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Preface

The Annual Energy Outlook 2011 (AEO2011), 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 AEO2011 Reference case in December 2010.

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 and regulations,
such as a recently announced (October 13, 2010) EPA waiver, which allows the use of motor gasoline blends containing 15 percent
ethanol in newer vehicles (model year 2007 or later), or the 7-year moratorium on offshore drilling in the Atlantic and Pacific that
was announced by the U.S. Department of the Interior on December 1, 2010. The Issues in focus section contains discussions of
selected energy topics, including a discussion 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
standards, appliance standards, production tax credits, and the elimination of sunset provisions in existing energy policies; the other
case assumes only the elimination of sunset provisions. Other discussions include: a look at evolving environmental regulations that
affect the power sector; the economics of carbon capture and storage; prospects for shale gas production, including cost uncertainty
and its impact on decisions for new power plant builds, fuel use, and emissions; and the basis for world oil price and production
trends in AEO20T1.

The Market trends section summarizes the projections for energy markets. The analysis in AEO2011 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. Complete tables for all the alternative cases are available on EIA’'s website in a table browser at www.
eia.gov/oiaf/aeo/tablebrowser/.

AEO2011 projections are based generally on Federal, State, and local laws and regulations in effect as of the end of January 2011. 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. In certain situations, however,
where it is clear that a law or regulation will take effect shortly after the AEO is completed, it may be considered in the projection.

AEO2011 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.

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 business-as-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 AEO2011 generally assume that current laws and regulations are maintained throughout the projections. Thus, the
projections provide policy-neutral 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 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 AEO2011 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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Updated Annual Energy Outlook 2011 Reference case (April 2011)

The AEO2011 Reference case included in the final published report released in April 2011 is updated from the Reference case that was
used inthe AEO2011 Early Release Overview (December 2010). The Reference case was updated to incorporate modeling changes and
reflect changes based on recent legislation and regulations that were not available when the Early Release Overview was published.
Major changes made for the updated Reference include:

Added a 30-percent investment tax credit for fuel cells, with a 2016 expiration date

Retired the Oyster Creek nuclear power plant at the end of 2019

Revised the amount of new wind capacity built in 2012 (7 rather than 10 gigawatts)
Benchmarked oil production to EIA’s January Short-Term Energy Outlook (including revision of undiscovered oil drilling schedules)
Delayed additional deepwater offshore projects

Forced economic life to be 43 years for coalbed methane play that was deciding on a 16-year life
Updated carbon-dioxide-enhanced oil recovery

Updated natural gas reserve reporting

Updated 2011 cellulosic ethanol subsidy

Updated ethanol tax credit, biodiesel tax credit, and ethanol tariff through 2011

Allowed E15 use in 2001-2006 model year light-duty vehicles (in addition to 2007-present)
Updated battery cost curve

Updated sales of electric, hybrid electric, microhybrid, and plug-in electric vehicles

Updated High Technology case assumptions

Updated historical data for energy-related carbon dioxide emissions and updated carbon dioxide emissions factors for biomass,
based on upcoming EIA data reports.

Future analyses using the AEO20177 Reference case will start from the version released with this complete report.

U.S. Energy Information Administration | Annual Energy Outlook 2011 jii
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The projections in the Energy Information Administration’s (EIA) Annual Energy Outlook 2011 (AEO2011) focus on the factors that shape
the U.S. energy system over the long term. Under the assumption that current laws and regulations remain unchanged throughout
the projections, the AEO2011 Reference case provides the basis for examination and discussion of energy production, consumption,
technology, and market trends and the direction they may take in the future. It also serves as a starting point for analysis of potential
changes in energy policies. But AEO20171 is not limited to the Reference case. It also includes 57 sensitivity cases (see Appendix E,
Table E1), which explore important areas of uncertainty for markets, technologies, and policies in the U.S. energy economy.

Key results highlighted in AEO2017 include strong growth in shale gas production, growing use of natural gas and renewables in
electric power generation, declining reliance on imported liquid fuels, and projected slow growth in energy-related carbon dioxide
(CO,) emissions even in the absence of new policies designed to mitigate greenhouse gas (GHG) emissions.

AEOZ2011 also includes in-depth discussions on topics of special interest that may affect the energy outlook. They include: impacts
of the continuing renewal and updating of Federal and State laws and regulations; discussion of world oil supply and price trends
shaped by changes in demand from countries outside the Organization for Economic Cooperation and Development or in supply
available from the Organization of the Petroleum Exporting Countries; an examination of the potential impacts of proposed revisions
to Corporate Average Fuel Economy standards for light-duty vehicles and proposed new standards for heavy-duty vehicles; the
impact of a series of updates to appliance standard alone or in combination with revised building codes; the potential impact on
natural gas and crude oil production of an expanded offshore resource base; prospects for shale gas; the impact of cost uncertainty
on construction of new electric power plants; the economics of carbon capture and storage; and the possible impact of regulations
on the electric power sector under consideration by the U.S. Environmental Protection Agency (EPA). Some of the highlights from
those discussions are mentioned in this Executive Summary. Readers interested in more detailed analyses and discussions should
refer to the “Issues in focus” section of this report.

Imports meet a major but declining share of total U.S. energy demand

Real gross domestic product grows by 2.7 percent per year from 2009 to 2035 in the AEO20171 Reference case, and oil prices grow
to about $125 per barrel (2009 dollars) in 2035. In this environment, net imports of energy meet a major, but declining, share of
total U.S. energy demand in the Reference case. The need for energy imports is offset by the increased use of biofuels (much of
which are produced domestically), demand reductions resulting from the adoption of new vehicle fuel economy standards, and rising
energy prices. Rising fuel prices also spur domestic energy production across all fuels—particularly, natural gas from plentiful shale gas
resources—and temper the growth of energy imports. The net import share of total U.S. energy consumption in 2035 is 17 percent,
compared with 24 percent in 2009. (The share was 29 percent in 2007, but it dropped considerably during the 2008-2009 recession.)

Much of the projected decline in the net import share of energy supply is accounted for by liquids. Although U.S. consumption
of liquid fuels continues to grow through 2035 in the Reference case, reliance on petroleum imports as a share of total liquids
consumption decreases. Total U.S. consumption of liquid fuels, including both fossil fuels and biofuels, rises from about 18.8 million
barrels per day in 2009 to 21.9 million barrels per day in 2035 in the Reference case. The import share, which reached 60 percent
in 2005 and 2006 before falling to 51 percent in 2009, falls to 42 percent in 2035 (Figure 1).

Domestic shale gas resources support increased natural gas production with moderate prices

Shale gas production in the United States grew at an average annual rate of 17 percent between 2000 and 2006. Early success in shale
gas production was achieved primarily in the Barnett Shale in Texas. By 2006, the success in the Barnett shale, coupled with high natural
gas prices and technological improvements, turned the industry

focus to other shale plays. The combination of horizontal drilling Figure 1. U.S. liquids fuel consumption, 1970-2035

and hydraulic fracturing technologies has made it possible to (million barrels per day)

produce shale gas economically, leading to an average annual History 2009  Projections
growth rate of 48 percent over the 2006-2010 period. 25 S
Shale gas production continues to increase strongly through Biofuels including imports

2035 in the AEOZ2011 Reference case, growing almost 20
fourfold from 2009 to 2035. While total domestic natural
gas production grows from 21.0 trillion cubic feet in 2009 to
26.3 trillion cubic feet in 2035, shale gas production grows to 15
12.2 trillion cubic feet in 2035, when it makes up 47 percent 34%  Petroleum supply
of total U.S. production—up considerably from the 16-percent
share in 2009 (Figure 2). 10

The estimate for technically recoverable unproved shale gas
resources in the Reference case is 827 trillion cubic feet.
Although more information has become available as a result
of increased drilling activity in developing shale gas plays,
estimates of technically recoverable resources and well
productivity remain highly uncertain. Estimates of technically
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recoverable shale gas are certain to change over time as new information is gained through drilling, production, and technological
and managerial development. Over the past decade, as more shale formations have gone into commercial production, the
estimate of technically and economically recoverable shale gas resources has skyrocketed. However, the increases in recoverable
shale gas resources embody many assumptions that might prove to be incorrect over the long term.

Alternative cases in AEO20711 examine the potential impacts of variation in the estimated ultimate recovery per shale gas well and
the assumed recoverability factor used to estimate how much of the play acreage contains recoverable shale gas. In those cases,
overall domestic natural gas production varies from 22.4 trillion cubic feet to 30.1 trillion cubic feet in 2035, compared with 26.3
trillion cubic feet in the Reference case. The Henry Hub spot price for natural gas in 2035 (in 2009 dollars) ranges from $5.35
per thousand cubic feet to $9.26 per thousand cubic feet in the alternative cases, compared with $7.07 per thousand cubic feet
in the Reference case.

Despite rapid growth in generation from natural gas and nonhydropower renewable energy sources,
coal continues to account for the largest share of electricity generation

Assuming no additional constraints on CO, emissions, coal remains the largest source of electricity generation in the AEO2011
Reference case because of continued reliance on existing coal-fired plants. EIA projects few new central-station coal-fired
power plants, however, beyond those already under construction or supported by clean coal incentives. Generation from coal
increases by 25 percent from 2009 to 2035, largely as a result of increased use of existing capacity; however, its share of the
total generation mix falls from 45 percent to 43 percent as a result of more rapid increases in generation from natural gas
and renewables over the same period. The role of natural gas grows due to low natural gas prices and relatively low capital
construction costs that make it more attractive than coal. The share of generation from natural gas increases from 23 percent
in 2009 to 25 percent in 2035.

Electricity generation from renewable sources grows by 72 percent in the Reference case, raising its share of total generation
from 11 percent in 2009 to 14 percent in 2035. Most of the growth in renewable electricity generation in the power sector
consists of generation from wind and biomass facilities (Figure 3). The growth in generation from wind plants is driven
primarily by State renewable portfolio standard (RPS) requirements and Federal tax credits. Generation from biomass comes
from both dedicated biomass plants and co-firing in coal plants. Its growth is driven by State RPS programs, the availability of
low-cost feedstocks, and the Federal renewable fuels standard, which results in significant cogeneration of electricity at plants
producing biofuels.

Proposed environmental regulations could alter the power generation fuel mix

The EPA is expected to enact several key regulations in the coming decade that will have an impact on the U.S. power sector,
particularly the fleet of coal-fired power plants. Because the rules have not yet been finalized, their impacts cannot be fully
analyzed, and they are not included in the Reference case. However, AEO20171 does include several alternative cases that examine
the sensitivity of power generation markets to various assumed requirements for environmental retrofits.

