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For further information . . .

The Annual Energy Outlook 2014 (AEO2014) was prepared by the U.S. Energy Information Administration (EIA), under the direction
of John J. Conti (john.conti@eia.gov, 202/586-2222), Assistant Administrator of Energy Analysis; Paul D. Holtberg (paul holtbergs
eia.gov, 202/586-1284), Team Leader, Analysis Integration Team, Office of Integrated and International Energy Analysis; James
R. Diefenderfer (jim.diefenderfer@eia.gov, 202/586-2432), Director, Office of Electricity, Coal, Nuclear, and Renewables Analysis;
Sam A. Napolitano (sam.napolitano@eia.gov, 202/586-0687), Director, Office of Integrated and International Energy Analysis; A.
Michael Schaal (michael.schaal@eia.gov, 202/586-5590), Director, Office of Petroleum, Natural Gas, and Biofuels Analysis; James
T. Turnure (james turnure:@eia.gov, 202/586-1762), Director, Office of Energy Consumption and Efficiency Analysis; and Lynn D.
Westfall (lynn.westfall@eia.gov, 202/586-9999), Director, Office of Energy Markets and Financial Analysis.

Complimentary copies are available to certain groups, such as public and academic libraries; Federal, State, local, and foreign
governments; EIA survey respondents; and the media. For further information and answers to questions, contact:

Office of Communications, EI-40

Forrestal Building, Room 2G-090

1000 Independence Avenue, S.W.
Washington, DC 20585

Telephone: 202/586-8800 Fax: 202/586-0727
(24-hour automated information line) Website: www.eia.gov

E-mail: infoctr@eia.gov

Specific questions about the information in this report may be directed to:

General QUESTIONS .o Paul Holtberg (paul.holtberg@eia.gov, 202-586-1284)
National Energy Modeling System ......ccccccvuvennne. Dan Skelly (daniel.skellyi@eia.gov, 202-586-2222)

Executive SUMMAry ..o Perry Lindstrom (perrv.lindstromidieia.gov, 202/586-0934)
Economic activity ..cc.cccrcrnecncnnnenessscnnnns Kay Smith (kav.smithi@eia.gov, 202/586-1132)

WOorld 0il PriCeS .ot snseens David Manowitz (david.manowitz@eia.gov, 202/586-2815)
International oil production .......cceeveveevennen. James O’Sullivan (james.osullivanieia.cov, 202/586-2728)
International oil demand ..., Linda E. Doman (linda.doman@eia.gov, 202/586-1041)
Residential demand ... Owen Comstock (owen.comstocki@eia.gov, 202/586-4752)
Commercial demand ... Kevin Jarzomski (kevin.jarzomski@eia.gov, 202/586-3208)
Industrial demand ... Kelly Perl (eia-oeceaindustrialteam@eia.gov, 202/586-1743)
Transportation demand .......ccvvevveinninneceennnnn. John Maples (john.maples:@eia.gov, 202/586-1757)
Electricity generation, capacity ..., Jeff Jones (jeffrev.jonesmeia.gov, 202/586-2038)
Electricity generation, emissions ... Laura Martin (laura.martin@weia.gov, 202/586-1494)
Electricity prices ..o eeeeesnes Lori Aniti (lori.aniti@eia.gov, 202/586-2867)

NUCIEAr ENEIZY v sses e essannns Laura Martin (laura.martin@eia.gov, 202/586-1494)
Renewable eNergy . Chris Namovicz (chris.namovicz@eia.gov, 202/586-7120)
Oil and natural gas production ... Philip Budzik (philip.budzik@weia.gov, 202/586-2847)
Wholesale natural gas markets .....coevveninennas Katherine Teller (katherine.teller@eia.gov, 202/586-6201)
Oil refining and markets ......cocvencercenveceesennnns Arup Malik (arup.malik:@eia.gov, 202/586-7713)

Ethanol and biodiesel ... Anthony Radich (anthonv.radichi@eia.goy, 202/586-0504)
Coal supply and prices ....cmvnennenerissesnienn: Michael Mellish (michael.mellishi@eia.gov, 202/586-2136)
Carbon dioxide €miSSIONS .ovisieervvereresssrerennene Perry Lindstrom (perrv.lindstrom:@eia.gov, 202/586-0934)

AEO2014 is available on the EIA website at www.eia.gov/forecasts/aeo. Assumptions underlying the projections, tables of regional
results, and other detailed results will also be available, at www.eia.gov/forecasts/aeo/assumptions. Model documentation reports
for the National Energy Modeling System are available at website www.eia.gov/analvsis/model-documentation.cfm and will be
updated for the AEO2014 during 2014.

Other contributors to the report include Greg Adams, Vipin Arora, Justine Barden, Bruce Bawks, Alan Beamon, Joseph Benneche,
Erin Boedecker, Michelle Bowman, Gwendolyn Bredehoeft, Michael Bredehoeft, William Brown, Nicholas Chase, Troy Cook, Michael
Cole, Jim Diefenderfer, Robert Eynon, Laurie Falter, Mindi Farber-DeAnda, Patrick Farace, Aloulou Fawzi, Michael Ford, Adrian
Geagla, Susan Grissom, Peter Gross, James Hewlett, Susan Hicks, Sean Hill, Behjat Hojjati, Patricia Hutchins, Ayaka Jones, Diane
Kearney, Robert King, Paul Kondis, Eric Krall, Angelina LaRose, Thomas Lee, Michael Leff, Tancred Lidderdale, Danielle Lowenthal-
Savy, Vishakh Mantri, Elizabeth May, Carrie Milton, lrene Olson, Paul Otis, Stefanie Palumbo, David Peterson, Chetha Phang, John
Powell, Anthony Radich, Marie Rinkoski-Spangler, Mark Schipper, Michael Scott, Elizabeth Sendich, Russell Tarver, Nancy Slater-
Thompson, John Staub, Dana Van Wagener, and Steven Wade.
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Preface

The Annual Energy Outlook 2014 (AEO2014), prepared by the U.S. Energy Information Administration (EIA), presents long-
term annual projections of energy supply, demand, and prices focused on the U.S. through 2040, based on results from EIA's
National Energy Modeling System (NEMS). NEMS enables EIA to make projections under alternative, internally-consistent sets of
assumptions, the results of which are presented as cases. The analysis in AEO2014 focuses on five primary cases: 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. EIA published an Early Release version of the
AEQ2014 Reference case in December 2013.

The report begins with an Executive Summary that highlights key implications of the projections, followed by a Legislation and
Regulations section that discusses how recently enacted federal and state legislation and regulations were incorporated in
AEO02014, such as: the revised carbon dioxide emissions standards and banking provisions announced by the Regional Greenhouse
Gas Initiative in February 2013 [7]; updated Renewable Fuel Standard target volumes to reflect actions by the U.S. Environmental
Protection Agency to lower the target volume of cellulosic biofuel; and incorporation of modifications to existing state renewable
portfolio standards or similar laws since the Annual Energy Outlook 2013 was released. The Legislation and Regulations section also
discusses selected legislative and regulatory issues could have major implications for energy markets and may be enacted in the
near future.

The Issues in Focus section contains articles on selected energy topics, including a discussion of the results of two cases based
on different assumptions about the future course of existing energy policies: one assumes the elimination of sunset provisions
for various energy tax credits that are scheduled to expire under current law; the other assumes—in addition to the elimination of
sunset provisions on various tax credits—the extension or expansion of three existing policies: corporate average fuel economy
(CAFE) standards, appliance standards, and building code improvements. Other discussions include:

= U.S. tight oil production trends and supply projections based on alternative assumptions and a methodology using well-level
data aggregated to the county level

* Potential of liquefied natural gas as a freight locomotive fuel

* Impacts of demographic issues and travel behavior on light-duty vehicle energy demand
» Effects of lower natural gas prices on projected industrial production

« Implications of accelerated power plant retirements

* Renewable electricity projections under alternative assumptions in AEO2014

* Implications of low electricity demand growth.

The Market Trends section summarizes the AEO2014 projections for energy markets by end-use market sector or energy supply
source. In some instances, this section also uses alternative cases to illustrate a range of potential outcomes under difference
circumstances, highlighting the uncertainty associated with the projections. Complete tables for the five primary cases are provided
in Appendixes A through C, and major results from many of the other alternative cases are provided in Appendix D. Complete tables
for all the alternative cases are available in a table browser on EIA’s website, at http://www.eia.gov/oiaf/aeo/tablebrowser,

AEO2014 projections are based generally on federal, state, and local laws and regulations in effect as of the end of October 2013.
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 AEO2014 is completed, it may be considered in the projection.

AEO2014 is published in accordance with Section 205¢ 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.

ii U.S. Energy Information Administration | Annual Energy Outlook 2014
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Projections by EfA are not statements of what will happen but of what might happen, given the assumptions and
methodologies used for any particular scenario. The AEQ2014 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 AEO2014 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 AEO2014 projections are addressed through alternative cases.

EIA has endeavored fo 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.

U.S. Energy Information Administration | Annual Energy Outlook 2014
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Updated Annual Energy Outlook 2014 Reference case (April 2014)

The AEO2014 Reference case included as part of this complete report, released in April 2014, was updated from the AEO2013

R
ti

eference case released in April 2013. The Reference case was updated to reflect new legislation or regulation enacted since that
me or to incorporate modeling changes. Major changes made in the Reference case include:

Macroeconomic

Revised U.S. Census Bureau population projections [2]. The population projection for 2040 in the AEO2014 Reference case is
almost 6% below the 2040 projection used for the AEO2013 Reference case. Most of the revision in overall population growth
results from a lower projection for net international migration, with younger age groups showing the largest differences from the
earlier projection. The slower rate of population growth leads to less labor force growth, which contributes to slower GDP growth.

Residential, commercial, and industrial

Revised base year residential equipment stocks and energy consumption for space heating, space cooling, and water heating,
based on data from EIA’s 2009 Residential Energy Consumption Survey (RECS), the most recent data available [3]. Estimates
of appliance stocks and energy consumption for several miscellaneous electric loads also were updated, based on a report by
Navigant Consulting Inc., to better reflect recent changes and trends in the residential sector [4].

Updated and expanded representation of miscellaneous electric loads in the commercial sector, as well as personal computers
and data center servers, based on the Navigant report, reflecting recent and expected trends in electronics use [5].

Updated costs and improved representation of residential lighting applications, including wider representation of light emitting
diode (LED) lighting and outdoor lighting, based on the 2009 RECS and two U.S. Department of Energy (DOE) reports [6, 71.

Revised handling of the regional efficiency standard for residential furnaces, based on an ongoing legal appeal of the standard.
The regional standard scheduled to take effect in 2013 is not included in AEO2014 because of a court challenge and proposed
settlement that would vacate the standard in question and require DOE to develop new standards for residential furnaces.

Revised commercial capacity factors governing annual usage of major end-use equipment, based on an EIA-contracted analysis.
Updated manufacturing sector data to reflect the 2010 Manufacturing Energy Consumption Survey (MECS) [8].

Revised outlook for industrial production to reflect the effects of increased shale gas production and lower natural gas prices,
resulting in faster growth for industrial production and energy consumption. The industries primarily affected include energy-
intensive bulk chemicals and primary metals, both of which provide products used by the mining and other downstream industries,
such as fabricated metals and machinery. The bulk chemicals industry is also a major user of natural gas and, increasingly,
hydrocarbon gas liquid (HGL) feedstocks [9].

Expanded process flow models for the cement and lime industry and the aluminum industry, allowing technologies based on
energy efficiency to be incorporated, as well as enhancement of the cement model to include renewable fuels,

Transportation

Implemented a new approach to vehicle miles traveled (VMT) projections for light-duty vehicles (LDVs), based on an analysis
of VMT by age groups and the aging of the driving population over the course of the projection, which resulted in a significantly
lower level of VMT growth after 2018 compared with AEO2013. On balance, demographic trends (such as an aging population
and decreasing rates of licensing and travel among younger age groups) combine with employment and income factors to
produce a 30% increase in VMT from 2012 to 2040 in AEO2014, compared with 41% growth in AEQ2013.

Added liquefied natural gas (LNG) as a potential fuel choice for freight rail locomotives and domestic marine vessels, resulting
in significant penetration of natural gas as a fuel for freight rail (35% of freight rail energy consumption in 2040) but relatively
minor penetration in domestic marine vessels (2% of domestic marine energy consumption in 2040).

Adopted a new approach for estimating freight travel demand by region and commodity for heavy-duty vehicles (HDVs), rail,
and domestic marine vessels, as well as updated fuel efficiencies for freight rail and domestic marine vessels.

Updated handling of flex-fuel vehicle (FFV) fuel shares to better reflect consumer preferences and industry response. FFVs are
necessary to meet the renewable fuels standard (RFS), but the phaseout of corporate average fuel economy (CAFE) credits for
their sale, as well as limited demand from consumers, reduces their market penetration.

Revised attributes for battery electric vehicles, including: (1) product availability, (2) electric drive fuel efficiency, and (3) non-
battery system costs by vehicle size class, battery size, and added battery cost per kilowatthour based on vehicle power-to-
energy ratio for vehicle type—applied to hybrid electric, plug-in hybrid electric, and all-electric vehicles.

Oil and natural gas production and product markets

Revised network pricing assumptions based on benchmarking of regional natural gas hub prices to historical spot natural gas
prices, using flow decisions based on spot prices, setting variable tariffs based on historical spot natural gas price differentials,
and estimating the price of natural gas to the electric power sector off a netback from the regional hub prices [10].

iv U.S. Energy Information Administration | Annual Energy Outlook 2014
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Allowed secondary flows of natural gas out of the Middle Atlantic region to change dynamically in the model based on relative
prices, which enables alarger volume of natural gas from the Middle Atlantic's Marcellus formation to supply neighboring regions.

Developed the estimated ultimate recovery of tight oil and shale gas on the basis of county-level data [77].

Updated oil and gas supply module that explicitly reports technically recoverable resources of liquids in natural gas, enabling
estimation of dry and wet natural gas.

Improved representation of the dynamics of U.S. gasoline and diesel exports versus U.S. demand, through adoption of endogenous
modeling [72].

Added representation of the U.S. crude oil distribution system (pipelines, marine, and rail), to allow crude oil imports to go to
logical import regions for transport to refineries, which enables crude imports and domestic production to move among refining
regions and keeps imports of Canadian crude oil from flowing directly to U.S. Gulf refiners [13].

Revised production outlook for nonpetroleum other liquids—gas-to-liquids, coal-to-liquids (CTL), biomass-to-liquids, and
pyrolysis [14]—with lower production levels than in AEQ2013, as more recent experience with these emerging technologies
indicates higher costs than previously assumed [75].

Revised representation of CO,-enhanced oil recovery (EOR) that better integrates the electricity, oil and gas supply, and refining
modules [16].

Electric power sector

Revised approach to reserve margins, which are set by region on the basis of North American Electric Reliability Corporation/
Independent System Operator requirements [77], and to capacity payments, which are calculated as a combination of levelized
costs for combustion turbines and the marginal value of capacity in the electricity model.

Revised handling of spinning reserves, with the required levels set explicitly, depending on the mix of generating technologies
used to meet peak demand by region, to allow better representation of capacity requirements and costs in regions or cases with
high penetration of intermittent loads.

Revised assumptions concerning the potential for unannounced retirements of nuclear capacity in several regions to better
reflect the impacts of rising operating costs and low electricity prices. Announced nuclear retirements are already incorporated
as planned.

Updated handling of Mercury and Air Toxics Standards (MATS) [18] covering the electric power sector, to reflect potential
upgrades of electrostatic precipitators, requirements for plants with dry scrubbers to employ fabric filters, and revised costs for
retrofits of dry sorbent injection and fabric filters.

Updated treatment of the production tax credit (PTC) for eligible renewable electricity generation technologies—consistent with
the American Taxpayer Relief Act of 2012 (ATRA) passed in January 2013 [79]—including revision of PTC expiration dates for
each PTC-eligible technology, to reflect the concept of projects being declared “under construction” as opposed to being placed
“in service,” and extension of the expiration date of the PTC for wind generation projects by one year.

Future analyses using the AEO2014 Reference case will start from the version of the Reference case released with this complete report.

U.S. Energy Information Administration | Annual Energy Outlook 2014
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Regional Greenhouse Gas Initiative, "Program Review” (New York, New York: February 7, 2013), http.//www.rggi.org/docs
ProgramReview/ FinalProgramReviewMaterials/Recommendations_Summarv.pdf.

. The new population projections were released on December 12, 2012. See U.S. Department of Commerce, “U.S. Census Bureau

Projections Show a Slower Growing, Older, More Diverse Nation a Half Century from Now" (Washington, DC: December 12,
2012), https.//www.census .gov/newsroom/releases/archives/population/cb12-243.html.

. U.S. Energy Information Administration, “Residential Energy Consumption Survey (RECS): 2009 RECS Survey Data, Public

Use Microdata File (Washington, DC: January 2013), http://www.eia.gov/consumption/residential/data/2009/index.
cfm?view=microdata.

. Navigant Consulting, Inc., Analysis and Representation of Miscellaneous Electric Loads in the National Energy Modeling System

(NEMS) (Washington, DC: May 2013), prepared for U.S. Department of Energy, U.S. Energy Information Administration.
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U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, 2010 U.S. Lighting Market Characterization
(Washington, DC: January 2012), http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-final-ian-2012.pdf.

U.S. Energy information Administration, “Manufacturing Energy Consumption Survey (MECS): 2010 MECS Survey Data”
(Washington, DC: March 19, 2013), http:/www.eia.zov/consumption/manufacturing /data/2010/.

. Growing production of wet natural gas and lighter crude oil has focused attention on natural gas liquids (NGL). EIA has developed

and adopted a neutral term—"hydrocarbon gas liquid” (HGL)—to equate the supply (natural gas plant liquids [NGPL] + liquefied
refinery gases [LRG]) and market (NGL + refinery olefins) terms. For example, liquefied petroleum gas (LPG) is currently defined
by EIA as ethane, propane, normal butane, and isobutane and their olefins (ethylene, propylene, butylene, and isobutylene). This
definition is inconsistent with definitions used by other federal agencies, international organizations, and trade groups, in that it
implies that all the products are in a liquid state (ethane typically is not) and are used in the same way (higher-value olefins are
used differently). Part of the HGL implementation redefines LPG to include only propane, butane, and isobutane and to exclude
ethane and refinery olefins. The tables included in AEO2014 have been relabeled to conform to this newly adopted definition.

Estimating natural gas prices to the electricity generation sector based on hub prices, rather than the citygate prices as was
done in prior years, is a better reflection of current market conditions, in which many large natural gas consumers are outside
the citygate.

After accounting for infrastructure constraints and general development patterns, oil and natural gas resources in sweet spots
are developed earlier than lower quality resources, based on net present value.

High U.S. crude oil production and low fuel costs have given U.S. refiners a competitive advantage over foreign refiners, as
evidenced by high U.S. refinery utilization and increasing U.S. exports of gasoline and diesel fuel.

Oil imports from Canada now are required to go to Petroleum Administration for Defense District (PADD) 2 (Midwest: North
Dakota, South Dakota, Nebraska, Kansas, Oklahoma, Minnesota, lowa, Missouri, Wisconsin, lllinois, Michigan, Indiana, Ohio,
Kentucky, and Tennessee); PADD 4 (Rocky Mountain: Montana, idaho, Wyoming, Utah, and Colorado); and PADD 5 (West
Coast: Washington, Oregon, Nevada, California, Arizona, Alaska, and Hawaii) for redistribution through the crude oil distribution
infrastructure.

Pyrolysis is defined as the thermal decomposition of biomass at high temperatures (greater than 400°F, or 200°C) in the
absence of air.

ElA undertook detailed assessments of these technologies in order to characterize key parameters considered in the model, such
as capital cost, contingency factors, construction time, first year of operation, plant life, plant production capacity, efficiency,
and feedstock and other operating costs.

When considering CO; EOR, the oil and gas supply module assesses a location and the availability and price of CO; from
power plants and CTL facilities. The electric power plants now consider the market size and prices for CO, captured. The
refining module assesses a location and the availability and price of CO, from CTL facilities. The power sector now assesses
opportunities for plants equipped with carbon capture and storage, as the CO, produced at those facilities can be used for EOR
operations. This enables the model to solve dynamically for the capture of CO, and the production of oil from anthropogenic
CO, EOR.
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17. North American Electric Reliability Corporation, 2013 Summer Reliability Assessment (Atlanta, GA: May 2013), htto.//www.
nerc.com/pa/RAPA /ra/ Reliabilitv%20Assessments%20DL/2013SRA Final.odf (password required).

18. U.S. Environmental Protection Agency, “Mercury and Air Toxics Standards (MATS),” http://www.epa.gov/mats.

19. U.S. House of Representatives, 112th Congress, Public Law 112-240, “American Taxpayer Relief Act of 2012,” Sections 401-412
(Washington, DC: January 2, 2013), hitp://www.gpo.gov/fdsvs/pkg/PLAW-112publ240/0df/PLAW-112publ240.0df.

