQHPRXWKDQGGHOLYHUHGFRDOSULFHV(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH SHWUROHXPVXSSO\YDOXHV(,$3HWUROHXP
6XSSO\$QQXDO'2((,$   :DVKLQJWRQ'&-XQH ORZVXOIXUOLJKWFUXGHRLOSULFH(,$)RUP(,$³0RQWKO\)RUHLJQ&UXGH2LO$FTXLVLWLRQ
5HSRUW´2WKHUFRDOYDOXHV4XDUWHUO\&RDO5HSRUW2FWREHU'HFHPEHU'2((,$ 4  :DVKLQJWRQ'&0DUFK 2WKHUYDOXHV(,$$QQXDO
(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV/3'$
$(25'$DQG+3'$
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Price Case Comparisons
7DEOH&

(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

(QHUJ\&RQVXPSWLRQ
5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV              
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
&RDO                                
5HQHZDEOH(QHUJ\                    
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

























































































































&RPPHUFLDO
/LTXHILHG3HWUROHXP*DVHV              
0RWRU*DVROLQH                       
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
&RDO                                
5HQHZDEOH(QHUJ\                    
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              













































































































































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV              
0RWRU*DVROLQH                       
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
2WKHU3HWUROHXP                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
/HDVHDQG3ODQW)XHO                  
1DWXUDO*DV6XEWRWDO                  
0HWDOOXUJLFDO&RDO                     
2WKHU,QGXVWULDO&RDO                   
&RDOWR/LTXLGV+HDWDQG3RZHU          
1HW&RDO&RNH,PSRUWV                 
&RDO6XEWRWDO                        
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOH(QHUJ\                    
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              
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Price Case Comparisons
7DEOH&

(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                
0RWRU*DVROLQH                       
-HW)XHO                            
'LVWLOODWH)XHO2LO                     
5HVLGXDO)XHO2LO                      
2WKHU3HWUROHXP                     
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
3LSHOLQH)XHO1DWXUDO*DV               
&RPSUHVVHG1DWXUDO*DV               
/LTXLG+\GURJHQ                      
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

































































































































































'HOLYHUHG(QHUJ\&RQVXPSWLRQIRU$OO
6HFWRUV
/LTXHILHG3HWUROHXP*DVHV              
(                                
0RWRU*DVROLQH                       
-HW)XHO                            
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
2WKHU3HWUROHXP                     
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
/HDVHDQG3ODQW)XHO                  
3LSHOLQH1DWXUDO*DV                   
1DWXUDO*DV6XEWRWDO                  
0HWDOOXUJLFDO&RDO                     
2WKHU&RDO                           
&RDOWR/LTXLGV+HDWDQG3RZHU          
1HW&RDO&RNH,PSRUWV                 
&RDO6XEWRWDO                        
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOH(QHUJ\                   
/LTXLG+\GURJHQ                      
(OHFWULFLW\                            
'HOLYHUHG(QHUJ\                    
(OHFWULFLW\5HODWHG/RVVHV               
7RWDO                              

























































































































































































































































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
6WHDP&RDO                          
1XFOHDU3RZHU                        
5HQHZDEOH(QHUJ\                   
(OHFWULFLW\,PSRUWV                     
7RWDO                             
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Price Case Comparisons
7DEOH&

(QHUJ\&RQVXPSWLRQE\6HFWRUDQG6RXUFH &RQWLQXHG
4XDGULOOLRQ%WXSHU<HDU8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

7RWDO(QHUJ\&RQVXPSWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                
0RWRU*DVROLQH                       
-HW)XHO                            
.HURVHQH                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                      
3HWURFKHPLFDO)HHGVWRFNV              
2WKHU3HWUROHXP                     
/LTXLG)XHOVDQG2WKHU3HWUROHXP6XEWRWDO
1DWXUDO*DV                          
1DWXUDO*DVWR/LTXLGV+HDWDQG3RZHU    
/HDVHDQG3ODQW)XHO                  
3LSHOLQH1DWXUDO*DV                   
1DWXUDO*DV6XEWRWDO                  
0HWDOOXUJLFDO&RDO                     
2WKHU&RDO                           
&RDOWR/LTXLGV+HDWDQG3RZHU          
1HW&RDO&RNH,PSRUWV                 
&RDO6XEWRWDO                        
1XFOHDU3RZHU                        
%LRIXHOV+HDWDQG&RSURGXFWV           
5HQHZDEOH(QHUJ\                   
/LTXLG+\GURJHQ                      
(OHFWULFLW\,PSRUWV                     
7RWDO                              















































































































































































































































































(QHUJ\8VHDQG5HODWHG6WDWLVWLFV
'HOLYHUHG(QHUJ\8VH                    
7RWDO(QHUJ\8VH                       
(WKDQRO&RQVXPHGLQ0RWRU*DVROLQHDQG(
3RSXODWLRQ PLOOLRQV                     
*URVV'RPHVWLF3URGXFW ELOOLRQGROODUV
&DUERQ'LR[LGH(PLVVLRQV PLOOLRQPHWULFWRQV








































































,QFOXGHVZRRGXVHGIRUUHVLGHQWLDOKHDWLQJ6HH7DEOH$DQGRU7DEOH$IRUHVWLPDWHVRIQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVVRODU
WKHUPDOKRWZDWHUKHDWLQJDQGHOHFWULFLW\JHQHUDWLRQIURPZLQGDQGVRODUSKRWRYROWDLFVRXUFHV

,QFOXGHVHWKDQRO EOHQGVRISHUFHQWRUOHVV DQGHWKHUVEOHQGHGLQWRJDVROLQH

([FOXGHVHWKDQRO,QFOXGHVFRPPHUFLDOVHFWRUFRQVXPSWLRQRIZRRGDQGZRRGZDVWHODQGILOOJDVPXQLFLSDOZDVWHDQGRWKHUELRPDVVIRUFRPELQHGKHDWDQGSRZHU6HH
7DEOH$DQGRU7DEOH$IRUHVWLPDWHVRIQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUVRODUWKHUPDOKRWZDWHUKHDWLQJDQGHOHFWULFLW\JHQHUDWLRQIURPZLQGDQGVRODU
SKRWRYROWDLFVRXUFHV

,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVSHWUROHXPFRNHDVSKDOWURDGRLOOXEULFDQWVVWLOOJDVDQGPLVFHOODQHRXVSHWUROHXPSURGXFWV

5HSUHVHQWVQDWXUDOJDVXVHGLQZHOOILHOGDQGOHDVHRSHUDWLRQVDQGLQQDWXUDOJDVSURFHVVLQJSODQWPDFKLQHU\

7KHHQHUJ\FRQWHQWRIELRIXHOVIHHGVWRFNPLQXVWKHHQHUJ\FRQWHQWRIOLTXLGIXHOSURGXFHG

,QFOXGHVFRQVXPSWLRQRIHQHUJ\SURGXFHGIURPK\GURHOHFWULFZRRGDQGZRRGZDVWHPXQLFLSDOZDVWHDQGRWKHUELRPDVVVRXUFHV([FOXGHVHWKDQROEOHQGV SHUFHQWRU
OHVV LQPRWRUJDVROLQH

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQROYDULHV
VHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

,QFOXGHVRQO\NHURVHQHW\SH

'LHVHOIXHOIRURQDQGRIIURDGXVH

,QFOXGHVDYLDWLRQJDVROLQHDQGOXEULFDQWV

,QFOXGHVXQILQLVKHGRLOVQDWXUDOJDVROLQHPRWRUJDVROLQHEOHQGLQJFRPSRQHQWVDYLDWLRQJDVROLQHOXEULFDQWVVWLOOJDVDVSKDOWURDGRLOSHWUROHXPFRNHDQGPLVFHOODQHRXV
SHWUROHXPSURGXFWV

,QFOXGHVHOHFWULFLW\JHQHUDWHGIRUVDOHWRWKHJULGDQGIRURZQXVHIURPUHQHZDEOHVRXUFHVDQGQRQHOHFWULFHQHUJ\IURPUHQHZDEOHVRXUFHV([FOXGHVHWKDQRODQG
QRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVEXLOGLQJVSKRWRYROWDLFV\VWHPVDQGVRODUWKHUPDOKRWZDWHUKHDWHUV

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVVPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGDQGZRRGZDVWHELRJHQLFPXQLFLSDOZDVWHRWKHUELRPDVVZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHV([FOXGHV
QHWHOHFWULFLW\LPSRUWV

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHQRWLQFOXGHGDERYH

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGDQGZRRGZDVWHELRJHQLFPXQLFLSDOZDVWHRWKHUELRPDVVZLQGSKRWRYROWDLFDQGVRODUWKHUPDOVRXUFHV([FOXGHV
HWKDQROQHWHOHFWULFLW\LPSRUWVDQGQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVEXLOGLQJVSKRWRYROWDLFV\VWHPVDQGVRODUWKHUPDOKRWZDWHU
KHDWHUV
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVFRQVXPSWLRQEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH 
SRSXODWLRQDQGJURVVGRPHVWLFSURGXFW,+6*OREDO,QVLJKW,QGXVWU\DQG(PSOR\PHQWPRGHOV$XJXVWFDUERQGLR[LGHHPLVVLRQV(,$(PLVVLRQVRI*UHHQKRXVH
*DVHVLQWKH8QLWHG6WDWHV'2((,$   :DVKLQJWRQ'&'HFHPEHU 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV
/3'$$(25'$DQG+3'$

U.S. Energy Information Administration / Annual Energy Outlook 2010

163

Price Case Comparisons
7DEOH&

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH
'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             



















































&RPPHUFLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             





























































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
0HWDOOXUJLFDO&RDO                      
2WKHU,QGXVWULDO&RDO                    
&RDOWR/LTXLGV                         
(OHFWULFLW\                             



























































































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LHVHO)XHO GLVWLOODWHIXHORLO              
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
(OHFWULFLW\                             



























































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
6WHDP&RDO                           



















































$YHUDJH3ULFHWR$OO8VHUV
/LTXHILHG3HWUROHXP*DVHV               
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
0HWDOOXUJLFDO&RDO                      
2WKHU&RDO                            
&RDOWR/LTXLGV                         
(OHFWULFLW\                             

























































































































1RQ5HQHZDEOH(QHUJ\([SHQGLWXUHVE\
6HFWRU ELOOLRQGROODUV
5HVLGHQWLDO                                      
&RPPHUFLDO                                     
,QGXVWULDO                                       
7UDQVSRUWDWLRQ                                   
7RWDO1RQ5HQHZDEOH([SHQGLWXUHV                 
7UDQVSRUWDWLRQ5HQHZDEOH([SHQGLWXUHV    





 

 
7RWDO([SHQGLWXUHV                             
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Price Case Comparisons
7DEOH&

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH &RQWLQXHG
1RPLQDO'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             



















































&RPPHUFLDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
(OHFWULFLW\                             





























































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV               
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
0HWDOOXUJLFDO&RDO                      
2WKHU,QGXVWULDO&RDO                    
&RDOWR/LTXLGV                         
(OHFWULFLW\                             



























































































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV              
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LHVHO)XHO GLVWLOODWHIXHORLO              
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                          
(OHFWULFLW\                             



























































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
6WHDP&RDO                           
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Price Case Comparisons
7DEOH&

(QHUJ\3ULFHVE\6HFWRUDQG6RXUFH &RQWLQXHG
1RPLQDO'ROODUVSHU0LOOLRQ%WX8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG6RXUFH

$YHUDJH3ULFHWR$OO8VHUV
/LTXHILHG3HWUROHXP*DVHV               
(                                 
0RWRU*DVROLQH                        
-HW)XHO                              
'LVWLOODWH)XHO2LO                       
5HVLGXDO)XHO2LO                       
1DWXUDO*DV                           
0HWDOOXUJLFDO&RDO                      
2WKHU&RDO                            
&RDOWR/LTXLGV                         
(OHFWULFLW\                             
















/RZ2LO
3ULFH














+LJK2LO
5HIHUHQFH
3ULFH
























/RZ2LO
3ULFH














+LJK2LO
5HIHUHQFH
3ULFH
























/RZ2LO
3ULFH












5HIHUHQFH

+LJK2LO
3ULFH

























1RQ5HQHZDEOH(QHUJ\([SHQGLWXUHVE\
6HFWRU ELOOLRQQRPLQDOGROODUV
5HVLGHQWLDO                                      
&RPPHUFLDO                                     
,QGXVWULDO                                       
7UDQVSRUWDWLRQ                                   
7RWDO1RQ5HQHZDEOH([SHQGLWXUHV                 
7UDQVSRUWDWLRQ5HQHZDEOH([SHQGLWXUHV    





 

 
7RWDO([SHQGLWXUHV                             


,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
([FOXGHVXVHIRUOHDVHDQGSODQWIXHO
,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQROYDULHV
VHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

6DOHVZHLJKWHGDYHUDJHSULFHIRUDOOJUDGHV,QFOXGHV)HGHUDO6WDWHDQGORFDOWD[HV

.HURVHQHW\SHMHWIXHO,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

'LHVHOIXHOIRURQURDGXVH,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

&RPSUHVVHGQDWXUDOJDVXVHGDVDYHKLFOHIXHO,QFOXGHVHVWLPDWHGPRWRUYHKLFOHIXHOWD[HVDQGHVWLPDWHGGLVSHQVLQJFRVWVRUFKDUJHV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

:HLJKWHGDYHUDJHVRIHQGXVHIXHOSULFHVDUHGHULYHGIURPWKHSULFHVVKRZQLQHDFKVHFWRUDQGWKHFRUUHVSRQGLQJVHFWRUDOFRQVXPSWLRQ
%WX %ULWLVKWKHUPDOXQLW
 1RWDSSOLFDEOH
1RWH'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVSULFHVIRUPRWRUJDVROLQHGLVWLOODWHIXHORLODQGMHWIXHODUHEDVHGRQSULFHVLQWKH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 3HWUROHXP0DUNHWLQJ$QQXDO
'2((,$   :DVKLQJWRQ'&$XJXVW UHVLGHQWLDODQGFRPPHUFLDOQDWXUDOJDVGHOLYHUHGSULFHV(,$1DWXUDO*DV0RQWKO\'2((,$
   :DVKLQJWRQ'&-XO\ LQGXVWULDOQDWXUDOJDVGHOLYHUHGSULFHVDUHHVWLPDWHGEDVHGRQ(,$0DQXIDFWXULQJ(QHUJ\&RQVXPSWLRQ6XUYH\DQG
LQGXVWULDODQGZHOOKHDGSULFHVIURPWKH1DWXUDO*DV$QQXDO'2((,$   :DVKLQJWRQ'&-DQXDU\ DQGWKH1DWXUDO*DV0RQWKO\'2((,$
   :DVKLQJWRQ'&-XO\ WUDQVSRUWDWLRQVHFWRUQDWXUDOJDVGHOLYHUHGSULFHVDUHPRGHOUHVXOWVHOHFWULFSRZHUVHFWRUQDWXUDOJDVSULFHV(,$
(OHFWULF3RZHU0RQWKO\'2((,$$SULODQG$SULO7DEOH%FRDOSULFHVEDVHGRQ(,$4XDUWHUO\&RDO5HSRUW2FWREHU'HFHPEHU'2((,$
 4  :DVKLQJWRQ'&0DUFK DQG(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$HOHFWULFLW\SULFHV(,$$QQXDO(QHUJ\
5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH (SULFHVGHULYHGIURPPRQWKO\SULFHVLQWKH&OHDQ&LWLHV$OWHUQDWLYH)XHO3ULFH5HSRUW
3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV/3'$$(25'$DQG+3'$
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7DEOH&

/LTXLG)XHOV6XSSO\DQG'LVSRVLWLRQ
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV

6XSSO\DQG'LVSRVLWLRQ




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

&UXGH2LO
'RPHVWLF&UXGH3URGXFWLRQ              
$ODVND                              
/RZHU6WDWHV                      
1HW,PSRUWV                           
*URVV,PSRUWV                        
([SRUWV                             
2WKHU&UXGH6XSSO\                    
7RWDO&UXGH6XSSO\                   



























































































2WKHU3HWUROHXP6XSSO\                  
1DWXUDO*DV3ODQW/LTXLGV                
1HW3URGXFW,PSRUWV                     
*URVV5HILQHG3URGXFW,PSRUWV          
8QILQLVKHG2LO,PSRUWV                 
%OHQGLQJ&RPSRQHQW,PSRUWV            
([SRUWV                             
5HILQHU\3URFHVVLQJ*DLQ                
3URGXFW6WRFN:LWKGUDZDO                
2WKHU1RQSHWUROHXP6XSSO\              
6XSSO\IURP5HQHZDEOH6RXUFHV          
(WKDQRO                             
'RPHVWLF3URGXFWLRQ                 
1HW,PSRUWV                        
%LRGLHVHO                            
'RPHVWLF3URGXFWLRQ                 
1HW,PSRUWV                        
2WKHU%LRPDVVGHULYHG/LTXLGV          
/LTXLGVIURP*DV                       
/LTXLGVIURP&RDO                       
2WKHU                               





























































































































































































































7RWDO3ULPDU\6XSSO\                    





















/LTXLG)XHOV&RQVXPSWLRQ
E\)XHO
/LTXHILHG3HWUROHXP*DVHV             
(                               
0RWRU*DVROLQH                      
-HW)XHO                           
'LVWLOODWH)XHO2LO                    
'LHVHO                             
5HVLGXDO)XHO2LO                     
2WKHU                             
E\6HFWRU
5HVLGHQWLDODQG&RPPHUFLDO             
,QGXVWULDO                           
7UDQVSRUWDWLRQ                       
(OHFWULF3RZHU                      
7RWDO                                























































































































































'LVFUHSDQF\                          
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Price Case Comparisons
7DEOH&

/LTXLG)XHOV6XSSO\DQG'LVSRVLWLRQ &RQWLQXHG
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV

6XSSO\DQG'LVSRVLWLRQ

'RPHVWLF5HILQHU\'LVWLOODWLRQ&DSDFLW\      
&DSDFLW\8WLOL]DWLRQ5DWH SHUFHQW           
1HW,PSRUW6KDUHRI3URGXFW6XSSOLHG SHUFHQW
1HW([SHQGLWXUHVIRU,PSRUWHG&UXGH2LODQG
3HWUROHXP3URGXFWV ELOOLRQGROODUV    




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH































































,QFOXGHVOHDVHFRQGHQVDWH
6WUDWHJLFSHWUROHXPUHVHUYHVWRFNDGGLWLRQVSOXVXQDFFRXQWHGIRUFUXGHRLODQGFUXGHVWRFNZLWKGUDZDOVPLQXVFUXGHSURGXFWVXSSOLHG
,QFOXGHVRWKHUK\GURFDUERQVDQGDOFRKROV

7KHYROXPHWULFDPRXQWE\ZKLFKWRWDORXWSXWLVJUHDWHUWKDQLQSXWGXHWRWKHSURFHVVLQJRIFUXGHRLOLQWRSURGXFWVZKLFKLQWRWDOKDYHDORZHUVSHFLILFJUDYLW\WKDQWKHFUXGH
RLOSURFHVVHG

,QFOXGHVS\URO\VLVRLOVELRPDVVGHULYHG)LVFKHU7URSVFKOLTXLGVDQGUHQHZDEOHIHHGVWRFNVXVHGIRUWKHSURGXFWLRQRIJUHHQGLHVHODQGJDVROLQH

,QFOXGHVGRPHVWLFVRXUFHVRIRWKHUEOHQGLQJFRPSRQHQWVRWKHUK\GURFDUERQVDQGHWKHUV

7RWDOFUXGHVXSSO\SOXVQDWXUDOJDVSODQWOLTXLGVRWKHULQSXWVUHILQHU\SURFHVVLQJJDLQDQGQHWSURGXFWLPSRUWV

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQROYDULHV
VHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

,QFOXGHVHWKDQRODQGHWKHUVEOHQGHGLQWRJDVROLQH

,QFOXGHVRQO\NHURVHQHW\SH

,QFOXGHVGLVWLOODWHIXHORLODQGNHURVHQHIURPSHWUROHXPDQGELRPDVVIHHGVWRFNV

,QFOXGHVDYLDWLRQJDVROLQHSHWURFKHPLFDOIHHGVWRFNVOXEULFDQWVZD[HVDVSKDOWURDGRLOVWLOOJDVVSHFLDOQDSKWKDVSHWUROHXPFRNHFUXGHRLOSURGXFWVXSSOLHGPHWKDQRO
DQGPLVFHOODQHRXVSHWUROHXPSURGXFWV

,QFOXGHVFRQVXPSWLRQIRUFRPELQHGKHDWDQGSRZHUZKLFKSURGXFHVHOHFWULFLW\DQGRWKHUXVHIXOWKHUPDOHQHUJ\

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVVPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