The range of coal plant retirements varies considerably across the cases (Table 1), with a low of 9 gigawatts (3 percent of the coal
fleet) in the Reference case and a high of 73 gigawatts (over 20 percent of the coal fleet). The higher end of this range is driven by
the somewhat extreme assumptions that all plants must have scrubbers to remove sulfur dioxide and selective catalytic reduction
to remove nitrogen oxides, that natural gas wellhead prices remain at or below about $5 through 2035, and that environmental

Figure 2. U.S. natural gas production, 1990-2035 Figure 3. U.S. nonhydropower renewable electricity
(trillion cubic feet per year) generation, 1990-2035 (billion kilowatts per year)
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retrofit decisions are based on an assumption that retrofits occur only if plant owners can recover their costs within 5 years. The
latter quick cost recovery assumption is meant to represent the possibility of future environmental regulation, including for GHGs.

In all these cases, coal continues to account for the largest share of electricity generation through 2035. Many of the coal plants
projected to be retired in these cases had relatively low utilization factors and high heat rates historically, and their contribution to
overall coal-fired generation was relatively modest.

Electricity generation from natural gas is higher in 2035 in all the environmental regulation sensitivity cases than in the Reference
case. The faster growth in electricity generation with natural gas is supported by low natural gas prices and relatively low capital
costs for new natural gas plants, which improve the relative economics of gas when regulatory pressure is placed on the existing coal
fleet. In the alternative cases, natural gas generation in 2035 varies from 1,323 billion kilowatthours to 1,797 billion kilowatthours,
compared with 1,288 billion kilowatthours in the Reference case.

Assuming no changes in policy related to greenhouse gas emissions, carbon dioxide emissions grow slowly
and do not return to 2005 levels until 2027

After falling by 3 percent in 2008 and 7 percent in 2009, largely as a result of the economic downturn, energy-related CO,
emissions grow slowly in the AEO2071 Reference case due to a combination of modest economic growth, growing use of renewable
technologies and fuels, efficiency improvements, slower growth in electricity demand (in part because of the recent recession),
and more use of natural gas, which is less carbon-intensive than other fossil fuels. In the Reference case, which assumes no explicit
regulations to limit GHG emissions beyond vehicle GHG standards, energy-related CO, emissions do not return to 2005 levels
(5,996 million metric tons) until 2027, growing by an average of 0.6 percent per year from 2009 to 2027, or a total of 10.6 percent.
CO;, emissions then rise by an additional 5 percent from 2027 to 2035, to 6,311 million metric tons in 2035 (Figure 4).

To put the numbers in perspective, population growth is Figure 4. U.S. carbon dioxide emissions by sector

projected to average 0.9 percent per year, overall economic and fuel, 2005 and 2035 (million metric tons)
growth 2.7 percent per year, and growth in energy use 0.7 4.000

percent per year over the same period. Although total energy- 6311
related CO, emissions increase from 5,996 million metric tons 4,770 5,996 :
in 2005 to 6,311 million metric tons in 2035 in the Reference
case, emissions per capita fall by 0.7 percent per year over 3,000 Total carbon dioxide emissions Natural gas
the same period. Most of the growth in CO, emissions in the Coal

AEO2011 Reference case is accounted for by the electric power 1980 2005 2035 Electricity
and transportation sectors.

Petroleum

2,000
Theprojections for CO,emissions are sensitive tomany factors, 2005 2035
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 1,000
AEOZ2011 Low and High Economic Growth cases, projections
0 T T T T

for total primary energy consumption in 2035 are 106.4
quadrillion British thermal units (Btu) (6.9 percent below the
Reference case) and 122.6 quadrillion Btu (7.4 percent above Residential  Commercial ~ Industrial Transportation ~ Electricity

the Reference case), and projections for energy-related CO, generation
emissions in 2035 are 5,864 million metric tons (7.1 percent
below the Reference case) and 6,795 million metric tons (7.7
percent above the Reference case), respectively.
Table 1. Coal-fired plant retirements in alternative cases, 2010-2035
Average size Average heat rate
Coal-fired capacity retired of plants retired of plants retired
Analysis case (gigawatts) (megawatts) (million Btu per kilowatthour)
Reference 8.8 93.0 12,338
Transport Rule Mercury MACT 20 13.5 914 12,053
Transport Rule Mercury MACT 5 17.8 83.3 12,102
Retrofit Required 20 19.2 84.5 12,034
Retrofit Required 5 44.8 91.2 11,579
Low Gas Price 15.6 104 12,098
Low Gas Price Retrofit Required 20 39.5 97.8 11,576
Low Gas Price Retrofit Required 5 72.6 109.6 11,363

4 U.S. Energy Information Administration | Annual Energy Outlook 2011



visited 7/8/2011

Legislation
and regulations




visited 7/8/2011

Introduction

The Annual Energy Outlook 2011 (AEO2011) Reference case generally assumes that current laws and regulations affecting the energy
sector remain unchanged throughout the projection (including the implication that laws which include sunset dates do, in fact,
become ineffective at the time of those sunset dates). Currently, there are many pieces of legislation and regulation that appear
to have some probability of being enacted in the not-too-distant future, and some laws include sunset provisions that may be
extended. However, it is difficult to discern the exact forms that the final provisions of pending legislation or regulations will take,
and sunset provisions may or may not be extended. Even in situations where existing legislation contains provisions to allow
revision of implementing regulations, those provisions may not be exercised consistently. In certain situations, however, where it
is clear that a law or regulation will take effect shortly after the Annual Energy Outlook (AEO) modeling work is completed, it may
be considered in the projection. Sensitivity cases that incorporate alternative assumptions about proposed policies or existing
policies subject to periodic updates are also included among the many alternative cases completed as part of the AEO. The Federal
and State laws and regulations included in AEO2017 are based on those in effect as of the end of January 2011. In addition, at
the request of the Administration and Congress, the U.S. Energy Information Administration (EIA) has regularly examined the
potential implications of proposed legislation in Service Reports. Those reports, and others that were completed before 2010, can
be found on the EIA website at www.eia.gov/oiaf/service rpts.htm.

Examples of recently enacted State and Federal legislation incorporated in AEO20177 include:

 State provisions passed in 2010 in Connecticut [7], Maine [2], New Jersey [3], and New York [4] that reduced the maximum
allowable sulfur content of heating oil sold, as well as some plans to include mandated percentages of biodiesel content.

* Final regulations promulgated by the California Air Resources Board (CARB) in January 2010 to implement a Low Carbon Fuel
Standard (LCFS) [5]. The LCFS program aims to reduce the carbon intensity of motor gasoline and diesel fuel sold in California
by 10 percent over the years 2012 through 2020 by increasing the volumes of alternative low-carbon fuels being introduced
into the marketplace.

* The Tax Relief, Unemployment Insurance Reauthorization, and Job Creation Act of 2010, enacted in December 2010 [6]. This
law includes an extension of the Volumetric Ethanol Excise Tax Credit at $0.45 per gallon through 2011, a retroactive extension
of the $1.00 per gallon biodiesel excise tax credit through 2011, and an extension of the $0.54 per gallon tariff on imported
ethanol through 2011.

* Updates to State renewable portfolio standard (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 provisions considered in earlier AEOs that have been affected by
subsequent court decisions, include the following:

= Approval of a waiver allowing the use of motor gasoline blends containing up to 15 percent ethanol for vehicles of model year
(MY) 2001 and newer by the U.S. Environmental Protection Agency (EPA) in January 2011 [7].

* |ssuance of new guidelines by the EPA in April 2010 regarding the compliance of surface coal mining operations in Appalachia
with the provisions of the Clean Water Act, the National Environmental Policy Act, and the environmental justice Executive
Order (E.O. 12898) [8]. The guidance explains the approach that the EPA will be following in permit reviews and instructs
Regional offices to use clear, consistent, and science-based standards in reviewing the permits.

Detailed information on several Federal and State legislative and regulatory developments considered in AEO2011 is provided below.

1. 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 carbon dioxide (CO,) 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 CO, emitted [9]. The first year of mandatory compliance was
in 2009.

Each participating State was provided a CO, budget consisting of a history-based baseline with a cushion for emissions growth,
so that meeting the cap would be relatively easy initially and become more stringent in subsequent years. The requirements
cover 95 percent of CO, emissions from the region’s electric power sector. Overall, the RGGI States as a whole must maintain
covered emissions at or below a level of 188 million tons CO, through 2012, after which a mandatory 2.5-percent annual
decrease in CO, emissions through 2018 reduces the total for covered CO, 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.

At the most recent RGGI auction in March 2011, 42 million allowances were offered and sold at a clearing price of $1.89 per ton of
CO,, [10], just above the price floor. The previous auction in December 2010 also cleared at the price floor, because total emissions
from electricity generators did not grow as anticipated.
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RGGI's impact on electricity markets is included in the AEO20171 Reference case. Its impact on actual emissions, especially in the
early years, is minimal because of its relatively modest reduction targets. 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 the National Energy Modeling
System (NEMS). Therefore, EIA estimated generation for the Mid-Atlantic 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-
and-trade program or subject to any mandatory emission reductions.

California greenhouse gas reduction program

California is moving forward with its plans to cap and then reverse the growth of State greenhouse gas (GHG) emissions. After
surviving a challenge on the ballot in November 2010, the mandatory restrictions begin to take effect in January 2012. After the
law was passed and signed, a scoping plan was written that outlines the major components of the regulations [17]. In all, there are
21 programs in the law that will mitigate GHG emissions through a variety of mechanisms—from landfill methane control to proper
tire pressurization programs [12]. While AEO2011 incorporates programs from the law, such as the LCFS and 33-percent RPS—
where rules are sufficiently specified to allow modeling in the AEO—other programs, such as the carbon cap-and-trade provisions,
are not included either because they do not include sufficient specification of implementing regulations or because they include
provisions that cannot be modeled in NEMS.

The programs that are expected to generate the highest level of emission reductions are the cap-and-trade system (which is not
included in AEO2017) and the 33-percent RPS [13]. The RPS requires investor-owned electricity providers to meet this mandate
by 2020. CARB is in charge of the program, although other agencies still have roles in the implementation. The cap-and-trade
program is scheduled to begin its first phase in 2012, covering GHG emissions from electricity (including imports) and large
industrial facilities emitting more than 25,000 metric tons CO, annually [14]. Allowances are given away initially, but it is assumed
that a market will develop in which allowances will trade for a price as demand grows and the number of available allowances
shrinks. (The number of available allowances is scheduled to decline by 2 percent per year, starting from 165.8 million metric
tons in 2012.) In 2015, distributors of fossil fuels will be added to the program, and the cap will increase to 394.5 metric tons. In
the subsequent 5-year period, the cap will decrease by 3 percent annually. In addition to CO,, the six other most common GHGs
emitted (methane, nitrous oxide, sulfur hexafluoride, nitrogen trifluoride, hydrofluorocarbons, and perfluorocarbons) will also fall
under the program'’s jurisdiction.

Several issues remain to be resolved, including finalization of the allowance allocation system, implementation of an auction
system, and the possibility of a price cap. The exact distribution of the allowance revenue has not been determined nor has the
treatment of natural gas as a fuel. This is all information that needs to be defined before the program can be incorporated in the
AEO. A goal of the program is to link to other State trading programs, although the status of neighboring States’ programs is
uncertain. A San Francisco superior court judge also recently ruled that CARB did not conduct adequate environmental reviews
or thoroughly explore cap-and-trade alternatives for meeting the reduction goal in Assembly Bill (AB) 32. This may also delay the
program’s implementation [75].