U.S. Energy Information Administration | Annual Energy Outlook 2014

KEYSTONE 0208 "



Contents

PP AR ettt e ea bbb e e st e e R ARt bbbt Rttt At s s e et et et et es e st e e s en e st e e eeaeree e ii
Updated Annual Energy Outlook 2074 Reference case (April 2014)

EXECULIVE SUMIMABIY ..ttt ettt et bbbttt s s e e s es s st eseseesess e e et et e st et et e s e s e s s e s e s e e s eeee e enseeeemseseeeeeensneseenenaon

Legislation @nd FEGUIBTIONS . ...ttt et e sttt ettt et et ettt ettt enes
INEPOAUCTION ...ttt bttt st ee et bs s e sttt emsneeeee et et e st ee s e sabene s s et s s bt e s eeasranasanassnereas
LR1. Recent environmental regulations in the electric power sector
LR2. Handling of the Renewable Fuels Standard in AEO2014..............oouieieeeeeeee oot svsee e
LR3. State renewable energy requirements and goals: update through 2013 .............c.coooiiiiieeeeeee e LR-4
LR4. U.S. response to the nuclear accident at FUkushima DaiiChi.............cccoouivivimoiieee e LR-9
JSSUBS TN FOCUS -ttt e s e st b bt se e s et s bttt et be s s e ns st s et e s enseseeenssanaes et e s et s e ananae et e b enesrensent et ennareees IF-1
INEFOAUCTION ...ttt ettt e e st s b sttt e Aot e b a ettt e s s s ne s nssanene s e s esananasasssnsaeesns et enneee IF-2
IF1. No Sunset and Extended PONCIES CASES........c.covoiiieeee ettt ettt et en s a st enssssasnsnseseenesensense IF-3
IF2. U.S. tight oil production: Alternative supply projections and an overview of EIA’s analysis
of well-level data aggregated t0 the COUNLY IBVEL ...ttt eens
IF3. Potential of liquefied natural gas as a freight [0COMOLIVE FUBL...........co.ooevooveiiie e
IF4. Light-duty vehicle energy demand: demographics and travel behavior
IF5. Effects of lower natural gas prices on projected industrial production...........ccoccoeoviioioieceeecccceeeeeee e,
IF6. Implications of accelerated power plant FEtIFEMENTS ..............oooiiiec et eese e eeen
IF7. Renewable electricity projections show growth under alternative assumptions in AEO2014
IF8. Implications of low electricity demand growth .............coomiiiiii ettt s
IVLBIKEE EFIIAS ..ttt ettt h e e e s e s s e a s ns s e s 22 s s s ena st ensss e st na e sseseenssenasensesenesansstasseneeseenerern
Trends iN @CONOMIC ACHVITY .....cocvieiieieieeeeeet ettt et e e s ee et s et et sese st sess s bt ese st b e st eeee oo e eeeeeseseaeeemseeeeannn
International energy

U.S. @nergy AeMEaN.... ..ottt e e et ees et s sttt b s bt et es e et en e st ssenaeenranesarereas
Residential @nNergy GEMANM ... ... ettt st s e st ee ettt s es et et s aese s e s srese sttt et et et n et eee e et
Commercial sector energy demand
Industrial SECtOr @NErgy AEMEANG ... ..ottt sttt b st et ee st e e e s s s ennnenneeeeas
Transportation SECtor €NErgy AEMEANG ............ooo oot en et es e ee s ettt en e eean
Electricity generation ...

Electricity sales........coiii e

Electricity capacity ...

Renewable generation ............c.coocoeee...

Natural gas consumption
Natural gas PriCeS ... oo

INBEUFAL GAS SUPPIY ..ottt te bttt et b4 o2 2ee s e e s b bt s s e s e s st es s s e b s an b et et b s bensesene st eenarsnnaeeenees
NAEUFEE GBS FAAE ...ttt ettt a bbb a b b bs bt bbb b as bt ettt s esenesenseesesennsraen
Natural gas supply
Natural gas consumption
Crude 0il and OTher IQUIAS SUPPIY ......coeieii ettt eee ettt ee et ee e
Coal production
EMISSIONS fTOM BNEIGY USE ...ttt bbbt et esee et et ee et eraste s s s e s eas s tsses s s et as et sasseeassassnasarans

Comparison With OTher PrOJECTIONS .......i.ivicc ettt ettt ee et ee et et s et s s s s st ss s s e e s eseeeeeseseeeseneeenas
CP 1. ECONOMUC GIOWIN ...ttt et e ee e b4 2 et e em st sss s ss et senernns
CP2. Qil prices
CP3. Total energy CONSUMPION ..ottt ettt sttt es s ea e ba et ene bt oo ee e eee s s s see s ens st ers et sensensssesasss e sasa s s eeenees
CPA. EIBCITICIY ..ottt et b et b2 e s et s res e 2 s s s s st ens st s s en s see e e s e smseeaneeeeeeeeerens
CP5. Natural gas
CP6. Petroleum and other liquid fuels
CP 7. C081 ...ttt et et s ekt A et st et e s A sttt et et e e eas e A e A et et tanteses et testasaneasenn s erenies

viii U.S. Energy Information Administration | Annual Energy Outlook 2014

KEYSTONE 0209



Coiienis

Appendixes
AL REFEIBNCE CASE.....ceooceiceee ettt s et es et e aee ettt e et ettt een ettt ranenns
B. Economic growth case comparisons
C. PriCE CASE COMPATISONS. .....cc ettt ettt sttt ts et ee s ae s s s sssset st s sene st e eeesseese st s ss s e s eesesseseeseestomaetseesessrnnans
D. ReSUIS fTOM SIAE CASES ..ottt ettt s ettt ee s e eeee s eeeasssss e s e eeeenae
E. NEMS overview and brief description of cases
F. REGIONAI IMIADS ...ttt ea et se s s st s bt s ee s s s e s en s es s n e en et e s seanreenssan e s enaeees
G. CONVETSION FACTOTS ...ttt et ettt vs st s st ee e et ses st sees et st saasrsenensenensrsenns
Tables
Legistation and regulations
LR3-1. Renewable portfolio standards in the 29 states and District of Columbia with current mandates...........cccocoevvunn..... LR-6
Issues in focus
IF-1. Key analyses from “Issues in focUS” iN FTE@CENE ABDS ........ccooiiiiiiieee e en s rene et eraes IF-2
IF2-1. Average estimated ultimate recovery for wells in the Eagle Ford formation starting production
between January 2008 and June 2013 and with at feast four months of production................c.ccococoorvvicicnnne,
IF3-1. Class 1 railroad diesel fuel consumption, fuel cost, and fuel cost share of operating expense, 2012
IF4-1. Historic and projected distribution Of 80 GrOUPS ...t
IF6-1. Average delivered natural gas prices, electricity prices, and carbon dioxide emissions
in four cases, 2012, 2025, @NG 2040 ............o.oo oot eeee ettt r et et e s as e e et e s seseeseeeeeresasessassraseeersesseesesansras IF-38
IF7-1. Sources of uncertainty and variation in AEO2014 projections for renewable electricity generation .................... IF42

Comparison with other projections
CP1. Comparisons of average annual economic growth projections, 2012-40._ ... e
CP2. Comparisons of oil price projections, 2025, 2035, and 2040...........oooi oot es e
CP3. Comparisons of energy consumption projections by sector, 2025, 2035, and 2040
CP4. Comparisons of electricity projections, 2025, 2035, and 2040 ...........cccccooeeeveveeeeccrennen.
CP5&. Comparisons of natural gas projections, 2025, 2035, and 2040
CP6. Comparisons of petroleum and other liquids projections, 2025, 2035, and 2040
CP7. Comparisons of coal projections, 2025, 2035, and 2040 ..ot es s

Appendix E
E1. SUMMAry Of the AEO2014 CASES ....ooirieurireeeerieri et ettt st st s st sa s st eses s aee e eeer e eas e eesses s enassenesesses s sreesseeen E-6

Figures

Executive summary

ES-1. U.S. crude oil production in three cases, 19680-2040 ............cccooiiiiieieeececee e
ES-2. Netimport share of U.S. petroleum and other liquids consumption in three cases, 1990-2040....
ES-3. Value of shipments of bulk chemicals in three cases, 2012-40..............cocoveeeeeeeceeeeieeeeee
ES-4. U.S. light-duty vehicle energy use in three cases, 1995-2040..............cccoooieveeoieroceecceeeeeee,
ES-5. Electricity generation by fuel in the Reference case, 1990-2040 ....................

ES-6. Nonhydropower renewable electricity generation in eight cases, 2005-40
ES-7. Energy-related carbon dioxide emissions in five cases, 2000-40 ...............cocooiuimeieeeeeeeeeeeeee e

Legislation and regulations
LR3-1. Total qualifying renewable generation required for combined state renewable portfolio standards
and projected total achieved, 2013-40 ... ettt et re s LR-4

Issues in focus

IF1-1. Total energy consumption in three cases, 2005-40............co.oiriieee et IF4
IF1-2. Change in residential delivered energy consumption for selected end uses in three cases, 2012-40....................... IF-5
IF1-3. Consumption of petroleum and other liquids for transportation in three cases, 2005-40
IF1-4. Renewable electricity generation in three cases, 2012, 2020, 2030, and 2040 ............coovoeeeeevieeonreeereeeeeeeee e
IF1-5. Energy-related carbon dioxide emissions in three cases, 2005-40..............coveivieiiiriieiceeeeee et
IF1-6. Average delivered prices for natural gas in three cases, 2005-40
IF1-7. Average electricity prices in three cases, 2005-40...............cocoiriiiieeeee et ee et eeenen
IF2-1. U.S. crude oil production in three cases, 1960-2040 ..ottt s et
IF2-2. Net import share of U.S. petroleum and other liquids consumption in three cases, 1990-2040 .............ccoooveevenne... IF-10

U.S. Energy Information Administration | Annual Energy Outlook 2014

KEYSTONE 0210



Costients

IF2-3.
IF2-4.
IF3-1.
IF3-2.
IF3-3.

IF3-4.
IF3-5.

IF3-6.
IF4-1.
IF4-2.
IF4-3.
[F4-4.
IF4-5.
IF4-6.
IF4-7.
IF4-8.
IF4-9.
IF4-10. Vehicle use by drivers 35-54 years old in three cases, 1990-2040
IF4-11. Vehicle use by drivers 55-64 years old in three cases, 1990-2040

Distribution of estimated ultimate recovery per well in seven counties in the Eagle Ford formation, 2013 .............. IF-11
Eagle Ford crude oil production in the Reference case, 2005-40..................cooooieveeeeeeeveeeeeeeeeeee.

Comparison of spot prices for Brent crude oil and Henry Hub natural gas, 1990-2040
Comparison of prices for railroad diesel fuel and liquefied natural gas fuel, 2014-40...............c.cccoooricierccniven
Discounted fuel cost savings for a new locomotive and tender using liquefied natural gas

as a fuel compared to diesel, 2020-40 ...ttt ettt ettt rnes IF-16
Net present value calculation for locomotives using liquefied natural gas at Reference case fuel prices................ IF-16
Discounted average fuel cost savings for a new locomotive and tender using liquefied natural gas

as a fuel compared to diesel in three cases, 2020-40............c.ooioeoeeieeeeeeeee e eeeeee e e
Comparison of energy consumption for freight rail using diesel and LNG in three cases, 2015-40....
Economic indicators of travel, 1975-2012 (index, 1995 = 1.0)......o.ovoo oot
Total light-duty vehicle miles traveled in three cases, 1995-2040................cocoooverueeicueeeeecee et
U.S. light-duty vehicle energy use in three cases, 1995-2040...........ccccoooeveevicirereeeeeeenne,

U.S. carbon dioxide emissions in the transportation sector in three cases, 1995-2040
Ratio of U.S. civilian employment to population, 1948-2012 ..........ccocoiieiioiiiieeiiieiececetete et ee e e enen
Driver licensing rates by age group, 1990-2010 ...ttt eeee s

Average ages of male and female driving-age populations and licensed drivers, 1990-2040
Vehicle use by drivers 16-19 years old in three cases, 1990-2040.......................

Vehicle use by drivers 20-34 years old in three cases, 1990-2040......................

IF4-12. Vehicle use by drivers 65+ years old in three cases, 1990-2040.......................
IF4-13. Vehicle use by all drivers in three cases, 1995-2040 ..ot eeees s

IF5-1.
IF5-2.

IF5-3.

IF5-4.
IF5-5.
IF5-6.
IF5-7.
IF5-8.
IF5-9.

IF6-1.
IF6-2.
IF6-3.
IF6-4.
IF6-5.
IF6-6.
IF6-7.
IF7-1.
IF7-2.

Bureau of Economic Analysis revisions to gross domestic product by major component, 2002-12 ........c.cccccoceu.e.....
Changes from the Reference case in annual net exports,

Low and High Oil and Gas Resource €ases, 2012-40............coooooei oot oo IF-30
Changes from the Reference case in consumer spending,

Low and High Oil and Gas Resource cases, 2012-40........c..c.o.iiiiiooieeeeeeeee ettt ettt

Bulk chemicals value of shipments in three cases, 2012-40.....................

Ratio of ethane to naphtha feedstock prices in three cases, 2012-40

Changes from the Reference case in net exports, Low and High Qil Price cases, 2012-40..............cccccovveevrveeeennn. IF-31
Changes from the Reference case in consumer spending, Low and High Qil Price cases, 2012-40 .................... IF-32
Shipments of bulk chemicals in three cases, 2012-40 ...........c.coomeoeieeeeeeeeeee ettt IF-32
Ratio of ethane to naphtha feedstock prices inthree cases, 2012-40..............cooo oo IF-32
Cumulative retirements of coal-fired generating capacity in four cases, 2012-40...............ccccooovvvoeeeceriiiiceceeeeenerene IF-35
Cumulative retirements of nuclear generating capacity in three cases, 2012-40.............c.ccoceviviveeecreiiieeeeseenn, IF-36
Cumulative additions of electricity generating capacity by fuel in four cases, 2012-40 .............c.ccoeeeveririiiineerecinnn, IF-36
Electricity generation by fuel in four Cases, 2040...........ccoii ettt e IF-36
Delivered price of natural gas to the electric power sector in four cases, 2012, 2025, and 2040 ............cccccoooee.... IF-37
Electric power sector carbon dioxide emissions in four cases, 2012-40...........cccoooieeioiiiieeeeeeeeeeeeeeee e IF-37
Average retail electricity prices in four cases, 2012-40 ..ottt

Total U.S. electricity generation by energy source, 2012 and 2040
Nonhydropower renewable electricity generation in eight cases, 2005-40 ...t

IF7-3. Electricity generation from wind power in eight cases, 2012, 2020, 2030, and 2040
IF7-4. Electricity generation from solar power in eight cases, 2012, 2020, 2030, and 2040
IF7-5. Electricity generation from geothermal power in eight cases, 2012, 2020, 2030, and 2040..............ccocovvvveeeeenne. IF-43
IF7-6. Electricity generation from biomass and waste power in eight cases, 2012, 2020, 2030, and 2040....................... IF-43
IF8-1. Annual changes in U.S. electricity demand, 1950-2012 ...t sten s
IF8-2. U.S. total electricity demand by sector in two cases, 2012 and 2040.........c...cooovvivieeoeeeeeeeeeeeeee e
IF8-3. Electricity capacity additions by fuel type in two cases, 2013-40 ... s
IF8-4. Electric power sector cumulative retirements in two cases, 2013-40....
IF8-5. Electricity generation in two cases, 2012-40 (billion Kilowatthours).............ccooeiiiiiiicceeee s
IF8-6. Carbon dioxide emissions in the electric power sector in two cases, 2012-40................oooooiioeeeeeeeeeeeeeeeen IF-48
IF8-7. Coal-fired generating capacity by NERC region in two cases, 2012 and 2040 ..............coocooevererireeeeeceseereecee e IF-48
Market trends

MT-1. Average annual growth rates of real GDP, labor force, and productivity in three cases, 2012-40........................... MT-2
MT-2. Average annual growth rates for real output and its major components in three cases, 2012-40 .............c.c........... MT-2
MT-3. Average annual growth rates of shipments for the industrial sector and its components

N Three CASES, 2012-40......coooee ettt et s b e o4t aba e s st s esemesnssssemasensnsassntessessseeas MT-3
MT-4. North Sea Brent crude oil spot prices in three cases, 1990-2040 ..........cccooeviriiiieeeci et MT-3
MT-5. World petroleum and other liquids consumption by region in three cases, 2012 and 2040 ............c.ccceoevverieeee.o. MT-4

X U.S. Energy Information Administration | Annual Energy Outlook 2014

KEYSTONE 0211



MT-6. World production of nonpetroleum liquids by type in the Reference case, 2012 and 2040..........ccoooveeovmoreeecnenen. MT-4

MT-7. Energy use per capita and per dollar of gross domestic product in the Reference case, 1980-2040............ e MT-5
MT-8. Primary energy use by end-use sector in selected years in the Reference case, 2012-40 ...........ccccoeoveueun... . MT-5
MT-9. Primary energy use by fuel in the Reference case, 1980-2040 MT-6
MT-10. Residential delivered energy intensity in four cases, 2009-40 MT-6
MT-11. Change in residential electricity consumption for selected end uses in the Reference case, 2012-40 e MT-7
MT-12. Residential electricity sales in two cases, 1980-2040.............ccooiiiiie oo e MT-7
MT-13. Residential distributed generation capacity in three cases, 2009-40...............coco oo MT-8
MT-14. Commercial delivered energy intensity in four cases, 2005-40 .............co.oiiiiiieeeeeeeeeeeeeeeeeeeeerer s MT-8
MT-15. Energy intensity of selected commercial end uses in the Reference case, 2012 and 2040 ............c.ccooovvcevereneenc. MT-9
MT-16. Efficiency gains for selected commer-cial equipment in three cases, 2040..............ccoouioeeeeoeeeeeeeeeeeeeeeeeeeeee e MT-9
MT-17. Additions to electricity generation capacity in the commercial sector in two cases, 2012-40 ...........cccoocverennnen. MT-10
MT-18. Industrial energy consumption by application in the Reference case, 2012-40
MT-19. Industrial energy consumption by fuel in the Reference case, 2012-40 ............c.c.ooeioeeceeeeeeeeeeeeeeeeeeeseeenesenes
MT-20. Change in liquid feedstock consumption in three cases, 2012-40 ..............oo oo
MT-21. Heat and power consumption for refining and manufacturing applications

in three cases, 2012, 2025, aNA 2040 ..........coovviieiiriiieeeeete ettt ettt sttt MT-12
MT-22. Cumulative growth in energy consumption by metal-based durables industries in three cases, 2012-40........... MT-12
MT-23. Delivered energy consumption by nonmanufacturing industries in three cases, 2012 and 2040 ..........................
MT-24. Delivered energy consumption for transportation by mode in the Reference case, 2012 and 2040
MT-25. Average fuel economy of new light-duty vehicles in the Reference case, 1980-2040...........................
MT-26. Vehicle miles traveled per licensed driver in the Reference case, 1970-2040 ..........cococoooeiiivirieeeeeeeeeeeen.
MT-27. Sales of light-duty vehicles using nongasoline technologies by type

in the Reference case, 2012, 2025, aNd 2040 ...........coouiiuiieriieieeeececeeceeeee et s et et see e ee et eeeeee e nnen MT-15
MT-28. Natural gas consumption in the transportation sector in the Reference case, 1995-2040 ............cccocvvvvveeeecnnn. MT-15
MT-29. U.S. electricity demand growth in the Reference case, 1950-2040
MT-30. Electricity generation by fuel in the Reference case, 1990-2040................oovioeie e
MT-31. Electricity generation capacity additions by fuel type, including combined heat and power,

in the Reference Case, 2013-40 ...ttt ettt s e en s es s et et es et s et stae s e et enennes MT-17
MT-32. Additions to electricity generating capacity in the Reference case, 1985-2040.................ocoiooicooceceeeeeeeeeeeens MT-17
MT-33. Electricity sales and power sector generating capacity in the Reference case, 1949-2040..........c.cccccovrrvevnceene. MT-18
MT-34. Average levelized electricity costs for new power plants, excluding subsidies,

in the Reference case, 2020 and 2040 ..ottt ee ettt sttt ettt m e eeeeeeaneee e
MT-35. Nuclear electricity generation in four cases, 1995-2040
MT-36. Renewable electricity generating capacity by energy source, including end-use capacity

in the Reference €ase, 20M12-40............o ettt et ns st a s st enn s enene
MT-37. Renewable electricity generation by type, all sectors, in the Reference case, 2000-40
MT-38. Regional nonhydropower renewable electricity, including end-use generation,

in the Reference case, 2012 and 2040.............ooiiieiee ettt ettt eaee e ettt es ettt sass s s e MT-20
MT-39. Natural gas consumption by sector in the Reference case, 1990-2040 ...............ccooovemevreeeeeeeeeeeeeeeeeeeeeeeeee e, MT-21
MT-40. Annual average Henry Hub spot natural gas prices in the Reference case, 1990-2040..............cooooomevevveereernencnn. MT-21
MT-41. Annual average Henry Hub spot prices for natural gas in five cases, 1990-2040
MT-42. Total natural gas production, consumption, and imports in the Reference case, 1990-2040...............cccooooveun... MT-22
MT-43. U.S. natural gas production in three cases, 1990-2040...............ooouimoeie ettt e
MT-44. U.S. natural gas production by source in the Reference case, 1990-2040
MT-45. U.S. net imports of natural gas by source in the Reference case, 1990-2040 ...........cccoovoeuemirieieeececeeceeereeeene s MT-24
MT-46. U.S. exports of liquefied natural gas in five cases, 2005-40..............cocooiioiieeeeee et MT-24
MT-47. U.S. natural gas production in three cases, 1990-2040................cooviiieieeeeeeeee et vese et MT-25
MT-48. Marcellus shale production share of total U.S. natural gas consumption east of the Mississippi River

in the Reference €ase, 2000-40 ...ttt ettt ettt s seseseere s e st sse s s sssss et ssasssassrne MT-25
MT-49. Natural gas-fired generation in the electric power sector by NERC region in the Reference case, 2005-40...... MT-26
MT-50. Consumption of petroleum and other liquids by sector in the Reference case, 1990-2040 MT-26
MT-561. U.S. production of petroleum and other liquids by source in the Reference case, 2012-40 MT-27
MT-52. Total U.S. crude oil production in three cases, 1990-2040 ...........c.ccooveveeeirieieeceeeeeeeeceeieeeeean MT-27
MT-563. Domestic crude oil production by source in the Reference case, 1990-2040 ..o, MT-28
MT-54. Average API gravity of U.S. domestic and imported crude oil supplies in the Reference case, 1990-2040........ MT-28
MT-55. Net import share of U.S. petroleum and other liquid fueis consumption in five cases, 1990-2040 ...................... MT-29
MT-56. EISA2007 Renewable Fuels Standard credits earned by fuel type in the Reference case, 2012-40.................... MT-29
MT-57. Motor gasoline consumption, diesel fuel consumption, and petroleum product exports

in the Reference Case, 20M12-40............o ettt st b st b et erenseeen e MT-30
MT-58. U.S. refinery gasoline-to-diesel production ratio and crack spread in the Reference case, 2000-40 .................. MT-30
MT-59. Consumption of biofuels in motor gasoline blends in the Reference case, 2012-40............c.ccooevevvvereieccvnieecnne, MT-31