%DODQFLQJLWHP,QFOXGHVXQDFFRXQWHGIRUVXSSO\ORVVHVDQGJDLQV

(QGRI\HDURSHUDEOHFDSDFLW\

5DWHLVFDOFXODWHGE\GLYLGLQJWKHJURVVDQQXDOLQSXWWRDWPRVSKHULFFUXGHRLOGLVWLOODWLRQXQLWVE\WKHLURSHUDEOHUHILQLQJFDSDFLW\LQEDUUHOVSHUFDOHQGDUGD\
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVSHWUROHXPSURGXFWVXSSOLHGEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH
 2WKHUGDWD(,$3HWUROHXP6XSSO\$QQXDO'2((,$   :DVKLQJWRQ'&-XQH 3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ
6\VWHPUXQV/3'$$(25'$DQG+3'$
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7DEOH&

3HWUROHXP3URGXFW3ULFHV
&HQWVSHU*DOORQ8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG)XHO

&UXGH2LO3ULFHV GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO       
,PSRUWHG&UXGH2LO                     




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH































5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV             
'LVWLOODWH)XHO2LO                      































&RPPHUFLDO
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  









































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV             
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  



















































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV             
(WKDQRO (                        
(WKDQRO:KROHVDOH3ULFH               
0RWRU*DVROLQH                      
-HW)XHO                            
'LHVHO)XHO GLVWLOODWHIXHORLO             
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  



























































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  









































5HILQHG3HWUROHXP3URGXFW3ULFHV
/LTXHILHG3HWUROHXP*DVHV             
0RWRU*DVROLQH                      
-HW)XHO                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     
5HVLGXDO)XHO2LO GROODUVSHUEDUUHO  
$YHUDJH                           

















































































'HOLYHUHG6HFWRU3URGXFW3ULFHV
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Price Case Comparisons
7DEOH&

3HWUROHXP3URGXFW3ULFHV &RQWLQXHG
1RPLQDO&HQWVSHU*DOORQ8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV
6HFWRUDQG)XHO

&UXGH2LO3ULFHV QRPLQDOGROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO       
,PSRUWHG&UXGH2LO                     




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH































5HVLGHQWLDO
/LTXHILHG3HWUROHXP*DVHV             
'LVWLOODWH)XHO2LO                      































&RPPHUFLDO
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     































,QGXVWULDO
/LTXHILHG3HWUROHXP*DVHV             
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     









































7UDQVSRUWDWLRQ
/LTXHILHG3HWUROHXP*DVHV             
(WKDQRO (                        
(WKDQRO:KROHVDOH3ULFH               
0RWRU*DVROLQH                      
-HW)XHO                            
'LHVHO)XHO GLVWLOODWHIXHORLO             
5HVLGXDO)XHO2LO                     

















































































(OHFWULF3RZHU
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO                     































5HILQHG3HWUROHXP3URGXFW3ULFHV
/LTXHILHG3HWUROHXP*DVHV             
0RWRU*DVROLQH                      
-HW)XHO                            
'LVWLOODWH)XHO2LO                      
5HVLGXDO)XHO2LO QRPLQDOGROODUVSHUEDUUHO
$YHUDJH                           







































































'HOLYHUHG6HFWRU3URGXFW3ULFHV



:HLJKWHGDYHUDJHSULFHGHOLYHUHGWR86UHILQHUV
,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQROYDULHV
VHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

6DOHVZHLJKWHGDYHUDJHSULFHIRUDOOJUDGHV,QFOXGHV)HGHUDO6WDWHDQGORFDOWD[HV

,QFOXGHVRQO\NHURVHQHW\SH

'LHVHOIXHOIRURQURDGXVH,QFOXGHV)HGHUDODQG6WDWHWD[HVZKLOHH[FOXGLQJFRXQW\DQGORFDOWD[HV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF,QFOXGHVVPDOOSRZHU
SURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

:HLJKWHGDYHUDJHVRIHQGXVHIXHOSULFHVDUHGHULYHGIURPWKHSULFHVLQHDFKVHFWRUDQGWKHFRUUHVSRQGLQJVHFWRUDOFRQVXPSWLRQ
1RWH'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVLPSRUWHGORZVXOIXUOLJKWFUXGHRLOSULFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ )RUP(,$³0RQWKO\)RUHLJQ&UXGH2LO$FTXLVLWLRQ5HSRUW´
LPSRUWHGFUXGHRLOSULFH(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH SULFHVIRUPRWRUJDVROLQHGLVWLOODWHIXHORLODQGMHWIXHO
DUHEDVHGRQ(,$3HWUROHXP0DUNHWLQJ$QQXDO'2((,$   :DVKLQJWRQ'&$XJXVW UHVLGHQWLDOFRPPHUFLDOLQGXVWULDODQGWUDQVSRUWDWLRQ
VHFWRUSHWUROHXPSURGXFWSULFHVDUHGHULYHGIURP(,$)RUP(,$$³5HILQHUV¶*DV3ODQW2SHUDWRUV¶0RQWKO\3HWUROHXP3URGXFW6DOHV5HSRUW´HOHFWULFSRZHUSULFHV
EDVHGRQ)HGHUDO(QHUJ\5HJXODWRU\&RPPLVVLRQ)(5&)RUP³0RQWKO\5HSRUWRI&RVWDQG4XDOLW\RI)XHOVIRU(OHFWULF3ODQWV´(SULFHVGHULYHGIURPPRQWKO\
SULFHVLQWKH&OHDQ&LWLHV$OWHUQDWLYH)XHO3ULFH5HSRUWZKROHVDOHHWKDQROSULFHVGHULYHGIURP%ORRPEHUJ86DYHUDJHUDFNSULFH 3URMHFWLRQV(,$$(21DWLRQDO
(QHUJ\0RGHOLQJ6\VWHPUXQV/3'$$(25'$DQG+3'$
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7DEOH&

,QWHUQDWLRQDO/LTXLGV6XSSO\DQG'LVSRVLWLRQ6XPPDU\
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV

6XSSO\DQG'LVSRVLWLRQ

&UXGH2LO3ULFHV GROODUVSHUEDUUHO 
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO3ULFH   
,PSRUWHG&UXGH2LO3ULFH                 
&UXGH2LO3ULFHV QRPLQDOGROODUVSHUEDUUHO 
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO3ULFH   
,PSRUWHG&UXGH2LO3ULFH                 




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH

























































































































&RQYHQWLRQDO3URGXFWLRQ &RQYHQWLRQDO 
23(&
0LGGOH(DVW                        
1RUWK$IULFD                        
:HVW$IULFD                        
6RXWK$PHULFD                      
7RWDO23(&                      
1RQ23(&
2(&'
8QLWHG6WDWHV VWDWHV              
&DQDGD                           
0H[LFR                            
2(&'(XURSH                     
-DSDQ                             
$XVWUDOLDDQG1HZ=HDODQG            
7RWDO2(&'                      
1RQ2(&'
5XVVLD                            
2WKHU(XURSHDQG(XUDVLD            
&KLQD                             
2WKHU$VLD                        
0LGGOH(DVW                        
$IULFD                             
%UD]LO                             
2WKHU&HQWUDODQG6RXWK$PHULFD       
7RWDO1RQ2(&'                  





















































































































































































7RWDO&RQYHQWLRQDO3URGXFWLRQ            





















8QFRQYHQWLRQDO3URGXFWLRQ
8QLWHG6WDWHV VWDWHV                 
2WKHU1RUWK$PHULFD                    
2(&'(XURSH                        
0LGGOH(DVW                           
$IULFD                               
&HQWUDODQG6RXWK$PHULFD               
2WKHU                                
7RWDO8QFRQYHQWLRQDO3URGXFWLRQ       



























































































7RWDO3URGXFWLRQ                        
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Price Case Comparisons
7DEOH&

,QWHUQDWLRQDO/LTXLGV6XSSO\DQG'LVSRVLWLRQ6XPPDU\ &RQWLQXHG
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG
3URMHFWLRQV

6XSSO\DQG'LVSRVLWLRQ

&RQVXPSWLRQ
2(&'
8QLWHG6WDWHV VWDWHV               
8QLWHG6WDWHV7HUULWRULHV                
&DQDGD                             
0H[LFR                             
2(&'(XURSH                       
-DSDQ                              
6RXWK.RUHD                         
$XVWUDOLDDQG1HZ=HDODQG             
7RWDO2(&'                        
1RQ2(&'
5XVVLD                              
2WKHU(XURSHDQG(XUDVLD              
&KLQD                              
,QGLD                               
2WKHU$VLD                           
0LGGOH(DVW                          
$IULFD                              
%UD]LO                               
2WKHU&HQWUDODQG6RXWK$PHULFD        
7RWDO1RQ2(&'                    




/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH



+LJK2LO
5HIHUHQFH
3ULFH

/RZ2LO
3ULFH

5HIHUHQFH

+LJK2LO
3ULFH



















































































































































































































7RWDO&RQVXPSWLRQ                      





















23(&3URGXFWLRQ                       
1RQ23(&3URGXFWLRQ                   
1HW(XUDVLD([SRUWV                      
23(&0DUNHW6KDUH SHUFHQW              





















































:HLJKWHGDYHUDJHSULFHGHOLYHUHGWR86UHILQHUV

,QFOXGHVSURGXFWLRQRIFUXGHRLO LQFOXGLQJOHDVHFRQGHQVDWH QDWXUDOJDVSODQWOLTXLGVRWKHUK\GURJHQDQGK\GURFDUERQVIRUUHILQHU\IHHGVWRFNVDOFRKRODQGRWKHUVRXUFHV
DQGUHILQHU\JDLQV

23(& 2UJDQL]DWLRQRI3HWUROHXP([SRUWLQJ&RXQWULHV$OJHULD$QJROD(FXDGRU,UDQ,UDT.XZDLW/LE\D1LJHULD4DWDU6DXGL$UDELDWKH8QLWHG$UDE(PLUDWHVDQG
9HQH]XHOD

2(&'(XURSH 2UJDQL]DWLRQIRU(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQW$XVWULD%HOJLXP&]HFK5HSXEOLF'HQPDUN)LQODQG)UDQFH*HUPDQ\*UHHFH+XQJDU\
,FHODQG,UHODQG,WDO\/X[HPERXUJWKH1HWKHUODQGV1RUZD\3RODQG3RUWXJDO6ORYDNLD6SDLQ6ZHGHQ6ZLW]HUODQG7XUNH\DQGWKH8QLWHG.LQJGRP

2WKHU(XURSHDQG(XUDVLD $OEDQLD$UPHQLD$]HUEDLMDQ%HODUXV%RVQLDDQG+HU]HJRYLQD%XOJDULD&URDWLD(VWRQLD*HRUJLD.D]DNKVWDQ.\UJ\]VWDQ/DWYLD
/LWKXDQLD0DFHGRQLD0DOWD0ROGRYD0RQWHQHJUR5RPDQLD6HUELD6ORYHQLD7DMLNLVWDQ7XUNPHQLVWDQ8NUDLQHDQG8]EHNLVWDQ

2WKHU$VLD $IJKDQLVWDQ%DQJODGHVK%KXWDQ%UXQHL&DPERGLD .DPSXFKHD )LML)UHQFK3RO\QHVLD*XDP+RQJ.RQJ,QGRQHVLD.LULEDWL/DRV0DOD\VLD0DFDX
0DOGLYHV0RQJROLD0\DQPDU %XUPD 1DXUX1HSDO1HZ&DOHGRQLD1LXH1RUWK.RUHD3DNLVWDQ3DSXD1HZ*XLQHD3KLOLSSLQHV6DPRD6LQJDSRUH6RORPRQ,VODQGV6UL
/DQND7DLZDQ7KDLODQG7RQJD9DQXDWXDQG9LHWQDP

,QFOXGHVOLTXLGVSURGXFHGIURPHQHUJ\FURSVQDWXUDOJDVFRDOH[WUDKHDY\RLORLOVDQGVDQGVKDOH,QFOXGHVERWK23(&DQGQRQ23(&SURGXFHUVLQWKHUHJLRQDO
EUHDNGRZQ

,QFOXGHVERWK23(&DQGQRQ23(&FRQVXPHUVLQWKHUHJLRQDOEUHDNGRZQ

,QFOXGHVERWKFRQYHQWLRQDODQGXQFRQYHQWLRQDOOLTXLGVSURGXFWLRQ
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVORZVXOIXUOLJKWFUXGHRLOSULFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ )RUP(,$³0RQWKO\)RUHLJQ&UXGH2LO$FTXLVLWLRQ5HSRUW´LPSRUWHG
FUXGHRLOSULFH(,$$QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH TXDQWLWLHVDQGSURMHFWLRQV(,$$(21DWLRQDO(QHUJ\
0RGHOLQJ6\VWHPUXQV/3'$$(25'$DQG+3'$DQG(,$*HQHUDWH:RUOG2LO%DODQFH0RGHO
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Appendix D

Results from Side Cases
7DEOH'

.H\5HVXOWVIRU5HVLGHQWLDODQG&RPPHUFLDO6HFWRU7HFKQRORJ\&DVHV


(QHUJ\&RQVXPSWLRQ




7HFKQRORJ\

5HIHUHQFH



%HVW
+LJK

$YDLODEOH
7HFKQRORJ\
7HFKQRORJ\
7HFKQRORJ\

5HIHUHQFH

+LJK
7HFKQRORJ\

%HVW
$YDLODEOH
7HFKQRORJ\

5HVLGHQWLDO
(QHUJ\&RQVXPSWLRQ
 TXDGULOOLRQ%WX
/LTXHILHG3HWUROHXP*DVHV        
.HURVHQH                      
'LVWLOODWH)XHO2LO                
/LTXLG)XHOVDQG2WKHU3HWUROHXP
1DWXUDO*DV                    
&RDO                          
5HQHZDEOH(QHUJ\              
(OHFWULFLW\                      
'HOLYHUHG(QHUJ\             
(OHFWULFLW\5HODWHG/RVVHV         
7RWDO                        













































































































'HOLYHUHG(QHUJ\,QWHQVLW\
 PLOOLRQ%WXSHUKRXVHKROG





















1RQPDUNHWHG5HQHZDEOHV
&RQVXPSWLRQ TXDGULOOLRQ%WX     



















&RPPHUFLDO
(QHUJ\&RQVXPSWLRQ
 TXDGULOOLRQ%WX
/LTXHILHG3HWUROHXP*DVHV        
0RWRU*DVROLQH                 
.HURVHQH                      
'LVWLOODWH)XHO2LO                
5HVLGXDO)XHO2LO                
/LTXLG)XHOVDQG2WKHU3HWUROHXP
1DWXUDO*DV                    
&RDO                          
5HQHZDEOH(QHUJ\              
(OHFWULFLW\                      
'HOLYHUHG(QHUJ\             
(OHFWULFLW\5HODWHG/RVVHV         
7RWDO                       































































































































'HOLYHUHG(QHUJ\,QWHQVLW\
 WKRXVDQG%WXSHUVTXDUHIRRW





















&RPPHUFLDO6HFWRU*HQHUDWLRQ
1HW6XPPHU*HQHUDWLRQ&DSDFLW\
 PHJDZDWWV
1DWXUDO*DV                  
6RODU3KRWRYROWDLF             
:LQG                       
(OHFWULFLW\*HQHUDWLRQ
 ELOOLRQNLORZDWWKRXUV
1DWXUDO*DV                  
6RODU3KRWRYROWDLF             
:LQG                       









































































1RQPDUNHWHG5HQHZDEOHV
&RQVXPSWLRQ TXDGULOOLRQ%WX     




















,QFOXGHVZRRGXVHGIRUUHVLGHQWLDOKHDWLQJ6HH7DEOH$DQGRU7DEOH$IRUHVWLPDWHVRIQRQPDUNHWHGUHQHZDEOHHQHUJ\FRQVXPSWLRQIRUJHRWKHUPDOKHDWSXPSVVRODUWKHUPDO
KRWZDWHUKHDWLQJDQGVRODUSKRWRYROWDLFHOHFWULFLW\JHQHUDWLRQ

,QFOXGHVHWKDQRO EOHQGVRISHUFHQWRUOHVV DQGHWKHUVEOHQGHGLQWRJDVROLQH

,QFOXGHVFRPPHUFLDOVHFWRUFRQVXPSWLRQRIZRRGDQGZRRGZDVWHODQGILOOJDVPXQLFLSDOVROLGZDVWHDQGRWKHUELRPDVVIRUFRPELQHGKHDWDQGSRZHU
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV6LGHFDVHV
ZHUHUXQZLWKRXWWKHIXOO\LQWHJUDWHGPRGHOLQJV\VWHPVRQRWDOOIHHGEDFNVDUHFDSWXUHG7KHUHIHUHQFHFDVHUDWLRRIHOHFWULFLW\ORVVHVWRHOHFWULFLW\XVHZDVXVHGWRFRPSXWHHOHFWULFLW\
ORVVHVIRUWKHWHFKQRORJ\FDVHV
6RXUFH  (QHUJ\ ,QIRUPDWLRQ $GPLQLVWUDWLRQ $(2 1DWLRQDO (QHUJ\ 0RGHOLQJ 6\VWHP UXQV %/')5=1'$ $(25'$ %/'+,*+'& DQG
%/'%(67'$
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7HFKQRORJ\

5HIHUHQFH

$QQXDO*URZWK SHUFHQW

%HVW
+LJK

$YDLODEOH
7HFKQRORJ\
7HFKQRORJ\
7HFKQRORJ\

5HIHUHQFH

+LJK
7HFKQRORJ\

%HVW
$YDLODEOH
7HFKQRORJ\
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Results from Side Cases
7DEOH'

.H\5HVXOWVIRU,QGXVWULDO6HFWRU7HFKQRORJ\&DVHV


&RQVXPSWLRQDQG,QGLFDWRUV








+LJK

+LJK

+LJK
5HIHUHQFH
5HIHUHQFH
5HIHUHQFH
7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\

9DOXHRI6KLSPHQWV
 ELOOLRQGROODUV
0DQXIDFWXULQJ                     
1RQPDQXIDFWXULQJ                  
7RWDO                           









































(QHUJ\&RQVXPSWLRQH[FOXGLQJ5HILQLQJ
TXDGULOOLRQ%WX
/LTXHILHG3HWUROHXP*DVHV           
+HDWDQG3RZHU                  
)HHGVWRFNV                      
0RWRU*DVROLQH                    
'LVWLOODWH)XHO2LO                   
5HVLGXDO)XHO2LO                   
3HWURFKHPLFDO)HHGVWRFNV           
3HWUROHXP&RNH                    
$VSKDOWDQG5RDG2LO                
0LVFHOODQHRXV3HWUROHXP            
3HWUROHXP6XEWRWDO                
1DWXUDO*DV+HDWDQG3RZHU          
1DWXUDO*DV)HHGVWRFNV             
/HDVHDQG3ODQW)XHO               
1DWXUDO*DV6XEWRWDO              
0HWDOOXUJLFDO&RDODQG&RNH         
2WKHU,QGXVWULDO&RDO                
&RDO6XEWRWDO                    
5HQHZDEOHV                      
3XUFKDVHG(OHFWULFLW\                
'HOLYHUHG(QHUJ\                 
(OHFWULFLW\5HODWHG/RVVHV            
7RWDO                           

















































































































































































































































'HOLYHUHG(QHUJ\8VHSHU'ROODU
RI6KLSPHQWV
 WKRXVDQG%WXSHUGROODU        





















2QVLWH,QGXVWULDO&RPELQHG+HDWDQG
3RZHU
&DSDFLW\ JLJDZDWWV                
*HQHUDWLRQ ELOOLRQNLORZDWWKRXUV      

































)XHOFRQVXPSWLRQLQFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVOXEULFDQWVDQGPLVFHOODQHRXVSHWUROHXPSURGXFWV
5HSUHVHQWVQDWXUDOJDVXVHGLQWKHILHOGJDWKHULQJDQGSURFHVVLQJSODQWPDFKLQHU\

,QFOXGHVQHWFRDOFRNHLPSRUWV

,QFOXGHVFRQVXPSWLRQRIHQHUJ\IURPK\GURHOHFWULFZRRGDQGZRRGZDVWHPXQLFLSDOVROLGZDVWHDQGRWKHUELRPDVV
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV6LGHFDVHV
ZHUHUXQZLWKRXWWKHIXOO\LQWHJUDWHGPRGHOLQJV\VWHPVRQRWDOOIHHGEDFNVDUHFDSWXUHG7KHUHIHUHQFHFDVHUDWLRRIHOHFWULFLW\ORVVHVWRHOHFWULFLW\XVHZDVXVHGWRFRPSXWHHOHFWULFLW\
ORVVHVIRUWKHWHFKQRORJ\FDVHV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV,1')5=1'$$(25'$DQG,1'+,*+'$
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Results from Side Cases
7DEOH'