2. State renewable energy requirements and goals: Update through 2010

To the extent possible, AEO2017 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 renewable generation, eligible technologies, and
noncompliance penalties. AEO2017 includes the impacts of all laws in effect in 2010 (with the exception of Hawaii, because NEMS
provides electricity market projections for the continental United States only).

In the AEO2011 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 generally represents only a portion of one of the
NEMS electricity regions. 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. In general, EIA has confirmed each State's requirements
through original documentation, although the Database of State Incentives for Renewables & Efficiency (DSIRE) also assisted
EIA's efforts [16].

No States that did not previously have RPS programs have enacted new renewable generation laws over the past year. States that
have made significant modifications to existing laws include the following:

California

Through several executive orders, CARB is now charged with implementing a 33-percent RPS by 2020 as part of the carbon-
reduction guidelines originally laid out in AB 32 [17] (see previous section). This standard is a significant increase from the previous
20-percent version administered by the California Energy Commission and Public Utility Commission. More information can be
found in the subsequent section on airborne emission regulations.
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Table 2. Renewable portfolio standards in the 30 States with current mandates

State Program mandate

AZ 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 systems manufactured in-State.

CA As a follow-up from AB 32 and Executive Order S-21-09, the CARB now administers a new RPS that requires 33-percent
renewable generation by 2020.
CcO Enacted in March 2010, House Bill (HB) 1001 strengthens the State’s existing RPS program by requiring 20 percent of

electricity generated by investor-owned utilities in 2015 to be renewable, increasing to 30 percent by 2020. There is also a
distributed generation requirement. In-State generation receives a 25-percent credit premium.

CT Public Act 07-242 mandates a 27-percent renewable sales requirement by 2020, including a 4-percent requirement for sales
from higher efficiency or combined heat and power systems. Of the overall total, 3 percent may be met by waste-to-energy
and conventional biomass facilities.

DE Senate Substitute Tamended Senate Bill 119 to extend the increasing RPS targets to 2025; 25 percent of generation is now
required to come from renewable sources in 2025. There is a separate requirement for solar generation (3.5 percent of the total
in 2025) and penalty payments for compliance failure. Offshore wind receives 3.5 times the standard credit amount.

HI HB 1464 sets the renewable mandate at 40 percent by 2030. All existing renewable facilities are eligible to meet the target,
which has two interim milestones.

IL Public Act 095-0481 created an agency responsible for overseeing the mandate of 25 percent renewable sales by 2025, with
escalating annual targets. In addtion, 75 percent of the required sales must be generated from wind and 6 percent from solar.
The plan also includes a cap on incremental costs resulting from the penetration of renewable generation. In 2009, the rule was
modified to cover sales outside a utility’s home territory.

A In 1983, an RPS mandating 105 megawatts of renewable energy capacity was adopted.
KS In 2009, HB 2369 established a requirement that 20 percent of installed capacity must use renewable resources by 2020.
ME In 2007, Public Law 403 was added to the State's RPS requirements. The 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 receives a 10-percent credit premium.

MD In April 2008, HB 375 revised the preceding RPS to include a target of 20 percent renewable generation by 2022, including
a 2-percent solar target. HB 375 also raised penalty payments for “Tier 1" compliance shortfalls to 4 cents per kilowatthour.
Senate Bill 277, while preserving 2022 target of 2 percent solar, made the interim solar requirements and penalty payments
slightly less stringent.

MA The State RPS has a goal of a 15-percent renewable share of total sales by 2020 and includes necessary payments for
compliance shortfalls. Eligible biomass is restricted to low-carbon life cycle emission sources. A Solar Carve-Out Program was
also added, which seeks to establish 400 megawatts (DC) of solar generating capacity.

Ml Public Act 295 established an RPS that will require 10 percent renewable generation by 2015. Bonus credits are given to
solar energy.

MN 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. The 30-percent requirement for Xcel 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.

MO In November 2008, Missouri voters approved Proposition C, which mandates a 2-percent renewable energy requirement in
2011, increasing incrementally to 15 percent of generation in 2021. Bonus credits are given to renewable generation within
the State.

MT HB 681, approved in April 2008, expanded the State 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.

NV 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-fourth of the
25-percent share may be met through efficiency measures. There is also a minimum requirement for PV systems, which
receive bonus credits.

NH HB 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.

NJ In 2006, the State RPS was revised to increase renewable energy targets. Renewable generation is to provide 22.5 percent of
sales by 2021, with interim targets. AB 3520 requires 5,316 gigawatthours of solar generation by 2026. SB 2036 has a specific
offshore wind target of 1,100 megawatts of capacity.

(continued on page 9)
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Table 2. Renewable portfolio standards in the 30 States with current mandates (continued)
State Program mandate

NM 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.

NY The Public Service Commission issued updated RPS rules in January of 2010, expanding the program to a 29-percent
requirement by 2015. There is also a separate end-use standard. The program is administered and funded by the State.
NC 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.

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.

PA The Alternative Energy Portfolio Standard, signed into law in November 2004, has an 18-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.

X 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 HB 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.

Colorado

The State strengthened its existing RPS by requiring that 30 percent of sales be generated from renewable sources by 2020 [18].
Investor-owned qualifying utilities must also provide appropriate incentives so that renewable distributed generation makes up
3 percent of total sales [19].

Delaware

Although Delaware's RPS structure remains largely unchanged, Senate Substitute No. 1 for Senate Bill 119 extended the targets
by an additional 5 years, to 2025. In 2025, 25 percent of sales must be from renewable sources. The solar provisions also are
extended, and 3.5 percent of sales must come from electricity generated by solar photovoltaic cells [20].

Massachusetts

After temporarily suspending biomass eligibility on the basis of a study of life-cycle carbon emissions from biomass feedstocks,
the Commonwealth changed its RPS to clarify and restrict the sources of biomass that will be eligible to meet its standard [27].
Although the changes attempt to prevent excess CO, emissions from biomass generation, there still is much uncertainty about the
true carbon footprints of various biomass feedstocks, as well as the future of eligible materials. Also, a Solar Carve-Out Program
was added to the State's RPS, requiring additional installations to bring total installed photovoltaic capacity to 400 megawatts
[22].

New Jersey

The State enacted two pieces of legislation affecting its RPS. AB 3520 [23] changed and extended its solar target to require a
fixed amount of renewable generation rather than a percentage of renewable capacity: 5,316 gigawatthours of generation will be
required in 2026. Senate Bill 2036 [24] established an offshore wind target of 1,100 megawatts. However, considerable regulatory
uncertainties remain to be resolved.
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New York

In January 2010, the New York Public Service Commission issued new orders expanding the State-funded RPS program [25]. The
main-tier program seeks to establish 29 percent renewable generation by 2015, including existing capacity that already meets
more than two-thirds of the new mandate. The program will be funded through a limited State fund of $2 billion. Moreover, a
supplemental customer-sited tier will increase installations of end-use solar, wind, and anaerobic digester capacity.

3. Updates on liquid fuels taxes and tax credits

Excise taxes on highway fuels

The handling of Federal highway fuel taxes in AEO2017 is unchanged from AEO20170. Gasoline is taxed at 18.4 cents per gallon,
diesel fuel is taxed at 24.4 cents per gallon, and jet fuel for use in commercial aviation is taxed at 4.4 cents per gallon, as specified
in the 2005 Transportation Equity Act [26]. The taxes are not adjusted for inflation and remain at the same nominal values
through 2035. Although the highway fuel taxes expire in 2011 under current law, their assumed extension is 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 [27].

Federal fuel taxes are the primary source of funding for the Highway Trust Fund, which is used to maintain the interstate highway
system as well as mass transit systems. Recent vehicle efficiency improvements and lower consumer demand have led to shortfalls
in the Trust Fund's revenues over the past few years.

State fuel taxes are calculated and allocated by Census Region, based on a volume-weighted average of diesel, gasoline, and jet fuel
sales. State fuel taxes in AEO2011 are updated to their most recent values (as of June 2010) [28].

Tax credits and tariffs for biofuels

In December 2010, the Tax Relief, Unemployment Insurance Reauthorization, and Job Creation Act of 2010 became law [29].
The law includes an extension through 2011 of the $0.45 per gallon Volumetric Ethanol Excise Tax Credit, which was previously
set to expire at the end of 2010 as specified in the Food, Conservation, and Energy Act of 2008 [30]. The cellulosic biofuels [37]
production tax credit, also specified in the Food, Conservation, and Energy Act of 2008, remains set to expire in January 2013. The
credit is $1.01 per gallon, but if applied to cellulosic ethanol it is reduced by the amount of the excise tax credit available to ethanol
blends (assumed to be $0.45 per gallon through 2011).

In addition, the law includes a retroactive extension (through 2011) of the $1.00 per gallon biodiesel excise tax credit, which had
been set to expire in December 2009. The credit applies to biodiesel made from recycled vegetable oils or animals fats and to
renewable diesel. The tax package also includes an extension through 2011 of the $0.54 per gallon tariff on imported ethanol,
which had been set to expire at the end of 2010. Both extensions are included in the AEO2017 Reference case.

4. California Low Carbon Fuel Standard

California’s LCFS will be administered by CARB [32]. In general, the regulated parties under the LCFS legislation are fuel producers
or importers who sell motor gasoline or diesel fuel in California. The legislation is designed to reduce the carbon intensity of motor
gasoline and diesel fuels sold in California by 10 percent between 2012 and 2020 through the increased sale of alternative low-
carbon fuels. Each low-carbon fuel has its own carbon intensity, based on life-cycle analyses conducted under the guidance of
CARB for a number of approved fuel pathways. The carbon intensities are calculated on an energy-equivalent basis, measured in
grams of CO,-equivalent emissions per megajoule.

The AEO2011 Reference case incorporates the California LCFS, using CARB’s mandated carbon intensities and approved fuel
pathways [33]. Although NEMS is not a State-level model, CARB-mandated gasoline and diesel are modeled separately from
other gasoline and diesel sold in the Pacific Census Division 9 (which also includes Washington, Oregon, Alaska, and Hawaii).
In cases where data for California are not available, information from Census Division 9 is used as a proxy. Because CARB has
not yet officially quantified penalties for LCFS noncompliance, the Reference case incorporates a monetary penalty estimated to
encourage compliance, based on relevant provisions in the California Health and Safety Code [34].

Carbon intensities provide a measure of complete well-to-wheels or life-cycle emissions of each fuel pathway, including indirect
land-use change (ILUC) penalties where applicable [35]. The ILUC penalty is used to account for potential changes in land use as
the production of biofuels increases. Because the science behind the ILUC penalty is relatively new and still controversial, potential
revisions and updates are expected as the LCFS evolves. For example, AEO2077 assumes that corn ethanol is treated as having 20
percent lower GHG emissions than gasoline.