U.S. Energy Information Administration | Annual Energy Outlook 2014

KEYSTONE 0212 *



Claitenis

MT-60. Coal production by region in the Reference case, 1970-2040
MT-61. U.S. total coal production in six cases, 2012, 2020, and 2040

MT-62. Average annual minemouth coal prices by region in the Reference case, 1990-2040 .............occoooovvrvecreenenens. MT-32

MT-63. Average levelized electricity costs for new coal and natural gas plants in two cases, 2020 and 2030................. MT-33

MT-64. U.S. energy-related carbon dioxide emissions by sector and fuel in the Reference case, 2005 and 2040......... MT-33

MT-65. Sulfur dioxide emissions from electricity generation in selected years in the Reference case, 1990-2040 ........ MT-34

MT-66. Energy-related carbon dioxide emissions in five cases, 2000-40 .........c..cocoviriirreericrerieeneeeee e s MT-34

MT-67. Natural gas-fired electricity generation in five cases, 2000-40 ............c.oooormeoeeeeeei ittt MT-35
Appendix F

F1. United States Census DiVISIONS ..........c.cococeeviviiiiiccee e

F2. Electricity market module regions............ccooveveeeeeieereeeeercen,

F3. Liquid fuels market module regions ...........cccccoovveeveviiiiiirirneceen e

F4. Oil and gas supply MOdel F@GIONS ..ottt et ae e

F5. Natural gas transmission and distribution model regions

FB. Coal SUPPIY FEGIONS ...ttt s e raen

F7. Coal dEMANG FEUIOMNS ......oouriiiicteiceet ettt et et eae s ema s s as e et s e s ssesesas et ensesesnasseesseenaeseemerenensee s eesesenaseneneneeseraens

Xii

U.S. Energy Information Administration | Annual Energy Outlook 2014

KEYSTONE 0213



KEYSTONE 0214



Projections in the U.S. Energy Information Administration’s Annual Energy Outlook 2014 (AEQ2014) 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, the
AEO2014 Reference case provides a basis for examination and discussion of energy production, consumption, technology, and
market trends and the direction they may take in the future. AEO2014 also includes alternative cases that explore important areas
of uncertainty for markets, technologies, and policies in the U.S. energy economy (see Appendix E for discussion of detailed case
assumptions). Many of the implications of the alternative cases are discussed in the Issues in Focus section of AE02014.

Key results highlighted in the AEO2014 Reference and alternative cases include:

= Growing domestic production of natural gas and oil continues to reshape the U.S. energy economy, largely as a result of rising
production from tight formations, but the effect could vary substantially depending on expectations about resources and technology.

* Industrial production expands over the next 10 to 15 years as the competitive advantage of low natural gas prices provides a
boost to the industrial sector with increasing natural gas use.

+ There is greater upside uncertainty than downside uncertainty in oil and natural gas production; higher production could spur
even more industrial growth and lower the use of imported petroleum.

* Improvement in light-duty vehicle (LDV) efficiency more than offsets modest growth in vehicle miles traveled (VMT) that
reflects changing driving patterns, leading to a sharp decline in LDV energy use.

« Evolving natural gas markets spur increased use of natural gas for electricity generation and transportation, as well as expanded
export opportunities.

* Improved efficiency of energy use in the residential and transportation sectors and a shift away from more carbon-intensive
fuels such as coal for electricity generation help to stabilize U.S. energy-related carbon dioxide (CO,) emissions.

Expected gains in tight oil production drive projected growth in total petroleum and other liquids production
Growth in crude oil production from tight oil and shale formations supported by identification of resources and technology
advances have supported a nearly fourfold increase in tight oil production from 2008, when it accounted for 12% of total U.S.
crude oil production, to 2012, when it accounted for 35% of total U.S. production. Total projected U.S. crude oil production in
the AEO2014 Reference case reaches 9.6 million barrels per day (MMbbl/d) in 2019—3.1 MMbbl/d more than in 2012. Over the
same period, tight oil production grows by 2.5 MMbbi/d, to 4.8 MMbbl/d or 50% of the national total.

In the Reference case, tight oil production begins to slow after 2021, contributing to a decline in total U.S. oil production through
2040. However, tight oil development is still at an early stage, and the outlook is uncertain. Changes in U.S. crude oil production
depend largely on the degree to which technological advances allow production to occur in potentially high-yielding tight and
shale formations. They also depend on the assumed estimated ultimate recovery (EUR) for wells drilied in those formations, in
addition to assumptions about well spacing and production patterns. To address these uncertainties, AEO2014 inciudes High Oil
and Gas Resource and Low Oil and Gas Resource cases (Figure ES-1). In the High Oil and Gas Resource case, tight oil production
reaches 8.5 MMDbbl/d in 2035 (compared to 3.7 MMbbi/d in the Reference case), with total U.S. crude oil production reaching
13.3 MMbbl/d in the following year (compared to 7.8 MMbbl/d in the Reference case).

A comparison of the Reference case and High Oil and Gas Resource case demonstrates the significant impact that technological
development and productivity gains in tight oil plays can have on netimports of crude oil and petroleum products. In the Reference
case, the share of net crude oil and petroleum product imports
Figure ES-1. U.S. crude oil production in three cases, as a percentage of total U.S. product consumed declines
1960-2040 (million barrels per day) from 41% in 2012 to 25% in 2016, remains close to that level
for several years, and then rises to 32% in 2040 (Figure
ES-2). In the High Oil and Gas Resource case, domestically
High Oif and Gas Resource produced crude oil displaces more expensive imported crude
at domestic refineries, and U.S. finished petroleum products
become more competitive worldwide. The share of total
U.S. product consumed represented by net crude oil and
petroleum product imports in the High Oil and Gas Resource
case declines to 15% in 2020 and continues to fall through
2040. The United States becomes a net exporter of crude oil
and petroleum products at the end of the projection period.
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5 - Among the most uncertain aspects of this analysis are the

Low Oil and Gas Resource potential effects of alternative resource and technology
assumptions on the global market for liquid fuels, which is
highly integrated. Regardless of how much the United States
reduces its reliance on imported liquids, consumer prices will
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for crude oil and petroleum products. Strategic choices made by leading oil-exporting countries could result in U.S. price and
quantity changes that differ significantly from those presented in this outlook.

U.S. industrial production is spurred by abundant and relatively inexpensive natural gas

The AEO2014 Reference case projects robust growth in industrial production, with the manufacturing sector benefitting from
abundant and relatively inexpensive natural gas, especially in the first 15 years of the projection. Low natural gas prices and
increased availability of natural gas and related resources such as hydrocarbon gas liquids (HGL) benefit the U.S. industrial sector
in multiple ways. Natural gas is used as a fuel to produce heat and to generate electricity and, along with HGL products, is also
used as a feedstock to produce chemicals, pharmaceuticals, and plastics. In addition, with generally lower energy prices resulting
in more rapid economic growth, demand for industrial products increases.

Bulk chemicals account for much of the increased growth in manufacturing output in the Reference case (Figure ES-3). Industrial
production of bulk chemicals, which also benefits from increased supply of HGL, grows by 3.4%/year from 2012 to 2025 in the
AEO2014 Reference case. The near-term competitive advantage diminishes over time, however, and growing competition from
abroad slows U.S. output growth after 2030 as domestic natural gas becomes less cost-advantaged compared with prices at
other locations, resulting in increased competition from newer facilities that are developed abroad.

Thehigher level of industrial production leads to growth in natural gas consumption in the U.S. industrial sector, from 8.7 quadrillion
British thermal units (Btu) in 2012 to 10.6 quadrillion Btu in 2025 in the Reference case. Most of the increase in industrial natural
gas demand is the result of output growth in the manufacturing sector. Energy-intensive industries with high rates of growth
include paper products, food products, bulk chemicals, and metal-based durables.

Different assumptions about economic growth or about oil and gas resources and technology result in large variations in
industrial output, with bulk chemicals showing more variation in the High and Low Oil and Gas Resource cases and the rest of
the manufacturing sector showing more variation in the High and Low Economic Growth cases. Output from the buik chemicals
industry is more responsive to variations in energy prices than is output from the rest of the industrial sector, and shipments
continue to grow after 2035 in the High Oil and Gas Resource case, as indicated in Figure ES-3.

Transportation energy use continues to decline, with light-duty vehicles sharply reducing gasoline consmumption
due to fuel etficiency and changing usage patterns

Fuel use inthe U.S. transportation sector has changed fundamentally in the past several years. In the AEO2014 Reference case, the
factors contributing to declining light-duty vehicle (LDV) energy use continue and intensify, resulting in declines in motor gasoline
consumption over the projection period.

LDV fuel efficiency is driven by increasingly stringent regulatory standards. In the Reference case, the fuel efficiency of the LDV
stock in miles per gallon (mpg), excluding light-duty commercial trucks, increases by 2%/year to 37.2 mpg in 2040 from 21.5 mpg
in 2012. While motor gasoline remains the dominant fuel, growing market penetration of diesel, biofuels, hybrid-electric, and plug-
in electric systems gradually reduces its share of the LDV fuel market.

AEO2014 includes a new demographic profile of driving behavior by age and gender. Total vehicle miles traveled (VMT) increases at an
average annual rate of 0.9% from 2012 to 2040, due to changes in driving behavior that are related to age and gender demographics.
Older drivers increase as a proportion of the U.S. driving population, with their higher licensing rates but lower-than-average mileage

Figure ES-2. Net import share of U.S. petroleum Figure ES-3. Value of shipments of bulk chemicals in
and other liquids consumption in three cases, three cases, 2012-40 (billion 2005 dollars)
1990-2040 (percent)
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per capita contributing to a gradual increase in total VMT. However, rising fuel economy more than offsets the modest growth in VMT,
and energy consumption by LDVs declines in the Reference case from 8.4 MMbbl/d in 2012 to 6.4 MMbbl/d in 2040.

The importance of demographic changes for VMT and transportation energy consumption is highlighted by AEQ2014 alternative
cases in which variations in these assumptions result in higher or lower fuel use (Figure ES-4). In a High VMT case, U.S. LDVs
consume 5% more energy by 2040, while in a Low VMT case they consume 18% less energy than in the Reference case. This
variation in projected energy demand from the transportation sector has further effects on other key energy sector indicators,
including fuel use, imports, and CO, emissions.

Abundant supply of natural gas spurs greater use for electricity generation and transportation

Natural gas is an attractive fuel for new generating capacity. In some regions, natural gas-fired generation captures markets
formerly supplied by coal-fired and nuclear plants, and by 2035 natural gas surpasses coal as the nation’s largest source of energy
for electricity generation (including the power sector and end-use sector generation) in the Reference case (Figure ES-5). In the
first decade of the projection, growth in electricity generation from renewables tends to be largely policy-driven. However, as
Reference case natural gas prices rise and the capital costs of renewable technologies—particularly wind and solar—decrease over
time, renewable generation becomes more competitive, accounting for 16% of total electricity generation in 2040.

If additional existing coal-fired and nuclear generating capacity were retired, natural gas-fired generation could grow more
quickly to fill the void. In recent years, the number of coal and nuclear plant retirements has increased, in part due to a decline in
profitability as low natural gas prices have influenced the relative economics of those facilities. The Accelerated Coal Retirements
case assumes that both coal prices and coal plant operating costs are higher than in the Reference case, leading to additional
coal plant retirements. In this case, natural gas-fired generation overtakes coal-fired generation in 2019, and by 2040 the natural
gas share of total generation reaches 43%. In the Accelerated Coal and Nuclear Retirements case, the natural gas share of total
generation in 2040 grows to 47%. in both cases, renewable generation also increases relative to the Reference case. However,
barring a breakthrough in electricity storage or related technologies, renewable technologies cannot fully replace the baseload
generation lost as a result of coal and nuclear plant retirements, and total additions of natural gas-fired combined-cycle capacity
in these cases are 32% to 50% higher than in the Reference case over the projection period.

Freight rail is considered a potential additional source of natural gas use in AEQ2014. Any transition from diesel to natural gas
as a fuel for freight locomotives will depend on economics, infrastructure needs, and railroads’ decisions with regard to risk and
uncertainty. For AEO2014, alternative cases were developed that anticipate varying degrees of natural gas penetration into the
U.S. freight rail market. In the High Rail LNG case, natural gas is used to meet nearly all freight rail energy demand by 2040, while
in the Reference case it gains 35% of the rail fuel market by that date. However, because the transportation sector is a relatively
small consumer of natural gas compared to other sectors, the seemingly dramatic fuel switch from the perspective of freight rail
is only a minor change in overall U.S. natural gas consumption.

A shift away from more carbon-intensive fuels for clectricity generation helps to stabilize energy-related carbon
dioxide emissions

In the AEO2014 Reference case, total U.S. energy-related emissions of CO; remain below the 2005 level in every year through
2040. In the Reference case, CO, emissions from the U.S. industrial sector exceed emissions from the transportation sector

Figure ES-4. U.S. light-duty vehicle energy use Figure ES-5. Electricity generation by fuel in the
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beginningin 2024, for the first time since the late 1990s, as new fuel economy standards, biofuel mandates, and shifts in consumer
behavior result in declining or stable transportation sector emissions from 2012 through 2033. After 2033 they begin to rise
again, with freight transport increasing the demand for diesel, while demand for motor gasoline declines. In the electric power
sector, emissions from coal combustion remain below 2011 levels through 2040 as more power plants are fueled by lower-carbon
fuels, including natural gas and renewables.

CO; emissions in the electric power sector are dependent on the overall level of demand for electricity, as well as the mix of
generating technologies used to satisfy that demand. In the Reference case, the average emission rate per kilowatthour of
generation declines over time, primarily because the coal-fired share of total generation declines and is replaced predominantly
with natural gas-fired generation, which is less carbon intensive than coal. In addition, the combined share of generation from
nuclear and renewable fuels is gradually increasing throughout the projection, maintaining a generally consistent contribution of
carbon-free generation resources. As a result, although generation in the electric power sector increases by 25% from 2012 to
2040, the sector's CO, emissions increase by only 11% over the same period. In most of the alternative cases, a decline in demand
results in a greater decline in fossil-fueled generation and CO, emissions, as less efficient oil, coal, and natural gas plants reduce
output or are retired. For example, in the Low Electricity Demand case, with retail electricity sales in 2040 about the same as in
2012, generation in the electric power sector is 20% lower, and CO, emissions are 22% lower, than projected in the Reference case.

CO; emissions in the power sector are highly sensitive to the relative generation shares of different fuel types, and larger shifts
away from fossil fuels lead to declining emissions. While the retirement of coal-fired plants in the near term contributes to lower
levels of CO; emissions, in the Accelerated Coal Retirements case, where coal retirements through 2040 are more than double
those in the Reference case, CO, emissions decline by 11% from 2012 levels and are 20% below Reference case levels in 2040.

In general, growth of renewable generation is associated with a reduction in CO, emissions in the electric power sector. In the
Low Renewable Technology Cost case, nonhydropower renewable generation grows at an average annual rate of 4.7% from 2012
to 2040 (Figure ES-6), compared to 3.2% in the Reference case, and electric power sector CO, emissions in 2040 are about 4%
below the Reference case level. When growth in nonhydropower renewable generation is coupled with electricity demand growth
that exceeds that in the Reference case, the impact on emissions may be more ambiguous. In the High Economic Growth case,
although nonhydropower renewable generation grows by an average of 4.1%/year from 2012 to 2040, total electricity demand
grows by 1.2%/year and electric power sector CO, emissions in 2040 are about 4% higher than in the Reference case.

In most cases that include high levels of nonhydropower renewable generation, electric power sector CO, emissions still increase
slightly, if not as rapidly as in the Reference case, between 2012 and 2040, reflecting factors such as generation subsidies that
reduce the cost of electricity and its price, raising demand. Cases that place a fee on CO, emissions throughout the energy
sector, starting at either $10 or $25/ton and rising at a rate of 5%/year thereafter (the GHG10 and GHG25 cases), and a case
that combines the GHG10 case with the High Oil and Gas Resource case (the GHG10 and Low Gas Prices case) are notable
exceptions. in those cases, because the additional cost of operating generators that use fossil fuels results in both a decrease in
overall electricity demand and significant substitution of nonhydropower renewable energy sources for fossil-fueled generation,
total electric power sector CO, emissions in 2040 are between 36% and 82% below the Reference case total of 2,259 million
metric tons, respectively, and total energy-related CO, emissions from all sources in 2040 are between 15% and 36% below the
Reference case total of 5,599 million metric tons (Figure ES-7).

Figure ES-6. Nonhydropower renewable electricity Figure ES-7. Energy-related carbon dioxide emissions
generation in eight cases, 2005-40 (billion in five cases, 2000-40 (million metrie tons)
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Figure and table sources

Links current as of April 2014

Figure ES-1. U.S. crude oil production in three cases, 1960-2040: History: U.S. Energy Information Administration, Monthly Energy
Review, September 2013, DOE/EIA-0035(2013/09). Projections: AEO2014 National Energy Modeling System, runs REF2014.
D102413A, LOWRESOURCE.D112913A, and HIGHRESOURCE.D112913B.

Figure ES-2. Net import share of U.S. petroleum and other liquids consumption in three cases, 1990-2040: U.S. Energy
Information Administration, Monthly Energy Review, September 2013, DOE/EIA-0035(2013/09) (Washington, DC, September
2013). Projections: AEO2014 National Energy Modeling System, runs REF2014.D102413A, LOWRESOURCE.D112913A, and
HIGHRESOURCE.D112913B.

Figure ES-3. Shipments of bulk chemicals in three cases, 2012-40: AEO2014 National Energy Modeling System, runs REF2014.
D102413A, LOWRESOURCE.D112913A, and HIGHRESOURCE.D112913B.

Figure ES-4. U.S. light-duty vehicle energy use in three cases, 1995-2040: History: U.S. Department of Transportation, Federal
Highway Administration, National Household Travel Survey, http://nhts.ornl.gov/download.shtml. Projections: AEO2014 National
Energy Modeling System, runs REF2014.D102413A, LOWVMT.D020314B, and HIGHVMT.D020314D.

Figure ES-5. Electricity generation by fuel in the Reference case, 1990-2040: History: U.S. Energy Information Administration,
Monthly Energy Review, September 2013, DOE/EIA-0035(2013/09) (Washington, DC, September 2013). Projections: AE02014
National Energy Modeling System, run REF2014.D102413A.

Figure ES-6. Nonhydropower renewable electricity generation in eight cases, 2005-40: History: U.S. Energy Information
Administration, Monthly Energy Review, September 2013, DOE/EIA-0035(2013/09) (Washington, DC, September 2013).
Projections: AEO2014 National Energy Modeling System, runs REF2014.D102413A, CO2FEE25.D011614A, NOSUNSET.D121713A,
LCR_2014.D120613A, LOWRESOURCE.D112913A, HIGHRESOURCE.D112913B, LOWMACRO.D112913A, and HIGHMACRO.
D112913A.