.H\5HVXOWVIRU7UDQVSRUWDWLRQ6HFWRU7HFKQRORJ\&DVHV


&RQVXPSWLRQDQG,QGLFDWRUV
/HYHORI7UDYHO
 ELOOLRQYHKLFOHPLOHVWUDYHOHG
/LJKW'XW\9HKLFOHVOHVVWKDQ  
&RPPHUFLDO/LJKW7UXFNV          
)UHLJKW7UXFNVJUHDWHUWKDQ  
 ELOOLRQVHDWPLOHVDYDLODEOH
$LU                            
 ELOOLRQWRQPLOHVWUDYHOHG
5DLO                           
'RPHVWLF6KLSSLQJ               
(QHUJ\(IILFLHQF\,QGLFDWRUV
 PLOHVSHUJDOORQ
7HVWHG1HZ/LJKW'XW\9HKLFOH     
1HZ&DU                     
1HZ/LJKW7UXFN               
/LJKW'XW\6WRFN                
1HZ&RPPHUFLDO/LJKW7UXFN      
6WRFN&RPPHUFLDO/LJKW7UXFN     
)UHLJKW7UXFN                   
 VHDWPLOHVSHUJDOORQ
$LUFUDIW                        
 WRQPLOHVSHUWKRXVDQG%WX
5DLO                           
'RPHVWLF6KLSSLQJ               
(QHUJ\8VH TXDGULOOLRQ%WX
E\0RGH
/LJKW'XW\9HKLFOHV               
&RPPHUFLDO/LJKW7UXFNV          
%XV7UDQVSRUWDWLRQ               
)UHLJKW7UXFNV                   
5DLO3DVVHQJHU                 
5DLO)UHLJKW                    
6KLSSLQJ'RPHVWLF               
6KLSSLQJ,QWHUQDWLRQDO            
5HFUHDWLRQDO%RDWV               
$LU                            
0LOLWDU\8VH                     
/XEULFDQWV                      
3LSHOLQH)XHO                    
7RWDO                        
E\)XHO
/LTXHILHG3HWUROHXP*DVHV        
(                          
0RWRU*DVROLQH                 
-HW)XHO                       
'LVWLOODWH)XHO2LO                
5HVLGXDO)XHO2LO                
2WKHU3HWUROHXP                
/LTXLG)XHOVDQG2WKHU3HWUROHXP  
3LSHOLQH)XHO1DWXUDO*DV          
&RPSUHVVHG1DWXUDO*DV          
/LTXLG+\GURJHQ                 
(OHFWULFLW\                      
'HOLYHUHG(QHUJ\              
(OHFWULFLW\5HODWHG/RVVHV         
7RWDO                        







/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
5HIHUHQFH
5HIHUHQFH
5HIHUHQFH
7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\





















































































































































































































































































































































































































































































































































&RPPHUFLDOWUXFNVWRSRXQGV
(QYLURQPHQWDO3URWHFWLRQ$JHQF\UDWHGPLOHVSHUJDOORQ
&RPELQHGFDUDQGOLJKWWUXFN³RQWKHURDG´HVWLPDWH

(UHIHUVWRDEOHQGRISHUFHQWHWKDQRO UHQHZDEOH DQGSHUFHQWPRWRUJDVROLQH QRQUHQHZDEOH 7RDGGUHVVFROGVWDUWLQJLVVXHVWKHSHUFHQWDJHRIHWKDQROYDULHV
VHDVRQDOO\7KHDQQXDODYHUDJHHWKDQROFRQWHQWRISHUFHQWLVXVHGIRUWKLVIRUHFDVW

,QFOXGHVHWKDQRO EOHQGVRISHUFHQWRUOHVV DQGHWKHUVEOHQGHGLQWRJDVROLQH

,QFOXGHVRQO\NHURVHQHW\SH

'LHVHOIXHOIRURQDQGRIIURDGXVH

,QFOXGHVDYLDWLRQJDVROLQHDQGOXEULFDQWV
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV6LGHFDVHV
ZHUHUXQZLWKRXWWKHIXOO\LQWHJUDWHGPRGHOLQJV\VWHPVRQRWDOOIHHGEDFNVDUHFDSWXUHG7KHUHIHUHQFHFDVHUDWLRRIHOHFWULFLW\ORVVHVWRHOHFWULFLW\XVHZDVXVHGWRFRPSXWHHOHFWULFLW\
ORVVHVIRUWKHWHFKQRORJ\FDVHV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV751/2:'$$(25'$DQG751+,*+'$
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Results from Side Cases
7DEOH'

.H\5HVXOWVIRU,QWHJUDWHG7HFKQRORJ\&DVHV


&RQVXPSWLRQDQG(PLVVLRQV







/RZ
+LJK
/RZ
+LJK
/RZ
+LJK
5HIHUHQFH
5HIHUHQFH
5HIHUHQFH
7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\

(QHUJ\&RQVXPSWLRQE\6HFWRU
TXDGULOOLRQ%WX
5HVLGHQWLDO                       
&RPPHUFLDO                      
,QGXVWULDO                        
7UDQVSRUWDWLRQ                    
(OHFWULF3RZHU                   
7RWDO                          







































































(QHUJ\&RQVXPSWLRQE\)XHO
TXDGULOOLRQ%WX
/LTXLG)XHOVDQG2WKHU3HWUROHXP    
1DWXUDO*DV                      
&RDO                            
1XFOHDU3RZHU                    
5HQHZDEOH(QHUJ\                
2WKHU                          
7RWDO                          

















































































(QHUJ\,QWHQVLW\ WKRXVDQG%WX
SHUGROODURI*'3             





















&DUERQ'LR[LGH(PLVVLRQVE\6HFWRU
PLOOLRQPHWULFWRQV
5HVLGHQWLDO                       
&RPPHUFLDO                      
,QGXVWULDO                        
7UDQVSRUWDWLRQ                    
(OHFWULF3RZHU                   
7RWDO                          







































































&DUERQ'LR[LGH(PLVVLRQVE\)XHO
PLOOLRQPHWULFWRQV
3HWUROHXP                       
1DWXUDO*DV                      
&RDO                            
2WKHU                          
7RWDO                          





























































&DUERQ'LR[LGH(PLVVLRQV
WRQVSHUSHUVRQ                  























,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVSHWUROHXPGHULYHGIXHOVDQGQRQSHWUROHXPGHULYHGIXHOVVXFKDVHWKDQRODQGELRGLHVHODQGFRDOEDVHGV\QWKHWLFOLTXLGV3HWUROHXPFRNHZKLFKLVDVROLGLVLQFOXGHG
$OVRLQFOXGHGDUHQDWXUDOJDVSODQWOLTXLGVFUXGHRLOFRQVXPHGDVDIXHODQGOLTXLGK\GURJHQ

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPFRQYHQWLRQDOK\GURHOHFWULFZRRGDQGZRRGZDVWHODQGILOOJDVELRJHQLFPXQLFLSDOVROLGZDVWHRWKHUELRPDVVZLQGSKRWRYROWDLFDQG
VRODUWKHUPDOVRXUFHVDQGQRQHOHFWULFHQHUJ\IURPUHQHZDEOHVRXUFHVVXFKDVDFWLYHDQGSDVVLYHVRODUV\VWHPVDQGZRRGDQGERWKWKHHWKDQRODQGJDVROLQHFRPSRQHQWVRI
(EXWQRWWKHHWKDQROFRPSRQHQWRIEOHQGVOHVVWKDQSHUFHQW([FOXGHVHOHFWULFLW\LPSRUWVXVLQJUHQHZDEOHVRXUFHVDQGQRQPDUNHWHGUHQHZDEOHHQHUJ\

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHDQGQHWHOHFWULFLW\LPSRUWV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVHPLVVLRQVIURPJHRWKHUPDOSRZHUDQGQRQELRJHQLFHPLVVLRQVIURPPXQLFLSDOVROLGZDVWH
%WX %ULWLVKWKHUPDOXQLW
*'3 *URVVGRPHVWLFSURGXFW
1RWH,QFOXGHVHQGXVHIRVVLOHOHFWULFLW\DQGUHQHZDEOHWHFKQRORJ\DVVXPSWLRQV7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUH
PRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV/75.,7(1'$$(25'$DQG+75.,7(1'$
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Results from Side Cases
7DEOH'

.H\5HVXOWVIRU$GYDQFHG1XFOHDU&RVW&DVHV
*LJDZDWWV8QOHVV2WKHUZLVH1RWHG


1HW6XPPHU&DSDFLW\*HQHUDWLRQ
(PLVVLRQVDQG)XHO3ULFHV



+LJK
1XFOHDU
&RVW

&DSDFLW\
&RDO6WHDP                           
2LODQG1DWXUDO*DV6WHDP               
&RPELQHG&\FOH                       
&RPEXVWLRQ7XUELQH'LHVHO               
1XFOHDU3RZHU                         
3XPSHG6WRUDJH                       
)XHO&HOOV                             
5HQHZDEOH6RXUFHV                    
'LVWULEXWHG*HQHUDWLRQ 1DWXUDO*DV       
&RPELQHG+HDWDQG3RZHU              
7RWDO                               













&XPXODWLYH$GGLWLRQV
&RDO6WHDP                           
2LODQG1DWXUDO*DV6WHDP               
&RPELQHG&\FOH                       
&RPEXVWLRQ7XUELQH'LHVHO               
1XFOHDU3RZHU                         
3XPSHG6WRUDJH                       
)XHO&HOOV                             
5HQHZDEOH6RXUFHV                    
'LVWULEXWHG*HQHUDWLRQ                   
&RPELQHG+HDWDQG3RZHU              
7RWDO                               



5HIHUHQFH

/RZ
1XFOHDU
&RVW

+LJK
1XFOHDU
&RVW









































































&XPXODWLYH5HWLUHPHQWV                  





*HQHUDWLRQE\)XHO ELOOLRQNLORZDWWKRXUV
&RDO                                 
3HWUROHXP                            
1DWXUDO*DV                           
1XFOHDU3RZHU                         
3XPSHG6WRUDJH                       
5HQHZDEOH6RXUFHV                    
'LVWULEXWHG*HQHUDWLRQ                   
&RPELQHG+HDWDQG3RZHU              
7RWDO                               











&DUERQ'LR[LGH(PLVVLRQVE\WKH(OHFWULF
3RZHU6HFWRU PLOOLRQPHWULFWRQV 
3HWUROHXP                            
1DWXUDO*DV                           
&RDO                                 
2WKHU                               
7RWDO                               
3ULFHVWRWKH(OHFWULF3RZHU6HFWRU
 GROODUVSHUPLOOLRQ%WX
3HWUROHXP                            
1DWXUDO*DV                           
&RDO                                 



5HIHUHQFH

/RZ
1XFOHDU
&RVW

+LJK
1XFOHDU
&RVW

5HIHUHQFH

/RZ
1XFOHDU
&RVW












































































































































































































































































































































































,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQFRPPHUFLDODQGLQGXVWULDOVHFWRUV,QFOXGHVVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDOFRPPHUFLDO
DQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG([FOXGHVRIIJULGSKRWRYROWDLFVDQGRWKHUJHQHUDWRUVQRWFRQQHFWHG
WRWKHGLVWULEXWLRQRUWUDQVPLVVLRQV\VWHPV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVHPLVVLRQVIURPJHRWKHUPDOSRZHUDQGQRQELRJHQLFHPLVVLRQVIURPPXQLFLSDOVROLGZDVWH
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV+&18&'$$(25'$DQG/&18&'$
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Results from Side Cases
7DEOH'

.H\5HVXOWVIRU1XFOHDU<HDU/LIH&DVH
*LJDZDWWV8QOHVV2WKHUZLVH1RWHG

1HW6XPPHU&DSDFLW\*HQHUDWLRQ
(PLVVLRQVDQG)XHO3ULFHV






5HIHUHQFH

1XFOHDU
<HDU/LIH



5HIHUHQFH

1XFOHDU
<HDU/LIH

5HIHUHQFH

1XFOHDU
<HDU/LIH

&DSDFLW\
&RDO6WHDP                               
2LODQG1DWXUDO*DV6WHDP                   
&RPELQHG&\FOH                           
&RPEXVWLRQ7XUELQH'LHVHO                   
1XFOHDU3RZHU                             
3XPSHG6WRUDJH                           
)XHO&HOOV                                 
5HQHZDEOH6RXUFHV                        
'LVWULEXWHG*HQHUDWLRQ 1DWXUDO*DV           
&RPELQHG+HDWDQG3RZHU                  
7RWDO                                   





















































































&XPXODWLYH$GGLWLRQV
&RDO6WHDP                               
&RPELQHG&\FOH                           
&RPEXVWLRQ7XUELQH'LHVHO                   
1XFOHDU3RZHU                             
5HQHZDEOH6RXUFHV                        
'LVWULEXWHG*HQHUDWLRQ                       
&RPELQHG+HDWDQG3RZHU                  
7RWDO                                   
































































&XPXODWLYH5HWLUHPHQWV
&RDO6WHDP                               
2LODQG1DWXUDO*DV6WHDP                   
&RPELQHG&\FOH                           
&RPEXVWLRQ7XUELQH'LHVHO                   
1XFOHDU3RZHU                             
5HQHZDEOH6RXUFHV                        
7RWDO                                   

























































*HQHUDWLRQE\)XHO ELOOLRQNLORZDWWKRXUV
&RDO                                     
3HWUROHXP                                
1DWXUDO*DV                               
1XFOHDU3RZHU                             
3XPSHG6WRUDJH                           
5HQHZDEOH6RXUFHV                        
'LVWULEXWHG*HQHUDWLRQ                       
&RPELQHG+HDWDQG3RZHU                  
7RWDO                                   







































































&DUERQ'LR[LGH(PLVVLRQVE\WKH(OHFWULF
3RZHU6HFWRU PLOOLRQPHWULFWRQV 
3HWUROHXP                                
1DWXUDO*DV                               
&RDO                                     
2WKHU                                   
7RWDO                                   











































3ULFHVWRWKH(OHFWULF3RZHU6HFWRU
 GROODUVSHUPLOOLRQ%WX
3HWUROHXP                                
1DWXUDO*DV                               
&RDO                                     






























,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQFRPPHUFLDODQGLQGXVWULDOVHFWRUV,QFOXGHVVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDOFRPPHUFLDO
DQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG([FOXGHVRIIJULGSKRWRYROWDLFVDQGRWKHUJHQHUDWRUVQRWFRQQHFWHG
WRWKHGLVWULEXWLRQRUWUDQVPLVVLRQV\VWHPV

2QO\QRQ]HURFDWHJRULHVVKRZQ

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVHPLVVLRQVIURPJHRWKHUPDOSRZHUDQGQRQELRJHQLFHPLVVLRQVIURPPXQLFLSDOVROLGZDVWH
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV$(25'$DQG18&5(7'$
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Results from Side Cases
7DEOH'

.H\5HVXOWVIRU(OHFWULF3RZHU6HFWRU)RVVLO7HFKQRORJ\&DVHV
*LJDZDWWV8QOHVV2WKHUZLVH1RWHG

1HW6XPPHU&DSDFLW\*HQHUDWLRQ
&RQVXPSWLRQDQG(PLVVLRQV








+LJK
/RZ
+LJK
/RZ
+LJK
/RZ
5HIHUHQFH
5HIHUHQFH
5HIHUHQFH
)RVVLO&RVW
)RVVLO&RVW )RVVLO&RVW
)RVVLO&RVW )RVVLO&RVW
)RVVLO&RVW

&DSDFLW\
3XOYHUL]HG&RDO                        
&RDO*DVLILFDWLRQ&RPELQHG&\FOH         
&RQYHQWLRQDO1DWXUDO*DV&RPELQHG&\FOH  
$GYDQFHG1DWXUDO*DV&RPELQHG&\FOH     
&RQYHQWLRQDO&RPEXVWLRQ7XUELQH         
$GYDQFHG&RPEXVWLRQ7XUELQH            
)XHO&HOOV                             
1XFOHDU                              
2LODQG1DWXUDO*DV6WHDP               
5HQHZDEOH6RXUFHV3XPSHG6WRUDJH       
'LVWULEXWHG*HQHUDWLRQ                   
&RPELQHG+HDWDQG3RZHU              
7RWDO                               













































































































































&XPXODWLYH$GGLWLRQV
3XOYHUL]HG&RDO                        
&RDO*DVLILFDWLRQ&RPELQHG&\FOH         
&RQYHQWLRQDO1DWXUDO*DV&RPELQHG&\FOH  
$GYDQFHG1DWXUDO*DV&RPELQHG&\FOH     
&RQYHQWLRQDO&RPEXVWLRQ7XUELQH         
$GYDQFHG&RPEXVWLRQ7XUELQH            
)XHO&HOOV                             
1XFOHDU                              
2LODQG1DWXUDO*DV6WHDP               
5HQHZDEOH6RXUFHV                    
'LVWULEXWHG*HQHUDWLRQ                   
&RPELQHG+HDWDQG3RZHU              
7RWDO                               













































































































































&XPXODWLYH5HWLUHPHQWV                  





















*HQHUDWLRQE\)XHO ELOOLRQNLORZDWWKRXUV
&RDO                                 
3HWUROHXP                            
1DWXUDO*DV                           
1XFOHDU3RZHU                         
5HQHZDEOH6RXUFHV3XPSHG6WRUDJH       
'LVWULEXWHG*HQHUDWLRQ                   
&RPELQHG+HDWDQG3RZHU              
7RWDO                               



























































































)XHO&RQVXPSWLRQE\WKH(OHFWULF3RZHU
6HFWRU TXDGULOOLRQ%WX 
&RDO                                 
3HWUROHXP                            
1DWXUDO*DV                           
1XFOHDU3RZHU                         
5HQHZDEOH6RXUFHV                    
7RWDO                               







































































&DUERQ'LR[LGH(PLVVLRQVE\WKH(OHFWULF
3RZHU6HFWRU PLOOLRQPHWULFWRQV 
&RDO                                 
3HWUROHXP                            
1DWXUDO*DV                           
2WKHU                               
7RWDO                               






























































,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQWKHFRPPHUFLDODQGLQGXVWULDOVHFWRUV,QFOXGHVVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDO
FRPPHUFLDODQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG([FOXGHVRIIJULGSKRWRYROWDLFVDQGRWKHUJHQHUDWRUVQRW
FRQQHFWHGWRWKHGLVWULEXWLRQRUWUDQVPLVVLRQV\VWHPV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVHPLVVLRQVIURPJHRWKHUPDOSRZHUDQGQRQELRJHQLFHPLVVLRQVIURPPXQLFLSDOVROLGZDVWH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV+&)266'$$(25'$DQG/&)266'$

U.S. Energy Information Administration / Annual Energy Outlook 2010

181

Results from Side Cases
7DEOH'

(QHUJ\&RQVXPSWLRQDQG&DUERQ'LR[LGH(PLVVLRQVIRU([WHQGHG3ROLF\&DVHV


&RQVXPSWLRQDQG(PLVVLRQV



5HIHUHQFH





([WHQGHG
([WHQGHG
([WHQGHG
1R6XQVHW 5HIHUHQFH
1R6XQVHW 5HIHUHQFH
1R6XQVHW
3ROLFLHV
3ROLFLHV
3ROLFLHV

(QHUJ\&RQVXPSWLRQE\6HFWRU
TXDGULOOLRQ%WX
5HVLGHQWLDO                       
&RPPHUFLDO                      
,QGXVWULDO                        
7UDQVSRUWDWLRQ                    
(OHFWULF3RZHU                   
7RWDO                          







































































(QHUJ\&RQVXPSWLRQE\)XHO
TXDGULOOLRQ%WX
/LTXLG)XHOVDQG2WKHU3HWUROHXP    
1DWXUDO*DV                      
&RDO                            
1XFOHDU3RZHU                    
5HQHZDEOH(QHUJ\                
2WKHU                          
7RWDO                          

















































































(QHUJ\,QWHQVLW\ WKRXVDQG%WX
SHUGROODURI*'3             





















&DUERQ'LR[LGH(PLVVLRQVE\6HFWRU
PLOOLRQPHWULFWRQV
5HVLGHQWLDO                       
&RPPHUFLDO                      
,QGXVWULDO                        
7UDQVSRUWDWLRQ                    
(OHFWULF3RZHU                   
7RWDO                          







































































&DUERQ'LR[LGH(PLVVLRQVE\)XHO
PLOOLRQPHWULFWRQV
3HWUROHXP                       
1DWXUDO*DV                      
&RDO                            
2WKHU                          
7RWDO                          





























































&DUERQ'LR[LGH(PLVVLRQV
WRQVSHUSHUVRQ                  























,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVSHWUROHXPGHULYHGIXHOVDQGQRQSHWUROHXPGHULYHGIXHOVVXFKDVHWKDQRODQGELRGLHVHODQGFRDOEDVHGV\QWKHWLFOLTXLGV3HWUROHXPFRNHZKLFKLVDVROLGLVLQFOXGHG
$OVRLQFOXGHGDUHQDWXUDOJDVSODQWOLTXLGVFUXGHRLOFRQVXPHGDVDIXHODQGOLTXLGK\GURJHQ