The fuel pathways used in EIA's analysis include existing technologies—such as Midwestern corn ethanol, imported sugarcane
ethanol, and soy-based biodiesel—as well as a number of “next-generation” technologies, including cellulosic ethanol and biomass-
to-liquid (BTL) fuels. Other provisions in the LCFS legislation also allow nonregulated parties, such as electricity and hydrogen
producers, to contribute. With the exception of efforts to streamline the development and installation of home charging stations,
there does not appear to be any significant effort at present to promote plug-in vehicles or to enhance public charging stations and
other infrastructure.
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The LCFS results in the transportation into California of additional renewable fuels produced in other regions or countries. To meet
the LCFS gasoline mandate, consumption of motor fuel containing up to 85 percent ethanol (E85) in Census Division 9 increases
to more than 2.4 billion gallons in 2020, allowing a larger share of ethanol consumption to contribute to lowering the gasoline
carbon intensity. For the diesel mandate, every gallon of CARB diesel contains 20 percent biodiesel (the maximum generally
recommended by original equipment manufacturers) by 2017.

The largest source of compliant fuel is sugarcane ethanol, imported primarily from Brazil, and biodiesel. Imported sugarcane
ethanol has a much lower carbon intensity than domestically produced corn ethanol, primarily as a result of production methods
that use fewer fossil fuel inputs. It is assumed that, in the last years of the LCFS program, such next-generation technologies as
cellulosic ethanol and BTL will begin to reach the market and make a larger contribution toward meeting the LCFS. The same can
be said for LCFS-compliant diesel, which requires the blending of more costly biomass-based diesel fuels.

In the later years of the LCFS, gasoline blends with ethanol content greater than E10, such as E85, will be needed for the gasoline
mandate to be met. Even if ethanol with the lowest carbon footprint is used in E10 blends, it will not lower the carbon intensity of
gasoline sufficiently for the LCFS to be met. Consequently, the amount of E85 available in California is a key factor in determining
the mix of fuels with low carbon pathways, such as sugarcane ethanol and cellulosic ethanol, that can be used in meeting the
gasoline mandate. For the diesel mandate, a blend of 20 percent biodiesel is already common today, and with the addition of such
next-generation technologies as BTL fuels that are potentially “drop-in"” fuels usable in existing distribution channels, the mandate
can be met without new infrastructure.

5. Representing impacts of the U.S. EPA’s interim permit review guidelines for surface coal mining operations

In April 2010, the EPA issued a set of new guidelines to several of its regional offices for monitoring 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) [36]. 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 went into effect immediately, they
were subjected to review both by the public and by the EPA’s Science Advisory Board, with a set of final guidelines to be issued in
the spring of 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 Sections 402 and 404 of the CWA, 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 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 January 2011, the EPA issued a final determination effectively denying a Section 404 permit for Arch Coal Company'’s
Spruce No. 1T mountaintop mining operation, which would have resulted in the burial of 6.6 miles of headwater streams under
the spoil of four separate valley fills [37]. Although a Section 404 permit for the mine was approved by the U.S. Army Corps of
Engineers in January 2007, the EPA indicated that additional information had been obtained since then about its earlier concerns
related to the project. The EPA indicated that its action to deny four of the six valley fills proposed for the Spruce No. 1 mine would
protect not only wildlife in the parts of streams directly affected by the proposed mining operation but also the aquatic wildlife
communities downstream from the project site. As was the case with the Hobet 45 mine, the EPA requested that Arch Coal submit
possible corrective actions to the Spruce No. 1 mine plan to mitigate environmental impacts. Primarily on the basis of economic
considerations, Arch Coal declined to offer additional changes to the proposed plan for the mine.

In AEO2011, the impact of the EPA’s April 2010 guidelines for surface coal mining operations is represented by downward adjustments
to the coal mining productivity assumptions for Central Appalachian surface mines (Figure 5), resulting in slightly higher estimated
production costs for the region and mine type. The assumed productivity levels for Central Appalachian surface mines are roughly
15 to 20 percent lower than those that would have been used for a case without the EPA's new permit review guidelines. The revised
productivity levels are based on the assumption that large surface mining operations will decline gradually toward the productivity
levels for smaller surface mines in the region as a result of the more restrictive guidelines for overburden management at large
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mountaintop mining operations. No adjustments were made to the productivity assumptions for other Appalachian supply regions
in response to the new EPA permit review guidelines, because few if any surface mining operations in other regions employ the
mountaintop removal method.

6. EPA approval of E15 waiver

In October 2010, the EPA approved a waiver for the use of motor gasoline blends containing up to 15 percent ethanol (E15) in MY
2007 and newer vehicles—an increase over the 10 percent ethanol limit (E10) set in 1978 [38]. In January 2011, the EPA extended
the waiver to vehicles manufactured in years 2001-2006 [39]. That change was incorporated in the modeling for AEO2011.

Although the EPA's January 2011 ruling will allow the use of E15 blend in approximately 60 percent of the current vehicle fleet, there
are issues that may limit its widespread adoption:

* Retailers must justify the significant costs of upgrading pumps and storage tanks while weighing the prospects for increased
liability and uncertain consumer acceptance. Because the majority of U.S. service stations are “pay at the pump,” there is
concern about potential liability for engine damage resulting from consumer misfueling in motor vehicles not approved for E15
use, as well as in small engine applications. In addition, much of the retail outlet infrastructure for blends containing more than
10 percent ethanol lacks Underwriter Laboratory certification, creating concerns about the costs of any equipment malfunctions.

* |Inaddition to liability issues, infrastructure costs in the form of blender pumps and additional storage tanks could deter retailers
from choosing to offer a higher ethanol blend. Most service stations use two storage tanks, one containing a regular E10 blend
and the other a premium blend. Adding a higher E15 blend could force service station owners either to add an additional tank
and modified pumps or to stop offering E10 gasoline blends or profitable premium-grade fuels.

* Retailers may be unwilling to commit to E15 in the short term, because consumer acceptance is uncertain. Warning labels about
possible engine damage could dampen consumer demand, despite educational efforts.

To examine the potential impacts of high and low penetration of E15 fuel in retail markets, two sensitivity cases were compared with
the AEO2011 Reference case. In the High E15 case, ethanol blending above 10 percent occurs earlier in the projection and increases
more rapidly than in the Reference case. The High E15 case also assumes that any State which currently has laws or regulations
prohibiting ethanol blends above 10 percent or oxygenate content in excess of 3.5 percent will remove those restrictions by 2015.
As a result, ethanol use for gasoline blending increases to 18.1 billion gallons in 2015, compared with 15.8 billion gallons in the
Reference case, and to 21.2 billion gallons in 2020, compared with 17.8 billion gallons in the Reference case.

Most of the additional ethanol needed to meet increased demand in the High E15 case is corn ethanol produced domestically,with
cellulosic ethanol and imported ethanol beginning to make larger contributions after 2020. Ethanol blending increases to 14.5
percent of the motor gasoline pool in 2020—compared with 12.4 percent in the Reference case—and to 14.8 percent in 2035.

In the Low E15 case, the results are similar to those in the Reference case, and many of the infrastructure and regulatory barriers
reflected in the Reference case govern the dynamics in the Low E15 case. Ethanol blending in the Low E15 case never rises above
11.5 percent of the motor gasoline pool and is 11.4 percent in 2035. Total ethanol supply in 2020 is almost 2 billion gallons less
than in the Reference case, but with E85 consumption increasing at a faster rate after 2020, it reaches levels similar to those in the
Reference case. In 2035, E85 use in the Low E15 case totals about 12 billion gallons, or 2 billion gallons more than in the Reference
case. In both cases, total ethanol supply in 2035 is approximately 28 billion gallons.

Rapid increases in E85 consumption in the Reference, High

Figure 5. Surface coal mining productivity in Central E15, and Low E15 cases indicate the importance for ethanol
Appalachia, 1980-2035 (short tons per miner per hour) producers of E85 availability after the motor gasoline blending

) o pool has been saturated, even with an increase to a 15-percent
6 History 2009 Projections limit for ethanol blends. Growth in E85 consumption is

affected by the level of demand for ethanol in gasoline blends,
particularly in the High E15 case. Because most of the growth
in ethanol use for blending occurs in the near term in the High
E15 case, growth in E85 use begins later (in 2024) than in the
4 \’\ Reference and Low E15 cases (2016).

While more ethanol blended into gasoline reduces its energy

AE02010 content and often the miles per gallon of the vehicle using it,
AEQ2011 assumes that only E85 will be priced at a discount
2 AEO2011 for its lower energy content. E10 and E15 are assumed to

compete for demand on price alone. Nevertheless, the ability
to switch out volumes of E85 with E15 can be expected
to affect gasoline pricing. When E15 penetration is high,
gasoline prices are lower, because more of the less expensive
0 ; : : : : . blend stock (ethanol) is used. In addition, there is less need
1980 1990 2000 2009 2015 2025 2035 to encourage E85 demand by subsidizing infrastructure cost
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and E85 prices with higher gasoline prices. With low penetration the opposite is true: gasoline prices are higher, because more
cost recovery is needed for E85 marketing and infrastructure, and less ethanol is available for blending.

7. Mandates for low-sulfur heating oil in the Northeast

During 2010, Connecticut [40], Maine [47], New Jersey [42], and New York [43] passed legislation to reduce the maximum
allowable sulfur content of heating oil sold in their markets. Pennsylvania proposed a similar law, but it was not approved.
Connecticut and Maine will begin regulating maximum sulfur content by mid-2011, with Connecticut reducing the maximum to 50
parts per million (ppm) and Maine reducing the maximum to 15 ppm. The Connecticut law includes a second reduction to 15 ppm
in 2014. Connecticut and Maine also put in place requirements for 2-percent biodiesel content in heating oil, starting in mid-2011.
The New Jersey legislation reduces the maximum sulfur content to 500 ppm in 2014 and includes a second reduction to 15 ppm
in 2016. New York reduced the maximum sulfur content to 15 ppm starting in 2012. The new laws in each of the four States are
included in AEO2011.

On February 1, 2011, the U.S. Department of Energy also announced plans to convert the inventory of almost 2 million barrels in
the Northeast Heating Oil Reserve to cleaner burning ultra-low-sulfur distillate. The first phase of this transition was the sale of the
2 million barrels of heating oil in February 2011. The receipts from those sales will be used to purchase ultra-low-sulfur heating oil
to refill the reserve before the 2011-2012 heating oil season begins.
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Endnotes for legislation and regulations

Links current as of April 2011
1. Connecticut State Senate, Bill 382, “An Act Requiring Biodiesel Blended Heating Oil and Lowering the Sulfur Content of Heating
Qil Sold in the State,” website www.cga.ct.gov/2010/TOB/S/2010SB-00382-RO0-SB.htm.

2. Maine State Legislature, “An Act To Establish Biofuel and Ultra-low Sulfur Requirements for Number 2 Home Heating Oil,”
website www.mainelegislature.org/legis/bills/bills_124th/billtexts/HP116001.asp.

3. New Jersey State Department of Environmental Protection, Amendment N.J.A.C. 7:27-9.2, “Sulfur in Fuels,” website www.nj.gov/
dep/rules/adoptions/adopt_100920a.pdf.