Figure ES-7. Energy-related carbon dioxide emissions in five cases, 2000-40: History: U.S. Energy Information Administration,
Monthly Energy Review, September 2013, DOE/EIA-0035(2013/09) (Washington, DC, September 2013). Projections: AE02014
National Energy Modeling System, runs REF2014.D102413A, HIGHRESOURCE.D112913B, CO2FEE10.D011614A, CO2FEE25.
DO11614A, and CO2FEETOHR.DO11614 A,

ES-6 U.S. Energy Information Administration | Annual Energy Outlook 2014
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Introduction

The Annual Energy Outlook 2014 (AEO2014) generally represents current federal and state legislation and final implementation
of regulations as of the end of October 2013. The AEO2014 Reference case assumes that current laws and regulations affecting
the energy sector are largely unchanged throughout the projection period (including the implication that laws that include sunset
dates are no longer in effect at the time of those sunset dates) [7]. The potential impacts of proposed legislation, regulations,
or standards—or of sections of authorizing legislation that have been enacted but are not funded, or for which parameters will
be set in a future regulatory process—are not reflected in the AEO2014 Reference case, but some are considered in alternative
cases. This section summarizes federal and state legislation and regulations newly incorporated or updated in AEQ2014 since
the completion of the Annual Energy Outlook 2073 (AEO2013). It also summarizes selected rules and regulations that have been
proposed recently and have the potential to affect the projection significantly.

Examples of federal and state legislation and regulations incorporated in the AEO2014 Reference case, or whose handling has
been modified, include:

* Incorporation of the revised emissions standards and banking provisions for carbon dioxide (CO,) announced by the nine-state
Regional Greenhouse Gas Initiative in February 2013, which lowered the program’s emissions cap by 45% starting in 2014 [2].

* Updated handiing of the mandated volume for biofuels established for the renewable fuel standard (RFS) by the Energy Policy
Act of 2005 (EPACT2005) 3] and expanded by the Energy Independence and Security Act of 2007 (EISA2007) [4] to reflect
final and proposed actions by the U.S. Environmental Protection Agency (EPA) to set obligations for both cellulosic biofuels
and total renewable fuels below the legislated targets, using the discretion allowed by the law.

* Incorporation of modifications to existing state Renewable Portfolio Standard (RPS) or similar laws toreflect recentmodifications
to existing programs in Colorado, Connecticut, Maryland, Montana, Minnesota, Nevada, New Mexico, and Washington [5].
The changes that were enacted affect some aspects of the laws and implementing regulations, but in general they do not have
significant substantive effects on the representation of the RPS programs in AEO2014.

There are many other pieces of legislation and regulation that might be enacted in the not-too-distant future, and some laws
include sunset provisions that may be extended. However, it is difficult to discern future outcomes. Even in situations where
existing legislation contains provisions to allow revision of implementing regulations, those provisions may not be exercised
consistently. Many pending provisions are examined in alternative cases included in AEQ2014 or in other analyses completed
by the U.S. Energy Information Administration (EIA). in addition, at the request of both federal agencies and Congress, EIA has
regularly examined the potential implications of other possible energy options in special analyses that can be found on the EIA
website at http://www.eia.gov/analysis/reports.cfm?t=138.

LR1. Recent environmental regulations in the electric power sector

Several environmental rules recently implemented at the federal and state levels affect the AEO2014 projections for the electric
power sector. While not considered in the AEO2014 Reference case, the EPA is also currently in the process of developing new
rules to address electric power plant air emissions, the impact of cooling water intake systems on aquatic life, and coal ash
disposal methods. New rules that may be promulgated could have significant impacts on the projected fuel mix for electric power
generation. The following discussion summarizes programs and rules included in the AEO2014 Reference case.

Recent regional policy modifications

The Regional Greenhouse Gas Initiative (RGGH) is a regional cap-and-trade program for CO, emissions that applies specifically to
fossil-fueled electric power plants larger than 25 megawatts (MW) located in each of the nine participating Northeastern states
[6]. When it took effect in 2009, RGGI became the first mandatory market-based (cap-and-trade) CO, reduction program in
the United States. The cap was tightened primarily because actual CO, emissions in the region since the start of the program in
2009 have been roughly 35% below the cumulative cap. The lower level of emissions is attributed primarily to historically low
natural gas prices, which have shifted a large share of electricity generation in the region toward natural gas, and to lower overall
electricity demand.

CO, emissions in the RGGI region comprised only 4% of the total emissions from the electric power sector in the United States
in 2012. RGGl is one of the two legally mandated CO, cap-and-trade reduction programs in the United States, the other being the
California cap-and-trade program that was an outgrowth of California’s Assembly Bill 32, the Global Warming Solutions Act of
2006 (AB 32) [7].

In 2005, when CO, emissions in the participating states reached their annual peak, coal comprised 23%, natural gas 25%, and
petroleum 12% of the regional generation mix. By 2012, coal’s share had declined to 9%, the natural gas share had risen to 44%,
and the petroleum share had fallen below 1%.

At the same time that the shift in fuels for electricity generation has lowered the carbon intensity of electricity generation in
the region, demand for electricity in the Northeast has been flat or declining. Average annual retail electricity sales in the nine
participating states from 2009 through 2012 were 6% below the annual sales in 2005.

LR-2 U.S. Energy Information Administration | Annual Energy Outlook 2014
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Despite the reduction in the cap beginning in 2014, it remains to be seen whether the updated program caps will result in significant
emissions reductions compared to the outcomes that might occur absent the new caps. CO, emissions in 2012 in the participating
states were still only 92 million short tons, close to the 2014 target cap of 91 million short tons. However, the cap is designed to
tighten annually through 2020. In the first half of 2013, CO, emissions from coal-fired generation were up both in the RGGI region
and nationally compared with 2012 levels, which indicates that the revised cap could become more binding in the future.

Because of a surplus of allowances during the initial years of RGGI, the CO; value of the allowances remained close to the
program'’s price floor of $1.93/ton of CO, allowed in each quarterly auction. The value of allowances increased to $3.00/ton
of CO; in the latest auction, as market participants may be anticipating a rise in the future value of allowances. RGGI states use
allowance revenues for a variety of programs that support cleaner generation and/or energy efficiency programs that reduce
demand. Unless the programs supported by RGGI auction revenues are funded at the same level using other funding sources in
the absence of RGGI, they will provide a tangible incremental reduction in emissions.

The RGGI program update grants the ability for previously unused allowances from the early years of the program to be saved
and applied after 2014, as limits become more stringent—a strategy often referred to as "banking allowances.” Additional
flexibility exists in the program through the recently created Cost Containment Reserve, which effectively creates a price ceiling
for allowances. When the price hits a given level, program participants can purchase a set level of allowances at a defined fixed
price. This ceiling is intended to prevent allowance prices from rising above defined levels. The price trigger starts at $4/ton of
CO, in 2014 and rises to $10/ton of CO, in 2017.

The program also allows for the limited use of CO, offsets as a compliance option. RGGI program participants are permitted to
cover 3.3% of their emissions using offsets. Although the RGGI caps have been lowered, it remains to be seen how much the new
caps will affect generation choices and related emissions.

Recent federal environmental regulations modeled in AEO2014

The Mercury and Air Toxics Standards (MATS) [8] requires fossil-fuel steam electric generators to meet limits based on maximum
achievable control technologies (MACT) to control emissions of acid gases, toxic metals, and mercury. The standards will take
effect by April 2015 for electric generation units with capacities greater than 25 MW. The rule allows for state environmental
permitting agencies to grant one-year compliance extensions, which AEO2014 assumes will be granted, and all applicable
units must begin to comply with the rule at the beginning of 2016. AEO2014 assumes that, in order to comply with the rule, all
qualifying coal-fired power plants will be equipped with either flue gas desulfurization (FGD) scrubbers or dry sorbent injection
(DSI) systems and activated carbon injection if warranted for mercury control. The control equipment needed to reduce mercury
is specific to each plant configuration and coal type [9].

MATS is currently being challenged in the U.S. Court of Appeals for the District of Columbia Circuit in White Stallion Energy Center
etal. v. U.S. EPA [10]. The case was heard in December 2013, and a decision is expected in the spring of 2014.

The Clean Air Interstate Rule (CAIR) [17] is a cap-and-trade program aimed at reducing emissions of sulfur dioxide (SO,) and
nitrogen oxides (NOy) from fossil-fueled power plant units with capacities greater than 25 MW in 27 eastern states and the
District of Columbia. The emissions caps went into effect in 2009 for NOy and in 2010 for SO,. Both caps are scheduled to be
tightened in 2015. AEO2014 includes the CAIR cap-and-trade program for the applicable regions. The FGD scrubbers or DSI
systems required by MATS result in SO, emissions falling to levels lower than the CAIR cap. Therefore, after MATS is in full effect
starting in 2016, SO, emissions decline significantly below the CAIR cap, essentially making CAIR's SO, cap nonbinding [12].

CAIR was reinstated after the Cross-State Air Pollution Rule (CSAPR) was vacated by the U.S. Court of Appeals for the District
of Columbia Circuit in August 2012 [13]. However, the U.S. Supreme Court agreed in June 2013 to review the D.C. Circuit Court's
decision and heard the case in December 2013 [74]. A court decision is expected in the spring of 2014. If the Supreme Court
reverses the D.C. Circuit Court's ruling, CSAPR will replace CAIR.

LR2. Handling of the Renewable Fuels Standard in AEO2014

The Renewable Fuel Standard (RFS) was established by the Energy Policy Act of 2005 [75] and was expanded by the Energy
Independence and Security Act of 2007 (EISA2007) [16]. It requires the EPA to set requirements for the renewable content of
gasoline and diesel fuel. Refiners and importers of gasoline and diesel fuel are obligated to blend renewable fuels in proportion to
the volumes of gasoline and diesel fuel sold. There are four interrelated requirements, for cellulosic biofuels, biomass-based diesel,
advanced biofuels, and total renewable fuels. Compliance with the RFS is tracked via Renewable Identification Numbers (RINs),
which are generated when eligible biofuels are produced or imported and conveyed with the physical volume of renewable fuel
through subsequent sales until they are blended with a petroleum product. Once the fuel is blended, the RINs can be separated
from the physical volumes and “retired”—that is, turned in to the EPA to demonstrate compliance. RINs also can be sold or saved
("banked”) for compliance either in the year they were generated or in the following year.

EPA sets the RFS target volumes every year in reference to legislated targets in EISA2007, public comments, and input from
other government agencies. Since the expansion of the RFS program for the 2009 compliance year, the EPA has adhered to the
legislated volumes of total renewable fuel, advanced biofuel, and biomass-based diesel but has often set the requirement for
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cellulosic biofuel well below the legislated target, given the very low commercial availability of cellulosic biofuel. EISA2007 also
included new Corporate Average Fuel Economy (CAFE) standards, which have played and will continue to play a role in reducing
gasoline consumption. Declines in gasoline consumption reduce the number of gallons of ethanol that can be used in E10, a fuel
containing 10% ethanol by volume that is compatible with all existing gasoline-powered vehicles. EPA announced in its 2013 RFS
final rule that it expected to reduce the total renewable fuel and advanced biofuel obligations to levels below the statutory levels
for 2014, in order to allow the ethanol share of the gasoline pool to remain close to 10%.

The AEO2014 projections for quantities and costs of gasoline, diesel, and other liquid fuels are handled by the National Energy
Modeling System’s Liquid Fuels Market Model (LFMM), which includes a representation of the U.S. petroleum refining system,
biofuels production, and marketing of liquid fuels to end users. The modeling structure allows for additions and adjustments in the
liquid fuels supply chain in order to meet new demand or to comply with changing product specifications. A variety of feedstocks
and technologies for the production of RIN-eligible renewable fuels can be represented, depending on the market and regulatory
conditions (including future product specifications for gasoline and diesel fuel) for each AEO2014 case.

AEO2014 assumes that cellulosic fuel production and requirements will grow gradually from current low levels. For biomass-
based diesel, the assumed production requirement is constant at 1.92 billion ethanol-equivalent gallons. The advanced biofuels
production requirement, on the other hand, decreases by 425 million gallons from 2014 to 2015.

The reintroduction of the $1.00-per-gallon biodiesel blending tax credit in 2013 incentivized biodiesel production above the RFS
level. That tax credit sunset at the end of 2013, and the AEO2014 Reference case does not assume that it is reinstated. The
California Low Carbon Fuels Standard is expected to draw more sugarcane ethanol into California, generating more advanced
RINs. After 2015, the total quantity of advanced biofuels needed to meet the RFS is assumed to increase only slowly, remaining
well below the legislated target of 21 billion gallons in 2022. The total biofuels production requirement was set at 15.2 billion
gallons in 2014 to reflect the gasoline market's limited ability to absorb additional ethanol in the near term. The total renewable
fuels requirement is also assumed to grow slowly and remains well below the legislated target of 36 billion gallons in 2022.

LR3. State rencwable energy requirements and goals: update through 2013

To the extent possible, AEO2014 reflects state laws and regulations in effect at the end of October 2013 that require the addition
of renewable generation or capacity by utilities doing business in the state [77] to meet RPS requirements. The projection does
not include laws and regulations with either voluntary goals or targets that can be substantially satisfied with nonrenewable
resources. In addition, the projection does not account for fuel-specific provisions—such as those for solar and offshore wind
energy—as distinct targets. Where applicable, such distinct targets (sometimes referred to as “tiers,” “set-asides,” or “carve-
outs”) may be subsumed into the broader targets, or they may not be included in the model because they could be met with
existing capacity and/or projected growth based on modeled economic and policy factors.

States are projected to meet their ultimate RPS targets in the AEO2014 Reference case. The RPS compliance constraints in most
regions are approximated, however, because National Energy Modeling System is not a state-level model, and each state generally
represents only a portion of one of the NEMS electricity regions. In general, EIA has confirmed the states’ requirements through
original legislative or regulatory documentation, although the Database of State Incentives for Renewables & Efficiency was also
used to support those efforts [18]. The aggregate RPS requirement for various mandatory state programs, as modeled for
AEO2014, is shown in Figure LR3-1. In 2025, the targets
Figure LR3-1. Total qualifying renewable generation account for slightly less than 10% of U.S. electricity sales.
required for combined state renewable portfolio
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EIA projects that, overall, RPS-qualified generation will
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The aggregate near-term surplus of qualified generation is supported by projected near-term renewable capacity additions but
declines slightly as growth in renewable capacity slows toward the end of this decade and RPS targets catch up with supply. The
surplus widens again in the final two decades of the projection period, as renewable generation technologies become increasingly
competitive with conventional generation sources and state targets generally do not increase beyond 2025.

Itis important to note, however, that the aggregate targets and qualifying generation shown in Figure LR3-1 may mask significant
regional variation, as well as technology- or tier-specific shortfalls. While some regions may produce excess qualifying generation,
others may produce just enough to meet the requirement or may need to import generation from adjoining regions to meet state
targets. Furthermore, even though there is more qualifying generation in aggregate than is needed to meet the targets, states with
technology-specific goals could still have deficits for certain technologies. Also, this projected pattern of aggregate surplus does
not necessarily imply that projected generation would be the same without state RPS policies. State RPS policies may encourage
investment in places where it otherwise would not occur or would not occur in the amounts projected, even as other parts of the
country see substantial growth above state targets or in their absence. it does, however, suggest that state RPS programs will not
be the sole reason for future growth in renewable generation, and that the importance of RPS targets in contributing to growth in
renewable generation will decline over time.

Currently, 29 states and the District of Columbia have enforceable RPS or similar laws (Table LR3-1) [20]. Under such standards,
each state determines its own levels of renewable generation, eligible technologies [27], and noncompliance penalties. No new
RPS programs have been enacted since 2009. There have been a number of modifications to existing programs in recent years,
however, building on state implementation experience and changing market conditions.

The year 2013 saw a large number of proposed legislative modifications to existing RPS programs [22], including some attempts
to weaken the targets of existing programs significantly. However, only a small subset was enacted, and no states passed
major rollbacks or repeals of RPS programs. The changes that were enacted affect some aspects of the laws and implementing
regulations, but in general they do not have substantive effects on the representation of state RPS programs in the AEQ2014
Reference case. Key changes include:

Colorado

Senate Bill 13-252 [23], signed into law in June 2013, doubles the renewable energy target for large electric cooperatives and
cooperative associations to 20% of total electric sales by 2020. The law also adds a renewable distributed generation requirement
for electric cooperatives, removes preferential credit multipliers for in-state eligible sources, and expands the set of qualifying
energy sources to include coal-mine methane and pyrolysis gas from municipal solid waste.

Connecticut

Senate Bill 1138 [24], enacted in June 2013, relaxes restrictions on how hydroelectric generation can be applied to Connecticut'’s
RPS. The statute expands the set of qualifying Class | resources to include run-of-river hydropower up to 30 MW—an increase
over the previous cap of 5 MW—as well as additional sources, such as geothermal electric and some types of biogas. In addition,
large-scale hydropower (greater than 30 MW) could, under specified circumstances, be allowed to meet an increasing portion of
the RPS, starting at 1% of sales in 2016 and rising to 5% of sales by 2020.

Maryland

The Maryland Offshore Wind Energy Act of 2013, House Bill 226 [25], was enacted in April 2013. The legislation adds to Maryland's
existing RPS an offshore wind technology-specific requirement of up to 2.5% of total sales starting in 2017. Qualifying offshore
facilities must be located in specific areas of the Outer Continental Shelf and are subject to a defined process for approval by
the Maryland Public Service Commission. Projects will be subject to several cost containment triggers: the impact on residential
customers cannot exceed $1.50 per month, and renewable energy credits for offshore wind should not exceed $190 per MWh,

Minnesota

In May 2013 Minnesota enacted House Floor 729 [26], which mandates that investor-owned utilities meet a solar technology-
specific standard of 1.5% of sales by 2020. This minimum is in addition to Minnesota’s previously existing target, effectively
raising the total percentage of required renewable generation for investor-owned utilities by 1.5%. Of the new solar mandate, 10%
must be achieved via small systems that are 20 kilowatts or less. The bill also directs investor-owned utilities to design a “value of
solar” tariff that could be used in lieu of a traditional retail rate-compensated net metering agreement.

Montana

Montana enacted several bills during 2013 related to the state’s RPS [27]. Major changes include expanding the set of RPS-
qualifying technologies to include generation from additional sources, such as: incremental capacity additions at existing
hydropower projects; storage technologies such as flywheels, batteries; and hydroelectric pumped storage; and certain types
of chemically treated biomass burned at small plants. Small utilities serving 50 or fewer customers are now exempt from the
obligation to meet the state’s RPS.
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Table LR3-1. Renewable portfolio standards in the 29 states and District of Columbia with current mandates

Qualifying other
(thermal, efficiency,
nonrenewable

Qualifying distributed
State  Target renewables generation, etc.) Compliance mechanisms
AZ 15% by 2025 Solar, wind, biomass,  Direct use of solar Credit trading is allowed, with some bundling
hydro, landfill gas heat, ground- restrictions. Includes distributed generation
(LFG), anaerobic source heat pumps, requirement, starting at 5% of target in 2007, growing
digestion built after renewable-fueled to 30% by 2012 and beyond.
January 1,1997, combined heat and
geothermal power (CHP), fuel
cells
CA 33% by 2020 Solar, wind, biomass,  Energy storage, fuel Credit trading is allowed, with some restrictions. Renew-
geothermal, LFGand  cells able energy credit prices are capped at $50 per MWHh.
municipal solid waste
- (MSW), small hydro,
biodiesel, anaerobic
digestion, marine
CcO 30% by 2020 for Solar, wind, hydro, Recycled energy, Credit trading is allowed. Renewable distributed genera-
investor-owned biomass, geothermal  coal-mine methane, tion requirement applies to investor-owned utilities (3%
utilities; 20% by 2020 electric, anaerobic pyrolysis gas of sales by 2020) and electric cooperatives (0.75% or
for large electric digestion, LFG produced from MSW, 1% of sales by 2020, depending on size). Generation
cooperatives; 10% fuel cells associated with certain projects that have specific own-
by 2020 for other ership or transmission ties with small utilities, entities,
cooperatives and or individuals is eligible to earn credit multipliers.
municipal utilities
serving more than
40,000 customers
CT 27% by 2020 (23% Solar, wind, biomass,  CHP, fuel cells Credit trading is allowed. Obligated providers may
renewables, 4% hydro (with excep- comply via an alternative compliance payment of $55
efficiency and CHP) tions), geothermal, per MWh. The target is made up of three class tiers,
LFG/MSW, anaerobic with tier-specific targets.
digestion and other
biogas, marine
DE 25% by 2026 Solar, wind, biomass,  Fuel cells Credit trading is allowed. Credit multipliers are awarded
hydro, geothermal, for several compliance specifications, including a 300%
LFG, anaerobic diges- credit awarded for generation from in-state distributed
tion, marine solar and renewable-fueled fuel cells. Target increases
for some suppliers can be subject to a cost threshold.
DC 20% by 2020 Solar, wind, biomass,  Direct use of solar, Credit trading allowed. The target includes a solar-
hydro, geothermal, cofiring, fuel cells specific set-aside, equivalent to 2.5% of sales by 2023.
LFG/MSW, marine Obligated providers may also comply via a tier-specific
alternative compliance payment.
HI 40% by 2030 Solar, wind, biomass,  Direct use of solar, Credits cannot be traded. Eligibility of several of
hydro, geothermal, ground-source heat the “qualifying other” displacement technologies is
LFG/MSW, anaerobic pumps, ice stor- restricted after 2015. Utility companies can calculate
digestion, marine, age, CHP, efficiency compliance over all utility affiliates.
certain biofuels programs, hydrogen,
fuel cells
IL 25% by 2026 Solar, wind, biomass, None Credit trading is allowed. Target includes specific
hydro, anaerobic diges- requirements for wind, solar, and distributed generation.
tion, biodiesel, LFG The procurement process is subject to a cost cap.
1A 105 MW of eligible Solar, wind, some types None lowa’s investor-owned utilities are currently in full
renewable resources  of biomass and waste, compliance with this standard, achieved primarily
small hydro, anaerobic through wind capacity.
digestion, LFG
(continued on next page)
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Table LR3-1. Renewable portfolio standards in the 29 states and District of Columbia with carrent mandates (cont.)