,QFOXGHVJULGFRQQHFWHGHOHFWULFLW\IURPFRQYHQWLRQDOK\GURHOHFWULFZRRGDQGZRRGZDVWHODQGILOOJDVELRJHQLFPXQLFLSDOVROLGZDVWHRWKHUELRPDVVZLQGSKRWRYROWDLFDQG
VRODUWKHUPDOVRXUFHVDQGQRQHOHFWULFHQHUJ\IURPUHQHZDEOHVRXUFHVVXFKDVDFWLYHDQGSDVVLYHVRODUV\VWHPVDQGZRRGDQGERWKWKHHWKDQRODQGJDVROLQHFRPSRQHQWVRI
(EXWQRWWKHHWKDQROFRPSRQHQWRIEOHQGVOHVVWKDQSHUFHQW([FOXGHVHOHFWULFLW\LPSRUWVXVLQJUHQHZDEOHVRXUFHVDQGQRQPDUNHWHGUHQHZDEOHHQHUJ\

,QFOXGHVQRQELRJHQLFPXQLFLSDOZDVWHDQGQHWHOHFWULFLW\LPSRUWV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVHPLVVLRQVIURPJHRWKHUPDOSRZHUDQGQRQELRJHQLFHPLVVLRQVIURPPXQLFLSDOVROLGZDVWH
%WX %ULWLVKWKHUPDOXQLW
*'3 *URVVGRPHVWLFSURGXFW
1RWH,QFOXGHVHQGXVHIRVVLOHOHFWULFLW\DQGUHQHZDEOHWHFKQRORJ\DVVXPSWLRQV7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUH
PRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV$(25'$(;7(1'(''$DQG126816(7'$
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Results from Side Cases
7DEOH'

(OHFWULFLW\*HQHUDWLRQDQG*HQHUDWLQJ&DSDFLW\LQ([WHQGHG3ROLF\&DVHV
*LJDZDWWV8QOHVV2WKHUZLVH1RWHG






1HW6XPPHU&DSDFLW\*HQHUDWLRQ
&RQVXPSWLRQDQG(PLVVLRQV



&DSDFLW\                                 
(OHFWULF3RZHU6HFWRU                     
3XOYHUL]HG&RDO                        
&RDO*DVLILFDWLRQ&RPELQHG&\FOH          
&RQYHQWLRQDO1DWXUDO*DV&RPELQHG&\FOH   
$GYDQFHG1DWXUDO*DV&RPELQHG&\FOH     
&RQYHQWLRQDO&RPEXVWLRQ7XUELQH          
$GYDQFHG&RPEXVWLRQ7XUELQH            
)XHO&HOOV                             
1XFOHDU                               
2LODQG1DWXUDO*DV6WHDP                
5HQHZDEOH6RXUFHV                     
3XPSHG6WRUDJH                        
'LVWULEXWHG*HQHUDWLRQ                   
&RPELQHG+HDWDQG3RZHU                
)RVVLO)XHOV2WKHU                      
5HQHZDEOH)XHOV                       





















































































































































































&XPXODWLYH$GGLWLRQV                      
(OHFWULF3RZHU6HFWRU                     
3XOYHUL]HG&RDO                        
&RDO*DVLILFDWLRQ&RPELQHG&\FOH          
&RQYHQWLRQDO1DWXUDO*DV&RPELQHG&\FOH   
$GYDQFHG1DWXUDO*DV&RPELQHG&\FOH     
&RQYHQWLRQDO&RPEXVWLRQ7XUELQH          
$GYDQFHG&RPEXVWLRQ7XUELQH            
1XFOHDU                               
5HQHZDEOH6RXUFHV                     
'LVWULEXWHG*HQHUDWLRQ                   
&RPELQHG+HDWDQG3RZHU                
)RVVLO)XHOV2WKHU                      
5HQHZDEOH)XHOV                       























































































































































&XPXODWLYH5HWLUHPHQWV                    





















*HQHUDWLRQE\)XHO ELOOLRQNLORZDWWKRXUV     
(OHFWULF3RZHU6HFWRU                     
&RDO                                 
3HWUROHXP                             
1DWXUDO*DV                           
1XFOHDU3RZHU                         
5HQHZDEOH6RXUFHV                     
3XPSHG6WRUDJH                        
'LVWULEXWHG*HQHUDWLRQ                   
&RPELQHG+HDWDQG3RZHU                
)RVVLO)XHOV2WKHU                      
5HQHZDEOH)XHOV                       



































































































































$YHUDJH(OHFWULFLW\3ULFH
FHQWVSHUNLORZDWWKRXU                    





















([WHQGHG
([WHQGHG
([WHQGHG
5HIHUHQFH
1R6XQVHW 5HIHUHQFH
1R6XQVHW 5HIHUHQFH
1R6XQVHW
3ROLFLHV
3ROLFLHV
3ROLFLHV


,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF,QFOXGHVVPDOOSRZHUSURGXFHUV
DQGH[HPSWZKROHVDOHJHQHUDWRUV

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQWKHFRPPHUFLDODQGLQGXVWULDOVHFWRUV,QFOXGHVVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDO
FRPPHUFLDODQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG([FOXGHVRIIJULGSKRWRYROWDLFVDQGRWKHUJHQHUDWRUVQRW
FRQQHFWHGWRWKHGLVWULEXWLRQRUWUDQVPLVVLRQV\VWHPV

,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV$(25'$(;7(1'(''$DQG126816(7'$
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Results from Side Cases
7DEOH' .H\5HVXOWVIRU5HQHZDEOH7HFKQRORJ\&DVHV

&DSDFLW\*HQHUDWLRQDQG(PLVVLRQV







+LJK
/RZ
+LJK
/RZ
+LJK
/RZ
5HQHZDEOH 5HIHUHQFH 5HQHZDEOH 5HQHZDEOH 5HIHUHQFH 5HQHZDEOH 5HQHZDEOH 5HIHUHQFH 5HQHZDEOH
&RVW
&RVW
&RVW
&RVW
&RVW
&RVW

1HW6XPPHU&DSDFLW\ JLJDZDWWV
(OHFWULF3RZHU6HFWRU
&RQYHQWLRQDO+\GURSRZHU          
*HRWKHUPDO                     
0XQLFLSDO:DVWH                 
:RRGDQG2WKHU%LRPDVV         
6RODU7KHUPDO                   
6RODU3KRWRYROWDLF                
:LQG                          
7RWDO                         



























































































(QG8VH6HFWRU
&RQYHQWLRQDO+\GURSRZHU          
*HRWKHUPDO                     
0XQLFLSDO:DVWH                 
:RRGDQG2WKHU%LRPDVV          
6RODU3KRWRYROWDLF                
:LQG                          
7RWDO                         

















































































*HQHUDWLRQ ELOOLRQNLORZDWWKRXUV
(OHFWULF3RZHU6HFWRU
&RDO                           
3HWUROHXP                      
1DWXUDO*DV                     
7RWDO)RVVLO                    
&RQYHQWLRQDO+\GURSRZHU          
*HRWKHUPDO                     
0XQLFLSDO:DVWH                 
:RRGDQG2WKHU%LRPDVV         
'HGLFDWHG3ODQWV                
&RILULQJ                       
6RODU7KHUPDO                   
6RODU3KRWRYROWDLF                
:LQG                          
7RWDO5HQHZDEOH               























































































































































(QG8VH6HFWRU
7RWDO)RVVLO                    
&RQYHQWLRQDO+\GURSRZHU         
*HRWKHUPDO                     
0XQLFLSDO:DVWH                 
:RRGDQG2WKHU%LRPDVV          
6RODU3KRWRYROWDLF                
:LQG                          
7RWDO5HQHZDEOH               



























































































&DUERQ'LR[LGH(PLVVLRQVE\WKH
(OHFWULF3RZHU6HFWRU
PLOOLRQPHWULFWRQV 
&RDO                            
3HWUROHXP                       
1DWXUDO*DV                      
2WKHU                          
7RWDO                          































































,QFOXGHVHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF
,QFOXGHVK\GURWKHUPDOUHVRXUFHVRQO\ KRWZDWHUDQGVWHDP 
,QFOXGHVDOOPXQLFLSDOZDVWHODQGILOOJDVDQGPXQLFLSDOVHZDJHVOXGJH,QFUHPHQWDOJURZWKLVDVVXPHGWREHIRUODQGILOOJDVIDFLOLWLHV$OOPXQLFLSDOZDVWHLVLQFOXGHGDOWKRXJK
DSRUWLRQRIWKHPXQLFLSDOZDVWHVWUHDPFRQWDLQVSHWUROHXPGHULYHGSODVWLFVDQGRWKHUQRQUHQHZDEOHVRXUFHV

,QFOXGHVSURMHFWLRQVIRUHQHUJ\FURSVDIWHU

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQWKHFRPPHUFLDODQGLQGXVWULDOVHFWRUVDQGVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDOFRPPHUFLDO
DQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG([FOXGHVRIIJULGSKRWRYROWDLFVDQGRWKHUJHQHUDWRUVQRWFRQQHFWHG
WRWKHGLVWULEXWLRQRUWUDQVPLVVLRQV\VWHPV

,QFOXGHVPXQLFLSDOZDVWHODQGILOOJDVDQGPXQLFLSDOVHZDJHVOXGJH$OOPXQLFLSDOZDVWHLVLQFOXGHGDOWKRXJKDSRUWLRQRIWKHPXQLFLSDOZDVWHVWUHDPFRQWDLQVSHWUROHXPGHULYHG
SODVWLFVDQGRWKHUQRQUHQHZDEOHVRXUFHV

,QFOXGHVELRJHQLFPXQLFLSDOZDVWHODQGILOOJDVDQGPXQLFLSDOVHZDJHVOXGJH,QFUHPHQWDOJURZWKLVDVVXPHGWREHIRUODQGILOOJDVIDFLOLWLHV

5HSUHVHQWVRZQXVHLQGXVWULDOK\GURHOHFWULFSRZHU

,QFOXGHVHPLVVLRQVIURPJHRWKHUPDOSRZHUDQGQRQELRJHQLFHPLVVLRQVIURPPXQLFLSDOVROLGZDVWH
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFH(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV+,5(1&67'$$(25'$DQG/25(1&67'$
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Results from Side Cases
7DEOH' 1DWXUDO*DV6XSSO\DQG'LVSRVLWLRQ2LODQG*DV7HFKQRORJLFDO3URJUHVV&DVHV
7ULOOLRQ&XELF)HHWSHU<HDU8QOHVV2WKHUZLVH1RWHG

6XSSO\'LVSRVLWLRQDQG3ULFHV







6ORZ
5DSLG
6ORZ
5DSLG
6ORZ
5DSLG
5HIHUHQFH
5HIHUHQFH
5HIHUHQFH
7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\

1DWXUDO*DV3ULFHV
 GROODUVSHUPLOOLRQ%WX
+HQU\+XE6SRW3ULFH             
$YHUDJH/RZHU:HOOKHDG3ULFH  































 GROODUVSHUWKRXVDQGFXELFIHHW
$YHUDJH/RZHU:HOOKHDG3ULFH  





















'U\*DV3URGXFWLRQ                
/RZHU2QVKRUH                 
$VVRFLDWHG'LVVROYHG             
1RQ$VVRFLDWHG                 
&RQYHQWLRQDO                 
8QFRQYHQWLRQDO                
*DV6KDOH                   
&RDOEHG0HWKDQH             
/RZHU2IIVKRUH                 
$VVRFLDWHG'LVVROYHG             
1RQ$VVRFLDWHG                 
$ODVND                          
6XSSOHPHQWDO1DWXUDO*DV           













































































































































1HW,PSRUWV                       
3LSHOLQH                         
/LTXHILHG1DWXUDO*DV              









































7RWDO6XSSO\                      





















&RQVXPSWLRQE\6HFWRU
5HVLGHQWLDO                       
&RPPHUFLDO                      
,QGXVWULDO                        
(OHFWULF3RZHU                   
7UDQVSRUWDWLRQ                   
3LSHOLQH)XHO                     
/HDVHDQG3ODQW)XHO              
7RWDO                          



























































































'LVFUHSDQF\                     





















/RZHU(QGRI<HDU5HVHUYHV      

























5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSOLHV
0DUNHWHGSURGXFWLRQ ZHW PLQXVH[WUDFWLRQORVVHV
,QFOXGHVWLJKWJDV

6\QWKHWLFQDWXUDOJDVSURSDQHDLUFRNHRYHQJDVUHILQHU\JDVELRPDVVJDVDLULQMHFWHGIRU%WXVWDELOL]DWLRQDQGPDQXIDFWXUHGJDVFRPPLQJOHGDQGGLVWULEXWHGZLWKQDWXUDO
JDV

,QFOXGHVDQ\QDWXUDOJDVUHJDVLILHGLQWKH%DKDPDVDQGWUDQVSRUWHGYLDSLSHOLQHWR)ORULGD

,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF,QFOXGHV
VPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

&RPSUHVVHGQDWXUDOJDVXVHGDVDYHKLFOHIXHO

5HSUHVHQWVQDWXUDOJDVXVHGLQILHOGJDWKHULQJDQGSURFHVVLQJSODQWPDFKLQHU\

%DODQFLQJLWHP1DWXUDOJDVORVWDVDUHVXOWRIFRQYHUWLQJIORZGDWDPHDVXUHGDWYDU\LQJWHPSHUDWXUHVDQGSUHVVXUHVWRDVWDQGDUGWHPSHUDWXUHDQGSUHVVXUHDQGWKHPHUJHU
RIGLIIHUHQWGDWDUHSRUWLQJV\VWHPVZKLFKYDU\LQVFRSHIRUPDWGHILQLWLRQDQGUHVSRQGHQWW\SH,QDGGLWLRQYDOXHVLQFOXGHQHWVWRUDJHLQMHFWLRQV
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVVXSSO\YDOXHV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ FRQVXPSWLRQEDVHG
RQ  (,$ $QQXDO (QHUJ\ 5HYLHZ  '2((,$   :DVKLQJWRQ '& -XQH    3URMHFWLRQV  (,$ $(2 1DWLRQDO (QHUJ\ 0RGHOLQJ 6\VWHP UXQV
2*/7(&'$$(25'$DQG2*+7(&'$
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Results from Side Cases
7DEOH' /LTXLG)XHOV6XSSO\DQG'LVSRVLWLRQ2LODQG*DV7HFKQRORJLFDO3URJUHVV&DVHV
0LOOLRQ%DUUHOVSHU'D\8QOHVV2WKHUZLVH1RWHG

6XSSO\'LVSRVLWLRQDQG3ULFHV







6ORZ
5DSLG
6ORZ
5DSLG
6ORZ
5DSLG
5HIHUHQFH
5HIHUHQFH
5HIHUHQFH
7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\ 7HFKQRORJ\
7HFKQRORJ\

3ULFHV GROODUVSHUEDUUHO
,PSRUWHG/RZ6XOIXU/LJKW&UXGH2LO
,PSRUWHG&UXGH2LO               































&UXGH2LO6XSSO\
'RPHVWLF&UXGH2LO3URGXFWLRQ      
$ODVND                         
/RZHU2QVKRUH               
/RZHU2IIVKRUH               
1HW&UXGH2LO,PSRUWV              
2WKHU&UXGH2LO6XSSO\             
7RWDO&UXGH2LO6XSSO\           

















































































2WKHU3HWUROHXP6XSSO\             
1DWXUDO*DV3ODQW/LTXLGV           
1HW3HWUROHXP3URGXFW,PSRUWV      
5HILQHU\3URFHVVLQJ*DLQ           
3URGXFW6WRFN:LWKGUDZDO           
2WKHU1RQSHWUROHXP6XSSO\         
)URP5HQHZDEOH6RXUFHV          
)URP1RQUHQHZDEOH6RXUFHV       



























































































7RWDO3ULPDU\6XSSO\               





















5HILQHG3HWUROHXP3URGXFWV6XSSOLHG
5HVLGHQWLDODQG&RPPHUFLDO         
,QGXVWULDO                        
7UDQVSRUWDWLRQ                    
(OHFWULF3RZHU                   
7RWDO                          





























































'LVFUHSDQF\                     





















/RZHU(QGRI<HDU5HVHUYHV
ELOOLRQEDUUHOV                    























:HLJKWHGDYHUDJHSULFHGHOLYHUHGWR86UHILQHUV
,QFOXGHVOHDVHFRQGHQVDWH
,QFOXGHVQHWLPSRUWVRIILQLVKHGSHWUROHXPSURGXFWVXQILQLVKHGRLOVRWKHUK\GURFDUERQVDOFRKROVHWKHUVDQGEOHQGLQJFRPSRQHQWV

7KHYROXPHWULFDPRXQWE\ZKLFKWRWDORXWSXWLVJUHDWHUWKDQLQSXWGXHWRWKHSURFHVVLQJRIFUXGHRLOLQWRSURGXFWVZKLFKLQWRWDOKDYHDORZHUVSHFLILFJUDYLW\WKDQWKHFUXGHRLO
SURFHVVHG

,QFOXGHVHWKDQRO LQFOXGLQJLPSRUWV ELRGLHVHO LQFOXGLQJLPSRUWV S\URO\VLVRLOVELRPDVVGHULYHG)LVFKHU7URSVFKOLTXLGVDQGUHQHZDEOHIHHGVWRFNVIRUWKHSURGXFWLRQRIJUHHQ
GLHVHODQGJDVROLQH

,QFOXGHVDOFRKROVHWKHUVGRPHVWLFVRXUFHVRIEOHQGLQJFRPSRQHQWVRWKHUK\GURFDUERQVQDWXUDOJDVFRQYHUWHGWROLTXLGIXHODQGFRDOFRQYHUWHGWROLTXLGIXHO

7RWDOFUXGHVXSSO\SOXVQDWXUDOJDVSODQWOLTXLGVRWKHULQSXWVUHILQHU\SURFHVVLQJJDLQDQGQHWSURGXFWLPSRUWV

,QFOXGHVFRQVXPSWLRQIRUFRPELQHGKHDWDQGSRZHUZKLFKSURGXFHVHOHFWULFLW\DQGRWKHUXVHIXOWKHUPDOHQHUJ\

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF,QFOXGHV
VPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

%DODQFLQJLWHP,QFOXGHVXQDFFRXQWHGIRUVXSSO\ORVVHVDQGJDLQV
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVSURGXFWVXSSOLHGGDWDDQGLPSRUWHGFUXGHRLOSULFHEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$ 
:DVKLQJWRQ'&-XQH LPSRUWHGORZVXOIXUOLJKWFUXGHRLOSULFH(,$)RUP(,$³0RQWKO\)RUHLJQ&UXGH2LO$FTXLVLWLRQ5HSRUW´2WKHUGDWD(,$3HWUROHXP
6XSSO\ $QQXDO  '2((,$   :DVKLQJWRQ '& -XQH    3URMHFWLRQV  (,$ $(2 1DWLRQDO (QHUJ\ 0RGHOLQJ 6\VWHP UXQV 2*/7(&'$
$(25'$DQG2*+7(&'$
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Results from Side Cases
7DEOH' 1DWXUDO*DV6XSSO\DQG'LVSRVLWLRQ/RZ3HUPHDELOLW\&DVHV
7ULOOLRQ&XELF)HHWSHU<HDU8QOHVV2WKHUZLVH1RWHG

6XSSO\'LVSRVLWLRQDQG3ULFHV



+LJK6KDOH
5HIHUHQFH
*DV



1R6KDOH
1R/RZ +LJK6KDOH
5HIHUHQFH
*DV
3HUPHDELOLW\
*DV

1R6KDOH
1R/RZ
*DV
3HUPHDELOLW\

1DWXUDO*DV3ULFHV
 GROODUVSHUPLOOLRQ%WX
+HQU\+XE6SRW3ULFH                  
$YHUDJH/RZHU:HOOKHDG3ULFH       




























 GROODUVSHUWKRXVDQGFXELFIHHW
$YHUDJH/RZHU:HOOKHDG3ULFH       



















'U\*DV3URGXFWLRQ                     
/RZHU2QVKRUH                      
$VVRFLDWHG'LVVROYHG                  
1RQ$VVRFLDWHG                      
&RQYHQWLRQDO                      
8QFRQYHQWLRQDO                     
*DV6KDOH                        
&RDOEHG0HWKDQH                  
/RZHU2IIVKRUH                      
$VVRFLDWHG'LVVROYHG                  
1RQ$VVRFLDWHG                      
$ODVND                               
6XSSOHPHQWDO1DWXUDO*DV                































































































































1HW,PSRUWV                            
3LSHOLQH                              
/LTXHILHG1DWXUDO*DV                   





































7RWDO6XSSO\                           



















&RQVXPSWLRQE\6HFWRU
5HVLGHQWLDO                            
&RPPHUFLDO                           
,QGXVWULDO                             
(OHFWULF3RZHU                        
7UDQVSRUWDWLRQ                        
3LSHOLQH)XHO                          
/HDVHDQG3ODQW)XHO                   
7RWDO                               


















































































'LVFUHSDQF\                          



















/RZHU(QGRI<HDU5HVHUYHV           























5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSOLHV
0DUNHWHGSURGXFWLRQ ZHW PLQXVH[WUDFWLRQORVVHV
,QFOXGHVWLJKWJDV