4. New York State Senate, Bill S1145C, “S1145C-2009: Requires a Reduction in Sulfur Emissions for All Heating Oil Used in Non-
Attainment Areas,” website http://open.nysenate.gov/legislation/bill/S1145C-2009%.

5. California Air Resources Board, LCFS Final Regulation Order, “Low Carbon Fuel Standard,” website www.arb.ca.gov/regact/2009
Icfs09/finalfro.pdf.

6.111th Congress, Public Law 312, “Tax Relief, Unemployment Insurance Reauthorization, and Job Creation Act of 2010,” Sections
701, 704, and 708, website www.gpo.gov/fdsys/pkg/PLAW-111publ312/html/PLAW-111publ312.htm.

7.U.S. Environmental Protection Agency, “E15 (A Blend of Gasoline and Ethanol),” website www.epa.gov/otag/regs/fuels/additive/e15.

8. U.S. Environmental Protection Agency, “April 1, 2010 Memorandum: Improving EPA Review of Appalachian Surface Coal Mining
Operations Under the Clean Water Act, National Environmental Policy Act, and the Environmental Justice Executive Order,”
website http:/water.epa.gov/lawsregs/guidance/wetlands/mining.cfm#memo20100401.

9. Regional Greenhouse Gas Initiative, “Fact Sheet: The Regional Greenhouse Gas Initiative (RGGI),” website www.rggi.org/docs
RGGI_Fact Sheet.pdf.

10. Regional Greenhouse Gas Initiative, “Auction Results,” website www.rggi.org/market/co2 auctions/results.

11. California Air Resources Board, Climate Change Scoping Plan: A Framework for Change, (Sacramento, CA: December 2008),
website www.arb.ca.gov/cc/scopingplan/document/adopted scoping plan.pdf.

12. California Air Resources Board, Climate Change Scoping Plan: A Framework for Change, (Sacramento, CA: December 2008),
website www.arb.ca.gov/cc/scopingplan/document/adopted scoping plan.pdf.

13. On April 12, 2011, California Governor Jerry Brown signed into law a 33-percent RPS that replaces the previous Executive Order.
The new law can be viewed at http:/leginfo.ca.gov/pub/11-12/bill/sen/sb_0001-0050/sbx1 2 bill 20110412 chaptered.pdf.

14. State of California Air Resources Board, “California Cap-and-Trade Program Resolution 10-42" (December 26, 2010), website
www.arb.ca.gov/cc/capandtrade/capandtrade/draft%20resolution.pdf.

15. W. Buchanan, “Calif. Cap-Trade Plan Dealt Blow by S.F. Judge,"San Francisco Chronicle (San Francisco, CA: February 4, 2011),
website http://articles.sfgate.com/2011-02-04/news/27100791 1 air-board-ab32-emissions-plan.

16. More information about DSIRE can be found at website www.dsireusa.org/about.

17. State of California, Air Resources Board, Resolution 10-23 (September 23, 2010), website www.arb.ca.gov/regact/2010
res2010/res1071.pdf.

18. State of Colorado, 67th General Assembly, House Bill 10-1001 (March 2010), website www.leg.state.co.us/CLICS/CLICS2010A
csl.nsf/BillFoldersAll?OpenFrameSet.

19. Colorado Department of Regulatory Agencies, Public Utilities Commission, “Rules Regulating Electric Utilities,” website www.
dsireusa.org/documents/Incentives/CO24R.pdf.

20. State of Delaware, 145th General Assembly, Senate Bill #119, Senate Substitute No. T (June 18, 2010), website www.legis.
delaware.gov/LIS/1is145.nsf/vwlLegislation/SB+119/%file/legis.html?open.

21. Commonwealth of Massachusetts, Executive Office of Energy and Environmental Affairs, “Renewable Portfolio Standard -
Biomass Policy Regulatory Process,” website www.mass.gov/?pagelD=eoceeaterminal&lL=4&L0=Home&L1=Energy%2C+Util
ities+%26+Clean+Technologies&lL2=Renewable+Energy&l 3=Biomass&sid=Eoeea&b=terminalcontent&f=doer_renewables
biomass_policy-reg-process&csid=FEoeea.
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Introduction

The "“Issues in focus” section of the Annual Energy Outlook (AEO) provides an in-depth discussion on topics of special interest, including
significant changes in assumptions and recent developments in technologies for energy production and consumption. Detailed
quantitative results are available in Appendix D. The first topic updates a discussion included in the Annual Energy Outlook 2010
(AEOQ2010) that compared the results of two cases with different assumptions about the future course of existing energy policies.
One case assumes the elimination of sunset provisions in existing energy policies; that is, the policies are assumed not to sunset as
they would under current law. The other case assumes the extension of a selected group of existing policies—corporate average fuel
economy (CAFE) standards, appliance standards, and production tax credits (PTCs)—in addition to the elimination of sunset provisions.

Other topics include (2) a discussion of projected trends in world oil supply and prices based on assumed changes in demand from
countries outside the Organization for Economic Cooperation and Development (OECD) or in the availability of oil supply from
the Organization of the Petroleum Exporting Countries (OPEC); (3) an examination of the potential impacts of proposed revisions
to CAFE standards for light-duty vehicles (LDVs); (4) potential impacts of proposed CAFE standards for heavy-duty trucks; (5)
potential impacts of a series of updates to efficiency standards for residential and commercial appliances, alone or in combination
with revised building codes; (6) an analysis of potential impacts on natural gas and crude oil production of expanded drilling in U.S.
offshore fields; (7) prospects for shale gas; (8) the impacts of cost uncertainty on the construction of new electric power plants;
(9) the economics of carbon capture and storage; and (10) the impacts of proposed U.S. Environmental Protection Agency (EPA)
regulations in the electric power sector.

The topics explored in this section represent current and 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 2010, 2009, and 2008 AEOs
that are likely to be of interest to today’s readers—excluding topics that are updated in AEO20T71. The articles listed in Table 3 can
be found on the U.S. Energy Information Administration’s (EIA’s) website at www.eia.gov/analysis/reports.cfm?t=128.

1. No Sunset and Extended Policies cases

Background

The Annual Energy Outlook 2011 (AEO2011) Reference case is best described as a “current laws and regulations” case, because
it generally assumes that existing laws and current regulations will remain unchanged throughout the projection period, unless
the legislation establishing them sets a sunset date or specifies how they will change. The Reference case often serves as a
starting point for the analysis of proposed legislative or regulatory changes. While the definition of the Reference case is relatively
straightforward, there may be considerable interest in a variety of alternative cases that reflect the updating or extension of current
laws and regulations. In that regard, areas of particular interest 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. Department of Energy (DOE) and CAFE and greenhouse gas (GHG) emissions standards for vehicles issued
by National Highway Traffic Safety Administration (NHTSA) and the EPA.

* Laws or regulations that allow or require the appropriate regulatory agency to issue new or revised regulations under certain
conditions. Examples include the numerous provisions of the Clean Air Act (CAA) that require the EPA to issue or revise
regulations if it finds that an environmental quality target is not being met.

Table 3. Key analyses of interest from Issues in focus in recent AEOs

AEQ2010 AE02009 AE02008
Energy intensity trends in AEO2070 Economics of plug-in hybrid electric vehicles  Impacts of uncertainty in energy project
costs

Natural gas as a fuel for heavy trucks: issues  Impact of limitations on access to oil and Limited Electricity Generation Supply and

and incentives natural gas resources in the Federal Outer Limited Natural Gas Supply cases
Continental Shelf

Factors affecting the relationship between Expectations for oil shale production Trends in heating and cooling degree-days:

crude oil and natural gas prices Implications for energy demand

U.S. nuclear power plants: continued life or Bringing Alaska North Slope natural gas to Liquefied natural gas: Global challenges

replacement after 607 market

Accounting for carbon dioxide emissions Tax credits and renewable generation

from biomass energy combustion

Greenhouse gas concerns and power sector
planning
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To provide some insight into the sensitivity of results to different characterizations of baseline policies, 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 AEO2011
Reference case, except as identified below. Changes from the Reference case assumptions in these cases include the following.

No Sunset case

Extension of tax credits for renewable energy sources in the utility, industrial, and buildings sectors and for energy-efficient
equipment in the buildings sector, including:

- The PTC of 2.1 cents per kilowatthour or the 30-percent investment tax credit (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, are assumed to be extended indefinitely.

- 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.

- Inthe 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 ITCs 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 combined heat and power (CHP) that ends in 2016 in the AEO20177 Reference case is
assumed to be extended through 2035.

Extension through 2035 of the $0.45 per gallon blender's tax credit for ethanol (set to expire at the end of 2011).
Extension through 2035 of the $1.00 per gallon biodiesel excise tax credit (set to expire at the end of 2011).
Extension through 2035 of the $0.54 per gallon tariff on imported ethanol (set to expire at the end of 2011).
Extension through 2035 of the PTC for cellulosic biofuels of up to $1.01 per gallon (set to expire at the end of 2012).

Extended Policies case

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 equipment efficiency standards are updated at particular intervals consistent with the provisions in the existing law,
with the levels based on ENERGY STAR specifications, or Federal Energy Management Program (FEMP) purchasing guidelines
for Federal agencies. Standards are also introduced for products that currently are not subject to Federal efficiency standards.

Updated Federal residential and commercial building energy codes reach 30-percent improvement in 2020 relative to the 2006
International Energy Conservation Code (IECC) in the residential sector and the American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE) Building Energy Code 90.1-2004 in the commercial sector. Two subsequent rounds in
2023 and 2026 each add an assumed 5-percent incremental improvement to building energy codes.

The equipment standards and building codes assumed for the Extended Policies case are meant to illustrate the potential effects
of these polices on energy consumption for buildings. No cost-benefit analysis or evaluation of impacts on consumer welfare
was completed in developing the assumptions. Likewise, no technical feasibility analysis was conducted, although standards
were not allowed to exceed “maximum technologically feasible” levels described in DOE's technical support documents.

The Extended Policies case modifies the Reference case by assuming a 3-percent annual increase in fuel economy standards for
new LDVs from model year (MY) 2017 through MY 2025, with subsequent CAFE standards held constant. CAFE standards for
LDVs increase from 34.1 miles per gallon (mpg) in MY 2016 to 46.0 mpg in MY 2025.

The AEO2011 Reference case and Extended Policies case include both the attribute-based CAFE standards for LDVs for MY 2011
and the joint attribute-based CAFE and vehicle GHG emissions standards for MY 2012 to MY 2016. However, the Reference
case assumes that LDV CAFE standards increase to 35 miles per gallon by MY 2020, as called for in the Energy Independence
and Security Act of 2007 (EISA2007). CAFE standards are then held constant in subsequent model years, although the fuel
economy of new LDVs continues to rise modestly over time.