Qualifying other
(thermal, efficiency,
nonrenewable

Qualifying distributed

State Target renewables generation, etc.) Compliance mechanisms

KS 20% of each peak Solar, wind, hydro, Direct use of solar Credit trading is allowed. Eligible in-state capacity
demand capacity by biomass, LFG heat, fuel cells counts for 1.1 times its actual capacity.

2020

ME 40% total by 2017, Solar, wind, biomass,  CHP, fuel cells Credit trading is allowed. The Maine Public Utilities
10% by 2017 from hydro, geothermal, Commission sets an annually adjusted alternative
new resources LFG/MSW, marine, compliance payment. Community-based generation
entering service in hydro projects are eligible to earn credit multipliers.

2005 and beyond
MD 20% by 2022 Solar, wind, biomass,  Solar water heating, Credit trading is allowed. The target includes minimum
geothermal, LFG/ ground-source heat levels of compliance from solar and offshore wind.
MSW, anaerobic pumps, fuel cells Utilities may pay an alternative compliance payment
digestion, marine, in lieu of procuring eligible sources, with a tier-specific
hydro compliance schedule.

MA 22.1% by 2020 (and Solar, wind, hydro, Fuel cells Credit trading is allowed. The target for new resources
an additional 1% per some biomass tech- includes a solar-specific goal to achieve 400 MW of in-
year thereafter) nologies, LFG/MSW, state solar capacity, which is translated into an annual

geothermal electric, target for obligated providers. Obligated providers

anaerobic digestion, may comply via an alternative compliance payment

marine (ACP), which varies in level by the requirement class.
The ACP is designed to be higher than the cost of other
compliance options.

Mi 10% by 2015, with Solar, wind, hydro, CHP, coal with carbon  Credit trading is allowed. Solar power receives a credit
specific new capacity  biomass, LFG/MSW,  capture and seques- multiplier; other generation and equipment features—
goals for utilities that  geothermal electric, tration, energy ef- such as peak generation, storage, and use of equip-
serve more than anaerobic digestion, ficiency measures for ~ ment manufactured in-state—can earn bonus credits.
1 million customers marine up to 10% of a utility’s

sales obligation

MN 31.5% by 2020 (Xcel), Solar, wind, hydro, Cofiring, hydrogen Credit trading is allowed. Target includes 1.5% solar
26.5% by 2025 (other biomass, LFG/MSW, standard for investor-owned utilities; Xcel's target
investor-owned anaerobic digestion also includes 25% of sales specifically from wind and
utilities), or 25% by solar (with a 1% maximum for solar). State regulators
2025 (other utilities) can penalize noncompliance at the estimated cost of

compliance.

MO 15% by 2021, 0.3% of  Solar, wind, hydro, Fuel celis Credit trading is allowed. Noncompliance payments are
retail electricity sales  biomass, LFG/MSW, set at double the market rate for renewables.
from solar electricity  anaerobic digestion,
by 2021 ethanol

MT 15% by 2015 Solar, wind, hydro, geo- Energy storage using  Credit trading is allowed, with a price cap of $10 per

thermal, biomass, LFG, renewable energy, MWHh. There are specific targets for community-based
anaerobic digestion fuel cells projects.

NV 25% by 2025 Solar, wind, hydro, Waste tires, direct use  Credit trading is allowed. Solar PV receives a credit

geothermal, biomass, of solar and geother-  premium, with an additional premium for customer-
LFG/MSW, biodiesel, mal heat, efficiency sited systems.
anaerobic digestion measures (which can
account for one-quar-
ter of the target in any
given year)
NH 24.8% by 2025 Solar, wind, small Fuel cells, CHP, micro- Credit trading is allowed, and utilities may pay into

hydro, marine, LFG,
biomass, anaerobic
digestion, certain
biodiesel fuels

turbines, direct use
of solar heat, ground-
source heat pumps,
hydrogen

a fund in lieu of holding credits. The target has four
separate compliance classes, by technology type.
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Table LR3-1. Renewable portfolio standards in the 29 states and District of Columbia with current mandates (cont.)

Qualifying other
(thermal, efficiency,
nonrenewable

Qualifying distributed

State Target renewables generation, etc.) Compliance mechanisms

NJ 20.38% by 2021 with  Solar, wind, hydro, Fuel cells Credit trading is allowed, with an alternative
an additional 4.1% geothermal, LFG/ compliance payment set by state regulators. Solar and
solar by 2027 MSW, marine, offshore wind are subject to separate requirements and

anaerobic digestion have separate enforcement provisions.

NM 20% by 2020 for Solar, wind, hydro, Zero-emission tech- Credit trading is allowed. The program cannot increase
investor-owned geothermal, LFG, nology (not including  consumer costs beyond a threshold amount, increasing
utilities, 10% by 2020  biomass, anaerobic nuclear), fuel cells to 3% of annual costs by 2015. Technology minimums
for cooperatives digestion are established for wind, solar, and certain other

resources.

NY 29% by 2015 Solar, wind, hydro, Direct use of solar Credit trading is not allowed. Compliance is achieved
biomass, LFG, anaero- heat, CHP, fuel cells through purchases by state authorities, funded by a
bic digestion, certain surcharge on investor-owned utilities. Government-
biofuels, marine owned utilities may have their own, similar programs.

NC 12.5% by 2021 for Solar, wind, small Direct use of solar Credit trading is allowed. Impacts on customer costs
investor-owned hydro, biomass, geo-  heat, CHP, hydrogen,  are capped at specified levels. There are specific
utilities, 10% by 2018  thermal, LFG, marine, demand reduction targets for solar and certain animal waste projects.
for municipal and anaerobic digestion
cooperative utilities

OH 12.5% by 2024 Solar, wind, hydro, Energy storage, fuel Credit trading is allowed. Alternative compliance
biomass, geothermal, cells, and a separate payments are set by law and adjusted annually. There
LFG/MSW, anaerobic  12.5% target for is a separate target for solar electricity generation.
digestion “advanced energy

technologies,”
including coal mine
methane, advanced
nuclear, efficiency,
clean coal

OR 5% by 2025 for Solar, wind, hydro, Hydrogen Credit trading is allowed, with an alternative
utilities with less than  biomass, geothermal, compliance payment and a limit on expenditures of 4%
1.5% of total sales; LFG/MSW, anaerobic of annual revenue. Solar receives a credit multiplier.
10% by 2025 for digestion, marine
utilities with at least
1.5% but less than 3%
of total sales; 25% by
2025 for all others

PA 18% by 2020 Solar, wind, hydro, CHP, certain advanced Credit trading is allowed, with an alternative
biomass, geothermal, coal technologies, compliance payment. Separate targets are set for solar

~ LFG/MSW, anaerobic  certain energy effi- and two different combinations of renewable, fossil,
digestion ciency technologies, and efficiency technologies.
fuel cells, direct use
of solar heat, ground-
source heat pumps,
other distributed gen-
eration technologies

RI 16% by 2019 Solar, wind, hydro, Fuel cells Credit trading is allowed, with an alternative
biomass, geothermal, compliance payment. There is a separate target for 90
anaerobic digestion, MW of new renewable capacity.

LFG, biodiesel, marine
X Enforceable target of  Solar, wind, hydro, Direct use of solar Credit trading is allowed, with capacity targets
5,880 MW by 2015 biomass, geothermal, heat, ground-source converted to generation equivalents. State regulators
LFG, marine heat pumps may cap credit prices. 500 MW must be from
resources other than wind.
(continued on next page)
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Table LR3-1. Renewable portfolio standards in the 29 states and Distriet of Columbia with current mandates (eont.)

Qualifying other
(thermal, efficiency,
nonrenewable

Qualifying distributed

State Target renewables generation, etc.) Compliance mechanisms

WA 15% by 2020 Solar, wind, hydro, CHP Credit trading is allowed, with an administrative
biomass, geothermal, penalty for noncompliance.

LFG, anaerobic diges-~
tion, biodiesel, marine

Wi 10% by 2015 Solar, wind, hydro, CHP, pyrolysis, Credit trading is allowed.
biomass, geothermal,  synthetic gas, direct
LFG/MSW, small use of solar or
hydro, anaerobic biomass heat, ground-
digestion, marine, source heat pumps,
biogas fuel cells
Nevada

InJune 2013 Nevada enacted Senate Bill 252 [28], which places new limits on the extent to which energy efficiency measures count
toward the state’s existing standard. The bill also restricts multiplier credits for customer-sited solar generation to installations
placed in service before the end of 2015. The obligated utility, Nevada Energy, is also now required by Senate Bill 123 [29] to meet
a capacity standard of 350 MW of new renewable capacity by the end of 2021. However, the same capacity can also be applied
to the existing sales-based standard and thus does not necessarily require additional capacity beyond that which may have been
required to meet the existing standard.

Washington

Washington enacted two bills—Senate Bills 5400 [30] and 5297 [37]—that increase compliance flexibility options for certain
providers. Under Senate Bill 5400, utilities that serve customers in muitiple states are now allowed to meet their obligations
with sources from those states. Senate Bill 5297 allows for the use of “coal transition power” for compliance under very specific
circumstances for utilities not experiencing load growth.

LR4. U.S. response to the nuclear accident at Fukushima Daiiehi

Since the March 2011 accident at Japan's Fukushima Daiichi nuclear power plant, the U.S. Nuclear Regulatory Commission
(NRC) and the U.S. nuclear industry have been working to address issues related to the accident. The NRC and the U.S. nuclear
industry initiated an immediate coordinated response to the accident, as well as long-term actions intended to assure the safety
of operating and planned reactors in the United States. The ultimate cost of complying with NRC orders and proposed regulations
and industry-led initiatives remains uncertain, as do the potential impacts on nuclear power plant operations. Although they are
not specifically modeled in AEO2014, NRC actions and industry initiatives are being monitored by EIA so that potential costs and
operational impacts can be included in future AEOs.

The NRC conducted a systematic and methodical review of its own processes and regulations in light of the accident at Fukushima.
On July 12, 2011, the NRC's Near-Term Task Force released its report, Recommendations for Enhancing Reactor 5afety in the 21st
Century [32]. The report contains 12 recommendations, including both short- and long-term actions for consideration, and
prioritizes the implementation of the recommendations.

In order to address the short-term recommendations, the NRC issued three orders in March 2012 that require nuclear power
plants to implement measures related to lessons learned from the Fukushima accident, as follows:

+ All boiling-water reactors (BWRs) with Mark | and ll containment systems must have reliable hardened containment venting
capability to reduce pressure and hydrogen buildup. This may require improving or replacing existing containment ventilation
systems [33].

= Reactors must have enhanced instrumentation installed to monitor water levels in their spent fuel pools in the event of an
emergency [34].

*  Nuclear power plants must be capable of responding to multiple simultaneous events and ensuring that reactors and spent
fuel pools remain cooled. The order specifies a three-phase approach involving use of installed on-site resources, use of
portable on-site equipment, and indefinite use of off-site resources [35].

The NRC stated that, in all cases, the existing fleet of reactors can continue operating safely while implementing the orders. The
orders were effective immediately and included timetables for responses and actions.

U.S. Energy Information Administration | Annual Energy Outlook 2014

KEYSTONE 0228



Losrisiation cud recnlations

In the three orders listed above, the NRC required an integrated plan to be submitted by February 2013, with initial status
reports due in 60 days. The NRC specified that operating reactors must complete modifications within two refueling cycles after
submitting an integrated plan, or by the end of 2016, whichever comes first. Any reactor with a construction permit issued under
10 CFR Part 50 (e.g., Watts Bar Unit 2) was required to comply with the above orders prior to receiving an operating license. Any
reactor issued a Combined Operating License (COL) under 10 CFR Part 52 (i.e., Vogtle Units 3 and 4 and Summer Units 2 and 3)
was required to implement all requirements in the orders before the initial fuel loading. Compliance assessments are underway
at nuclear power plants. The requirements of the orders remain in place until superseded by other orders or rulemaking. As
discussed below, NRC is considering or has initiated rulemaking on several topics, and some of the dates established in the
original orders have been modified.

in November 2012, as an addition to the original order issued to address more robust containment venting systems, the NRC
began considering whether to propose a rule that would require containment venting systems to filter all releases during an
accident for boiling water reactors with Mark | and Mark Il containments [36]. If the NRC decides to pursue such arulemaking, a
final rule could be issued in 2017 {37].

Utilities continue to provide documentation to the NRC on equipment procured to respond to a prolonged loss of power at a
reactor (station blackout) as well as spent fuel pool water level monitoring instrumentation. In March 2013, the NRC decided to
proceed with a rulemaking to address station blackout mitigation [38]. In its July 2013 regulatory basis document [39], the NRC
noted: “One dual-unit site estimated that the order may cost approximately $25 million, while a second dual-unit site estimated
the cost at $43 million.” The final rule is scheduled for issuance by December 2016.

By June 2013, two detailed inspections (or "walkdowns") had been completed at each reactor to evaluate potential seismic and
flooding hazards. The NRC is in the process of auditing the results of the walkdowns. All flooding re-evaluations are due to the
NRC by March 2015 [40]. The NRC will review the analyses and issue a safety assessment for each site. For nuclear power plants
requiring a seismic risk analysis, the NRC performed a prioritization of plants in the Central and Eastern United States (CEUS) and
the Western United States (WUS). Plants in more seismically active WUS and CEUS locations will complete risk evaiuations by
June 2017, and those in less active CEUS locations will complete risk evaluations by December 2019 [47].

In November 2013, the NRC announced proposed rulemaking language to “. . . strengthen and integrate onsite emergency
response capabilities.” [42] The final rule, which is likely to be issued in March 2016, is expected to address accident mitigation
strategies; integration of accident mitigation procedures; identification of command and control roles during an accident; conduct
of drills and exercises; training; and include severe accident situations in examinations for reactor operators. In its comments [43]
on the NRC's draft regulatory basis [44], the Nuclear Energy Institute (NEI) estimated a cost of $17 million for the nuclear fleet—
or $275,000 per unit—to develop and implement new training plans. NE| also estimated increased training costs of $250,000 per
site per year and annual severe accident drill costs of $250,000 per site.

In addition to the NRC actions described above, the Electric Power Research Institute (EPRI), the Institute of Nuclear Power
Operations (INPO), and NEI formed a Fukushima Response Steering Committee to integrate and coordinate the industry’s response
to the accident. In February 2012, the Steering Committee jointly released a report, The Way Forward: U.S. Industry Leadership in
Response to Events at the Fukushima Daiichi Nuclear Power Plant, which discusses activities to oversee and coordinate responses
to emergencies [45]. INPO prepared a detailed report on post-accident events at Fukushima Daiichi [46], and on November
11, 2011, the detailed report was provided to the U.S. Congress, the NRC, and the U.S. nuclear industry. The nuclear industry,
through NEI, developed its FLEX strategy—a comprehensive, flexible, and integrated plan to mitigate the effects of severe natural
phenomena and to take steps to achieve safety benefits quickly [47]. The FLEX approach, implemented in 2012, was informed
by the industry’s response to the September 11, 20071, terrorist attacks in the United States. Two regional response centers will be
located near Memphis, Tennessee, and Phoenix, Arizona. From those regional response centers, critical emergency equipment
can be delivered to nuclear power plants within 24 hours. The regional response centers are planned to be fully operational by
August 2014 [48].

In addition to activities that focus on reactors and the utilities that operate them, the NRC has spent more than two years
evaluating how best to respond to the first of the 12 recommendations made in the July 2011 Near-Term Task Force Review of Insights
from the Fukushima Dai-Ichi Accident [49], which recommended establishment of a “logical, systematic, and coherent regulatory
framework for adequate protection that appropriately balances defense-in-depth and risk considerations.” Defense-in-depth is a
layered approach to safety that involves the use of multiple redundant and independent safety systems. NRC's evaluation of this
recommendation [50] was discussed publicly in January 2014 and included proposed actions on a policy statement that would
detail, among other things, the decision criteria for ensuring adequate defense-in-depth. The proposed actions also identify the
need to clarify the role of voluntary industry initiatives in the NRC regulatory process.

The ultimate cost to the nuclear industry of addressing Fukushima-related issues remains uncertain, as do the potential impacts
on nuclear power plant operations. In a meeting with the NRC in April 2013, Dominion Energy estimated that the cost of post-
Fukushima actions could be $30 to $40 million per unit and $180 to $240 million for its fleet of six units [57, 52]. AEO2014
does not include potential post-Fukushima effects on nuclear capacity and generation, but costs and operational impacts will be
monitored for inclusion in future AEOs as NRC actions and industry initiatives progress.
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Endnotes for legislation and regulations

Links current as of January 2014

1.

10.

11.

12

13.

14,

15.

16.

17.

18.

19.

20.

21.

A complete list of the laws and regulations included in AEQ2014 is provided in Assumptions to the Annual Energy Outlook 2014,
Appendix A, http://www.eia.gov/forecasts/aeo/assumptions/pdf/0554(2014).pdf.

. Regional Greenhouse Gas Initiative, “2012 Program Review" (New York, NY: February 7, 2013), http://www.rggi.org/design

programe-review.

. U.S. Government Printing Office, “Energy Policy Act of 2005, Public Law 109-58" (Washington, DC: August 8, 2005), http://

www.gpo.gov/fdsys/pkg/PLAW-109publ58/pdf/PLAW-109publ58.pdf.

. U.S. Government Printing Office, “Energy Independence and Security Act of 2007, Public Law 110-140,” (Washington, DC:

December 19, 2007), http://www.gpo.gov/fdsys/pke /PLAW-110publ140/pdf/PLAW-110publ140.pdf.

. Colorado State University, Center for the New Energy Economy, “State Renewable Portfolio Standards Hold Steady or Expand in

2013 Session” (Fort Collins, CO: 2013), http://www.aeltracker.org /graphics/uploads/2013-State-By-State-RPS-Analysis.odf.

. The nine participating RGGI states are Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New

York, Delaware, and Maryland.

. California Environmental Protection Agency, Air Resources Board, "Assembly Bill 32: Global Warming Solutions Act”

(Sacramento, CA: September 27, 2006), http.//www.arb.ca.gov/cc/ab32/ab32.htm.

. U.S. Environmental Protection Agency, “Mercury and Air Toxics Standards (MATS)” (Washington, DC: last updated March

27, 2012), http://www.epa.gov/mats.

. U.S. Energy Information Administration, Assumptions to the Annual Energy Outlook 2013, DOE/EIA-0554(2013) (Washington,

DC: May 2013), http://www.eia.gov/forecasts/aeo/assumptions. Table 8.8 indicates how much of a plant’s uncontrolled
mercury emissions are removed by a specific configuration of environmental control equipment for a given coal type. The
strategies used by coal plants to comply with the mercury, acid gases, and toxic metals are discussed in the documentation.

White Stallion Energy Center, LLC, et al. v. United States Environmental Protection Agency, USCA Case #12-1100 (January 22,
2013), hitp://www.4cleanair.ore/Documents/AdminBrief MATS.pdf.

U.S. Environmental Protection Agency, "Clean Air Interstate Rule (CAIR)" (Washington, DC: December 19, 2012), http://
www.epa.gov/cair/index.html|#older.

Further details on the modeling strategies for MATS and CAIR can be found in the forthcoming report, Assumptions to the
Annual Energy Outlook 2014, and the forthcoming Electricity Market Module of the National Energy Modeling System Model
Documentation 2014.

United States Court of Appeals for the District of Columbia Circuit, EME Homer City Generation, L.P,, v. Environmental Protection
Agency, et al., No. 11-1302 (decided August 21, 2012), http://www.cadc.uscourts.gov/internet /opinions.nsf/19346B280C78
405C85257A61004DCOES/%file/11-1302-1390314.pdf.

U.S. Environmental Protection Agency, United States Environmental Protection Agency, et al., v. EME Homer City Generation, L.P.,
et al., Petition for a Writ of Certiorari, http://www.epa.gov/airmarkets/airtransport/CSAPR /pdfs/EME Homer City Pet.pdf.

U.S. Government Printing Office, "Energy Policy Act of 2005, Public Law 109-58" (Washington, DC: August 8, 2005), http://
www.gpo.gov/fdsys/pke/PLAW-109publ58/pdf/PLAW-109publ58 .ndf.

U.S. Government Printing Office, “Energy Independence and Security Act of 2007, Public Law 110-140" (Washington, DC:
December 19, 2007), http://www.gpo.gov/fdsys/pke/PLAW-110pubi140/pdf/PLAW-110publ14.0.pdf.

Does not include the RPS policy for Hawaii, because NEMS provides electricity market projections only for the contiguous
lower 48 states.

More information about the Database of State Incentives for Renewables & Efficiency (DSIRE) can be found at http,//www.
dsireusa.org.

G. Barbose, “Renewable Portfolio Standards in the United States: A Status Update” (November 2013), http.//emp.ibl.gov/
sites/all /files/rps sumimit_nov 2013 .pdf.

Enumerations of state RPS policies may vary from source to source, as these policies vary significantly from state to state with
no universal definition. Previous enumerations of 30 state RPS policies by EIA have included a policy in West Virginia that
allows for several types of fossil generators to be built instead of renewable generators to meet the portfolio requirement.
However, because EIA does not model this in the Annual Energy Outlook as an RPS, it is not included in the current enumeration.

Eligible technologies, and even the definitions of technologies or fuel categories, vary by state. For example, one state’s
definition of renewables may include hydropower while another's may not. Table LR-1 provides more detail on how the
technology or fuel category is defined by each state.
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22.

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

Colorado State University, “State Renewable Portfolio Standards Hold Steady or Expand in 2013 Session,” Center for the
New Energy Economy (Fort Collins, CO: July 2013), http://www aeltracker.org/graphics/uploads/2013-State-By-State-RPS-
Analysis.pdf.

State of Colorado General Assembly, “Senate Bill 13-252" (June 5, 2013), http://www.leg.state co.us/clics/clics2013a/csl.
nsf/fsbillcont3/D1B329AEB8681D4D87257B390071676120pen&file=252 enr.pdf.

State of Connecticut General Assembly, “Senate Bill 1138” (June 5, 2013), http://www.cga.ct.gov/2013/ACT/PA/2013PA-
00303-RO0OSB-01138-PA htm.

State of Maryland General Assembly, “House Bill 226: Maryland Offshore Wind Energy Act of 2013" (April 2013), http://
mgaleg.maryiand.gov/2013RS/bills/hb/hb0226e.pdf.

State of Minnesota Legislature, “House Floor 729" (May 2013), htitps://www.revisor.mn.gov/laws/?id=85&vyear=
2013&type=0.

State of Montana Legislature, "Summary of Energy and Telecommunications Legislation: 2013 Legislative Session” (2013),
http://leg.mt.gov/content/Committees/Interim/2013-2014/Energy-and-Telecommunications/Committee-Topics
2013EnergyBills .pdf.

State of Nevada Legislature, “Senate Bill 252" (June 2013), http://www.leg.state.nv.us/Session/77th2013/Bills/SB/SB252
EN.pdf.

State of Nevada Legislature, “Senate Bill 123" (June 2013), http://www.leg.state.nv.us/Session/77th2013/Bills/SB/SB123
EN.pdf.

State of Washington Legislature, “Senate Bill 5400" (April 2013), http://apps.leg.wa.gov/documents/billdocs/2013-14/Pdf
Bills/Session%20l aws/Senate/5400-S.5SL.pdf.

State of Washington Legislature, “Senate Bill 5297" ( April 2013), http://apps.leg.wa.gov/documents/billdocs/2013-14/Pdf
Bills/Session%20laws/Senate/5297.5L.pdf.

U.S. Nuclear Regulatory Commission, Recommendations for Enhancing Reactor Safety in the 21st Century (Washington, DC: July
12, 2011), http://pbadupws.nrc.gov/docs/MLIT18/MLI11861807.pdf.

U.S. Nuclear Regulatory Commission, Issuance of Order to Modify Licenses with Regard to Reliable Hardened
Containment Vents (Washington, DC: March 12, 2012), http://www.oecd-nea.org/nsd/fukushima/documents
NRC12March?20120rderonHardenedContainmentVents.pdf.

U.S. Nuclear Regulatory Commission, Order Modifying Licenses with Regard to Reliable Spent Fuel Pool Instrumentation (Effective
Immediately) (Washington, DC: March 12, 2012), http://obadupws.nrc.gov/docs/ML1205/ML12056A04 4.pdf.

U.S. Nuclear Regulatory Commission, Issuance of Order to Modify Licenses with Regard to Requirements for Mitigation Strategies
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Figure and table sources

Links current as of January 2014

Figure LR3-1. Total qualifying renewable generation required for combined state renewable portfolic standards and projected
total achieved, 2013-40: AEO2014 National Energy Modeling System, run REF2014.D102413A.
Table LR3-1. Renewable portfolio standards in the 29 States and District of Columbia with current mandates: U.S. Energy
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Introduction

The "Issues in focus” section of the Annual Energy Outlook (AEQ) provides in-depth discussions on topics of special significance,
including changes in assumptions and recent developments in technologies for energy production and consumption. Selected
topics from recent AEOs are listed in Table IF-1.

Selected quantitative results from the issues discussed in AEQ2014 are available in Appendix D. The first topic updates a
discussion included in a number of previous AEOs, comparing the Reference case projections with two cases based on different
assumptions about the future course of existing energy policies: one assumes the elimination of sunset provisions for various
energy tax credits that are scheduled to expire under current law; the other assumes—in addition to the elimination of sunset
provisions on various tax credits—the extension or expansion of three existing policies: corporate average fuel economy (CAFE)
standards, appliance standards, and building code improvements.

Other topics discussed in this section include:

= U.S. tight oil production trends and supply projections based on alternative assumptions and a methodology using well-level
data aggregated to the county level

= Potential of liquefied natural gas as a freight locomotive fuel

= Impacts of demographic issues and travel behavior on light-duty vehicle (LDV) energy demand
» Impacts of lower natural gas prices on industrial production

* Implications of accelerated power plant retirements

= Variations in renewable electricity projections in AEQ2014 cases

* Implications of lower growth in electricity demand.

Table IF-1. Key analyses from “Issues in focus” in recent AEQOs
AEOQ2013 AEO2012

U.S. reliance on imported liquid fuels in Potential efficiency improvements and their
alternative scenarios impacts on end-use energy demand

AEO20M

Increasing light-duty vehicle greenhouse gas
and fuel economy standards for model years
2017 to 2025

Competition between coal and natural gas in
the electric power sector

Energy impacts of proposed CAFE standards
for light-duty vehicles, model years 2017 to
2025

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

Nuclear power in AEO2013

Impacts of a breakthrough in battery vehicle

technology

Potential efficiency improvements in
alternative cases for appliance standards
and building codes

Effect of natural gas liquids growth

Heavy-duty natural gas vehicles

Potential of offshore crude oil and natural
gas resources

Changing structure of the refining industry

Prospects for shale gas

Changing environment for fuel use in
electricity generation

Cost uncertainties for new electric power
plants

Nuclear power in AEQ2012

Carbon capture and storage: Economics and
issues

Power sector environmental regulations on
the horizon

Sources: U.S. Energy Information Administration, Annual Energy Outlook 2013, DOE/EIA-0383(2013) (Washington, DC: April 2013); U.S. Energy
Information Administration, Annual Energy Outlook 2012, DOE/EIA-0383(2012) (Washington, DC: June 2012); and U.S. Energy Information
Administration, Annual Energy Outlook 2011, DOE/EIA-0383(2011) (Washington, DC: April 2011).

IF-2
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IF1. No Sunset and Extended Policies cases

Two alternative cases are discussed in this section to provide insight into the sensitivity of the Reference case to scenarios, in which
existing tax credits that have sunset dates are assumed not to sunset (No Sunset case), or other policies (i.e., CAFE standards,
appliance standards, and building codes) are expanded beyond current provisions in combination with the elimination of the
sunset dates on existing tax credits (Extended Policies case). 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 are likely to, or
should, be changed. The cases examined here look only at federal laws or regulations and do not examine state laws or regulations.

The No Sunset and Extended Polices cases generally lead to lower estimates for overall delivered energy consumption, increased
use of renewable fuels (particularly for electricity generation), reduced energy-related carbon dioxide (CO;) emissions, lower
energy prices, and lower government tax revenues.

Background

The AEO2014 Reference case is best described as a current laws and regulations case, because it generally assumes that existing
laws and regulations remain unchanged throughout the projection period unless the legislation establishing the regulations sets
a sunset date or specifies how they will change. The Reference case often serves as a starting point for analysis of proposed
changes in legislation or regulations. While this definition of the Reference case supports a variety of further analysis, there may
be interest in alternative cases that reflect updates or extensions of current laws and regulations that the AEQ2014 Reference
case excludes. 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 periodic updating of initial specifications. Examples include appliance efficiency standards
issued by the U.S. Department of Energy (DOE) and Corporate Average Fuel Economy (CAFE) and greenhouse gas (GHG)
emissions standards for vehicles issued by the National Highway Traffic Safety Administration (NHTSA) and the U.S.
Environmental Protection Agency (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 that require EPA to issue or revise regulations if it
finds that an environmental quality target is not being met.

Analysis cases

The two cases prepared—the No Sunset case and the Extended Policies case—incorporate all the assumptions from the AEO2014
Reference case, except as identified below.

No Sunset case

The sunset provisions for tax credits are eliminated for renewable energy sources in the utility, industrial, and buildings sectors
and for energy-efficient equipment in the buildings sector, including the following:

« The production tax credit (PTC) of 1.1 or 2.3 cents/kilowatthour (kWh), depending on the technology, and the 30% investment
tax credit (ITC) available for wind, geothermal, biomass, hydroelectric, and landfill gas resources are extended indefinitely as
opposed to expiring at the end of 2013.

* For solar power investments, a 30% ITC that is scheduled to revert to a 10% credit in 2016 is assumed to be extended
indefinitely at 30%.

* In the buildings sector, personal tax credits for the purchase of energy-efficient and renewable equipment, including
photovoltaics (PV), are assumed to be extended indefinitely, as opposed to ending in 2013 or in 2016, respectively, 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. The business ITC for solar systems is assumed to remain at 30%
instead of reverting to 10%.

* In the industrial sector, the 10% ITC for combined heat and power (CHP), which is assumed to end in 2016 in the AEQ2014
Reference case [7], is assumed in the No Sunset case to be preserved through 2040,

» The $1.01/gallon (nominal) subsidy for cellulosic ethanol and $1.00/gallon (nominal) biodiesel subsidy are assumed to be
extended at those levels from their recent expiration at the end of 2013 through the end of the projection period [2].

Extended Policies case

The Extended Policies case includes additional updates to federal equipment efficiency standards that were not considered in the
Reference case or the No Sunset case. Residential and commercial end-use technologies eligible for incentives in the No Sunset
case are not subject to new standards. Other than those exceptions, the Extended Policies case adopts the same assumptions as
the No Sunset case, in addition to the following:
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= Federal equipment efficiency standards are assumed to be updated at periodic intervals, consistent with the provisions in
existing law, at levels based on ENERGY STAR specifications or on the Federal Energy Management Program purchasing
guidelines for federal agencies, as applicable. Standards also are introduced for products that are not currently subject to
federal efficiency standards.

* Federal energy codes for residential and commercial buildings are assumed to be updated periodically, providing additional
improvement to new construction. The equipment standards and building codes assumed for the Extended Policies case are
meant to illustrate the potential effects of those policies 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 ailowed to exceed the “maximum technologically feasible” levels
described in DOE's technical support documents.

* The AEQ2014 Reference, No Sunset, and Extended Policies cases include the joint attribute-based CAFE and vehicle GHG
emissions standards for model year (MY) 2012 to MY 2025 for light-duty vehicles (LDVs). The Reference and No Sunset
cases assume that the CAFE standards are then held constant at MY 2025 levels in subsequent model years, although the
fuel economy of new LDVs continues to rise modestly over time. The Extended Policies case modifies the assumption in the
Reference and No Sunset cases, assuming continued increases in CAFE standards at an annual average rate of 1.3% for new
LDVs after MY 2025.

* The AEQ2014 Reference, No Sunset, and Extended Policies cases include the heavy-duty vehicle (HDV) fuel consumption
and GHG emissions standards for MY 2014 to MY 2018. The Reference and No Sunset cases assume that the standards are
held constant at MY 2018 levels in subsequent model years, although the fuel economy of HDVs rises modestly thereafter.
The Extended Policies case includes an increase in fuel consumption and GHG emissions standards for 13 vehicle size classes.

* In the industrial sector, the ITC for CHP is extended to cover all properties with CHP, no matter what the system size (which
may include multiple units), instead of being limited to properties with systems smaller than 50 megawatts (MW) as in the
Reference case [3]. Also, the ITC is modified to increase the eligible CHP unit cap from 15 MW to 25 MW. These extensions
are consistent with previously proposed legislation.

* The extension of ethanol and biodiese! subsidies assumed in the No Sunset case is not included in the Extended Policies case,
because the renewable fuel standard (RFS) program already included in the AEO2014 Reference case tends to determine the
levels of ethanol and biodiesel use.

Analysis results

The changes made to the Reference case assumptions in the No Sunset and Extended Policies cases generally lead to lower
estimates for overall delivered 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 effects of the Extended Policies case tend to be greater than those of the No Sunset case
(with some exceptions discussed below). Both cases result in lower energy prices, because the assumed tax credits and end-use
efficiency standards iead to lower energy demand (except in the No Sunset case after 2034, as discussed below) and lower costs
for renewable technologies. Appliance purchase costs are also affected. In addition, 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 slightly
lower than in the Reference case before 2034 and slightly
History 2012 Projections higher than in the Reference case in the later years of the
projection (Figure IF1-1). Improvements in energy efficiency
lead to reduced consumption in the No Sunset case, but
the demand-increasing effect of lower energy prices fully
105 - offsets the efficiency impacts by the end of the projection

period. In 2040, total energy consumption in the Extended

Policies case is 2% below the Reference case projection, as
Extended Policies the combination of tax and other policy extensions reduces
overall demand even after taking price declines into account.

Figure 1F1-1. Total energy consumption in three
cases, 2005-40 (quadrillion Btu)

110

No Sunset
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100

Buildings energy consumption

95 Renewable distributed generation (DG) technologies
(photovoltaic systems and smali wind turbines) provide much

of the buildings-related energy savings in the No Sunset case.
s The continuation of tax credits in the No Sunset case spurs
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of onsite electricity generation from renewable DG in 2025, compared with 25 billion kWh in the Reference case. In 2040, onsite
electricity generation from renewable sources increases to 145 billion kWh in the No Sunset case—almost three times the amount
of onsite electricity generated in the Reference case in that year.

Similar adoption of renewable DG occurs in the Extended Policies case, while efficiency gains from assumed future standards and
more stringent building codes further reduce delivered energy use in the buildings sectors. Delivered energy use for buildings
in the Extended Policies case is 1.5%, or 0.3 quadrillion British thermal units (Btu), lower than in the Reference case in 2025
and 5.4%, or 1.1 quadrillion Btu, lower than in the Reference case in 2040. In the No Sunset case, in contrast, delivered energy
consumption is only 1.0% (0.2 quadrillion Btu) and 1.8% (0.4 quadrillion Btu) lower than in the Reference case projections for
2025 and 2040, respectively.

Electricity use shows the largest reduction in the two alternative cases relative to the Reference case. Building electricity
purchases in 2025 are 1.4% and 1.9% lower in the No Sunset and Extended Policies cases, respectively, and 2.8% and 6.9% lower,
respectively, in 2040, when compared with the Reference case. Increased onsite generation decreases electricity purchases in
both cases. Additional reductions in electricity purchases occur in the Extended Policies case, as assumed standards increase
the market penetration of efficient equipment and building construction. Energy use for water heating in the Extended Policies
case shows the largest drop relative to the Reference case, at 16% (0.4 quadrillion Btu) below the Reference case level in 2040.
Space heating and cooling also are affected by the assumed standards for equipment and building codes in the Extended Policies
case, and energy consumption for those uses is reduced by a combined 6.7% (0.5 quadrillion Btu) from the Reference case level
in 2040. In 2040, natural gas use in the buildings sectors is 0.9% and 4.1% below the Reference case level in the No Sunset and
Extended Policies cases, respectively.

Residential energy consumption for most end uses moves in the same direction in all three cases, but at different rates (Figure
IF1-2). For example, energy use for lighting, which declines in the Reference case, declines further in the Extended Policies case
with additional standards; and space cooling, which increases in the Reference case, increases more slowly in the No Sunset case,
which assumes the continuation of tax credits for efficient equipment and building shell thermal integrity improvement.

Industrial energy consumption

The No Sunset case modifies the Reference case assumptions by extending the existing ITC for industrial CHP through 2040.
The Extended Policies case starts from the No Sunset case and expands the credit to include industrial CHP systems of all sizes,
while raising the system size limit for the maximum credit that can be claimed, from 15 MW of installed capacity to 25 MW.
The changes result in 1.2 gigawatts (GW) of additional industrial CHP capacity in the Extended Policies case compared with the
Reference case in 2025 and 3 GW of additional capacity in 2040.

From 2025 through 2040, more CHP capacity is installed in the Extended Policies case than in the No Sunset case, but the
differences narrow over time. CHP capacity is 0.3 GW higher in the Extended Policies case than in the No Sunset case in 2025,
but only 0.1 GW higher in 2040. The Extended Policies case includes a tax benefit that applies to more CHP units than in the No
Sunset case, which by itself provides greater incentive to build CHP capacity. However, electricity prices are slightly lower in the
Extended Policies case than in the No Sunset case starting around 2024, and the difference grows over time, which reduces the
economic attractiveness of CHP. These opposite effects explain why CHP capacity in the Extended Policies case is only slightly
higher than in the No Sunset case, and why the difference decreases over time. Also, the median size of the nameplate capacity

of industrial CHP units is 10 MW [4], and most CHP systems

Figure IF1-2. Change in residential delivered energy are well within the 50-MW total system size, which means
consumption for selected end uses in three cases, that relaxing the size constraint is not as strong an incentive
2012-40 (percent) for investment as is allowing the current tax credit for new

CHP investments to continue after 2016.

Natural gas consumption in the industrial sector averages
| 10.4 quadrillion Btu per year from 2012 to 2040 in all three
Space heating cases. However, the pattern of use varies, with the No
| Sunset and Extended Policies cases showing higher levels
of consumption than the Reference case at the end of the
projection period.

Reference
No Sunset
Extended Policies —

Transportation energy consumption

The Extended Policies case differs from the Reference and No
Sunset cases in assuming that the joint CAFE and greenhouse
gas emissions standards promulgated by EPA and NHTSA
for model years 2012 through 2025 are extended through
2040, with an assumed average annual increase of 1.3%.
Sales of vehicles that do not rely solely on gasoline internal
75 50 25 0 25 50 combustion engines for power (including those that use

TVs, PCs,
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Effects of proposed energy provisions in the Energy Savings and Industrial Competitiveness Act of 2013

Senate bill 5.1392, The Energy Savings and Industrial Competitiveness Act of 2013 (ESICA) [5], introduced in July 2013, contains
provisions for building energy codes, industrial energy efficiency, federal agencies, and budget offsets. Assuming appropriation
of the funding authorized in the bill, EIA examined two key provisions of the proposed legislation: the adoption of updated building
energy codes for residential and commercial buildings, and a rebate program for energy-efficient electric motors [6]. Other
provisions require further specification by federal agencies or Congress, or they address levels of detail beyond that modeled in
the Nationa! Energy Modeling System. Amendments have been introduced that may have energy impacts, but they are not part of
the bill as of this writing and are not considered in this analysis. Of the two provisions analyzed for AEO2014, the updated building
codes have a small effect on energy consumption and CO, emissions, and the industrial motors rebate program has virtually no
effect. The analysis assumes that states will take advantage of incentives offered to implement the updated codes, and that once
in place the codes will be effective over time.

Compared withthe AEO2014 Reference case, the proposed building codes in ESICA reduce buildings delivered energy consumption
by 0.7% in 2025 and 1.1% in 2040. Natural gas shows the largest reduction in buildings’ energy use relative to the Reference case,
as improved building shells lessen space heating requirements. Lower energy use in the ESICA case leads to lower levels of CO,
emissions than in the Reference case. From 2014 to 2040, energy-related CO; emissions are reduced by a cumulative total of 307
million metric tons (an annual average of about 12 million metric tons) relative to the Reference case projection.

Residential and commercial consumers save $9.2 billion (2012 dollars) on energy purchases in 2040 in the ESICA case relative
to the Reference case, as a result of lower energy demand. From 2014 to 2040, the cumulative reduction in residential and
commercial energy purchases in the ESICA case totals $96.9 billion. Some of those savings are assumed to be offset by additional
costs to the buildings sectors in meeting more stringent building codes, but such costs are not comprehensively modeled by EIA.
The electric motor rebate program has a minimal impact on energy use, because the proposed program is limited in terms of both
authorized funding and the two-year time frame for eligible installations.

diesel, alternative fuels, or hybrid electric systems) play a substantial role in meeting the higher fuel economy standards after
2025, growing to 76% of new light-duty vehicle (LDV) sales in 2040, compared with 55% in the Reference case.