6\QWKHWLFQDWXUDOJDVSURSDQHDLUFRNHRYHQJDVUHILQHU\JDVELRPDVVJDVDLULQMHFWHGIRU%WXVWDELOL]DWLRQDQGPDQXIDFWXUHGJDVFRPPLQJOHGDQGGLVWULEXWHGZLWKQDWXUDO
JDV

,QFOXGHVDQ\QDWXUDOJDVUHJDVLILHGLQWKH%DKDPDVDQGWUDQVSRUWHGYLDSLSHOLQHWR)ORULGD

,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF,QFOXGHV
VPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

&RPSUHVVHGQDWXUDOJDVXVHGDVDYHKLFOHIXHO

5HSUHVHQWVQDWXUDOJDVXVHGLQILHOGJDWKHULQJDQGSURFHVVLQJSODQWPDFKLQHU\

%DODQFLQJLWHP1DWXUDOJDVORVWDVDUHVXOWRIFRQYHUWLQJIORZGDWDPHDVXUHGDWYDU\LQJWHPSHUDWXUHVDQGSUHVVXUHVWRDVWDQGDUGWHPSHUDWXUHDQGSUHVVXUHDQGWKHPHUJHU
RIGLIIHUHQWGDWDUHSRUWLQJV\VWHPVZKLFKYDU\LQVFRSHIRUPDWGHILQLWLRQDQGUHVSRQGHQWW\SH,QDGGLWLRQYDOXHVLQFOXGHQHWVWRUDJHLQMHFWLRQV
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVVXSSO\YDOXHV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ FRQVXPSWLRQEDVHG
RQ  (,$ $QQXDO (QHUJ\ 5HYLHZ  '2((,$   :DVKLQJWRQ '& -XQH    3URMHFWLRQV  (,$ $(2 1DWLRQDO (QHUJ\ 0RGHOLQJ 6\VWHP UXQV
+,6+$/('$$(25'$126+$/('$DQG12/23(50'$
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Results from Side Cases
7DEOH' 1DWXUDO*DV6XSSO\DQG'LVSRVLWLRQ/LTXHILHG1DWXUDO*DV6XSSO\&DVH
7ULOOLRQ&XELF)HHWSHU<HDU8QOHVV2WKHUZLVH1RWHG
6XSSO\'LVSRVLWLRQDQG3ULFHV




5HIHUHQFH


+LJK/1*

5HIHUHQFH


+LJK/1*

5HIHUHQFH

+LJK/1*

'U\*DV3URGXFWLRQ                        
/RZHU2QVKRUH                         
$VVRFLDWHG'LVVROYHG                     
1RQ$VVRFLDWHG                         
&RQYHQWLRQDO                         
8QFRQYHQWLRQDO                        
*DV6KDOH                           
&RDOEHG0HWKDQH                     
/RZHU2IIVKRUH                         
$VVRFLDWHG'LVVROYHG                     
1RQ$VVRFLDWHG                         
$ODVND                                  
6XSSOHPHQWDO1DWXUDO*DV                   



































































































1HW,PSRUWV                               
3LSHOLQH                                 
/LTXHILHG1DWXUDO*DV                      





























7RWDO6XSSO\                              















&RQVXPSWLRQE\6HFWRU
5HVLGHQWLDO                               
&RPPHUFLDO                              
,QGXVWULDO                                
(OHFWULF3RZHU                           
7UDQVSRUWDWLRQ                           
3LSHOLQH)XHO                             
/HDVHDQG3ODQW)XHO                      
7RWDO                                  
































































'LVFUHSDQF\                              















/RZHU(QGRI<HDU5HVHUYHV              















1DWXUDO*DV3ULFHV
 GROODUVSHUPLOOLRQ%WX
+HQU\+XE6SRW3ULFH                     
$YHUDJH/RZHU:HOOKHDG3ULFH          
 GROODUVSHUWKRXVDQGFXELFIHHW
$YHUDJH/RZHU:HOOKHDG3ULFH          





















































































'HOLYHUHG3ULFHV
 GROODUVSHUWKRXVDQGFXELFIHHW
5HVLGHQWLDO                             
&RPPHUFLDO                            
,QGXVWULDO                              
(OHFWULF3RZHU                          
7UDQVSRUWDWLRQ                         
$YHUDJH                            


0DUNHWHGSURGXFWLRQ ZHW PLQXVH[WUDFWLRQORVVHV
,QFOXGHVWLJKWJDV
6\QWKHWLFQDWXUDOJDVSURSDQHDLUFRNHRYHQJDVUHILQHU\JDVELRPDVVJDVDLULQMHFWHGIRU%WXVWDELOL]DWLRQDQGPDQXIDFWXUHGJDVFRPPLQJOHGDQGGLVWULEXWHGZLWKQDWXUDO
JDV

,QFOXGHVDQ\QDWXUDOJDVUHJDVLILHGLQWKH%DKDPDVDQGWUDQVSRUWHGYLDSLSHOLQHWR)ORULGD

,QFOXGHVHQHUJ\IRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVFRQVXPSWLRQRIHQHUJ\E\HOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF,QFOXGHV
VPDOOSRZHUSURGXFHUVDQGH[HPSWZKROHVDOHJHQHUDWRUV

&RPSUHVVHGQDWXUDOJDVXVHGDVYHKLFOHIXHO

5HSUHVHQWVQDWXUDOJDVXVHGLQILHOGJDWKHULQJDQGSURFHVVLQJSODQWPDFKLQHU\

%DODQFLQJLWHP1DWXUDOJDVORVWDVDUHVXOWRIFRQYHUWLQJIORZGDWDPHDVXUHGDWYDU\LQJWHPSHUDWXUHVDQGSUHVVXUHVWRDVWDQGDUGWHPSHUDWXUHDQGSUHVVXUHDQGWKHPHUJHU
RIGLIIHUHQWGDWDUHSRUWLQJV\VWHPVZKLFKYDU\LQVFRSHIRUPDWGHILQLWLRQDQGUHVSRQGHQWW\SH,QDGGLWLRQYDOXHVLQFOXGHQHWVWRUDJHLQMHFWLRQV

5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSOLHV

&RPSUHVVHGQDWXUDOJDVXVHGDVDYHKLFOHIXHO3ULFHLQFOXGHVHVWLPDWHGPRWRUYHKLFOHIXHOWD[HVDQGHVWLPDWHGGLVSHQVLQJFRVWVRUFKDUJHV

:HLJKWHGDYHUDJHSULFHV:HLJKWVXVHGDUHWKHVHFWRUDOFRQVXPSWLRQYDOXHVH[FOXGLQJOHDVHSODQWDQGSLSHOLQHIXHO
/1* /LTXHILHGQDWXUDOJDV
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVVXSSO\YDOXHV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ 1DWXUDO*DV0RQWKO\'2((,$   :DVKLQJWRQ'&-XO\ FRQVXPSWLRQEDVHG
RQ  (,$ $QQXDO (QHUJ\ 5HYLHZ  '2((,$   :DVKLQJWRQ '& -XQH    3URMHFWLRQV  (,$ $(2 1DWLRQDO (QHUJ\ 0RGHOLQJ 6\VWHP UXQV
$(25'$DQG+,/1*'$
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Results from Side Cases
7DEOH' .H\5HVXOWVIRU+HDY\7UXFN&DVHV5HIHUHQFH:RUOG2LO3ULFH






6DOHV&RQVXPSWLRQ6XSSO\DQG3ULFHV



7UXFN6DOHVE\6L]H&ODVV PLOOLRQV   
0HGLXP                         
'LHVHO                         
0RWRU*DVROLQH                  
/LTXHILHG3HWUROHXP*DVHV        
1DWXUDO*DV                    
+HDY\                          
'LHVHO                         
0RWRU*DVROLQH                  
/LTXHILHG3HWUROHXP*DVHV        
1DWXUDO*DV                    

























































































































&RQVXPSWLRQE\6L]H&ODVV
TXDGULOOLRQ%WX                   
0HGLXP                         
'LHVHO                         
0RWRU*DVROLQH                  
/LTXHILHG3HWUROHXP*DVHV        
1DWXUDO*DV                    
+HDY\                          
'LHVHO                         
0RWRU*DVROLQH                  
/LTXHILHG3HWUROHXP*DVHV        
1DWXUDO*DV                    

























































































































1DWXUDO*DV3ULFHV
GROODUVSHUWKRXVDQGFXELFIHHW
:HOOKHDG                       
7UDQVSRUWDWLRQ6HFWRU              
$YHUDJH(QG8VH                 









































1DWXUDO*DV6XSSO\DQG'LVSRVWLRQ
WULOOLRQFXELFIHHW
'U\*DV3URGXFWLRQ               
6XSSOHPHQWDO1DWXUDO*DV          
1HW,PSRUWV                      
&RQVXPSWLRQ                     
7UDQVSRUWDWLRQ                  





























































3HWUROHXP6XSSO\DQG'LVSRVLWLRQ
PLOOLRQEDUUHOVSHUGD\
'RPHVWLF&UXGH2LO3URGXFWLRQ      
1HW3HWUROHXP,PSRUWV              
2WKHU3HWUROHXP6XSSO\            
2WKHU1RQSHWUROHXP6XSSO\        
&RQVXPSWLRQ                     
'LHVHO                         







































































'LHVHO)XHO3ULFH
GROODUVSHUJDOORQ              





















5HIHUHQFH

3KDVH 3KDVH
3KDVH 3KDVH
3KDVH 3KDVH
5HIHUHQFH
5HIHUHQFH
2XW
2XW
2XW
2XW
2XW
2XW



5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSO\
1DWXUDOJDVXVHGDVDYHKLFOHIXHO3ULFHLQFOXGHVHVWLPDWHGPRWRUYHKLFOHIXHOWD[HVDQGHVWLPDWHGGLVSHQVLQJFRVWVRUFKDUJHV
:HLJKWHGDYHUDJHSULFHV:HLJKWVXVHGDUHWKHVHFWRUDOFRQVXPSWLRQYDOXHVH[FOXGLQJOHDVHSODQWDQGSLSHOLQHIXHO

0DUNHWHGSURGXFWLRQ ZHW PLQXVH[WUDFWLRQORVVHV

6\QWKHWLFQDWXUDOJDVSURSDQHDLUFRNHRYHQJDVUHILQHU\JDVELRPDVVJDVDLULQMHFWHGIRU%WXVWDELOL]DWLRQDQGPDQXIDFWXUHGJDVFRPPLQJOHGDQGGLVWULEXWHGZLWKQDWXUDO
JDV

,QFOXGHVOHDVHFRQGHQVDWH

,QFOXGHVQDWXUDOJDVSODQWOLTXLGVUHILQHU\SURFHVVLQJJDLQRWKHUFUXGHRLOVXSSO\DQGVWRFNZLWKGUDZDOV

,QFOXGHVOLTXLGVVXFKDVHWKDQRODQGELRGLHVHOGHULYHGIURPELRPDVVQDWXUDOJDVDQGFRDO
 1RWDSSOLFDEOH
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVGDWDEDVHGRQ2DN5LGJH1DWLRQDO/DERUDWRU\7UDQVSRUWDWLRQ(QHUJ\'DWD%RRN(GLWLRQDQG$QQXDO 2DN5LGJH71 86'HSDUWPHQWRI&RPPHUFH
%XUHDXRIWKH&HQVXV³9HKLFOH,QYHQWRU\DQG8VH6XUYH\´(&79 :DVKLQJWRQ'&'HFHPEHU )HGHUDO+LJKZD\$GPLQLVWUDWLRQ +LJKZD\6WDWLVWLFV :DVKLQJWRQ
'&2FWREHU (QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH DQG(,$$(21DWLRQDO(QHUJ\
0RGHOLQJ6\VWHPUXQ$(25'$3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV$(25'$$7+1*610'$DQG
$7+1*6'$
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Results from Side Cases
7DEOH' .H\5HVXOWVIRU+HDY\7UXFN&DVHV/RZ:RUOG2LO3ULFH






6DOHV&RQVXPSWLRQ6XSSO\DQG3ULFHV



7UXFN6DOHVE\6L]H&ODVV PLOOLRQV   
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'LHVHO                         
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/LTXHILHG3HWUROHXP*DVHV        
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&RQVXPSWLRQE\6L]H&ODVV
TXDGULOOLRQ%WX                   
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/LTXHILHG3HWUROHXP*DVHV        
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1DWXUDO*DV3ULFHV
GROODUVSHUWKRXVDQGFXELFIHHW
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1DWXUDO*DV6XSSO\DQG'LVSRVWLRQ
WULOOLRQFXELFIHHW
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6XSSOHPHQWDO1DWXUDO*DV          
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3HWUROHXP6XSSO\DQG'LVSRVLWLRQ
PLOOLRQEDUUHOVSHUGD\
'RPHVWLF&UXGH2LO3URGXFWLRQ      
1HW3HWUROHXP,PSRUWV              
2WKHU3HWUROHXP6XSSO\            
2WKHU1RQSHWUROHXP6XSSO\        
&RQVXPSWLRQ                     
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'LHVHO)XHO3ULFH
GROODUVSHUJDOORQ              





















/RZ3ULFH

3KDVH 3KDVH
3KDVH 3KDVH
3KDVH 3KDVH
/RZ3ULFH
/RZ3ULFH
2XW
2XW
2XW
2XW
2XW
2XW



5HSUHVHQWVORZHURQVKRUHDQGRIIVKRUHVXSSO\
1DWXUDOJDVXVHGDVDYHKLFOHIXHO3ULFHLQFOXGHVHVWLPDWHGPRWRUYHKLFOHIXHOWD[HVDQGHVWLPDWHGGLVSHQVLQJFRVWVRUFKDUJHV
:HLJKWHGDYHUDJHSULFHV:HLJKWVXVHGDUHWKHVHFWRUDOFRQVXPSWLRQYDOXHVH[FOXGLQJOHDVHSODQWDQGSLSHOLQHIXHO

0DUNHWHGSURGXFWLRQ ZHW PLQXVH[WUDFWLRQORVVHV

6\QWKHWLFQDWXUDOJDVSURSDQHDLUFRNHRYHQJDVUHILQHU\JDVELRPDVVJDVDLULQMHFWHGIRU%WXVWDELOL]DWLRQDQGPDQXIDFWXUHGJDVFRPPLQJOHGDQGGLVWULEXWHGZLWKQDWXUDO
JDV

,QFOXGHVOHDVHFRQGHQVDWH

,QFOXGHVQDWXUDOJDVSODQWOLTXLGVUHILQHU\SURFHVVLQJJDLQRWKHUFUXGHRLOVXSSO\DQGVWRFNZLWKGUDZDOV

,QFOXGHVOLTXLGVVXFKDVHWKDQRODQGELRGLHVHOGHULYHGIURPELRPDVVQDWXUDOJDVDQGFRDO
 1RWDSSOLFDEOH
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVGDWDEDVHGRQ2DN5LGJH1DWLRQDO/DERUDWRU\7UDQVSRUWDWLRQ(QHUJ\'DWD%RRN(GLWLRQDQG$QQXDO 2DN5LGJH71 86'HSDUWPHQWRI&RPPHUFH
%XUHDXRIWKH&HQVXV³9HKLFOH,QYHQWRU\DQG8VH6XUYH\´(&79 :DVKLQJWRQ'&'HFHPEHU )HGHUDO+LJKZD\$GPLQLVWUDWLRQ +LJKZD\6WDWLVWLFV :DVKLQJWRQ
'&2FWREHU (QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&-XQH DQG(,$$(21DWLRQDO(QHUJ\
0RGHOLQJ6\VWHPUXQ$(25'$3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV$(25'$$7+1*/310'$DQG
$7+1*/3'$
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7DEOH' .H\5HVXOWVIRU1R*UHHQKRXVH*DV&RQFHUQ&DVH
0LOOLRQ6KRUW7RQVSHU<HDU8QOHVV2WKHUZLVH1RWHG

6XSSO\'LVSRVLWLRQDQG3ULFHV



5HIHUHQFH


1R*+*
&RQFHUQ

5HIHUHQFH


1R*+*
&RQFHUQ

5HIHUHQFH

1R*+*
&RQFHUQ
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&RQVXPSWLRQE\6HFWRU
5HVLGHQWLDODQG&RPPHUFLDO                 
&RNH3ODQWV                              
2WKHU,QGXVWULDO                           
&RDOWR/LTXLGV+HDWDQG3RZHU              
&RDOWR/LTXLGV/LTXLGV3URGXFWLRQ            
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$YHUDJH0LQHPRXWK3ULFH
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&XPXODWLYH(OHFWULFLW\*HQHUDWLQJ
&DSDFLW\$GGLWLRQV JLJDZDWWV 
&RDO                                    
&RQYHQWLRQDO                            
$GYDQFHGZLWKRXW6HTXHVWUDWLRQ            
$GYDQFHGZLWK6HTXHVWUDWLRQ               
(QG8VH*HQHUDWRUV                    
3HWUROHXP                               
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1XFOHDU                                 
5HQHZDEOHV                            
2WKHU                                   
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/LTXLGVIURP&RDO PLOOLRQEDUUHOVSHUGD\        















'HOLYHUHG3ULFHV
GROODUVSHUVKRUWWRQ
&RNH3ODQWV                              
2WKHU,QGXVWULDO                           
&RDOWR/LTXLGV                            
(OHFWULF3RZHU
 GROODUVSHUVKRUWWRQ                
 GROODUVSHUPLOOLRQ%WX               
$YHUDJH                             
([SRUWV                                 



,QFOXGHVDQWKUDFLWHELWXPLQRXVFRDOVXEELWXPLQRXVFRDODQGOLJQLWH
,QFOXGHVZDVWHFRDOFRQVXPHGE\WKHHOHFWULFSRZHUDQGLQGXVWULDOVHFWRUV:DVWHFRDOVXSSOLHGLVFRXQWHGDVDVXSSO\VLGHLWHPWREDODQFHWKHVDPHDPRXQWRIZDVWHFRDO
LQFOXGHGLQWKHFRQVXPSWLRQGDWD

([FOXGHVLPSRUWVWR3XHUWR5LFRDQGWKH869LUJLQ,VODQGV

3URGXFWLRQSOXVZDVWHFRDOVXSSOLHGSOXVQHWLPSRUWV

,QFOXGHVFRQVXPSWLRQIRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF([FOXGHVDOO
FRDOXVHLQWKHFRDOWROLTXLGVSURFHVV

,QFOXGHVDOOHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVUHSRUWHGSULFHVIRUERWKRSHQPDUNHWDQGFDSWLYHPLQHV

3ULFHVZHLJKWHGE\FRQVXPSWLRQWRQQDJHZHLJKWHGDYHUDJHH[FOXGHVUHVLGHQWLDODQGFRPPHUFLDOSULFHVDQGH[SRUWIUHHDORQJVLGHVKLS IDV SULFHV

)DVSULFHDW86SRUWRIH[LW

&XPXODWLYHDGGLWLRQVDIWHU'HFHPEHU,QFOXGHVDOODGGLWLRQVRIHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVSURMHFWHGIRUWKHHOHFWULFSRZHULQGXVWULDODQG
FRPPHUFLDOVHFWRUV

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQWKHFRPPHUFLDODQGLQGXVWULDOVHFWRUVDQGVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDOFRPPHUFLDO
DQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGZRRGZDVWHPXQLFLSDOZDVWHODQGILOOJDVRWKHUELRPDVVVRODUDQGZLQGSRZHU)DFLOLWLHVFRILULQJELRPDVVDQGFRDO
DUHFODVVLILHGDVFRDO
 1RWDSSOLFDEOH
%WX %ULWLVKWKHUPDOXQLW
*+* *UHHQKRXVHJDV
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVGDWDEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO&RDO5HSRUW'2((,$   :DVKLQJWRQ'&6HSWHPEHU (,$4XDUWHUO\
&RDO5HSRUW2FWREHU'HFHPEHU'2((,$ 4  :DVKLQJWRQ'&0DUFK DQG(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$
3URMHFWLRQV(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV$(25'$DQG1256.'$
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Results from Side Cases
7DEOH' .H\5HVXOWVIRU&RDO&RVW&DVHV
0LOOLRQ6KRUW7RQVSHU<HDU8QOHVV2WKHUZLVH1RWHG
6XSSO\'LVSRVLWLRQDQG3ULFHV
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&XPXODWLYH(OHFWULFLW\*HQHUDWLQJ
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/LTXLGVIURP&RDO PLOOLRQEDUUHOVSHUGD\





















'HOLYHUHG3ULFHV
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 GROODUVSHUPLOOLRQ%WX       
$YHUDJH                     
([SRUWV                         