The extensions of the blender’s and all biofuels excise tax credits and import tariffs through 2035 adopted in the No Sunset
case are not included in the Extended Policies case. The renewable fuels standard (RFS) enacted in EISA2007 is an alternative
instrument for stimulating demand for biofuels. It already is represented in the AEO2070 Reference case, and it tends to be the
binding driver on biofuels rather than the tax credits.
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* In the industrial sector, CHP tax credits are extended to cover all system sizes rather than applying only to systems under
50 megawatts, and the maximum credit (cap) is increased from $15,000 to $25,000 per system. These extensions are
consistent with previously proposed or pending legislation.

Analysis results

The changes made to Reference case assumptions in the No Sunset and Extended Policies cases generally lead to lower
estimates for overall energy consumption, increased use of renewable fuels, particularly for electricity generation,
and reduced energy-related carbon dioxide (CO;) emissions. Because the Extended Policies case includes most of the
assumptions in the No Sunset case but adds others, the impacts in the Extended Policies case tend to be greater than those
in the No Sunset case. Although these cases show lower energy prices—because 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 6). Improvements in energy
efficiency lead to slightly reduced consumption in this case, despite somewhat lower energy prices.

Total energy consumption in the Extended Policies case, which assumes the issuance of more stringent efficiency standards for
end-use equipment and LDVs in the future, is lower than in the Reference case. In 2035, total energy consumption in the Extended
Policies case is nearly 7 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 2021, has the potential
to reduce their electricity use by 50 percent from the Reference case level in 2035. Overall, delivered energy use in the buildings
sector in 2035 is 8.5 percent lower in the Extended Policies case than in the Reference case.

Transportation energy consumption

The Extended Policies case modifies the Reference case by assuming a 3-percent annual increase in the stringency of CAFE
standards for MY 2017 to MY 2025, with subsequent standards held constant. The LDV CAFE standards in the Extended Policies
caseincrease from 34.1mpgin 2016 to 46.0 mpgin 2025, as compared with 35.6 mpg in the Reference case. Sales of unconventional
vehicles (including those that use diesel, alternative fuels, and/or hybrid electric systems) play a substantial role in meeting the
higher fuel economy standards, growing to around 70 percent of new LDV sales in 2035, compared with about 40 percent in the
Reference case.

As aresult of more stringent CAFE standards, LDV energy consumption declines in the Extended Policies case, from 16.1 quadrillion
British thermal units (Btu) (8.6 million barrels per day) in 2009 to 14.8 quadrillion Btu (8.3 million barrels per day) in 2025 and
14.4 quadrillion Btu (8.1 million barrels per day) in 2035—representing a 10-percent reduction from the Reference case in 2025 and
a 19-percent reduction in 2035 (Figure 7). Liquid fuel consumption in the transportation sector continues to grow in the Extended
Policies case, from 13.6 million barrels per day in 2009 to 14.1 million in 2025 and 14.2 million in 2035, but at a slower rate than in
the Reference case. Cumulative consumption of liquid fuel for transportation between 2017 and 2035 drops by 6.5 billion barrels,
or 6 percent, in comparison with the Reference case.

Figure 6. Total energy consumption in three cases, Figure 7. Total liquid fuels consumption for
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Renewable electricity generation

The extension of tax credits for renewables through 2035 would, over the long run, lead to more rapid growth in renewable
generation than projected in the Reference case. When the renewable tax credits are extended without extending energy
efficiency standards, as is assumed in the No Sunset case, there is a significant increase in renewable generation in 2035 relative
to the Reference case projection (Figure 8). 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 a significant 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.

In the Reference case, growth in renewable generation accounts for 26 percent of total generation growth from 2009 to 2035.
In the No Sunset and Extended Policies cases, growth in renewable generation accounts for 36 to 38 percent of total generation
growth. In 2035, the share of total electricity generation accounted for by renewables is 14 percent in the Reference case, as
compared with 16 percent in the No Sunset case and the Extended Policies case.

In all three cases, the most rapid growth in renewable capacity occurs in the near term. After that, the growth slows through
2020 before picking up again. Before 2015, ample supplies of renewable energy in relatively favorable resource areas
(such as windy lands or accessible geothermal sites), combined with the Federal incentives, make renewable generation
competitive with conventional sources. 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 some regions,
attractive low-cost renewable resources already have been exploited, leaving only less favorable sites that may require
significant investment in transmission as well as other additional infrastructure costs. Starting around 2020, significant
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 generation from nuclear and fossil fuels is reduced from the levels in the Reference case (Figure 9). Natural gas
represents the largest source of displaced generation. In 2035, electricity generation from natural gas is 8 percent lower in the No
Sunset case and 16 percent lower in the Extended Policies case than in the Reference case.

Energy-related CO, emissions

In the No Sunset and Extended Policies cases, lower overall energy demand leads to lower levels of energy-related CO, emissions
than in the Reference case. The Extended Policies case shows much larger emissions reductions than the No Sunset and Reference
cases, in part, due to the inclusion of a tighter CAFE policy for transportation. From 2012 to 2035, energy-related CO, emissions
are reduced by a cumulative total of 5.2 billion metric tons (a 3.7-percent reduction over the period) in the Extended Policies case
from the Reference case projection, as compared with 0.7 billion metric tons (a 0.5-percent reduction over the period) in the No
Sunset case (Figure 10). The increase in fuel economy assumed for new LDVs in the Extended Policies case leads to nearly one-half
the total reduction in CO, emissions in the Reference case projection by 2035. The balance of the reduction in CO, emissions is due
to greater efficiency improvement in appliances and increased penetration of renewable of electricity generation.

Figure 8. Renewable electricity generation
in three cases, 2005-2035 (billion kilowatthours)
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Figure 9. Electricity generation from natural gas
in three cases, 2005-2035 (billion kilowatthours)
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The majority of the emissions reductions in the No Sunset case are the result of increases in electricity generation from renewable
fuels. By convention, emissions associated with the combustion of biomass for electricity generation are not counted, because
they are assumed to be balanced by carbon uptake when the feedstock is grown. A small reduction in transportation sector
emissions in the No Sunset case is counterbalanced by an increase in emissions from refineries during the production of synthetic
fuels that receive tax credits. Relatively small incremental reductions in emissions are attributable to renewables in the Extended
Policies case, mainly because electricity demand is lower than in the Reference case, reducing the consumption of all fuels used
for generation, including biomass.

In the residential sector, in both the No Sunset and Extended Policies cases, water heating, space cooling, and space heating
together account for most of the emissions reductions from Reference case levels. In the commercial sector, only the Extended
Policies case sees substantial emission reductions in those categories.

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 in the Reference case. In 2035, natural gas wellhead prices are $0.21 per thousand
cubic feet (3 percent) and $0.60 per thousand cubic feet (9 percent) lower in the No Sunset and Extended Policies cases,
respectively, than in the Reference case (Figure 11), and electricity prices are 2 percent and 6 percent lower than in the
Reference case (Figure 12).

The reductions in energy consumption and CO, emissions in the Extended Policies case require additional equipment costs to

consumers and revenue reductions for the U.S. Government. From 2011 to 2035, residential and commercial consumers spend
an additional $11 billion per year (in real 2009 dollars)

Figure 10. Energy-related carbon dioxide emissions on average for newly purchased end-use equipment,
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million per year in the Reference case. Additional reductions in Government tax revenue in the No Sunset case result from
extensions of both the ethanol and biodiesel blenders tax credits and the cellulosic biofuels PTC, with annual average tax revenue
reductions over the period from 2011 to 2035 of $3.1 billion per year (2009 dollars) in comparison with the Reference case.

2. World oil price and production trends in AE02011

The world oil price is represented in AEO2011 as the price of light, low-sulfur crude oil delivered at Cushing, Oklahoma. Projections of
future supply and demand are made for “liquids.” The term “liquids” refers to conventional petroleum liquids, such as conventional
crude oil, natural gas plant liquids, and refinery gain, in addition to unconventional liquids, such as biofuels, bitumen, coal-to-
liquids (CTL), coal- and biomass-to-liquids, gas-to-liquids (GTL), extra-heavy oils, and oil shale (derived from kerogen).

World oil prices are influenced by a number of factors, some of which have mainly short-term impacts. Others, such as expectations
about world oil demand and OPEC production decisions, affect prices in the longer term. Supply and demand in the world oil
market are balanced through responses to price movements, and the factors underlying expectations for supply and demand
are both numerous and complex. The key factors determining long-term expectations for oil supply, demand, and prices can be
summarized in four broad categories: the economics of non-OPEC conventional liquids supply; OPEC investment and production
decisions; the economics of unconventional liquids supply; and world demand for liquids.

In 2010, the “prompt month contract” for crude oil (the contract for the nearest month'’s trading) remained relatively steady from
January to November, at a monthly average between $74 and $84 per barrel (2009 dollars), before increasing to just over $89 per
barrel in December [44].

Long-term prospects

In past AEOs, High Oil Price and Low Oil Price cases have been used to explore the potential impacts of changes in world liquids
supply on world (and U.S.) oil markets as a result of either OPEC production decisions or changes in economic access to non-OPEC
resources. In AEO2011, the High Oil Price and Low Oil Price cases have been expanded to incorporate alternative assumptions
about liquids supply, economic developments, and liquids demand as key price determinants. The assumed price paths in the
AEQ2011 High and Low Qil Price cases bracket a broad range of possible future world oil price paths, with prices in 2035 (in real
2009 dollars) at $200 per barrel in the High Qil Price case and $50 per barrel in the Low Oil Price case, as compared with $125 in
the Reference case (Figure 13). This is by no means the full range of possible future oil price paths.

Reference case

The global oil market projections in the AEO2011 Reference case are based on the assumption that current practices, politics, and
levels of access will continue in the near to mid-term. The Reference case assumes that continued robust economic growth in
the non-OECD nations, including China, India, and Brazil, will more than offset relatively tepid growth projected for many OECD
nations. In the Reference case, non-OECD liquids consumption is about 25 million barrels per day higher in 2035 than it was in
2009, but OECD consumption grows by less than 3 million barrels per day over the same period. Total liquids consumption grows
to 103 million barrels per day by 2030 and 111 million barrels per day by 2035.

The AEO2011 Reference case assumes that limitations on economic access to resources in many areas restrain the growth of
non-OPEC conventional liquids production over the projection period and that OPEC production meets a relatively constant
share of about 40 percent of total world liquids supply. With those constraining factors, satisfying the growing world demand

for liquids in coming decades requires production from higher

Figure 13. Average annual world oil prices cost resources, particularly for non-OPEC producers with
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Low Qil Price cases

In earlier AEOs, the Low Qil Price case assumed that significantly improved access to resources and the willingness of
OPEC members to increase their market share would result in low prices and ample supplies, leading to strong increases in
demand over the long term. For AEO2017], the Low Oil Price case has been changed to one in which relatively low demand
for liquids, combined with greater economic access to and production of conventional resources, results in sustained low
oil prices. In particular, the new Low Oil Price case focuses on demand in non-OECD countries, where uncertainty about
future growth is much higher than in the OECD nations. The AEO2077 Low Qil Price case assumes that world oil prices fall
steadily after 2011 to about $50 per barrel in 2030 and stabilize at that level through 2035, and that relatively low gross
domestic product (GDP) growth in the non-OECD countries, compared to the Reference case, keeps their liquids demand
at relatively low levels. Average annual GDP growth in the non-OECD nations is assumed to be 1.5 percentage points lower
than in the Reference case, or about 3.6 percent on average. The result is that non-OECD demand for liquids in 2035 is 15
million barrels per day lower than would have been projected in previous AEOs, as represented in the AEO2017 Traditional
Low Qil Price case. Total world liquids consumption rises to only 108 million barrels per day in 2035 in the AEO2077 Low
Oil Price case.