LDV energy consumption declines from 16.0 quadrillion Btu (8.7 million barrels per day [MMBbl/d] of oil equivalent) in 2012
to 13.5 quadrillion Btu (7.4 million barrels per day (MMBDbI/d) of oil equivalent) in 2025 in the Reference case as a result of the
increase in CAFE standards. Extension of the increases in CAFE standards in the Extended Policies case further reduces LDV
energy consumption to 11.1 quadrillion Btu (6.1 MMBDbI/d of oil equivalent) in 2040, which is 9% lower than in the Reference case.

The Extended Policies case differs from the Reference and No Sunset cases by extending the standards for heavy-duty vehicle
(HDV) fuel consumption and GHG emissions after MY 2018. New HDV fuel economy increases from 7.7 mpg in 2018 to 8.0 mpg
in 2040 in the Extended Policies case. HDV annual energy consumption still rises from 5.3 quadrillion Btu (2.5 MMBbI/d of oil
equivalent) in 2012 to 6.0 quadrillion Btu (2.9 MMBbl/d of oil equivalent) in 2018 and continues to grow to 7.3 quadrillion Btu
(3.5 MMBbI/d of oil equivalent) in 2040 in the Extended Policies case. However, the total is lower than the 7.5 quadrillion Btu (3.6
MMBbI/d of oil equivalent) in the Reference case in 2040.

Consumption of petroleum and other liquids in the transportation sector is nearly the same through 2025 in the Reference and
Extended Policies cases but declines in the Extended Policies case from 12.7 MMBbI/d of oil equivalent in 2025 to 11.5 MMBbI /d
of oil equivalent in 2040, as compared with 12.2 MMBbl/d

Figur -3. ti f petrole and other
igure 1F1-3. Consumption of petroleum and other of oil equivalent in 2040 in the Reference case (Figure [F1-3).

liquids for transportation in three cases, 2005-40
(million barrels per day) Renewable electricity generation
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credit (PTC) requires that new wind capacity be under construction by 2013 and generally in service before 2016, resulting in a
near-term surge in wind capacity additions.

Minimal demand for new capacity and competitive natural gas prices limit mid-term (approximately 2015 to 2025) wind growth
in all the cases, but long-term sustained growth of wind generation capacity begins earlier (in the early 2020s) and proceeds at
more rapid rate in the Extended Policies case as a result of relative attractiveness of wind projects under the continued support
of the PTC.

Solar generation grows at a uniformly higher rate in the Extended Policies case than in the Reference case, in response to the
assumed extension of the solar investment tax credits (ITC) in the Extended Policies case that either expire or are significantly
reduced after 2016 in the Reference case. In both the No Sunset and Extended Polices cases, total U.S. solar generation increases
by an average of about 12% per year from 2012 to 2040, compared with 7% per year in the Reference case. In general, the relatively
higher growth benefits both utility-scale PV installations in the electric power sector and customer-sited rooftop PV applications
in the residential and commercial sectors. The effects of tax credit extensions on other renewable generation technologies, such
as hydropower, biomass, and geothermal, are minimal in comparison.

Energy-related CO, emissions

Inthe No Sunset and Extended Policies cases, lower overall fossil energy use leads to lower levels of energy-related CO, emissions
than in the Reference case. In the Extended Policies case, the emissions reduction is larger than in the No Sunset case. From 2012
to 2040, energy-related CO, emissions are reduced by a cumulative total of 2.6 billion metric tons (a 1.7% reduction over the
period) in the Extended Policies case relative to the Reference case, as compared with 1.2 billion metric tons (a 0.7% reduction over
the period) in the No Sunset case (Figure IF1-5). The increase in fuel economy standards assumed for new LDVs in the Extended
Policies case is responsible for 11.4% of the total cumulative reduction in CO, emissions from 2012 to 2040 in comparison with
the Reference case. The balance of the reduction in CO, emissions is a result of greater improvement in appliance efficiencies and
increased penetration of renewable electricity generation.

Most of the emissions reductions in the No Sunset case result from increases in renewable electricity generation. Consistent
with current EIA conventions and EPA practice, emissions associated with the combustion of biomass for electricity generation
are not counted, because they are assumed to be balanced by carbon absorption when the plant feedstock is grown. Relatively
small incremental reductions in emissions are attributabie 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 Extended Policies case, water heating, space cooling, and space heating together account for most of the emissions
reductions from Reference case levels in the buildings sector. In the industrial sector, the Extended Policies case shows reduced
emissions as a result of lower petroleum use.

Energy prices and tax credit payments

With lower natural gas use and more consumption of renewable fuels stimulated by tax credits in the No Sunset and Extended
Policies cases, natural gas and electricity prices are lower than in the Reference case. In 2040, the average delivered price for
natural gas is $0.44/thousand cubic feet (Mcf), or 4.2%, lower in the No Sunset case and $0.48/Mcf, or 4.5%, lower in the
Extended Policies case than in the Reference case (Figure IF1-6). Similarly, average end-use electricity prices are 0.46 cents/kWh

Figure IF1-4. Renewable clectricity generation in Figure IF1-5. Energy-related carbon dioxide
three cases, 2012, 2020, 2030, and 2040 emissions in three cases, 2005-40 (million metric tons)
(billion kilowatthours)
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(4.1%) lower in the No Sunset case and 0.55 cents/kWh (5.0%) lower in the Extended Policies cases than in the Reference case
(Figure IF1-7).

The reductionsin delivered energy consumption and CO, emissions in the No Sunset and Extended Policies cases areaccompanied
by higher equipment costs for consumers and revenue reductions for the U.S. government. Compared to the Reference case,
residential and commercial consumers in the No Sunset case, on average, pay an extra $1.7 billion/year (2012 dollars) for end-
use equipment, residential building shell improvements, and additional distributed generation systems between 2014 and
2040. The government, on average, pays an extra $7.7 billion/year in tax credits to consumers in the buildings sector (or, from
the government's perspective, receives that amount of reduced revenue). In the Extended Policies case, consumers and the
government pay, on average, an additional $14.5 billion and $5.1 billion/year, respectively, over the amounts in the Reference case
between 2014 and 2040.

The additional costs to the buildings sectors in the No Sunset and Extended Policies cases are more than offset by savings on
energy purchases as a result of efficiency improvements and increased distributed generation. Compared to the Reference case,
residential and commercial consumers save an average of $11.9 billion (2012 dollars) in annual energy costs from 2014 to 2040
in the No Sunset case and an average of $20.4 billion annually in the Extended Policies case.

The largest response to federal tax incentives for new renewable generation in the power sector is seen in the No Sunset case,
where the extension of the PTC and the 30% ITC reduces government tax revenues by approximately $4.5 billion/year from 2014
to 2040, as compared with $483 million/year in the Reference case. In the Extended Policies case, the reduction in government
tax revenues is similar to, but somewhat less than, that in the No Sunset case because of the lower levels of demand. From 2014
to 2040, annual government tax revenues in the Extended Policies case will be approximately $3.3 billion/year lower than in the
Reference case.

Figure [F1-6. Average delivered prices for natural Figure IFi-7. Average electricity prices in three cases,
gas in three cases, 2005-40 (2012 dollars per thousand 2005-40 (2012 cents per kilowatthour)
cubic feet)
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Endnotes for 1F1

Links current as of April 2014

1. United States Internal Revenue Code, Title 26, Subtitle A—Income Taxes, $48@@)(2)(A)(ii), hitp://www.gpo.gov/fdsvs/pke/
USCODE-2011-title 26/pdf/USCODE-2011-title26-subtitie A-chapl-subchapA .pdf.

2. Atax extenders package that includes a two-year extension of the biodiesel credit (retroactive to January 1, 2014) was passed
by the Senate Finance Committee on April 3, 2014, but still must be passed by the House and the full Senate to become law.
R. Kotrba, “Senate Finance Committee passes tax package with biodiesel credit,” Biodiesel Magazine (April 3, 2014), http:.//
biodieselmagazine.com/articles/41973/senate-finance-commitiee-passes-tax-package-with-biodiesel-credit.

3. United States Internal Revenue Code, Title 26, Subtitle A—Income Taxes, $48(c) (3)(B)(iii), http://www.gpo.gov/fdsvs/pkg
USCODE-2011-title 26/pdf/USCODE-2011-title 26-subtitleA-chaol-subchapA.pdf.

4. Calculations based on U.S. Energy Information Administration, Form EIA-860, Schedule 3, 2011 data (Washington, DC,
January 9, 2013), http://www.eia.gov/electricitv/data/eia860/index.htm!.

5. U.S. Congress, “S. 1392 - Energy Savings and Industrial Competitiveness Act of 2013,” htto://beta.congress.gov/bill/113th-
congress/senate-bill/13927a={%22search%22:1%225.%201392%221}.

6. Modeled provisions based on S. 1392, Sections 101 and 221, as brought to the Senate floor in September 2013. An updated
versionofthebillwasreintroduced onFebruary 27,2014, http://beta.congress.gov/bill/113th-congress/senate-bill/2074/text.
As of this writing, time had not been scheduled for Senate floor discussion.

Figure sources for IF1

Links current as of April 2014

Figure IF1-1. Total energy consumption in three cases, 2005-40: History: U.S. Energy Information Administration, Monthly Energy
Review September 2013, DOE/EIA-0035 (2013/09) (Washington, DC, September 2013). Projections: AEO2014 National Energy
Modeling System, runs REF2014.D102413A, NOSUNSET.D121713A, and EXTENDED.D022814A.

Figure IF1-2. Change in residential delivered energy consumption for selected end uses in three cases, 2012-40: History:
U.S. Energy Information Administration, Monthly Energy Review September 2013, DOE/EIA-0035 (2013/09) (Washington, DC,
September 2013). Projections: AEO2014 National Energy Modeling System, runs REF2014.D102413A, NOSUNSET.D121713A,
and EXTENDED.DO022814A.

Figure IF1-3. Consumption of petroleum and other liquids for transportation in three cases, 2005-40: History: U.S. Energy
Information Administration, Monthly Energy Review September 2013, DOE/EIA-0035 (2013/09) (Washington, DC, September
2013). Projections: AEQ2014 National Energy Modeling System, runs REF2014.D102413A, NOSUNSET.D121713A, and
EXTENDED.DO22814A.

Figure IF1-4. Renewable electricity generation in two cases, 2012-40: History: U.S. Energy Information Administration, Monthly
Energy Review September 2013, DOE/EIA-0035 (2013/09) (Washington, DC, September 2013). Projections: AEO2014 National
Energy Modeling System, runs REF2014.D102413A, NOSUNSET.D121713A, and EXTENDED.D022814A.

Figure IF1-5. Energy-related carbon dioxide emissions in three cases, 2005-40: History: U.S. Energy Information Administration,
Monthly Energy Review September 2013, DOE/EIA-0035(2013/09) (Washington, DC, September 2013). Projections: AE0Q2014
National Energy Modeling System, runs REF2014.D102413A, NOSUNSET.D121713A, and EXTENDED.D022814A.

Figure IF1-6. Average delivered prices for natural gas in three cases, 2005-40: History: U.S. Energy Information Administration,
Monthly Energy Review September 2013, DOE/EIA-0035(2013/09) (Washington, DC, September 2013). Projections: AEQ2014
National Energy Modeling System, runs REF2014.D102413A, NOSUNSET.D121713A, and EXTENDED.D022814A.

Figure IF1-7. Average electricity prices in three cases, 2005-40: History: U.S. Energy Information Administration, Monthly Energy
Review September 2013, DOE/EIA-0035(2013/09) (Washington, DC, September 2013). Projections: AEO2014 National Energy
Modeling System, runs REF2014.D102413A, NOSUNSET.D121713A, and EXTENDED.D022814A.
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1F2. U.S. tight oil production: Alternative supply projections and an overview of EIA’s analysis of well-level data
aggregated to the county level

U.S. production of tight oil has increased dramatically in the past few years, from less than 1 million barrels per day (MMbbl/d)
in 2010 to more than 3 MMbbl/d in the second half of 2013 [7]. The Annual Energy Outlook 2014 (AEQ2014) Reference case
reflects continued growth in tight oil production. However, growth potential and sustainability of domestic crude oil production
hinge around uncertainties in key assumptions, such as well production decline, lifespan, drainage areas, geologic extent, and
technological improvement—both in areas currently being drilled and in those yet to be drilled. As a result, High and Low Qil and
Gas Resource cases were developed to examine the effects of alternate resource and technology assumptions on production,
imports, and prices.

The projected trends in oil production vary tremendously in the alternative cases, and those trends hold important implications
for the United States. In the High Oil and Gas Resource case, growth in tight oil production continues for a longer period of time
than projected in the Reference case. Domestic crude oil production increases to nearly 13 MMbbl/d before 2035 in the High
Oil and Gas Resource case, and net U.S. oil imports decline through 2036 and remain at or near zero from 2037 through 2040.
The Low Qil and Gas Resource case reflects uncertainty about tight oil and shale crude oil and natural gas resources that leads
to lower domestic production than in the Reference case. In this case, production reaches 9.1 MMbbl/d in 2017 before falling
to 6.6 MMbbl/d in 2040, leading to higher projected dependence on net imports of petroleum and other liquids than in the
Reference case. The range of production and imports in these alternative cases, as shown in Figures IF2-1and IF2-2, illustrates the
importance of uncertainty in the resource and technology assumptions.

Policymakers, industry, markets, and the public have great interest in the outlook for future domestic oil production and its key
drivers. EIA continues to advance both the quality and transparency of its work in this area. Improvements made to the National
Energy Modeling System (NEMS) Oil and Gas Supply Module for AEO2014 enhance its ability to capture rapid growth in tight
oil production. Specifically, EIA has implemented a more disaggregated representation of estimated ultimate recovery (EUR)
that uses well-level data aggregated to the county level within key producing regions to track the combined effect of technology
advances and the changing quality of resources being targeted on production per well, which in turn drives an analysis of EUR
for wells in each region. There is still a great deal of uncertainty in the projections of U.S. tight oil production. EIA’s analysis
reflects those uncertainties by varying key assumptions regarding the resource base and the rate of technology advances that
lower drilling cost or raise its productivity across alternative cases. As new information is gained through drilling, production, and
technology experimentation, NEMS projections for tight oil production will continue to evolve.

Improvements in data collection and projections

The domestic oil supply outlook in AEQ2014 is based on data derived from measurements at production sites that are available
for analysis. Those data provide a basis for improved understanding of the key factors that have contributed to the growth of tight
oil production, which has improved the analysis in AEO2014; however, limitations about the use of the data should be taken into
account when the Reference case results are examined.

As individual production profiles of wells drilled in tight oil formations are developed and analyzed, they provide a basis for the
calculation of a production decline curve and EUR for each well. The results can be used to project potential future production
from existing wells and from new wells drilled in the same plays [2].

Figure IF2-1. U.S. crnde oil production in three cases, Figure 1F2-2. Net import share of U.S. petroleum and

1960-2040 (million barrels per day) other liquids consumption in three cases, 1990-2040
(percent)
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Production decline curves and the associated EURs for individual wells vary widely across plays, within single plays, and even
within discrete sections (counties) of a single play. Using the Eagle Ford formation in Texas as an example, the discussion below
examines the methods used to estimate EURSs for tight oil wells, the distribution of EURs, the factors that contribute to variations
in EURs, and the implications of using county-level representations as the basis for projections of overall production totals both
for oil and for natural gas, which is often a coproduct of tight oil production. Uncertainties related to EUR estimation and advances
in tight oil production technologies, and their effects on projections of domestic tight oil production in the AEO2014 High and Low
Oil and Gas Resource cases, are explored by scaling production decline curves.

Estimating ultimate recovery per well

For each tight well or shale well with initial production in 2008 or later, and with at least four months of production data available,
the U.S. Energy Information Administration (EIA) fits monthly production to a decline curve. The mathematical form of the curve
is initially hyperbolic [3], but it shifts to exponential when the annual decline rate reaches 10% [4]. The EUR is the sum of actual
past production from the well, as reported in the data, and an estimate of future production based on the fitted production decline
curve over a 30-year well lifetime.

The actual production curve and the resuiting actual ultimate recovery are highly uncertain and cannot be known until the well
is plugged and abandoned, which may occur sooner or later than 30 years. Estimates of future production based on the first few
months of initial production can differ significantly from later estimates for the same well,

As more months of production are added, the shape of the production curve and the resulting EUR for a given well can change.
For example, for one well drilled in Live Oak County in the Eagle Ford formation in Texas, fitting a curve to the first year of monthly
production data gave a EUR of 574,000 barrels; using four years of production data gave a EUR of 189,000 barrels for the same
well. Conversely, another well in the same county had a EUR of 105,000 barrels based on the first 12 months of production data
but 224,000 barrels based on four years of monthly production data. For the wells in the Eagle Ford formation with at least four
years of production, EURs based on only the first year of monthly production ranged from as much as 385,000 barrels higher
to 173,000 barrels lower than the EURs based on four years of production. Generally, the EUR stabilizes after three years of
production, because for many wells in tight formations nearly 50% of the EUR has been produced during that period. EURs based
on three years of data differ from EURs based on four years of data by 6,000 barrels on average, with a range of 65,000 barrels
higher to 98,000 barrels lower. Because most Eagle Ford wells have been producing for less than three years (Table IF2-1), their
EURs are likely to change as more production history is added.

County-level representation

The decline curves from all wells in each county, averaged by production month, are used to generate a representative production
curve that provides a basis for estimating production from future wells in that county. Wells that are newly drilled, with fewer data
points and therefore greater uncertainty in the fit of their decline curves, have a tendency to inflate the average EUR. Older wells,
which may have been drilled and completed using technologies and practices that are no longer representative of future practices,
tend to pull the average down.

The range of EURs within a given county can be large, as shown in Figure IF2-3 for the seven counties in the Eagle Ford formation
that have more than 400 oil and natural gas welis. Some wells have high initial production, but because they have been producing
for less than a year, their EURs are highly uncertain. These few

high-performing wells raise the county mean EUR above the Figure 1F2-3. Distribution of estimated ultimate
county median EUR, generally skewing the mean toward the recovery per well in seven counties in the Eagle Ford
75th percentile. formation, 2013 (thousand barvels)
1,200
95th percentile
Table IF2-1. Average estimated ultimate recovery for 1,000 5th percentile
wells in the Eagle Ford formation starting production $ Mean
between January 2008 and June 2013 and with at 800 25th percentile
least four months of production sth percentile
Average EUR 600
Vintage year Number of wells (thousand barrels) 400 —
2008 33 36
2009 75 57 200 '
2010 514 117 0 - . . . , , . éﬁ ,
2011 1,627 153 DeWitt Dimmit Gonzales Kames LaSalle McMullen Webb
2012 2,717 191 Mean EUR
2013 a8 169 | 334 | 137 | 198 [ 226 | 153 [ 127 | 80 |

Number of wells
Allyears 5,384 168 [ 458 | 820 | 486 | 975 | 755 | 455 | 593 |
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The Eagle Ford formation covers 32 counties in Texas. In 14 of those counties, fewer than 10 wells had been drilled as reported
through June 2013. The EUR for counties with little or no drilling is assumed to be equal to the average of the mean estimates from
adjacent counties [5]. The Eagle Ford county-level EURs range from more than 300,000 barrels per well (DeWitt county) to less
than 25,000 barrels per well (Burleson and Maverick counties), with a mean average of roughly 170,000 barrels per well and a
median of 103,000 barrels per well across all the Eagle Ford counties.

The county-level representation derived from well-level data implemented in AEO2014 allows the model to reflect rapid growth
in production for plays in the early years of development, when producers focus on developing the most productive wells in the
formation’s sweet spots [6], the plateau in production as new drilling offsets the decline in production from older wells, and
an eventual decline in production as development moves to less-productive areas (Figure IF2-4). However, there is still a great
deal of uncertainty underlying the recovery of tight oil in known plays, as well as the potential for production from additional
plays or other layers within a currently productive formation that has not been tested. The application of refinements to current
technologies, as well as new technology advances, can also have significant (but uncertain) impacts on the recoverability of tight
and shale crude oil.

High and Low Resource cases

The High and Low Oil and Gas Resource cases in AEO2014 were developed using assumptions that result in higher and lower
estimates of technically recoverable crude oil and natural gas resources than those in the Reference case [7]. These cases allow
for an examination of the potential impacts of higher and lower domestic supply on energy demand, imports, and prices, but
they do not represent upper and lower bounds for future domestic oil and natural gas supply. The two cases are not symmetric;
currently, there is more uncertainty about the potential for greater gains in production than about the potential for lower
production levels.

The High Oil and Gas Resource case assumes a broad-based future increase in crude oil and natural gas resources, not limited
to production of oil and natura! gas in tight sands and shales. However, optimism about increased supply has been buoyed by
recent advances in the production of crude oil and natural gas from tight and shale formations. With the adjusted resource and
technology advance assumptions in the High Oil and Gas Resource case, domestic crude oil production continues to increase
to more than 13 MMbbl/d before 2035. Specific assumptions for the High Oil and Gas Resource case, as compared with the
Reference Case, include:

« EURSs for tight oil, tight gas, and shale gas wells are 50% higher [8]

* Additional tight oil resources as well as 50% lower well spacing (i.e., wells are closer together), with a downward limit of 40
acres per well for existing and potential future tight oil resources, to capture the possibility that additional layers or new areas
of low-permeability zones will be identified and developed

* Diminishing returns on the EUR when drilling in a county exceeds the number of potential wells assumed in the Reference case
[9], to capture the probability that greater drilling density will cause wells to interfere with each other (i.e., production from one
well might reduce production from a nearby well)

« Long-term technology improvements beyond those assumed in the Reference case, represented as a 1% annual increase in the
EURs for tight oil, tight gas, and shale gas wells

* More resources in Alaska and in the lower 48 offshore,

Figure IF2-4. Eagle Ford crude oil production in the including the development of tight oil in Alaska and 50%
Reference case, 2005-40 (million barrels per day) higher technically recoverable undiscovered resources for

other Alaska crude oil and the lower 48 offshore (which
50 History 2012 Projections reflects more favorable resolution of the uncertainty

surrounding undeveloped areas where there has been little
or no exploration and development activity, and where
modern seismic survey data are lacking)

1.5 * The development of lower 48 onshore oil shale (kerogen),
AE02014 Reference case with production reaching 135,000 barrels per day by 2025.

The High Oil and Gas Resource case does not include

1.0 exploration or production activity in the Arctic National

Wildlife Refuge.

The Low Oil and Gas Resource case reflects only the
05 uncertainty around tight and shale crude oil and natural gas
| —— resources—specifically, whether the performance of current
] AEQ2013 Reference case and future wells drilled will actually be less than estimated.
For the Low Oil and Gas Resource case, the EUR per tight and
shale well is assumed to be 50% lower than in the AE02014
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Reference case (by scaling all applicable production decline curves). All other resource assumptions are unchanged from the
Reference case.

Effects on domestic crude oil production

The difference in overall production across cases mostly reflects differences in tight oil projections. In the High Qil and Gas
Resource case, higher well productivity reduces development and production costs per unit, which results in more and earlier
development of tight oil resources than in the Reference case. The greater abundance of tight oil resources in the High Oil and Gas
Resource case causes tight oil production to peak later in the projections, at 8.5 MMbbl/d in 2035, compared to the Reference
case peak production rate of 4.8 MMbbl/d in 2021. From 2012 through 2040, cumulative tight oil production in the High Oil and
Gas Resource case amounts to 75 billion barrels, compared with 44 billion barrels in the Reference case.

In the Low Oil and Gas Resource case, lower estimates of tight oil, tight gas, and shale gas resources result in a U.S. production
profile that is both slower and lower than in the Reference case, with tight oil production peaking at 4.3 MMbbl/d in 2016 and
then declining through 2040. Cumulative tight oil production from 2012 through 2040 amounts to 34 billion barrels in the Low
Oil and Gas Resource case, which is 23% less than in the Reference Case.

Effects on U.S. net imports of petroleum and other liquids

The variations in projected domestic petroleum supply between the Reference case and the High and Low Oil and Gas Resource
cases result in significant variations in the share of net imports in total U.S. liquid fuels consumption (Figure IF2-2). The net import
share of petroleum and other liquids consumption, which increased steadily from 27% in 1985 to about 60% in 2005, has fallen
since 2005, to roughly 40% in 2012. In the Reference case, the share of U.S. petroleum and other liquids consumption met by
imports continues declining to 25% in 2016, and then begins a gradual increase starting in 2020, reaching 32% in 2040. The net
import share follows a similar trend in the Low Oil and Gas Resource case, falling to 27% in 2016 and then rising to 40% in 2040.
In contrast, net import dependence continues to decline through 2036, and it is at or near zero from that point until 2040 in the
High OQil and Gas Resource case.

Effects on prices

As a result of higher levels of U.S. crude oil production in the High Oil and Gas Resource case, North Sea Brent crude oil prices are
lower than in the Reference case: $125 per barrel (2012 dollars) in 2040, compared with $141 per barrel in 2040 in the Reference
case. Lower motor gasoline and diesel prices in the transportation sector encourage more consumption.

In the Low Qil and Gas Resource case, lower levels of domestic crude oil production result in a slightly higher Brent crude oil price
than in the Reference case—$145 per barrel (2012 dollars) in 2040. As noted above, because the uncertainty around production
increases is greater than the uncertainty around production decreases, assumptions in the Low Oil and Gas Resource case are
closer to the assumptions in the Reference case than are the assumptions in the High Oil and Gas Resource case.

U.S. Energy information Administration | Annual Energy Outlook 2014
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Endnotes for 1F2

Links current as of April 2014

1. The term tight oil does not have a specific technical, scientific, or geologic definition. Tight oil is an industry convention that
generally refers to oil produced from very low permeability shale, sandstone, and carbonate formations, with permeability
being a laboratory measure of the ability of a fluid to flow through the rock. In limited areas of some very low permeability
formations, small volumes of oil have been produced for many decades.

2. Aplayis defined as a set of known or postulated oil and gas accumulations sharing similar geologic, geographic, and temporal
properties, such as source rock, migration pathway, timing, trapping mechanism, and hydrocarbon type.

3. The hyperbolic decline curve is given by Q; = Q; / [(1 + bDi)?], where Q; is the production volume in time t (in months), Q; is
the initial volume at time O (the 30-day initial production rate or IP is Q;), D; is the initial decline rate, and b is the hyperbolic
parameter (b of 0.001is basically an exponential decline). Because the reported production in the first month could include 1
to 31 days of actual production, the first-month data are excluded from the fitting routine.

4. Ofthe 6,594 Eagle Ford wells included in the Drillinginfo database, 927 were excluded because they had less than four months
of production data—leaving 5,667 to be evaluated through the automated fitting routine. For 95% of the wells, monthly
production was fitted successfully to a hyperbolic decline curve.

5. Planned future enhancements to this methodology include taking into account any available geologic information i.e., porosity,
depth, thickness, total organic carbon, thermal maturity, and natural fracture density and location) to provide appropriate
weights for the adjacent county EURs.

6. Sweet spot is an industry term for those selected and limited areas within a play where the well EURs are significantly higher
than those for the rest of the play—sometimes as.much as 10 times higher than those for the lower production areas within
the play.

7. The total unproved technically recoverable crude oil resources are 4071 billion barrels in the High Oil and Gas Resource case
and 180 billion barrels in the Low Qil and Gas Resource case, compared to 209 billion barrels in the Reference case. Total
unproved technically recoverable dry natural gas resources are 3,349 trillion cubic feet (Tcf) in the High Oil and Gas Resource
case and 1,480 Tcf in the Low Qil and Gas Resource case, compared to 1,932 Tcf in the Reference case.

8. This is achieved by scaling the applicable production decline curves upward.

9. For this assumption, the initial production rate is increased by 20%, but the decline curve is shifted so that the overall EUR is
reduced by 20%.

Figure and table sources for 1F2

Links current as of April 2014

Figure IF2-1. U.S. crude oil production in three cases, 1960-2040: History: U.S. Energy Information Administration. Monthly
Energy Review September 2013, DOE/EIA-0035 (2013/09) (Washington, DC, September 2013). Projections: AEO2014 National
Energy Modeling System, runs REF2014.D102413A, LOWRESOURCE.D112913A, and HIGHRESOURCE.D112913B.

Figure IF2-2. Net import share of U.S. petroleum and other liquids consumption in three cases, 1990-2040: History: U.S. Energy
Information Administration. Monthly Energy Review September 2013, DOE/EIA-0035 (2013/09) (Washington, DC, September
2013). Projections: AEO2014 National Energy Modeling System, runs REF2014.D102413A, LOWRESOURCE.D112913A, and
HIGHRESOURCE.D112913B.

Table IF2-1. Average EUR for wells in the Eagle Ford formation starting production between January 2008 and June 2013 and
with at least four months of production: U.S. Energy Information Administration.

Figure IF2-3. Distribution of estimated ultimate recovery per well in seven counties in the Eagle Ford formation, 2013: U.S.
Energy Information Administration.

Figure IF2-4. Eagle Ford crude oil production in the Reference case, 2005-40: History: U.S. Energy Information Administration.
Projections: AEO2014 National Energy Modeling System, run REF2014.D102413A, and AEO2013 National Energy Modeling
System, run REF2013.D102312A.
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IF3. Potential of liquefied natural gas as a freight locomotive fuel

Continued growth in domestic natural gas production, along with substantially lower natural gas spot prices compared to crude
oil, is reshaping the U.S. energy economy and attracting considerable interest in the potential for fueling freight locomotives with
liquefied natural gas (LNG). While there is significant appeal for major U.S. railroads to use LNG as a fuel for locomotives because
of its potentially favorable economics compared with diesel fuel, there are also key uncertainties as to whether, and to what
extent, the railroads can take advantage of this relatively cheap and abundant fuel.

Freight railroads and the basic economics of fuel choice

Major U.S. railroads, known commonly as Class 1 railroads, are defined as line-haul freight railroads with certain minimum annual
operating revenue. Currently, that classification is based on 2011 operating revenue of $433.2 million or more [7]. While there are
561 freight railroads operating in the United States, only seven are defined as Class 1 railroads. The Class 1 railroads account for
94% of total freight rail revenue [2]. They haul large amounts of tonnage over long distances, and in the process they consume
significant quantities of diesel fuel. In 2012, the seven Class 1 railroads consumed more than 3.6 billion gallons (gal) of diesel
fuel [3], amounting to 10 million gal/day and representing 7% of all diesel fuel consumed in the United States. The two largest
consumers of diesel fuel among the Class 1 railroads—Burlington Northern Santa Fe (BNSF) and Union Pacific—consumed more
than 1 billion gal each in 2012. The cost to Class 1 railroads of consuming such large quantities of diesel fuel was more than $11
billion in 2012, representing 23% of their total operating expense (Table {F3-1).

Class 1railroads are considering the use of LNG to fuel locomotives because of the potential for significant cost savings. Following
years of tight price linkage, spot prices for crude oil (North Sea Brent) and natural gas (Henry Hub) diverged around 2005. In
2012, the Brent spot price was about seven times the Henry Hub spot price on an energy equivalent basis. That differential is
projected to narrow in the midterm, but a persistent gap is expected to continue, with crude oil prices more than three times
higher than natural gas per million British thermal units (MMBtu) throughout the Reference case projection period, going out to
2040 (Figure IF3-1).

The large differential between crude oil and natural gas

Figure 1F3-1. Comparison of spot prices for Brent commodity prices translates directly into a significant
crude oil and Henry Hub natural gas, 1990-2040 disparity between projected LNG and diesel fuel prices, even
(2012 dollars per million Btu) after accounting for natural gas liquefaction costs that exceed

History 2012 Projections refining costs. In the AEO2014 Reference case, the long-run
30 price difference between locomotive diesel fuel and LNG in

rail applications increases from $1.48/gal of diesel equivalent
in 2014 to $1.77 in 2040 (Figure IF3-2).

Brent cruqe oil ‘ .
spot price Oil-to-gas pncw< Given the difference between LNG and diesel fuel prices in
the Reference case, railroads that switch locomotive fuels
could accrue significant fuel cost savings. Locomotives are
used intensively, consume large amounts of fuel, and are
kept in service for relatively long periods of time. The net
present value of future fuel savings across the Reference
case projection for an LNG locomotive compared to a diesel
counterpart is well above the roughly $1 million higher cost of
the LNG locomotive and tender (Figure IF3-3).

2012=7.1 Relatively large changes in assumptions used to evaluate
0« . . ' . : investments in LNG locomotives (such as a significantly
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Table [F3-1. Class 1 railroad diesel fuel consumption, fuel cost, and fuel cost share of operating expense, 2012

Diesel fuel consumption Fuel cost (thousand Fuel cost share of total
Class 1railroad (2012) (gallons) 2012 dollars) operating expense
Burlington Northern Santa Fe 1,335,417,552 $4,273,779 29%
Union Pacific 1,108,029,359 $3,505,671 24%
CSX Transportation 490,902,017 $1,542,747 18%
Norfolk Southern 462,466,433 $1,437,178 18%
Canadian National Grand Trunk 101,555,124 $326,303 O 16%
Canadian Pacific Soo 71,575,774 $231,211 N 16%
Kansas City Southern 64,078,412 $195,428 22%
Total 3,634,024,671 $11,512,317 23%
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fuel prices would be required to change LNG fuel economics for railroad use from favorable to unfavorable. Starting from the
Reference case, the economics for switching to LNG locomotives remain favorable unless the payback period is reduced by eight
years or the discount rate applied is raised by nine percentage points (Figure IF3-4). However, in the Low Qil Price case, the net
present value of fuel cost savings associated with LNG use are not large enough to offset the higher additional upfront cost of LNG
locomotives and tenders (Figure IF3-5). The shortfall in the value of fuel savings relative to upfront investment increases over the
projection period in this case, making investments in LNG fueling less attractive over time. Clearly, uncertainty about future fuel
prices suggests that there is some risk for companies in making such a fundamental change in freight rail operations.

Challenges for liquefied natural gas as a freight rail fuel

While simple economic calculations involving the comparison of fuel cost savings to additional upfront cost are relatively
straightforward, other factors, including operational, financial, regulatory, and mechanical challenges, also affect fuel choices
by railroads. One of the most challenging factors raised by the switch to LNG locomotives by Class 1 railroads is the effect on
operations. Switching from diesel fuel to LNG would require a new delivery infrastructure for locomotive fuel. Natural gas would
need to be delivered to fuel depots, either by truck in smaller quantities, as LNG [4], or perhaps by pipeline. Larger quantities of

Figure 1F3-2. Comparison of prices for railroad
diesel fuel and liquefied natural gas fuel, 2014-46
(2012 dollars per gallon diesel equivalent)

Figure 1F3-3. Discounted fuel cost savings for a new
locomotive and tender using liuefied natural gas

as a fuel compared to diesel, 2020-40 (miilion 2012
dollars, net present value)
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Figure 1F3-4. Net present value calenlation for
focomotives using liquefied natnral gas at Reference
case fuel prices (payback years and discount rate)

Figure I¥F3-5. Discounted average fuel cost savings for
a new locomotive and tender using liquefied natural
gas as a fuel compared to diesel in three cases, 2020-
40 (net present value, million 2012 dollars)
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natural gas would require liquefaction before delivery to tender cars for use in locomotives. Building the new infrastructure would
require a large financial investment in addition to the large investments made in locomotives and tender cars.

The building of LNG refueling infrastructure could also complicate the inter-operability of the rail network, depending on how
quickly modifications could be made to accommodate refueling at multiple points around the nation. Impeding the ability of the
rail network system to move goods because of a lack of fuel availability could drive up costs and lead to reductions in network
flexibility and operational efficiency [5]. In addition, operations could be further affected by fuel switching because of the cost
of training staff at refueling depots and in maintenance shops, updating maintenance facilities to handle LNG locomotives and
tenders, and managing more extensive logistics [6]. Further, LNG locomotives and tender cars could require more maintenance
than their diesel counterparts. All of these operational changes would create a duplicative infrastructure [7], because many
diesel-fueled locomotives still would be in service at least for some significant period, and compression-ignited LNG locomotives
still require at least some diesel fuel for combustion ignition.

Replacing the current stock of diesel locomotives with LNG locomotives and tender cars would represent a significant financial
investment by Class 1 railroads. In 2012, there were 25,174 locomotives in the service of Class 1 railroads, the vast majority of
which were line-haul locomotives [8]. A new diesel line-haul locomotive costs about $2 million [9], and rebuilt locomotives cost
about half that amount. With a new LNG locomotive and tender costing about $1 million more than a diesel counterpart, the cost
to replace the entire diesel locomotive stock with LNG locomotives and tenders would be tens of billions of dollars, not including
additional infrastructure, training, logistics, and a potential increase in maintenance costs. Moreover, much of the cost of the
transition, such as purchases of locomotives and tender cars, potentially would occur over a much shorter time period than a fuel
payback period.

The financing requirement of large capital expenditures complicates the rather straightforward calculation of locomotive fuel
economics. The amount of capital available to Class 1 railroads, either on hand or raised in capital markets, is an important factor
in determining whether, or to what extent, railroads can take advantage of fuel cost savings over time. The decision to switch
from diesel fuel to LNG is also influenced by the facts that railroads are a highly capital-intensive industry [70] with complete
responsibility for maintaining the physical rail network, that they face many competing needs for financial investment, and that
they must ensure adequate return on investment for their shareholders.

On the regulatory side, LNG rail cargos currently are not permitted without a waiver from the Federal Railroad Administration
(FRA) under Federal Emergency Management Agency (FEMA) rules. The development of standard LNG tenders and regulations
is underway, with issues related to safety, crashworthiness, and environmental impact, including methane leakage, under
consideration [17].

Finally, LNG locomotives currently are undergoing extensive testing and demonstration to determine their fuel consumption,
emissions, operational performance, and range under real-world conditions. Locomotives and tenders will be evaluated to ensure
mechanical performance of such components as connections between tender and locomotive. Several Class 1 railroads are
planning to start LNG locomotive demonstration projects to provide better understanding of the obstacles to an LNG fuel switch.

The future of liquefied natural gas in freight rail: lessons from history

The large potential fuel cost savings from the switch to LNG locomotives from diesel has resulted in great interest on the part
of the freight rail industry, observers, and analysts. The companies have discussed the potential of LNG as comparable with the
switch from steam propulsion to diesel in the 1940s and 50s [12], a revolution in freight rail known simply as “dieselization.” Other
industry experts have responded with more caution, likening the switch to the more evolutionary transformation of diesel-electric
freight rail locomotives from direct current (DC) to alternating current (AC) propulsion that has been occurring since the early
1990s [13].

The diesel revolution in rail began in yard-switching operations during the mid-1920s, followed by passenger rail in the mid-1930s.
After an initial period of hesitation, mainly because of the vast amount of capital already invested in steam locomotives and their
refueling and watering infrastructure, diesel freight locomotives first appeared in 1941. They then captured the market at an
extraordinary rate, with the last steam locomotive mustered out of service in 1961 [14].

The advantages of using diesel locomotives over steam were numerous. While diesel locomotive costs were about double per
horsepower compared to steam, diesel locomotives proved superior in almost every other way. Steam locomotives had to slow or
stop to take on water, requiring extensive watering infrastructure, and they needed nearly constant cleaning, maintenance, and
repair, with annual costs reaching 25% of the initial cost of the locomotive. The switch to diesel allowed the railroads to avoid
costly watering time and infrastructure and dramatically reduced maintenance and repair. As a result, diesel engines could travel
faster and thus double the annual mileage of steam locomotives. Diesel engines, unlike steam engines, could be turned on and off
with relative ease; a lead diesel locomotive could control other locomotives on a unit train; the costs of rail line maintenance were
reduced because diesel locomotives were lighter and did not "pound the tracks"; and maintenance costs were lowered by the use
of standardized parts and design [75].

Although diesel freight locomotives took over the market in 20 years, freight locomotives with AC traction motors, which began
service in Class 1 railroads in the early 1990s, represent about 17% of the locomotive stock today [16]. AC locomotives have
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the major advantage of greater adhesion levels than their counterparts equipped with DC motors, allowing fewer locomotives
to pull the same load. The ability to reduce the number of locomotives pulling a unit train represents a significant improvement
in fuel efficiency, but it has not been adopted to the same extent as dieselization. Class 1 railroads have gradually adopted or
decided against AC traction for a variety of reasons related to operations, upfront incremental costs, and the ability to take
advantage of increased adhesion levels. For example, in recent years Union Pacific, Canadian Pacific, and CSX have chosen AC
traction locomotives because of locomotive unit reductions, reliability, interoperability, and life-cycle costs. Canadian Nationai
Grand Trunk and Norfolk Southern have stayed with DC traction because of incremental cost and the inability to apply unit train
reductions. BNSF has chosen AC locomotives for coal runs, where they can take advantage of unit locomotive reductions, and DC
locomotives for intermodal runs, where they cannot [17].

These historical examples of the impacts of new technologies and fuels may offer insights into the future potential for LNG
locomotives. As happened during the diesel revolution, freight railroads may adopt a completely new locomotive fuel and
infrastructure over two decades if there is a compelling business case. However, many cost and operational efficiencies made
diesel locomotives superior to steam locomotives, and the same dynamic may not be seen with LNG. Moreover, investment in
existing capital stock and relevant equipment may be an impediment early in a transformation process.

The ongoing evolution of AC traction locomotives shows that Class 1railroads will invest in a new locomotive technology, at least
gradually, if there is significant reason to do so. The decision may balance factors such as cost with operational efficacy.

Liquefied natural gas in freight rail—revolution and evolution cases

AEO2014 includes two alternative cases that examine the potential impact of LNG in freight rail, based on the diesel revolution and
AC traction evolution. The cases also look at the impact of a specific LNG engine technology. The High Rail LNG case represents
a revolution in freight rail locomotive fueling similar to that of dieselization in the 1940s and 1950s. After an initial trial period
starting in 2017 through 2020, Class 1 railroads take advantage of the favorable economics of LNG Jocomotive fuel such that
after a 20-year period, all freight rail motive stock is converted to LNG capability. The new locomotives are assumed to use high-
pressure direct injection (HPDI1) LNG engine technology, which uses natural gas as the primary fuel and relies on a small amount
of diesel fuel for ignition. HPDI engines use fuel at a ratio of about 95% LNG to 5% diesel. LNG-only engines are not expected to
be adopted for locomotives