192

U.S. Energy Information Administration / Annual Energy Outlook 2010

Results from Side Cases
7DEOH' .H\5HVXOWVIRU&RDO&RVW&DVHV &RQWLQXHG
0LOOLRQ6KRUW7RQVSHU<HDU8QOHVV2WKHUZLVH1RWHG
6XSSO\'LVSRVLWLRQDQG3ULFHV
&RVW,QGLFHV
FRQVWDQWGROODULQGH[ 
7UDQVSRUWDWLRQ5DWH0XOWLSOLHUV
(DVWHUQ5DLOURDGV                
:HVWHUQ5DLOURDGV               
0LQH(TXLSPHQW&RVWV
8QGHUJURXQG                    
6XUIDFH                        
2WKHU0LQH6XSSO\&RVWV
(DVWRIWKH0LVVLVVLSSL$OO0LQHV    
:HVWRIWKH0LVVLVVLSSL8QGHUJURXQG
:HVWRIWKH0LVVLVVLSSL6XUIDFH     







*URZWK5DWH

/RZ&RDO
+LJK&RDO
5HIHUHQFH
&RVW
&RVW

/RZ&RDO
+LJK&RDO
5HIHUHQFH
&RVW
&RVW

/RZ&RDO
+LJK&RDO
5HIHUHQFH
&RVW
&RVW





































































































&RDO0LQLQJ/DERU3URGXFWLYLW\
VKRUWWRQVSHUPLQHUSHUKRXU         





















$YHUDJH&RDO0LQHU:DJH
GROODUVSHUKRXU               























,QFOXGHVDQWKUDFLWHELWXPLQRXVFRDOVXEELWXPLQRXVFRDODQGOLJQLWH

,QFOXGHVZDVWHFRDOFRQVXPHGE\WKHHOHFWULFSRZHUDQGLQGXVWULDOVHFWRUV:DVWHFRDOVXSSOLHGLVFRXQWHGDVDVXSSO\VLGHLWHPWREDODQFHWKHVDPHDPRXQWRIZDVWHFRDO
LQFOXGHGLQWKHFRQVXPSWLRQGDWD

([FOXGHVLPSRUWVWR3XHUWR5LFRDQGWKH869LUJLQ,VODQGV

3URGXFWLRQSOXVZDVWHFRDOVXSSOLHGSOXVQHWLPSRUWV

,QFOXGHVFRQVXPSWLRQIRUFRPELQHGKHDWDQGSRZHUSODQWVH[FHSWWKRVHSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF([FOXGHVDOO
FRDOXVHLQWKHFRDOWROLTXLGVSURFHVV

,QFOXGHVDOOHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVZKRVHSULPDU\EXVLQHVVLVWRVHOOHOHFWULFLW\RUHOHFWULFLW\DQGKHDWWRWKHSXEOLF

,QFOXGHVUHSRUWHGSULFHVIRUERWKRSHQPDUNHWDQGFDSWLYHPLQHV

3ULFHVZHLJKWHGE\FRQVXPSWLRQWRQQDJHZHLJKWHGDYHUDJHH[FOXGHVUHVLGHQWLDODQGFRPPHUFLDOSULFHVDQGH[SRUWIUHHDORQJVLGHVKLS IDV SULFHV

)DVSULFHDW86SRUWRIH[LW

&XPXODWLYHDGGLWLRQVDIWHU'HFHPEHU,QFOXGHVDOODGGLWLRQVRIHOHFWULFLW\RQO\DQGFRPELQHGKHDWDQGSRZHUSODQWVSURMHFWHGIRUWKHHOHFWULFSRZHULQGXVWULDODQG
FRPPHUFLDOVHFWRUV

,QFOXGHVFRPELQHGKHDWDQGSRZHUSODQWVDQGHOHFWULFLW\RQO\SODQWVLQWKHFRPPHUFLDODQGLQGXVWULDOVHFWRUVDQGVPDOORQVLWHJHQHUDWLQJV\VWHPVLQWKHUHVLGHQWLDOFRPPHUFLDO
DQGLQGXVWULDOVHFWRUVXVHGSULPDULO\IRURZQXVHJHQHUDWLRQEXWZKLFKPD\DOVRVHOOVRPHSRZHUWRWKHJULG

,QFOXGHVFRQYHQWLRQDOK\GURHOHFWULFJHRWKHUPDOZRRGZRRGZDVWHPXQLFLSDOZDVWHODQGILOOJDVRWKHUELRPDVVVRODUDQGZLQGSRZHU)DFLOLWLHVFRILULQJELRPDVVDQGFRDO
DUHFODVVLILHGDVFRDO
 1RWDSSOLFDEOH
%WX %ULWLVKWKHUPDOXQLW
1RWH7RWDOVPD\QRWHTXDOVXPRIFRPSRQHQWVGXHWRLQGHSHQGHQWURXQGLQJ'DWDIRUDUHPRGHOUHVXOWVDQGPD\GLIIHUVOLJKWO\IURPRIILFLDO(,$GDWDUHSRUWV
6RXUFHVGDWDEDVHGRQ(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO&RDO5HSRUW'2((,$   :DVKLQJWRQ'&6HSWHPEHU (,$4XDUWHUO\
&RDO5HSRUW2FWREHU'HFHPEHU'2((,$ 4  :DVKLQJWRQ'&0DUFK 86'HSDUWPHQWRI/DERU%XUHDXRI/DERU6WDWLVWLFV$YHUDJH+RXUO\(DUQLQJV
RI3URGXFWLRQ:RUNHUV&RDO0LQLQJ6HULHV,'FHXDQG(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$ 3URMHFWLRQV(,$$(2
1DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQV/&&67'$$(25'$DQG+&&67'$
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Appendix E

NEMS Overview and Brief Description of Cases
The National Energy Modeling System
Projections in the Annual Energy Outlook 2010
(AEO2010) are generated from the National Energy
Modeling System (NEMS) [1], developed and maintained by the Office of Integrated Analysis and
Forecasting (OIAF) of the U.S. Energy Information
Administration (EIA). In addition to its use in developing the Annual Energy Outlook (AEO) projections,
NEMS is also used in analytical studies for the U.S.
Congress, the Executive Office of the President, other
offices within the U.S. Department of Energy (DOE),
and other Federal agencies. The AEO projections are
also used by analysts and planners in other government agencies and nongovernment organizations.
The projections in NEMS are developed with the use
of a market-based approach to energy analysis. For
each fuel and consuming sector, NEMS balances
energy supply and demand, accounting for economic
competition among the various energy fuels and
sources. The time horizon of NEMS is the period
through 2035, approximately 25 years into the future.
In order to represent regional differences in energy
markets, the component modules of NEMS function
at the regional level: the nine Census divisions for the
end-use demand modules; production regions specific
to oil, natural gas, and coal supply and distribution;
the North American Electric Reliability Council
regions and subregions for electricity; and the
Petroleum Administration for Defense Districts
(PADDs) for refineries (see Appendix F for details).

each other directly but communicate through a
central data structure. 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. The modular design also permits the use of
the methodology and level of detail most appropriate
for each energy sector. NEMS calls 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. A solution is
reached annually through the projection horizon.
Other variables, such as petroleum product imports,
crude oil imports, and several macroeconomic indicators, also are evaluated for convergence.
Each NEMS component represents the impacts
and costs of legislation and environmental regulations that affect that sector. NEMS accounts for all
combustion-related carbon dioxide (CO2) emissions,
as well as emissions of sulfur dioxide (SO2), nitrogen
oxides (NOx), and mercury from the electricity generation sector.

NEMS is organized and implemented as a modular
system. The modules represent each of the fuel
supply markets, conversion sectors, and end-use
consumption sectors of the energy system. NEMS
also includes macroeconomic and international modules. The primary flows of information among the
modules are the delivered prices of energy to end
users and the quantities consumed, by product,
region, and sector. The delivered fuel prices encompass all the activities necessary to produce, import,
and transport fuels to end users. The information
flows also include other data on such areas as economic activity, domestic production, and international liquids supply.

The version of NEMS used for AEO2010 represents
current legislation and environmental regulations as
of October 31, 2009 (such as the American Recovery
and Reinvestment Act of 2009 [ARRA], which was
enacted in mid-February 2009; the Energy Improvement and Extension Act of 2008 [EIEA2008], signed
into law on October 3, 2008; the Food, Conservation,
and Energy Act of 2008; the Energy Independence
and Security Act of 2007 [EISA2007], which was
signed into law on December 19, 2007; the Energy
Policy Act of 2005 [EPACT2005]; the Working Families Tax Relief Act of 2004; and the American Jobs
Creation Act of 2004), and the costs of compliance
with regulations (such as the new stationary diesel
regulations issued by the U.S. Environmental Protection Agency [EPA] in July 2006). The AEO2010 models do not represent the Clean Air Mercury Rule,
which was vacated and remanded by the D.C. Circuit
Court of the U.S. Court of Appeals on February 8,
2008, but they do represent State requirements for
reduction of mercury emissions.

The Integrating Module controls the execution of
each of the component modules. To facilitate modularity, the components do not pass information to

The AEO2010 Reference case reflects the temporary
reinstatement of the NOx and SO2 cap-and-trade
programs included in the Clean Air Interstate Rule
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(CAIR), according to the ruling issued by the U.S.
Court of Appeals for the District of Columbia on
December 23, 2008. The potential impacts of proposed Federal and State legislation, regulations, or
standards—or of sections of legislation that have
been enacted but require funds or implementing regulations that have not been provided or specified—
are not reflected in NEMS.
In general, the historical data used for the AEO2010
projections are based on EIA’s Annual Energy Review
2008, published in June 2009 [2]; however, data were
taken from multiple sources. In some cases, only
partial or preliminary data were available for 2008.
CO2 emissions were calculated by using CO2 coefficients from the EIA report, Emissions of Greenhouse
Gases in the United States 2008, published in December 2009 [3]. Historical numbers are presented for
comparison only and may be estimates. Source documents should be consulted for the official data values.
Footnotes to the AEO2010 appendix tables indicate
the definitions and sources of historical data.
The AEO2010 projections for 2009 and 2010 incorporate short-term projections from EIA’s September
2009 Short-Term Energy Outlook (STEO). For shortterm energy projections, readers are referred to
monthly updates of the STEO [4].

Global Insight: 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).
International Module
The International Energy Module (IEM) uses
assumptions of economic growth and expectations of
future U.S. and world petroleum liquids production
and consumption, by year, to project the interaction
of U.S. and international liquids markets. The IEM
computes world oil prices, provides a world crude-like
liquids supply curve, generates a worldwide oil
supply/demand balance for each year of the projection
period, and computes initial estimates of crude oil and
light and heavy petroleum product imports for the
United States.

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 or expenditures for energy delivered to the
consuming sectors and the quantities of end-use
energy consumption.

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, 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. In the interaction with the rest of NEMS,
the IEM changes the world oil price (WOP), which is
defined as the price of foreign light, low sulfur crude
oil delivered to Cushing, Oklahoma, (Petroleum Allocation Defense District 2), in response to changes in
expected crude and product liquids produced and consumed in the United States.

Macroeconomic Activity Module

Residential and Commercial Demand Modules

The Macroeconomic Activity Module (MAM) provides
a set of macroeconomic drivers to the energy modules
and receives energy-related indicators from the
NEMS energy components as part of the 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, sales of new light-duty vehicles (LDVs), interest rates, and employment. Key energy indicators fed
back to the MAM include aggregate energy prices and
costs. The MAM uses the following models from IHS

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 and
cost 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.

Component modules
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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 recent regional standards for furnaces, heat
pumps, and central air conditioners agreed to by
manufacturers and environmental interest groups.
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 an increase in the average square footage of
both new construction and existing structures, 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, feedstocks,
and raw materials in each of 21 industries, subject to
the delivered prices of energy and the values of
macroeconomic variables representing employment
and the value of shipments for each industry. As
noted in the description of the MAM, 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 eight energy-intensive
industries, seven are modeled in the Industrial
Demand Module, with energy-consuming components for boiler/steam/cogeneration, buildings, and
process/assembly use of energy.
A new bulk chemical model was implemented for the
AEO2010. The new model calculates the production
(in physical units), process shares, and process energy
requirements for 26 specific chemicals and four
aggregate groups of bulk chemicals. Details are
included in the forthcoming Industrial Demand
Module documentation. A generalized representation
of CHP and a recycling component also are included.
The use of energy for petroleum refining is modeled
in the Petroleum Market Module (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 other legislation and
legislative proposals specific to those market segments. The Transportation Demand Module also
includes a component to assess the penetration of
alternative-fuel vehicles. Provisions of EPACT2005,
EIEA2008, and ARRA are reflected in the assessment
of the impacts of tax credits on the purchase of hybrid
gas-electric, plug-in electric, alternative-fuel, and
fuel-cell vehicles. The corporate average fuel economy
(CAFE) and biofuel representation in the module
reflect standards proposed by the National Highway
Traffic Safety Administration (NHTSA), the EPA,
and provisions in EISA2007.
The air transportation component of the Transportation Demand Module explicitly represents air travel
in domestic and foreign markets and includes the
industry practice of parking aircraft in both domestic
and international markets to reduce operating costs,
as well as the movement of aging aircraft from
passenger to cargo markets [5]. For passenger travel
and air freight shipments, the module represents
regional fuel use in regional, narrow-body, and widebody aircraft. An infrastructure constraint, which is
also modeled, can potentially limit overall growth in
passenger and freight air travel to levels commensurate with industry-projected infrastructure expansion and capacity growth.
Electricity Market Module
There are three primary submodules of the Electricity Market Module—capacity planning, fuel dispatching, and finance and pricing. To project the optimal
mix of new generation capacity that should be added
in future years, the Capacity Planning Submodule
uses the stock of existing generation capacity; the
menu, cost, and performance of future generation
capacity; expected fuel prices; expected financial
parameters; expected electricity demand; and
expected environmental regulations. The Fuel Dispatching Submodule uses the existing stock of generation equipment, their operating and maintenance
(O&M) costs and performance, fuel prices to the electricity sector, electricity demand, and all applicable
environmental regulations to determine the leastcost way to meet that demand; the submodule also
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projects transmission and pricing of electricity. The
Finance and Pricing Submodule uses capital costs,
fuel costs, macroeconomic parameters, and environmental regulations, along with load shapes, to estimate generation costs for each technology.
All specifically identified options promulgated by the
EPA for compliance with the Clean Air Act Amendments of 1990 (CAAA90) 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
for CO2 that affect the electricity generation sector,
and those regulations are represented in AEO2010.
The AEO2010 Reference case reflects the temporary
reinstatement of the NOx and SO2 cap-and-trade programs included in CAIR, as well as State regulations
on mercury emissions.
Although currently there is no Federal legislation in
place that restricts greenhouse gas (GHG) emissions,
regulators and the investment community have
continued to push energy companies to invest in technologies that are less GHG-intensive. The trend is
captured in the AEO2010 Reference case through a
3-percentage-point increase in the cost of capital
when investments in new coal-fired power plants and
new coal-to-liquids (CTL) plants without carbon capture and sequestration (CCS) are evaluated.
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
(dedicated biomass plants and co-firing in existing
coal plants), geothermal, landfill gas, solar thermal
electricity, photovoltaics (PV), and wind energy. The
RFM contains renewable resource supply estimates
representing the regional opportunities for renewable energy development. Investment tax credits
(ITCs) for renewable fuels are incorporated, as currently enacted, including a permanent 10-percent
ITC for business investment in solar energy (thermal
nonpower uses as well as power uses) and geothermal
power (available only to those projects not accepting
the production tax credit [PTC] for geothermal
power). In addition, the module reflects the increase
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in the ITC to 30 percent for solar energy systems
installed before January 1, 2017, and the extension
of the credit to individual homeowners under EIEA2008.
PTCs for wind, geothermal, landfill gas, and some
types of hydroelectric and biomass-fueled plants also
are represented. They provide a credit of up to 2.1
cents per kilowatthour for electricity produced in the
first 10 years of plant operation. For AEO2010, new
wind plants coming on line before January 1, 2013,
are eligible to receive the PTC; other eligible plants
must be in service before January 1, 2014. As part of
ARRA, plants eligible for the PTC may instead elect
to receive a 30-percent ITC or an equivalent direct
grant. AEO2010 also accounts for new renewable
energy capacity resulting from State renewable portfolio standard (RPS) programs, mandates, and goals,
as described in Assumptions to the Annual Energy
Outlook 2010 [6].
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 all production 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 natural gas
production activities are modeled for 12 supply regions, including 6 onshore, 3 offshore and 3 Alaskan
regions.
The AEO2010 OGSM includes a revised representation of onshore oil and gas supply, the new Onshore
Lower 48 Oil and Gas Supply Submodule (OLOGSS),
which evaluates the economics of future exploration
and development projects for crude oil and natural
gas at the play level. Crude oil resources are divided
into known plays and undiscovered plays, and include
highly fractured continuous zones, such as the Austin
chalk and Bakken shale formations. Production
potential from advanced secondary recovery techniques (e.g., in-fill drilling, horizontal continuity, and
horizontal profile) and enhanced oil recovery (e.g.,
CO2 flooding, steam flooding, polymer flooding, and
profile modification) are explicitly represented. Natural gas resources are divided into known producing
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plays, known developing plays, and undiscovered
plays in high-permeability carbonate and sandstone,
tight gas, shale gas, and coalbed formations.
Domestic crude oil production quantities are used as
inputs to the PMM in NEMS for conversion and
blending into refined petroleum products. Supply
curves for natural gas are used as inputs to the Natural Gas Transmission and Distribution Module for determining natural gas wellhead prices and domestic
production.
Natural Gas Transmission and Distribution
Module
The Natural Gas Transmission and Distribution
Module represents the transmission, distribution,
and pricing of natural gas, subject to end-use demand
for natural gas, the potential for converting coal to
pipeline-quality 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 U.S. 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. The module also represents foreign
sources and destinations of natural gas, including
pipeline imports and exports (Canada and Mexico)
and liquefied natural gas (LNG) imports and exports.
For AEO2010, an algorithm was added to project
the addition of compressed natural gas retail fueling
capability.
Petroleum Market Module
The 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, and biomass-toliquids [BTL]). The module represents refining
activities in the five PADDs, as well as a less detailed
representation of refining activities in the rest of the
world. It explicitly models the requirements of
EISA2007 and CAAA90 and the costs of automotive
fuels, such as conventional and reformulated gasoline, and includes the production of biofuels for blending in gasoline and diesel.

The PMM in NEMS represents regulations that limit
the sulfur content of all nonroad and locomotive/
marine diesel to 15 parts per million (ppm) by mid2012. The module also reflects the renewable fuels
standard (RFS) in EISA2007, which requires the
use of 36 billion ethanol-equivalent gallons per year
of biofuels by 2022 if achievable, with corn ethanol
credits limited to 15 billion gallons per year [7].
Demand growth and regulatory changes necessitate
capacity expansion for refinery processing units. U.S.
end-use prices for petroleum products are based on
the marginal costs of production, plus markups representing the costs of product marketing, importing,
transportation, and distribution, as well as applicable
State and Federal taxes [8]. Refinery capacity expansion at existing sites is permitted in each of the five refining regions modeled. Additional detailed information on the PMM can be found in Assumptions to the
Annual Energy Outlook 2010 [9].
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 or less by volume (E10) and
up to 85 percent by volume (E85) for use in flex-fuel
vehicles. Although blending into gasoline at 15 percent or less by volume (E15) is currently being considered for certification by the EPA as a viable motor
fuel, its use in LDVs has not been approved and thus
is not modeled for AEO2010. In addition, the model
reflects the allowable level of non-E85 ethanol blending in California, which has been raised from 5.7 percent to 10 percent in recent regulatory changes that
have set a framework for E10 emissions standards
starting in year 2010 [10].
Ethanol is produced primarily in the Midwest from
corn or other starchy crops, and in the future it may
be produced from cellulosic material, such as switchgrass, poplar, and crop residues. Biodiesel (diesel-like
fuel made in a transesterification process) is produced
from seed oil, imported palm oil, animal fats, or
yellow grease (primarily, recycled cooking oil). Renewable or “green” diesel is also modeled as a blending component in petroleum diesel. Unlike the more
common biodiesel, renewable diesel is made by hydrogenation of vegetable oils or tallow and is completely
fungible with petroleum diesel. Imports and limited
exports of these biofuels are modeled in the PMM.
Both domestic and imported ethanol count toward
the EISA2007 RFS. Domestic ethanol production
from three feedstock categories (corn, cellulosic, and
advanced) is modeled. Corn-based ethanol plants are
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numerous (more than 180 are now in operation, with
a total operating production capacity of more than
11 billion gallons annually) and are based on a wellknown technology that converts starch and sugar into
ethanol. Ethanol from cellulosic sources is a new technology, with only a few small pilot plants in operation.
Large-scale commercialization of the cellulosic technology is not expected to ramp up quickly enough to
meet the cellulosic ethanol mandate in EISA2007.
DOE and the U.S. Department of Agriculture
(USDA) have awarded numerous grants to biorefinery projects (over $600 million in 2009 alone),
and the USDA has provided a loan guarantee to a
small commercial-sized cellulosic biofuel plant scheduled to begin production next year; however, reduced
investment during the recent recession is expected to
cause significant delays in the startup of large commercial plants, and the delays are reflected in the projections. Imported ethanol can be produced from cane
sugar or from bagasse (the cellulosic byproduct of
sugar milling). For AEO2010, assumptions about
ethanol import availability have been reviewed and
updated from the previous Reference case, to reflect
greater expected availability of ethanol from sugar
cane. The sources of ethanol are modeled to compete
on an economic basis.
Fuels produced by gasification and Fischer-Tropsch
synthesis, or through a pyrolysis process, also are
modeled in the PMM, based on their economics relative to competing feedstocks and products. The four
processes modeled are CTL, gas-to-liquids (GTL),
BTL, and pyrolysis. CTL facilities are likely to be
built at locations close to coal supplies and water
sources, where liquid products and surplus electricity
could also be distributed to nearby demand regions.
In addition, a hybrid coal-biomass-to-liquids process
was implemented for AEO2010. GTL facilities may be
built in Alaska, but they would compete with the
Alaska Natural Gas Transportation System for available natural gas resources. BTL and pyrolysis facilities are likely to be built where there are large supplies of biomass, such as crop residues and forestry
waste. Because the BTL process uses cellulosic
feedstocks, it is also modeled as a choice to meet the
EISA2007 requirement for cellulosic biofuels.
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
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CMM by 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 demand by region and sector,
environmental restrictions, and accounting for minemouth prices, transportation costs, and coal supply
contracts. Over the projection horizon, coal transportation costs in the CMM vary in response to changes
in the cost of rail investments.
The CMM produces projections of U.S. steam and
metallurgical coal exports and imports in the context
of world coal trade, determining 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 regions
and 20 import regions. U.S. coal production and
distribution are computed for 14 supply regions and
16 demand regions.

Annual Energy Outlook 2010 cases
Table E1 provides a summary of the cases produced
as part of AEO2010. For each case, the table gives the
name used in this report, a brief description of the
major assumptions underlying the projections, the
mode in which the case was run in NEMS (either fully
integrated, partially integrated, or standalone), and a
reference to the pages in the body of the report and in
this appendix where the case is discussed. The text
sections following Table E1 describe the various
cases. The Reference case assumptions for each sector
are described in Assumptions to the Annual Energy
Outlook 2010 [11]. Regional results and other details
of the projections are available at web site www.
eia.doe.gov/oiaf/aeo/supplement.
Macroeconomic growth cases
In addition to the AEO2010 Reference case, the Low
Economic Growth and High Economic Growth cases
were developed to reflect the uncertainty in projections of economic growth. The alternative cases are
intended to show the effects of alternative growth
assumptions on energy market projections. The cases
are described as follows:
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Table E1. Summary of the AEO2010 cases
Case name

Description

Reference

Baseline economic growth (2.4 percent per year from 2008
through 2035), world oil price, and technology assumptions.
Complete projection tables in Appendix A.

Low Economic
Growth

Integration Reference Reference in
mode
in text
Appendix E
—

—

Real GDP grows at an average annual rate of 1.8 percent from Fully
2008 to 2035. Other energy market assumptions are the same integrated
as in the Reference case. Partial projection tables in Appendix
B.

p. 52

p. 204

High Economic
Growth

Real GDP grows at an average annual rate of 3.0 percent from Fully
2008 to 2035. Other energy market assumptions are the same integrated
as in the Reference case. Partial projection tables in Appendix
B.

p. 52

p. 204

Low Oil Price

More optimistic assumptions for economic access to
Fully
non-OPEC resources and for OPEC behavior than in the
integrated
Reference case. World light, sweet crude oil prices are $51 per
barrel in 2035, compared with $133 per barrel in the Reference
case (2008 dollars). Other assumptions are the same as in the
Reference case. Partial projection tables in Appendix C.

p. 54

p. 205

High Oil Price

More pessimistic assumptions for economic access to
non-OPEC resources and for OPEC behavior than in the
Reference case. World light, sweet crude oil prices are about
$210 per barrel (2008 dollars) in 2035. Other assumptions are
the same as in the Reference case. Partial projection tables in
Appendix C.

Fully
integrated

p. 54

p. 205

Extended Policies Begins with the Reference case and selectively extends PTC,
ITC, and other energy efficiency tax credit policies with sunset
provisions, and promulgates new efficiency standards as they
satisfy the consumer-related cost-effectiveness criteria of
DOE’s Office of Energy Efficiency and Renewable Energy.
Introduces new CAFE and tailpipe emissions proposal.
Partial projection tables in Appendix D.

Fully
integrated

p. 22

p. 210

Begins with the Reference case and extends all energy
Fully
policies and legislation with sunset provisions, except those
integrated
requiring additional funding (e.g., loan guarantee programs).
Also extends the RFS requirement to 36 billion gallons by 2026
and continues increasing proportional to transport demand
thereafter. Partial projection tables in Appendix D.

p. 22

p. 210

With
p. 31
commercial

p. 205

Residential:
High Technology

Earlier availability, lower costs, and higher efficiencies
With
p. 31
assumed for more advanced equipment. Building shell
commercial
efficiencies for new construction meet ENERGY STAR
requirements after 2016. Consumers evaluate efficiency
investments at a 7-percent real discount rate. Partial projection
tables in Appendix D.

p. 205

Residential:
Best Available
Technology

Future equipment purchases and new building shells based on With
p. 31
most efficient technologies available by fuel. Building shell
commercial
efficiencies for new construction meet the criteria for most
efficient components after 2009. Partial projection tables in
Appendix D.

p. 205

No Sunset

Residential:
Future equipment purchases based on equipment available in
2009 Technology 2009. Existing building shell efficiencies fixed at 2009 levels.
Partial projection tables in Appendix D.

Fully
integrated
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Table E1. Summary of the AEO2010 cases (continued)
Case name

Description

Commercial:
Future equipment purchases based on equipment available in
2009 Technology 2009. Building shell efficiencies fixed at 2009 levels. Partial
projection tables in Appendix D.

Integration Reference Reference in
mode
in text
Appendix E
With
residential

p. 31

p. 205

Commercial:
High Technology

Earlier availability, lower costs, and higher efficiencies for more With
advanced equipment. Energy efficiency investments evaluated residential
at a 7-percent real discount rate. Building shell efficiencies for
new and existing buildings increase by 17.4 and 7.5 percent,
respectively, from 2003 values by 2035. Partial projection
tables in Appendix D.

p. 31

p. 205

Commercial:
Best Available
Technology

Future equipment purchases based on most efficient
technologies available by fuel. Building shell efficiencies for
new and existing buildings increase by 20.8 and 9.0 percent,
respectively, from 2003 values by 2035. Partial projection
tables in Appendix D.

p. 31

p. 205

Industrial:
Efficiency of plant and equipment fixed at 2010 levels. Partial
2010 Technology projection tables in Appendix D.

With
residential

Standalone p. 176

p. 206

Industrial:
High Technology

Earlier availability, lower costs, and higher efficiencies for more Standalone p. 176
advanced equipment. Partial projection tables in Appendix D.

p. 206

Transportation:
Low Technology

Advanced technologies are more costly and less efficient than
in the Reference case. Partial projection tables in Appendix D.

Standalone p. 64

p. 206

Transportation:
High Technology

Advanced technologies are less costly and more efficient than
in the Reference case. Partial projection tables in Appendix D.

Standalone p. 64

p. 206

Transportation:
Reference Case
2019 Phaseout
With Base
Market Potential

Modified Reference case incorporating lower incremental costs Fully
for all classes of heavy-duty natural gas vehicles and tax
integrated
incentives for natural gas refueling stations and natural gas
fuel beginning in 2011 and phased out by 2019. Partial
projection tables in Appendix D.

p. 34

p. 206

Transportation:
Reference Case
2027 Phaseout
With Expanded
Market Potential

Modified Reference case incorporating lower incremental costs Fully
for all classes of heavy-duty natural gas vehicles and tax
integrated
incentives for natural gas refueling stations and natural gas
fuel beginning in 2011 and phased out by 2027, with assumed
increases in the potential market for all classes of heavy-duty
natural gas vehicles. Partial projection tables in Appendix D.

p. 35

p. 207

Transportation:
Low Oil Price
Case 2019
Phaseout
With Base
Market Potential

Modified Low Oil Price case incorporating lower incremental
costs for all classes of heavy-duty natural gas vehicles and tax
incentives for natural gas refueling stations and natural gas
fuel beginning in 2011 and phased out by 2019. Partial
projection tables in Appendix D.

Fully
integrated

p. 35

p. 207

Transportation:
Low Oil Price
Case 2027
Phaseout
With Expanded
Market Potential

Modified Low Oil Price case incorporating lower incremental
costs for all classes of heavy-duty natural gas vehicles and tax
incentives for natural gas refueling stations and natural gas
fuel beginning in 2011 and phased out by 2027, with assumed
increases in the potential market for all classes of heavy-duty
natural gas vehicles. Partial projection tables in Appendix D.

Fully
integrated

p. 35

p. 207

Electricity:
Low Fossil
Technology Cost

Capital and operating costs for all new fossil-fired generating
technologies start 10 percent below the Reference case and
decline to 25 percent below the Reference case in 2035.
Partial projection tables in Appendix D.

Fully
integrated

p. 181

p. 207

Electricity:
High Fossil
Technology Cost

Costs for new advanced fossil-fired generating technologies do Fully
not improve due to learning over time from 2010. Partial
integrated
projection tables in Appendix D.

p. 181

p. 207
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Table E1. Summary of the AEO2010 cases (continued)
Case name

Description

Integration Reference Reference in
mode
in text
Appendix E

Electricity:
Capital and operating costs for new nuclear capacity start 10
Low Nuclear Cost percent below the Reference case and decline to 25 percent
below the Reference case in 2035. Partial projection tables in
Appendix D.

Fully
integrated

p. 179

p. 207

Electricity:
High Nuclear
Cost

Costs for new nuclear technology do not improve due to
learning from 2010 levels in the Reference case.
Partial projection tables in Appendix D.

Fully
integrated

p. 179

p. 207

Electricity:
Nuclear 60-Year
Life

All existing nuclear plants are retired after 60 years of
operation. Partial projection tables in Appendix D.

Fully
integrated

p. 43

p. 208

Renewable
Fuels:
Low Renewable
Technology Cost

Levelized cost of energy for nonhydropower renewable
generating technologies start 10 percent below the Reference
case in 2010 and decline to 25 percent below the Reference
case in 2035. Partial projection tables in Appendix D.

Fully
integrated

p. 69

p. 208

Renewable
Fuels: High
Renewable
Technology Cost

New renewable generating technologies do not improve
through learning over time from 2010. Partial projection tables
in Appendix D.

Fully
integrated

p. 69

p. 208

Oil and Gas:
Slow
Technology

Improvements in exploration and development costs,
production rates, and success rates due to technological
advancement are reduced by 50 percent to reflect slower
improvement than in the Reference case. Partial projection
tables in Appendix D.

Fully
integrated

p. 71

p. 208

Oil and Gas:
Rapid
Technology

Improvements in exploration and development costs,
Fully
production rates, and success rates due to technological
integrated
advancement are increased by 50 percent to reflect more rapid
improvement than in the Reference case. Partial projection
tables in Appendix D.

p. 71

p. 208

Oil and Gas: No
No drilling is permitted in onshore, lower 48 low-permeability
Low-Permeability natural gas reservoirs after 2009 (i.e., no new tight gas or
Gas Drilling
shale gas drilling). Partial projection tables in Appendix D.

Fully
integrated

p. 41

p. 209

Oil and Gas:
No Shale Gas
Drilling

No drilling is permitted in onshore, lower 48 shale gas
reservoirs after 2009 (i.e., no new shale gas drilling). Partial
projection tables in Appendix D.

Fully
integrated

p. 41

p. 209

Oil and Gas:
High Shale Gas
Resource

Shale gas resources in the onshore, lower 48 are assumed to
be higher than in the Reference case. Partial projection tables
in Appendix D.

Fully
integrated

p. 41

p. 209

Oil and Gas:
LNG imports into North America are set exogenously to a
High LNG Supply factor times the levels projected in the Reference case from
2010 forward. The factor starts at 1.0 in 2010 and increases
linearly to 5.0 in 2035. Partial projection tables in Appendix D.

Fully
integrated

p. 74

p. 208

Coal:
Low Coal Cost

Productivity growth rates for coal mining are higher than in the
Reference case, and coal mining wages, mine equipment, and
coal transportation rates are lower. Partial projection tables in
Appendix D.

Fully
integrated

p. 80

p. 209

Coal:
High Coal Cost

Productivity growth rates for coal mining are lower than in the
Reference case, and coal mining wages, mine equipment, and
coal transportation rates are higher. Partial projection tables in
Appendix D.

Fully
integrated

p. 80

p. 209
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Table E1. Summary of the AEO2010 cases (continued)
Case name

Integration Reference Reference in
mode
in text
Appendix E

Description

Integrated
Low Technology

Combination of the Residential, Commercial, and Industrial
Fully
2010 Technology cases and the Electricity High Fossil
integrated
Technology Cost, High Renewable Technology Cost, and High
Nuclear Cost cases. Partial projection tables in Appendix D.

p. 32

p. 209

Integrated
High Technology

Combination of the Residential, Commercial, Industrial, and
Transportation High Technology cases and the Electricity Low
Fossil Technology Cost, Low Renewable Technology Cost,
and Low Nuclear Cost cases. Partial projection tables in
Appendix D.

Fully
integrated

p. 32

p. 209

Fully
integrated

p. 81

p. 209

No GHG Concern No GHG emissions reduction policy is enacted, and market
investment decisions are not altered in anticipation of such a
policy.

• In the Reference case, population grows by 0.9
percent per year, nonfarm employment by 0.8 percent per year, and labor productivity by 2.0 percent per year from 2008 to 2035. Economic output
as measured by real GDP increases by 2.4 percent
per year from 2008 through 2035, and growth in
real disposable income per capita averages 1.8
percent per year.
• The Low Economic Growth case assumes lower
growth rates for population (0.5 percent per year)
and labor productivity (1.5 percent per year),
resulting in lower nonfarm employment (0.4 percent per year), higher prices and interest rates,
and lower growth in industrial output. In the Low
Economic Growth case, economic output as
measured by real GDP increases by 1.8 percent
per year from 2008 through 2035, and growth in
real disposable income per capita averages 1.7
percent per year.
• The High Economic Growth case assumes higher
growth rates for population (1.3 percent per year)
and labor productivity (2.4 percent per year),
resulting in higher nonfarm employment (1.2 percent per year). With higher productivity gains and
employment growth, inflation and interest rates
are lower than in the Reference case, and consequently economic output grows at a higher rate
(3.0 percent per year) than in the Reference case
(2.4 percent). Disposable income per capita grows
by 1.82 percent per year, compared with 1.8 percent in the Reference case.
Oil price cases
The world oil price in AEO2010 is defined as the
average price of light, low-sulfur crude oil delivered in
Cushing, Oklahoma, and is similar to the price for
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light, sweet crude oil traded on the New York Mercantile Exchange. AEO2010 also includes a projection of
the U.S. annual average refiners’ acquisition cost of
imported crude oil, which is more representative of
the average cost of all crude oils used by domestic
refiners.
The historical record shows substantial variability in
world oil prices, and there is arguably even more uncertainty about future prices in the long term.
AEO2010 considers three price cases (Reference, Low
Oil Price, and High Oil Price) to allow an assessment
of alternative views on the course of future oil prices.
The Low and High Oil Price cases define a wide range
of potential price paths, reflecting different assumptions about decisions by OPEC members regarding
the preferred rate of oil production and about the
future finding and development costs and accessibility of conventional oil resources outside the United
States. Because the Low and High Oil Price cases are
not fully integrated with a world economic model, the
impact of world oil prices on international economies
is not accounted for directly.

• In the Reference case, real world oil prices rise
from a low of $70 per barrel (2008 dollars) in 2010
to $95 per barrel in 2015, then increase more
slowly to $133 per barrel in 2035. The Reference
case represents EIA’s current best judgment regarding exploration and development costs and
accessibility of oil resources outside the United
States. It also assumes that OPEC producers will
choose to maintain their share of the market and
will schedule investments in incremental production capacity so that OPEC’s conventional oil production will represent about 40 percent of the
world’s total liquids production.
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• In the Low Oil Price case, real world oil prices are
$51 per barrel (2008 dollars) in 2035, compared
with $133 per barrel in the Reference case. The
Low Oil Price case assumes that OPEC countries
will increase their conventional oil production to
obtain a 47-percent share of total world liquids
production, and that oil resources outside the
United States will be more accessible and/or less
costly to produce (as a result of technology advances, more attractive fiscal regimes, or both)
than in the Reference case. With these assumptions, conventional oil production outside the
United States is higher in the Low Oil Price case
than in the Reference case.
• In the High Oil Price case, real world oil prices
reach about $210 per barrel (2008 dollars) in
2035. The High Oil Price case assumes that OPEC
countries will reduce their production from the
current rate, sacrificing market share as global
liquids production increases, and that oil
resources outside the United States will be less
accessible and/or more costly to produce than
assumed in the Reference case.
Buildings sector cases
In addition to the AEO2010 Reference case, three
standalone technology-focused cases using the
Residential and Commercial Demand Modules of
NEMS were developed to examine the effects of
changes in equipment and building shell efficiencies.
For the residential sector, the three technologyfocused cases are as follows:

• The 2009 Technology case assumes that all future
equipment purchases are based only on the range
of equipment available in 2009. Existing building
shell efficiencies are assumed to be fixed at 2009
levels (no further improvements). For new construction, building shell technology options are
constrained to those available in 2009.
• The High Technology case assumes earlier availability, lower costs, and higher efficiencies for
more advanced equipment [12]. For new construction, building shell efficiencies are assumed to
meet ENERGY STAR requirements after 2016.
Consumers evaluate investments in energy efficiency at a 7-percent real discount rate.
• The Best Available Technology case assumes that
all future equipment purchases are made from a
menu of technologies that includes only the most
efficient models available in a particular year for

each fuel, regardless of cost. For new construction, building shell efficiencies are assumed to
meet the criteria for the most efficient components after 2009.
For the commercial sector, the three technologyfocused cases are as follows:

• The 2009 Technology case assumes that all future
equipment purchases are based only on the range
of equipment available in 2009. Building shell efficiencies are assumed to be fixed at 2009 levels.
• The High Technology case assumes earlier availability, lower costs, and/or higher efficiencies for
more advanced equipment than in the Reference
case [13]. Energy efficiency investments are
evaluated at a 7-percent real discount rate. Building shell efficiencies for new and existing buildings in 2035 are assumed to be 17.4 percent and
7.5 percent higher, respectively, than their 2003
levels—a 25-percent improvement relative to the
Reference case.
• The Best Available Technology case assumes that
all future equipment purchases are made from a
menu of technologies that includes only the most
efficient models available in a particular year for
each fuel, regardless of cost. Building shell efficiencies for new and existing buildings in 2035 are
assumed to be 20.8 percent and 9.0 percent
higher, respectively, than their 2003 values—a
50-percent improvement relative to the Reference
case.
The Residential and Commercial Demand Modules of
NEMS were also used to complete the High and Low
Renewable Technology Cost cases, which are discussed in more detail below (see “Renewable Fuels
Cases”). In combination with assumptions for electricity generation from renewable fuels in the electric
power sector and industrial sector, these sensitivity
cases analyze the impacts of changes in generating
technologies that use renewable fuels and in the
availability of renewable energy sources. For the Residential and Commercial Demand Modules:

• The Low Renewable Technology Cost case
assumes greater improvements in residential and
commercial PV and wind systems than in the
Reference case. The assumptions result in capital
cost estimates that are 10 percent below Reference case assumptions in 2010 and decline to at
least 25 percent below Reference case costs in
2035.
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• The High Renewable Technology Cost case
assumes that costs and performance levels for
residential and commercial PV and wind systems
remain constant at 2009 levels through 2035.

feedback effects from energy market interactions are
captured, and energy consumption and production in
the refining industry, which are modeled in the PMM,
are excluded.

Industrial sector cases

Transportation sector cases

In addition to the AEO2010 Reference case, two
standalone cases using the Industrial Demand Module of NEMS were developed to examine the effects of
less rapid and more rapid technology change and
adoption. Because they are standalone cases, the energy intensity changes discussed in this section
exclude the refining industry. (Energy use in the
refining industry is estimated as part of the PMM.)
The Industrial Demand Module also was used as part
of the Integrated Low and High Renewable Technology Cost cases. For the industrial sector:

In addition to the AEO2010 Reference case, two
standalone cases using the NEMS Transportation
Demand Module were developed to examine the
effects of advanced technology costs and efficiency
improvement on technology adoption and vehicle fuel
economy [15]. For the transportation sector:

• The 2010 Technology case holds the energy efficiency of plant and equipment constant at the
2010 level over the projection period. In this case,
delivered energy intensity falls by 0.7 percent
annually from 2008 to 2035, as compared with 1.1
percent annually in the Reference case. Changes
in aggregate energy intensity may result both
from changing equipment and production efficiency and from changing composition of industrial output. Because the level and composition of
industrial output are the same in the Reference,
2010 Technology, and High Technology cases, any
change in energy intensity in the two technology
cases is attributable to efficiency changes.
• The High Technology case assumes earlier availability, lower costs, and higher efficiency for more
advanced equipment [14] and a more rapid rate
of improvement in the recovery of biomass byproducts from industrial processes (0.7 percent
per year, as compared with 0.4 percent per year in
the Reference case). The same assumption is
incorporated in the integrated Low Renewable
Technology Cost case, which focuses on electricity
generation. Although the choice of the 0.7-percent
annual rate of improvement in byproduct recovery is an assumption in the High Technology case,
it is based on the expectation that there would be
higher recovery rates and substantially increased
use of CHP in that case. Delivered energy intensity falls by 1.2 percent annually in the High Technology case.
The 2010 Technology case was run with only the
Industrial Demand Module, rather than in fully
integrated NEMS runs. Consequently, no potential
206

• In the Low Technology case, the characteristics
of conventional technologies, advanced technologies, and alternative-fuel LDVs, heavy-duty
vehicles, and aircraft reflect more pessimistic
assumptions about cost and efficiency improvements achieved over the projection. More pessimistic assumptions for fuel efficiency improvement also are reflected in the rail and shipping
sectors.
• In the High Technology case, the characteristics
of conventional and alternative-fuel LDVs reflect
more optimistic assumptions about incremental
improvements in fuel economy and costs. In the
freight truck sector, the High Technology case
assumes more rapid incremental improvement in
fuel efficiency for engine and emissions control
technologies. More optimistic assumptions for
fuel efficiency improvements also are made for the
air, rail, and shipping sectors.
The Low Technology and High Technology cases
were run with only the Transportation Demand
Module rather than as fully integrated NEMS runs.
Consequently, no potential macroeconomic feedback
related to vehicle costs or travel demand was captured, nor were changes in fuel prices incorporated.

• The Reference Case 2019 Phaseout With Base
Market Potential case is a modified Reference case
that incorporates lower incremental costs for all
classes of heavy-duty natural gas vehicles (zero incremental cost relative to their diesel-powered
counterparts after accounting for incentives) and
tax incentives for natural gas refueling stations
($100,000 per new facility) and for natural gas
fuel ($0.50 per gallon of gasoline equivalent) that
begin in 2011 and are phased out by 2019.
• The Reference Case 2027 Phaseout With Expanded Market Potential case is a modified Reference case with the same added assumptions of
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lower incremental costs for heavy-duty natural
gas vehicles and subsidies for fueling stations and
natural gas fuel as in the Reference Case 2019
Phaseout With Base Market Potential case but
with the subsidies extended to 2027 before
phaseout and, in addition, assumed increases in
the potential market for both “fleet” and “nonfleet” natural gas vehicles.

• The Low Oil Price Case 2019 Phaseout With Base
Market Potential case is a modified Low Oil Price
case that incorporates lower incremental costs for
all classes of heavy-duty natural gas vehicles (zero
incremental cost relative to their diesel-powered
counterparts after accounting for incentives) and
tax incentives for natural gas refueling stations
($100,000 per new facility) and for natural gas
fuel ($0.50 per gallon of gasoline equivalent) that
begin in 2011 and are phased out by 2019.
• The Low Oil Price Case 2027 Phaseout With Expanded Market Potential case is a modified Low
Oil Price case with the same added assumptions of
lower incremental costs for heavy-duty natural
gas vehicles and subsidies for fueling stations and
natural gas fuel as in the Reference Case 2019
Phaseout With Base Market Potential case but
with the subsidies extended to 2027 before
phaseout and, in addition, assumed increases in
the potential market for both “fleet” and “nonfleet” natural gas vehicles.
Electricity sector cases
In addition to the Reference case, several integrated
cases with alternative electric power assumptions
were developed to analyze uncertainties about the
future costs and performance of new generating
technologies. Two of the cases examine alternative
assumptions for nuclear power technologies, and two
examine alternative assumptions for fossil fuel technologies. Reference case values for technology characteristics are determined in consultation with industry
and government specialists; however, there is always
uncertainty surrounding the major component costs.
The electricity cases analyze what could happen if
costs of new plants were either higher or lower than
assumed in the Reference case. The cases are fully
integrated to allow feedback between the potential
shifts in fuel consumption and fuel prices.
In addition, for AEO2010 an alternate retirement
case was run for nuclear power plants, to address
uncertainties about the operating lives of existing

reactors. This scenario is discussed in the Issues in
Focus article, “U.S. nuclear power plants: Continued
life or replacement after 60?”
Nuclear technology cost cases

• The cost assumptions for the Low Nuclear Cost
case reflect an approximate 10-percent reduction
in capital and operating costs for advanced nuclear technology in 2010, relative to the Reference
case, and fall to 25 percent below the Reference
case in 2035. The Reference case projects a
35-percent reduction in the capital costs of nuclear power plants from 2010 to 2035; the Low
Nuclear Cost case assumes a 45-percent reduction
from 2010 to 2035.
• The High Nuclear Cost case assumes that capital
costs for advanced nuclear technology remain
fixed at the 2010 levels assumed in the Reference
case. The capital costs still are tied to key commodity price indices, so they change over time;
however, no cost improvement from “learningby-doing” effects is assumed.
Fossil cost technology cases

• In the Low Fossil Technology Cost case, capital
costs and operating costs for all coal- and naturalgas-fired generating technologies are assumed to
start 10 percent lower than Reference case levels
and fall to 25 percent lower than Reference case
levels in 2035. Because learning in the Reference
case reduces costs with manufacturing experience, costs in the Low Fossil Cost case are reduced
by 37 to 49 percent between 2010 and 2035,
depending on the technology.
• In the High Fossil Technology Cost case, capital
costs for all coal- and natural-gas-fired generating
technologies remain fixed at the 2010 values
assumed in the Reference case. Costs still are
adjusted year to year by the commodity price
index, but no learning-related cost reductions are
assumed.
Additional details about annual capital costs, operating and maintenance costs, plant efficiencies, and
other factors used in the High and Low Fossil Technology Cost cases will be provided in Assumptions to
the Annual Energy Outlook 2010 [16].
Alternative Nuclear Retirement Case

• In the Nuclear 60-Year Life case, all existing
nuclear plants are assumed to retire after 60 years
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In addition to the AEO2010 Reference case, two
integrated cases with alternative assumptions about
renewable fuels were developed to examine the effects
of less aggressive and more aggressive improvement
in the cost of renewable technologies. The cases are as
follows:

• In the Rapid Technology case, the parameters
representing the effects of technological progress
on production rates, exploration and development
costs, and success rates for oil and natural gas
drilling in the Reference case are improved by 50
percent. Key supply parameters for Canadian
natural gas also are modified to simulate the
assumed impacts of more rapid natural gas technology penetration on Canadian supply potential.
All other parameters in the model are kept at the
Reference case values, including technology
parameters for other modules, parameters affecting foreign oil supply, and assumptions about
imports and exports of LNG and natural gas trade
between the United States and Mexico. Specific
detail by region and fuel category is provided in
Assumptions to the Annual Energy Outlook 2010
[17].

• In the High Renewable Technology Cost case, capital costs, O&M costs, and performance levels for
wind, solar, biomass, and geothermal resources
are assumed to remain constant at 2010 levels
through 2035. Costs still are tied to key commodity price indexes, but no cost improvement from
“learning-by-doing” effects is assumed. Although
biomass prices are not changed from the Reference case, this case assumes that dedicated energy
crops (also known as “closed-loop” biomass fuel
supply) do not become available.

• In the Slow Technology case, the parameters representing the effects of technological progress on
production rates, exploration and development
costs, and success rates for oil and natural gas
drilling are 50 percent less optimistic than those
in the Reference case. Key Canadian supply
parameters also are modified to simulate the
assumed impacts of slow natural gas technology
penetration on Canadian supply potential. All
other parameters in the model are kept at the
Reference case values.

• In the Low Renewable Technology Cost case, the
levelized costs of energy resources for generating
technologies using renewable resources are assumed to start at 10 percent below Reference case
levels in 2010 and decline to 25 percent below the
Reference case costs for the same resources in
2035. In general, lower costs are represented by
reducing the capital costs of new plant construction. Biomass fuel supplies also are assumed to be
25 percent less expensive than in the Reference
case for the same resource quantities used in the
Reference case. Assumptions for other generating
technologies are unchanged from those in the
Reference case. In the Low Renewable Technology Cost case, the rate of improvement in recovery
of biomass byproducts from industrial processes
also is increased.

• The High LNG Supply case exogenously specifies
North American LNG import levels for 2010
through 2030 as being equal to a factor times the
Reference case levels. The factor starts at 1 in
2010 and increases linearly to 5 in 2035. The
intent is to project the potential impact on domestic natural gas markets if LNG imports turn out to
be higher than projected in the Reference case.

of operation. In the Reference case, existing
plants are assumed to run as long as they continue
to be economic, implicitly assuming that a second
20-year license renewal will be obtained for those
plants reaching 60 years before 2035. This
case was run to analyze the impact of additional
nuclear retirements, which could occur if the oldest plants do not receive a second license extension. In this case, 31 gigawatts of nuclear capacity
is assumed to be retired by 2035.
Renewable fuels cases

Oil and gas supply cases
The sensitivity of the projections to changes in the
assumed rates of technological progress in oil and
natural gas supply and LNG imports is examined in
three cases:
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Three additional cases examine the importance of
low-permeability reservoirs on future domestic
natural gas supply:

• In the No Low-Permeability Drilling case, no new
onshore, lower 48 wells are drilled in low permeability natural gas reservoirs (includes shale gas
and tight sandstone gas) after 2009. Natural gas
production from low-permeability wells drilled before 2010 declines continuously through 2035.
• In the No Shale Gas Drilling case, no new onshore, lower 48 shale gas wells are drilled after
2009. Natural gas production from shale gas wells
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drilled before 2010 declines continuously through
2035.

• In the High Shale Gas Resource case, the resource
base for shale gas in the onshore, lower 48 States
is assumed to be higher than in the Reference
case. Each well can support twice as many shale
gas plays as in the Reference case, increasing the
resource base from 347 trillion cubic feet in the
Reference case to 652 trillion cubic feet in the
High Shale Gas Resource case. The estimated recovery from each well is the same as in the Reference case.
Coal market cases
Two alternative coal cost cases examine the impacts
on U.S. coal supply, demand, distribution, and prices
that result from alternative assumptions about
mining productivity, labor costs, mine equipment
costs, and coal transportation rates. The alternative
productivity and cost assumptions are applied in
every year from 2010 through 2035. For the coal cost
cases, adjustments to the Reference case assumptions
for coal mining productivity are based on variation in
the average annual productivity growth of 2.7 percent
observed since 2000. Transportation rates are
lowered (in the Low Coal Cost case) or raised (in the
High Coal Cost case) from Reference case levels to
achieve a 25-percent change in rates relative to the
Reference case in 2035. The Low and High Coal Cost
cases represent fully integrated NEMS runs, with
feedback from the macroeconomic activity, international, supply, conversion, and end-use demand
modules.

• In the Low Coal Cost case, the average annual
growth rates for coal mining productivity are
higher than those in the Reference case and are
applied at the supply curve level. As an example,
the average annual growth rate for Wyoming’s
Southern Powder River Basin supply curve is
increased from -0.5 percent in the Reference case
for the years 2010 through 2035 to 2.2 percent in
the Low Coal Cost case. Coal mining wages, mine
equipment costs, and other mine supply costs all
are assumed to be about 25 percent lower in 2035
in real terms in the Low Coal Cost case than in the
Reference case. Coal transportation rates, excluding the impact of fuel surcharges, are assumed to
be 25 percent lower in 2035.
• In the High Coal Cost case, the average annual
productivity growth rates for coal mining are

lower than those in the Reference case and are
applied as described in the Low Coal Cost case.
Coal mining wages, mine equipment costs, and
other mine supply costs in 2035 are assumed to be
about 30 percent higher than in the Reference
case, and coal transportation rates in 2035 are
assumed to be 25 percent higher.
Additional details about the productivity, wage, mine
equipment cost, and coal transportation rate assumptions for the Reference and alternative Coal Cost
cases are provided in Appendix D.
Cross-cutting integrated cases
In addition to the sector-specific cases described
above, a series of cross-cutting integrated cases are
used in AEO2010 to analyze specific scenarios
with broader sectoral impacts. For example, two
integrated technology progress cases combine the
assumptions from the other technology progress
cases to analyze the broader impacts of more rapid
and slower technology improvement rates. In addition, a No GHG Concern case was run that excludes
the 3-percent cost-of-capital adjustment for new
coal-fired generating capacity and for CTL plants
without CCS. In the Reference case, this adjustment
is included to simulate the reluctance of regulators
and the investment community to invest in
GHG-intensive technologies, given uncertainty about
the possible enactment of limits on GHG emissions.
Integrated technology cases
The Integrated Low Technology case combines the assumptions from the residential, commercial, and industrial 2010 Technology cases and the electricity
High Fossil Technology Cost, High Renewable Technology Cost, and High Nuclear Cost cases. The Integrated High Technology case combines the assumptions from the residential, commercial, industrial,
and transportation High Technology cases and the
electricity High Fossil Technology Cost, Low Renewable Technology Cost, and Low Nuclear Cost cases.
Extended Policies case
In addition to the AEO2010 Reference case, an additional case was run assuming that selected policies
with sunset provisions (such as the PTC, ITC, and tax
credits for energy-efficient equipment in the buildings sector) will be extended indefinitely rather than
allowed to sunset as the law currently prescribes.
Further, updates to Federal appliance efficiency
standards were assumed to occur at intervals
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provided by law and at levels determined by the
consumer impact test in DOE testing procedures or
Federal Energy Management Program (FEMP)
purchasing guidelines. Finally, proposed rules by
NHTSA and the EPA for national tailpipe CO2-equivalent emissions and fuel economy standards for
LDVs, including both passenger cars and light-duty
trucks, were harmonized and incorporated in this
case.
In the electricity market, tax credits for renewable
generation capacity that are available currently but
are scheduled to expire are instead assumed to be
extended indefinitely—including the PTC of 2.1 cents
per kilowatthour or, as appropriate, the 30-percent
ITC available for wind, geothermal, biomass, hydroelectric, and landfill gas resources. For solar capacity,
a 30-percent ITC that is scheduled to revert to a
10-percent tax credit in 2016 is, instead, assumed to
be extended indefinitely at 30 percent.
In the buildings sector, tax credits for the purchase of
energy-efficient equipment, including PV and new
houses, are extended indefinitely, as opposed to ending in 2010 or 2016 as prescribed by current law. The
business ITCs for commercial-sector generation technologies and geothermal heat pumps are extended
indefinitely, as opposed to expiring in 2016, and the
business ITC for solar systems is kept at 30 percent
instead of reverting to 10 percent. In addition, updates to appliance standards are assumed to occur as
prescribed by the timeline in DOE’s multiyear plan.
The efficiency levels chosen for the updated standard
were based on the technology menu in the AEO2010
Reference case and whether or not the efficiency level
passed the consumer impact test prescribed in DOE’s
standards-setting process. The efficiency levels chosen for updated commercial equipment standards are
based on the technology menu from the AEO2010
Reference case and FEMP-designated purchasing
specifications for Federal agencies.
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NHTSA and the EPA have proposed rules for coordinated national CO2-equivalent tailpipe emissions and
fuel economy standards for LDVs, including both
passenger cars and light-duty trucks. The harmonized fuel economy standards begin in model year
(MY) 2012 and increase in stringency to MY 2016,
based on NHTSA’s recently proposed CAFE standards. NHTSA has estimated the impact of the new
CAFE standards and has projected that the proposed
fleet-wide standards for LDVs will increase fuel economy from 27.3 miles per gallon in MY 2011 to 34.1
miles per gallon in MY 2016, based on projected sales
of vehicles by type and footprint. Separate mathematical functions representing the CAFE standards are
established for passenger cars and light trucks,
reflecting their different design capabilities. As
required by EISA2007, the fuel economy standards
increase to 35 miles per gallon by 2020. The Extended
Policies case assumes that these standards are further increased so that the minimum fuel economy
standard achieved for LDVs increases to 45.6 miles
per gallon in 2035.
No Sunset case
Assumptions for extensions of the renewable energy
tax credit and the buildings tax credit are the same as
in the Extended Policies case described above. No
updates to appliance or CAFE standards are assumed.
This case also extends the RFS target to that
originally set by law (36 billion ethanol-equivalent
gallons) and assumes that the target is achieved by
2026 instead of 2022; after 2026, the RFS requirement continues to increase so that it remains at the
same percentage of total transport fuel demand as
achieved in 2026. Biofuel tax credits and the import
tariffs also are extended.
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Appendix F

Regional Maps
Figure F1. United States Census Divisions
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Source: U.S. Energy Information Administration, Office of Integrated Analysis and Forecasting.
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Regional Maps

Figure F1. United States Census Divisions (cont.)

Source: U.S. Energy Information Administration, Office of Integrated Analysis and Forecasting.
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Figure F2. Electricity Market Module Regions

1 East Central Area Reliability Coordination Agreement (ECAR)
2 Electric Reliability Council of Texas (ERCOT)
3 Mid-AtlanticArea Council (MAAC)
4 Mid-America Interconnected Network (MAIN)
5Mid-Continent Area Power Pool (MAPP)
6 New York (NY)
7. NewEngland (NE)

8 Florida Reliability Coordinating Council (FL)
9 Southeastern Electric Reliability Council (SERC)
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New Mexico, and Southern Nevada (RA)
13 California (CA)

Source: U.S. Energy Information Administration, Office of Integrated Analysis and Forecasting.
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Regional Maps

Figure F3. Petroleum Administration for Defense Districts
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Regional Maps

Figure F4. Oil and Gas Supply Model Regions
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Regional Maps

Figure F5. Natural Gas Transmission and Distribution Model Regions
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Regional Maps

Figure F6. Coal Supply Regions
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Regional Maps

Figure F7. Coal Demand Regions
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Appendix G

Conversion Factors

7DEOH*+HDW5DWHV
)XHO

8QLWV

&RDO
3URGXFWLRQ                    
&RQVXPSWLRQ                  
&RNH3ODQWV                  
,QGXVWULDO                     
5HVLGHQWLDODQG&RPPHUFLDO      
(OHFWULF3RZHU6HFWRU           
,PSRUWV                       
([SRUWV                       

PLOOLRQ%WXSHUVKRUWWRQ
PLOOLRQ%WXSHUVKRUWWRQ
PLOOLRQ%WXSHUVKRUWWRQ
PLOOLRQ%WXSHUVKRUWWRQ
PLOOLRQ%WXSHUVKRUWWRQ
PLOOLRQ%WXSHUVKRUWWRQ
PLOOLRQ%WXSHUVKRUWWRQ
PLOOLRQ%WXSHUVKRUWWRQ










&RDO&RNH                     

PLOOLRQ%WXSHUVKRUWWRQ



&UXGH2LO
3URGXFWLRQ                    
,PSRUWV                      

PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO




/LTXLGV
&RQVXPSWLRQ                  
0RWRU*DVROLQH               
-HW)XHO                      
'LVWLOODWH)XHO2LO              
'LHVHO)XHO                  
5HVLGXDO)XHO2LO              
/LTXHILHG3HWUROHXP*DVHV      
.HURVHQH                    
3HWURFKHPLFDO)HHGVWRFNV      
8QILQLVKHG2LOV                
,PSRUWV                      
([SRUWV                      
(WKDQRO                       
%LRGLHVHO                      

PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
PLOOLRQ%WXSHUEDUUHO
















1DWXUDO*DV3ODQW/LTXLGV
3URGXFWLRQ                    

PLOOLRQ%WXSHUEDUUHO



$SSUR[LPDWH
+HDW&RQWHQW





1DWXUDO*DV
3URGXFWLRQ'U\                 
&RQVXPSWLRQ                  
(QG8VH6HFWRUV              
(OHFWULF3RZHU6HFWRU           
,PSRUWV                       
([SRUWV                       

%WXSHUFXELFIRRW
%WXSHUFXELFIRRW
%WXSHUFXELFIRRW
%WXSHUFXELFIRRW
%WXSHUFXELFIRRW
%WXSHUFXELFIRRW

(OHFWULFLW\&RQVXPSWLRQ          

%WXSHUNLORZDWWKRXU










&RQYHUVLRQIDFWRUYDULHVIURP\HDUWR\HDU7KHYDOXHVKRZQLVIRU
%WX %ULWLVKWKHUPDOXQLW
6RXUFHV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ (,$ $QQXDO(QHUJ\5HYLHZ'2((,$   :DVKLQJWRQ'&
-XQH DQG(,$$(21DWLRQDO(QHUJ\0RGHOLQJ6\VWHPUXQ$(25'$

U.S. Energy Information Administration / Annual Energy Outlook 2010

221