In both the Low Qil Price case and the Traditional Low Qil Price case, low prices limit the development of relatively expensive
unconventional supplies. Thus, the volumes of unconventional production supplied are the same in the two cases (Figure 15).
Similarly, there is only a modest difference between the volumes of non-OPEC conventional liquids supplies in the two cases. In
contrast, OPEC conventional liquids supplies, which increase by about 28 million barrels per day in the Traditional Low Qil Price
case, increase by only about 15 million barrels per day in the Low Qil Price case.

High Oil Price cases

In the AEO2011 High Qil Price case, high demand for liquids, combined with more constrained supply availability, results in a sharp,
continued increase in world oil prices. As in the Low Oil Price case, GDP growth is used as a proxy for liquids demand growth in the
non-OECD nations. Annual GDP growth in non-OECD nations is assumed to be 1.0 percentage points higher in the High Oil Price
case than in the Reference case, or 5.7 percent on average. Coupled with more constrained supply, oil prices increase to $200 per
barrel in 2035 as a consequence. Despite the higher prices, however, total world liquids consumption grows to 115 million barrels
per day in the High Qil Price case, or 4 million barrels per day higher than in the Reference case. In contrast, in the Traditional High
Oil Price case, only world liquids supply strategies are assumed to result in higher oil prices and tight supplies, which constrain
increases in demand over the long term.

In both the High Qil Price case and the Traditional High Qil Price case, high prices and restrictions on the production of lower cost
conventional liquids encourage the development of relatively expensive unconventional supplies. The outlook is similar in the two
cases, with about 20 million barrels per day of unconventional resources brought to market in 2035. Non-OPEC liquids supplies
are slightly higher in the High Qil Price case than in the Traditional High Qil Price case, but the largest difference between the two
cases is in conventional OPEC supplies. The High Oil Price case assumes that OPEC will increase production to maximize revenues,
because demand in non-OECD nations is not dampened by high prices. In this case, OPEC conventional liquids supplies increase
by almost 8 million barrels per day from 2009 to 2035, as compared with a decline of 2 million barrels per day in the Traditional
High Oil Price case.

Figure 14. Total liquids production by source in the Figure 15. Differences from Reference case
Reference case, 2000-2035 (million barrels per day) liquids production in four Qil Price cases, 2035
(million barrels per day)
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3. Increasing light-duty vehicle greenhouse gas and fuel economy standards for model years 2017 to 2025

EPA Notice of Intent to conduct a joint rulemaking

In September 2010, the EPA and NHTSA issued a Notice of Intent to issue a proposed rule that will set GHG emissions and fuel
economy standards for LDVs for MY 2017 through MY 2025 [45]. The LDV standards cover both passenger cars and light trucks.
The notice provides an initial GHG emissions assessment for several potential levels of stringency, representing decreases of 3, 4,
5, and 6 percent per year in GHG emissions and corresponding increases in mpg equivalent fuel efficiency levels from the MY 2016
fleetwide average of 250 grams per mile. For each level of stringency, four technological pathways were analyzed, corresponding
to different penetration mixes of advanced gasoline technologies, vehicle mass reductions, and advanced hybrid electric, plug-in
hybrid electric, and plug-in electric vehicles.

The four technological pathways were not meant as requirements but were used to show that the potential levels of stringency
examined by the EPA and NHTSA are technically feasible. Although the notice provided an initial evaluation of a potential range
of increases in stringency, it recognized that much more technological and economic analysis would be needed before a specific
standard could be released. The EPA and NHTSA expect to release a proposed rulemaking in September 2011 and to issue a final
rulemaking by July 2012.

Sensitivity cases

Two sensitivity cases were used to analyze the impacts of more stringent GHG emissions and fuel economy standards on LDVs in
MY 2017 through MY 2025. Fuel economy and GHG emissions standards for MY 2011 through MY 2016 have been promulgated
already as final rulemakings, and are already represented in the Reference case; they were, therefore, not modified in these
sensitivity cases.

The CAFE 3% Growth (CAFE3) case is a modified Reference case that assumes a 3-percent annual increase in fuel economy standards
for MY 2017 through MY 2025 LDVs, starting from the levels for MY 2016 LDVs, with the subsequent post-MY 2025 standards
held constant. In 2025, the combined LDV fuel economy standard, at 46.1 mpg, is 29 percent higher than the standard assumed in
the AEO2011 Reference case. The CAFE 6% Growth (CAFE6) case assumes a 6-percent annual increase in fuel economy standards
for new LDVs from MY 2016 levels for MY 2017 through MY 2025, with the subsequent standards held constant. In 2025, the LDV
fuel economy standard, at 59.3 mpg, is 66 percent higher than the standard assumed in the Reference case (Figure 16). For new
passenger cars, the fuel economy standard in 2025 is 40.4 mpg in the Reference case, 53.5 mpg in the CAFE3 case, and 75.4 mpg
in the CAFEG6 case. For new light-duty trucks, the fuel economy standard in 2025 is 29.7 mpg in the Reference case, 38.1 mpg in the
CAFE3 case, and 45.5 mpg in the CAFE6 case.

The standards enacted for MY 2011 through 2016 are attribute-based, using vehicle footprint, and allow credits for alternative
technologies and fuels to be applied toward compliance. The Notice of Intent for MY 2017 through 2025 does not address the
type of attribute standard that would be employed or the structure of credits allowed toward compliance. The sensitivity cases
examined here assume a continuation of the current footprint-based attribute standards, as well as credit banking.

Results

In view of the substantial rate of fuel economy improvement required, compliance with the more stringent CAFE standards cases
would require a rapid increase in sales of unconventional vehicles (those that use diesel, alternative fuels, and/or hybrid electric
systems) and significant improvement in the fuel economy of
conventional vehicles that continue to rely solely on gasoline
spark-ignited engines for motive power (Table 4). Such rapid
changes are likely to challenge the financial, engineering, and
80 o production capabilities of the automotive industry. In addition,

increased costs for vehicles that employ technologies

unfamiliar to consumers could result in lower new vehicle
60 CAFEG6 sales relative to the Reference case.

Figure 16. Combined CAFE standards for light-duty
vehicles in three cases, 2005-2035 (miles per gallon)
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in the CAFE3 case and nearly 90 percent in the CAFE6 case, as compared with 40 percent in the Reference case. In the CAFE3
case, the largest increases in new sales market shares are among hybrid electric, diesel, and micro hybrid systems in conventional
gasoline vehicles (Figure 17), all of which are more fuel efficient than their conventional gasoline counterparts. The increase in hybrid
and diesel vehicle sales displaces sales of both conventional gasoline and flex-fuel vehicles. The more stringent standards in the
CAFE®6 case cause an even greater reduction in conventional gasoline and flex-fuel vehicle sales, significantly expanding the market
adoption of plug-in hybrid and all-electric vehicles, which are more fuel efficient than their unconventional counterparts, and even
greater sales share for hybrid electric and diesel vehicles.

While declining as a share of total new vehicle sales, sales of conventional gasoline vehicles without micro hybrid systems still
account for a significant percentage (30 percent) of new vehicles in the CAFE3 case and a less, but stillimportant share (11 percent)
in the CAFE6 case. Conventional gasoline vehicle fuel economy increases in both cases through the introduction of new fuel-
efficient technologies and improved vehicle designs. In order to meet the increased fuel economy requirements, conventional
vehicle subsystems (engine, transmission, aerodynamics, vehicle weight, and horsepower) would have to be modified to ensure
compliance. Included in conventional gasoline vehicle technologies but counted separately in the discussion above are micro
hybrid systems, which are present in 36 percent of conventional gasoline vehicles in the CAFE3 case and 58 percent in the CAFE6
case in 2025, compared with 12 percent in the Reference case.

The market adoption of unconventional vehicles and inclusion of additional technologies that improve the fuel economy
of conventional gasoline vehicles results in higher average prices for new LDVs compared to the Reference case. As a result,
while vehicle operating costs would fall (see below), consumers would need to purchase more expensive vehicles (Figure 18). A
distribution of vehicle sales by price in 2010, derived from Ward's Automotive data [46], shows that 31 percent of the new vehicles
purchased by consumers were within a price range of $10,000 to $25,000, 49 percent within $25,000 to $35,000, and 19 percent
at prices above $35,000. In the CAFE3 case, the distribution in 2025 shifts to 15 percent within $10,000 to $25,000, 61 percent
within $25,000 to $35,000, and 24 percent above $35,000 (all 2009 dollars). The sales distribution in 2025 shifts even more
in the CAFE6 case, with 9 percent within $10,000 to $25,000, 56 percent within $25,000 to $35,000, and 35 percent above
$35,000 (all 2009 dollars).

The cases estimate a demand response for new vehicle sales as a result of changes in average new vehicle price by employing
a price elasticity of demand of -1. While this measure attempts to quantify the potential impact of the increase in vehicle price
on sales, it is not intended to be inclusive of all the potential factors that could affect new vehicle purchase decisions made by
consumers. As a result of higher vehicle prices, total new LDV sales in 2025 are 8 percent lower in the CAFE3 case and 14 percent
lower in the CAFE6 case than in the Reference case.

As vehicle attributes change to meet more stringent CAFE standards, such as decreased average vehicle horsepower and weight,
some consumers switch from passenger cars to light-duty trucks, which in the CAFE3 case have average fuel economies in 2025
comparable to those for passenger cars in 2016. The share of total new LDV sales made up by light-duty trucks is 40 percent in
the CAFE3 case and 41 percent in the CAFE6 case in 2025, up from 38 percent in the Reference case, but still far lower than their
share (more than 50 percent) in 2005. Note, however, that consumer incentives to switch from cars to light trucks are sensitive to
the assumed relative stringency of cars versus light truck CAFE.

Although the CAFE sensitivity cases allow for fluctuation in new LDV sales and switching between purchases of passenger cars
and light-duty trucks, additional impacts on fuel demand would be associated with the continued use of existing vehicle stocks. As
consumers defer new vehicle purchases, the utilization of older, less fuel-efficient vehicles increases relative to the Reference case.

Table 4. Unconventional light-duty vehicle types

Unconventional vehicle type Description

Micro hybrid Vehicles with gasoline engines, larger batteries, and electrically powered auxiliary
systems that allow the engine to be turned off when the vehicle is coasting or idle
and then quickly restarted. Regenerative braking recharges the batteries but does not
provide power to the wheels for traction.

Hybrid electric (gasoline or diesel) Vehicles that combine internal combustion and electric propulsion but have limited all-
electric range and batteries that cannot be recharged using grid power.

Diesel Vehicles that use diesel fuel in a compression-ignition internal combustion engine.

Plug-in hybrid electric (10- and 40-mile all- Vehicles that use battery power to drive for some distance, until a minimum level of

electric range) battery power is reached, at which point they operate on a mixture of battery and

internal combustion power. Plug-in hybrids also can be engineered to run in a “blended
mode,” where an onboard computer determines the most efficient use of battery and
internal combustion power. The batteries can be recharged from the grid by plugging a
power cord into an electrical outlet.

Plug-in electric (100- and 200-mile range) Vehicles that operate by electric propulsion from batteries that are recharged either
from the grid exclusively or through regenerative breaking.

Flex-fuel Vehicles that run on gasoline or any gasoline-ethanol blend up to 85 percent ethanol.
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The demand for mobility and the stock of vehicles available in the Reference case are maintained over the projection period in the
CAFE cases, but the two CAFE cases assume longer vehicle survival rates and more intensive use of older vehicles.

The United States currently has a total LDV stock of around 230 million vehicles. That number grows to over 300 million vehicles
by 2035 in the Reference and CAFE cases. Although the introduction of more stringent fuel economy standards in the CAFE cases
stimulates sales of more fuel-efficient new vehicles, it takes time for the new vehicles to penetrate the vehicle fleet in significant
numbers to affect the average of fuel economy of the entire LDV stock. In the CAFE cases, the trend is even slower, as a result of
reduced scrappage and increased travel of older vehicles. Consequently, the average on-road fuel economy of the LDV stock, which
represents the fuel economy realized by all vehicles in use, increases from 22.4 mpg in 2016 to 28.6 mpg in 2025 in the CAFE3 case
and 30.2 mpg in the CAFE6 case, as compared with 25.7 mpg in the Reference case. In 2035, the average on-road fuel economy
of the LDV stock increases to 34.0 mpg in the CAFE3 case and 39.4 mpg in the CAFE6 case, 22 percent and 41 percent higher,
respectively, than the Reference case average of 27.9 mpg (Figure 19).

In the two CAFE cases, more stringent fuel economy standards lead to reductions in total delivered energy consumption,
including all fuels. Fuel bills fall by a similar amount. Total cumulative delivered energy consumption by LDVs from 2017 to 2035
is 10 percent lower in the CAFE3 case than in the Reference case and 13 percent lower in the CAFE6 case. In 2025, total delivered
energy consumption by LDVs is 19 percent lower in the CAFE3 case and 27 percent lower in the CAFE6 case than in the Reference
case. Total liquids fuel consumption in 2035 is 1.9 million barrels per day lower in the CAFE3 case and 2.8 million barrels per day
lower in the CAFE6 case than in the Reference case (Figure 20). Reductions in total delivered energy consumption and liquids fuel

Figure 17. Model year 2025 light-duty vehicle Figure 18. Distribution of new light-duty vehicle sales
market shares by technology type in three cases by vehicle price (2009 dollars) in 2025 in the CAFE3 and
(percent of total sales) CAFEG cases (percent of total sales compared to 2010)
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consumption are more pronounced later in the projection period, when a greater percentage of the total vehicle stock consists
of vehicles with higher fuel economy.

The declines in total LDV energy demand in the CAFE cases lead to large reductions in motor gasoline consumption—from 98 percent
of total LDV energy use in 2016 to 84 percent in 2025 and 77 percent in 2035 in the CAFE3 case, as compared with 91 percent in 2025
and 89 percent in 2035 in the Reference case. The more stringent fuel economy standards called for in the CAFE6 case lead to even
greater reductions in motor gasoline consumption, to 83 percent of total LDV energy use in 2025 and 69 percent in 2035.

Despite the overall decline in energy consumption by LDVs, the changing composition of the fleet by vehicle fuel type leads to
increased consumption of some fuels. Lower demand for motor gasoline reduces the amount of ethanol that can be blended into
the motor gasoline pool as either E10 or E15. As a consequence, more fuel containing up to 85 percent ethanol (E85) is sold to
meet the RFS. E85 accounts for 11 percent of total LDV energy use in 2035 in the CAFE3 case and 14 percent in the CAFE6 case,
compared with 7 percent in the Reference case. Diesel fuel consumption increases to 11 percent and 15 percent of total LDV energy
use in 2035 in the CAFE3 and CAFEG6 cases, respectively, compared with 4 percent in the Reference case. Electricity use by LDVs
remains less than 1 percent of total LDV energy use in both the Reference and CAFE3 cases but reaches 3 percent of the total in
the CAFE6 case, where sales of plug-in vehicles and all-electric vehicles expand.

Reductions in LDV delivered energy consumption lead to lower GHG emissions from the transportation sector. Cumulative CO,
emissions from transportation over the period from 2009 through 2035 are 2.2 billion metric tons lower in the CAFE3 case and
2.6 billion metric tons lower in the CAFE6 case than in the Reference case, reductions of 6 percent and 7 percent, respectively.
CO, emissions decline from 1,927 million metric tons in 2016 to 1,826 million metric tons in 2025 in the CAFE3 case and to 1,815
million metric tons in the CAFE6 case, as compared with 1,940 million metric tons in the Reference case. In 2035, CO, emissions
from transportation fuel use total 1,859 million metric tons in the CAFE3 case and 1,788 million metric tons in the CAFE6 case,
compared with 2,080 million metric tons in the Reference case (Figure 21).

CO, emissions from the electric power and refinery sectors also are affected by increased electricity use for plug-in vehicles.
Cumulative emissions from the electric power sector over the period from 2017 to 2035 are 118 million metric tons higher in
the CAFE3 case and 416 million metric tons higher in the CAFE6 case than in the Reference case—increases that are equal to
0.3 percent and 0.9 percent of total CO, emissions from electricity generation, respectively, over the same period. More stringent
fuel economy standards reduce motor gasoline demand by more than they increase demand for diesel and E85 fuels. As a result,
cumulative CO, emissions from refineries between 2017 and 2035 decline by 359 million metric tons in the CAFE3 case and 471
million metric tons in the CAFE6 case from the Reference case level—declines of 8.8 percent and 11.6 percent, respectively.

Issues

Setting LDV fuel economy standards 6 to 14 years into the future is a difficult undertaking, given the uncertainties associated
with technology availability and cost, consumer acceptance and willingness to pay for unfamiliar technology, and fuel prices. The
availability and cost of advanced vehicle technologies are critical in determining the ability of manufacturers to meet more stringent
standards, but there is a high degree of uncertainty regarding the cost and availability of key technologies so far into the future.

For example, battery technologies used in plug-in vehicles are important in meeting more stringent standards in the CAFE3 case and
are critical to compliance in the CAFEG6 case. The future cost and performance of battery technologies in 2025 cannot be known with
confidence. If there are limited breakthroughs in the cost, safety, or life of batteries, then the ability to meet, for example, the levels
of stringency called for in the CAFE6 case, which will very likely
necessitate plug-in vehicles, will be extremely challenging.
On the other hand, a breakthrough in battery technology
or another known technology, or the introduction of a new
2,100 unforeseen technology, could dramatically lessen the burden
on manufacturers of meeting more stringent CAFE standards in
terms of both cost and availability.

Figure 21. Total transportation carbon dioxide emissions
(million metric tons carbon dioxide equivalent)
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instead of 60 mpg would save only 33 gallons, worth $133 (Figure 22). This is important, because the cost of adding technology to an
already fuel-efficient vehicle tends to get increasingly expensive (for example, changing a conventional gasoline vehicle to a plug-in
hybrid electric vehicle). As manufacturers strive to improve fuel economy, the least costly technologies that reduce fuel consumption
will be incorporated first. Employing additional technology to increase fuel economy further will require the use of more expensive
technologies.

Consumer willingness to pay for improved fuel economy changes dramatically with different potential fuel prices, which are highly
uncertain. If the price of fuel in 14 years is significantly higher than today's prices, a cost-conscious consumer may be willing to pay
much more for a vehicle with higher fuel economy, perhaps even without increases in CAFE and GHG standards. Conversely, if fuel
prices in the future are relatively low, it may be difficult to convince consumers to pay for fuel economy improvements if the savings
from improving fuel economy have only a small impact on their annual fuel expenditures. The willingness of consumers to purchase
vehicles with higher fuel economy could also affect both new vehicle sales and scrappage rates.

4. Fuel consumption and greenhouse gas emissions standards for heavy-duty vehicles

The proposed rulemaking

The EPA and NHTSA in November 2010 jointly issued a proposed rulemaking that would, for the first time, establish
greenhouse gas emissions and fuel consumption standards for heavy-duty vehicles (HDVs) [47].The proposed standards
separately address three discrete vehicle categories: combination tractors, heavy-duty pickup trucks and vans, and
vocational vehicles (Table 5). The final regulations are scheduled to be issued by July 2011.

For combination tractors, standards are proposed by cab type, roof type, and engine type. For heavy-duty pickups and vans, the
proposed standards are categorized by diesel or gasoline engine and are set as total vehicle gallons per 100 miles, or grams
per mile, based on a vehicle's "work factor"—a weighted average of payload and towing capacity. For vocational vehicles, the
standards are proposed for different chassis types, according to gross vehicle weight rating (GVWR) and engine type. Standards
for combination tractor cabs and vocational vehicles are set as gallons per 1,000 ton-miles or grams per ton-mile, and engine
standards are set as gallons per 100 brake horsepower-hours [48] or grams per horsepower-hour.

Heavy-duty vehicle fuel economy standards

AEO2011 includes a sensitivity case that analyzes the estimated impacts of the proposed fuel consumption and GHG emissions
standards for heavy-duty trucks. However, because of data and modeling limitations, impacts of the standards for specific
truck types or engines could not be represented. Instead, the HDV Fuel Economy Standards case approximates the proposed fuel
consumption and GHG emissions standards by increasing the on-road fuel economy of new heavy-duty trucks by approximately
8.5 percent in MY 2017 from MY 2010 levels.

The increase in on-road fuel economy for heavy-duty trucks in MY 2017 in the sensitivity case is based on estimates developed from the
U.S. Census Bureau's 2002 Vehicle Inventory and Use Survey (VIUS) [49] and from Ward's Auto [50], which together provide data on
vehicle body type, tractor cab type, and engine type by GVWR classification. The estimated vehicle distributions were combined with
the EPA and NHTSA estimates of reductions in fuel consumption in MY 2017 for combination tractors and vocational vehicles and in
MY 2018 for heavy-duty pickups and vans, compared to a MY 2010 baseline [57].

Figure 22. Total annual fuel consumption (gallons) Using data from VIUS and Ward's Automotive, fuel
for consumers driving 14,000 miles per year and consumption reductions provided by EPA and NHTSA were
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. bined and aggregated into the reported categorization
annual fuel expenditures at a $4.00 per gallon fuel com . . .
price (2009 dollars) of heavy-duty trucks used in AEO20711: