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{130th General Assembly)
(Substitute Semata Bill Number 310}

AN ACT

To amend sections 3706.25, 4928.01, 4528.20, 4928.53, 4928.84, 4928.55, and 4928.66, to amand, for the purpose of
adopting » new saction number as Indicated In parenthasas, section 4928.65 (4928.645), and to shact new sectlon 4528.65
and sections 4928.112, 4928.641, 4926.643, 4928.644, 4928.662, 4928.6610, 4928.6611, 4923.65612, 4928.6613,

4928.6614, 4928.6615, ond 4928.6615 of tha Revisad Code to make ch

tothar energy, energy afficiency, and

peak demand reduction raquirements, to prohiblt the Imposition of a waiting period before enrolling an eligible customaer In

the percentage of Income payment plan, and to create a study committee.

Ba It anncted by the General Atsembly of the State of Ohia:

SECTION 1, That sections 3706.25, 4528.01, 4928.20, 4928.53, 4928.64, 4928,65, and 4928.66 be amended, section 492B.65 (4928.645) be
amended for the purpose of adopting a new section number as indicated In parentheses, and new section 4928.65 and sections 4928.112, 4928.641,
4928.643, 4528.644, 4928.662, 4928.6610, 4928,6611, 4928.6612, 4928.6613, 4928.6614, 4928.6615, and 422B.6616 of the Revised Code be enacked

to read as follows:

Sec. 3706.25. As usad In sectons 3706,25 to 3706.30 of tha Revised Cede:

{A) "Advanced energy project” means any technologies, products, activities, or management practices or strategles that fadliltate the generation
or use of electricity ar energy and that reduce or support the reduction of energy consumption or support the production of clean, renewable energy for
industrial, distribution, commercial, Institutional, governmental, research, not-for-profit, or residential energy users induding, but not limited to, advanced
enargy resources and renewable enargy rasources, "Advanced enargy project” Includes any project described in division (A}, (B), or (C) of sacticn

4928.521 of the Revised Code.

{B) "Advanced energy rescurce” means any of the following:

{1} Any method or any modification or replacement of any property, pracess, device, structure, or equipment that ncreases the genaration
output of an electric generating faciiity to the extent such efficlency |5 achleved without additional carbon diexide emisslons by that facility;

(2) Any distributed peneration system consisting of customer cogeneration tachnology, primarily to meet the energy needs of the customar's

facliitles;

(3) Advanced nudear enargy technology consisting of generation ILI technology as defined by the nudear regulatory commission; other, later

technology; or significant improvements to exlsting facilities;

{43 Any fusl call used In tha generation of elsctricty, Including, but not limited te, a proton exchange membrane fuel cell, phosphotic acld fuel

call, moltan carbonate fuel cell, ar soltd oxide fuel call;

(5) Advanced solld waste or construction and demolition debris conversion technolegy, Including, but not limited to, advanced stoker technolegy,
and advanced fuidized bad gasification technology, that results In measurable greenhouse gas emissions reductions as calculated pursuant to the Unitad

States environmental protection agency's waste reduction model {WARM).

{C) "Air contaminant source" has the same meaning as In section 3704.01 of the Revised Coda.

{D} "Cogeneration technalogy” means technology that produces electricity and usefut thermal output simultaneausly.

{E) "Renewable energy resource™ means solar photovoliaic or
ced by 2 actric fa

#]¢ 3 ptes, ori g o apadiy ol
as deflned In saction 3734.01 of the Ravised Code, through fractionation, blol
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r thermal energy, wind enargy, power produced by a hydroelectric facility,
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watts, geothermal energy, fuel derlved from solid wastes,
on, or other process that does not principally Involve

combustion, blomass enargy, enargy produced by cogenaration technology that Is placed Into service on or bafore December 31, 2015, and for which more
than ninety per cent of the total annual energy Input Is from combustion of a waste or byproduct gas from an alr centaminant source in this state, which
source has bean in operation since on or before January 1, 1985, provided that the cogeneration technolegy Is a part of a fadility located in & county

having a population of more than three hundred sixty-five thousand but less
pulping

decennial census, biolegleally derived methane gas, haat captured i
or anergy derlved from nontreated by-products of the

slectriclty, bo o h exchang

or wood manufacturing poes, ndding bark, wood chips, sawdust,

than three hundred seventy thousand acoerding te the most racent federal
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and lignin In spent pulping liguors. "Renewable energy resource” indudas, but Is not limited to, any fuel cell used in the generation of electricity, induding,
but not limited to,  proton exchange membrane fuel cell, phosphoric add fuel cell, molten carbonate fuel cell, or solld oxide fuet cell; wind turbine located
in the state's territorial waters of Lake Erle; methane gas emitted from an abandoned coal mine; storege faclllty that will promete the better utllizetion of a
reriewable energy resource that primarily genarates off peak; or distributed generation system used by a customer to genarate electridty from any such
energy. As used In this division, "nydroelectric facility” means a hydroelectric generating facility that Is located at a dam on a river, or on any water
discharged to a river, that is within or bordering this state or within or bordering an adjoining state and meets all of the following standards:

{1) The facllity provides for river flows that are not detrimental for fish, wildlife, and water quallty, Induding seascnal flow fluctuations as defined

by the applicable licensing agency for the facility.

(2) The facility demonstrates that it complies with the water quallty standards of this state, which compliance may consist of certification under
Section 401 of the "Clean Water Act of 1977," 91 Stat. 1598, £599, 33 U.5.C, 1341, and demonstrates that it has not contributed to a finding by this state
that the river has impalred water quality under Section 303(d) of the “Clean Water Act of 1977," 114 Stat. 870, 33 U.5.C. 1313.

(3) The facillty complles with mandatory prascriptions regarding fish passage as required by tha federal energy regulatory commission iicense
issued for the project, regarding fish protection for riverine, anadromeus, and catadromous fish.

(4) The facility complles with the recommendations of the Ohlo environmental protection agency and with the terms of its federal energy
regulatory commisstan license regarding watershed protection, mitigation, or enhancement, to the extent of each agency's respective jurisdiction over the

facllity.

{5) The facllity complles with provisions of the "Endangeraed Spedes Act of 1973, 87 Stat. 884, 16 U.5.C, 1531 to 1544, as amended.

{6) The facility does not harm cuttural resources of the area, This can be shown through compliance with the terms of its federal energy
regulatory commission licerse or, If the fadlity is not regulated by that commission, through development of a plan approved by the Ohic historic




preservation office, to the extent 2 has jurisdiction over the facilty.

(7} The facility complies with the terms of its federal energy regulatory commission license or exemption that are relatec <o recreational BCCEss,
accommodation, and facllitles ar, if the facllity Is not regulated by that commission, the facility complies with similar requiremants as are recommended by
resource agencies, to the extent they have jurisdiction over the fadility; and the facility provides access to water to the public without fee or charge,

(8] Tre fazility s nct recommenaed 7o remeval by any federal agency or agency of any state, to the extent the particular agency has jurisdiction
cver the faalyy,

Sec, 4928.01. {A) As used In this chapter:

(33 "ancillary service" means any function necessary to the provision of electric transmission or distribution service to a retall customer and
Includes, but is not imited to, scheduling, system control, and dispatch services; reactive supply from generation resources and veltage control service;
raactive supply from transmission resources service; regutation service; frequency response service; energy imbalance service; operating reserve-spinning
reserve service; operating reserve-supplemental reserve service; load following; back-up supply service; real-power loss replacement service; dynamic
scheduling; system black start capability; and network stability service.

{2} "Billing and collection agent” mesns a fully Independent agent, not affilisted with or etharwise controlled by an electric utility, electric services
company, electric cooperative, or govemnmental aggragator subject to certification under section 4928,08 of the Revised Code, to the extent that the agent
is under contract with such utility, company, cocperative, er aggregator solely to provide billing and collection for retall electric service on behalf of the
utility company, cooperative, or aggregator.

(3)."Certiiled territory” means the certified territory established for an electic supplier under sections 4833.81 to 4933.50 of the Revised Cade.

(4) "Competitive retail elactric service” means a component of retall slectvic service that is competitive as provided under divislon (B} of this
section.

(5) "Electric cooperative" means a not-for-profit electric light company that bath is or has been financed in whale or in part under the "Rural
Electrification Act of 1936,” 42 Stat, 1363, 7 U.5.C. 301, and owns or operates facllities in this state to generate, mansmit, or distribute electricity, or a
not-for-profit successor of such company.

(6) "Electric distrlbution uiility" means an electric utlity that supplies at least retall electric distribution service.

(7) "Elextric light company™ has the same meaning as in section 4905.03 of the Revised Code and Includes an electric services company, but
excludes any self-generator to the extent that it consumes electricity it so produces, sells that electricity for resale, or obtalns electriclty from a generating
facllity it hosts on Its premises.

(8) "Elediic load center" has the same meaning as in sectlon 4933.81 of the Revised Code.

(9) "Electric servicas company” means an electric light company that Is engaged on a for-profit or not-for-profit basis in the business of supplylng
or arranging for the supply of only a competitive retail electric service In this state. "Electric services company” includes a power marketer, power broker,
aggregator, of independent power producer but excludes an electric cooperative, municipal electric utility, governmental aggregator, or biling and
collection agent.

(10) “Electric supplier” has the same meaning as in sectlon 4933.81 of the Revised Code.

{11) "Electric utllity™ means an electric light company that has a certified territary and is engaged on 2 for-profit basts elther in the business of
supplying a noncernpetitive retalt electric service In this state or in the businesses of supplylng both a noncompatitive and a competitive retail electric
setvice in this state, "Electric utility" excludes a municipal electric utility or a billing and collection agent.

(12} "Firm electric service" means electtlc service other than nonfirm electric service.

(13) "Governmental aggregator” means a legislative autherity of @ munlcipal corporation, a board of township trustees, or a board of county
commissloners acting as an aggregater for the proviston of a competitive retafl electric service under authority conferred under section 4928.20 of the
Ravised Code.

(14) A person acts "knowingly," regardiess of the person’s purpose, when the person is aware that the person's conduct will probably cause a
certain result or will probably be of a certain nature. A persen has knowledge of circumstances when the person |5 aware that such clrcumstances probably
exist,

(15} "Level of funding for low-income customer energy effictency programs provided thraugh electric utility rates” means the level of funds
spedifically included in an elactric utility's rates on October 5, 1999, pursuant to an order of the public utilities cormmission Issued under Chapter 4905. or
4909, of the Revised Code and in effect on October 4, 1998, for the purpose of improving the energy efficiency of hausing for the utikity's low=Income
customers. The tarm excludes the level of any such funds committed to a spedfic nonprofit crganization or organizatiens pursuant to a stipulation or
contract.

(16) "Low-Income customer assistance programs” means the percentage of income payment plan program, tha home energy assistance program
the home weatherlzatlon assistance program, and the targeted energy efficiancy and weatherizatlon program.

(17) "Market development period" for an electric utllity means the parlod of time beginning on the starting date of competitive retall electric
service and ending on the applicable date for that utllity as specified in sectlon 4928.40 of the Revised Code, irrespective of whather the utility applies to
receive transition revenues under this chapter,

{18) "Market power" means the abllity to Impose on customers a sustained price for a product or service above the price that would prevail in a
competitive market.

(19} "Mercantiie customer™ means a commercial or Industrial customer If the electricity consumed is for nonresidential use and the customer
consumes more than seven hundred thousand kllowatt hours per year or is part of a natlonal account Involving multiple facillties In ona or more states,

(20) "Municipal electric utility” means a municipal corporation that owns or operates facilities to generate, transmit, or distribute alectricity.

{21) "Noncompetitive retall electric service™ means a component of retail electric service that is noncompetitive as provided under division (B) of
this section.

{22) "Nonfirm electric service” means electric service provided pursuant to a schedule flled under section 4505.30 of the Revised Code or
pursuant 0 an arrangement under section 4905,31 of the Ravised Code, which schedule or armangement indudes condidons that may require the
customer to curtail or Interrupt electric usage during nonemergency elrcumstances upon notification by an electric utllity.

(23) "Percentage of income payment plan arrears" means funds ellglble for collection through the percentage of income payment plan rider, but
uncollacted as of July 1, 2000. :

(24) "Person” has the same meaning as in section 1.59 of the Revised Code.

(25) "Advanced energy project” means any technologles, products, activities, or management practices or strategies that facilitats the generation
or use of electricity or energy and that reduce or support the reduction of energy consumption or support the produciion of clean, renawable energy for
Industrial, distrlbutlon, commercial, Institutional, governmental, research, not-for-profit, or residentia energy users, Inciuding, but not limited to, advanced
energy resources and renewable energy resources, "Advanced energy project” also indludes any project described in division {A), (B), or (C} of sectlon
4928.621 of the Revised Code. -

(26) "Regulatory assets" means the unamortized net regulatory assets that are capitallized or deferred on the regulatory books of the alectric
utllity, pursuant to an order or practice of the public utilites commission or pursuant to generally accapted accounting prindples as a result of a prior
commission rate-making decision, and that would otherwlse have been charged to expense as incurred or would not have been capitalized or otherwise
deferred for future regulatory consideration absent commission actien. "Regulatory assets” includes, but Is net limited to, all deferred demand-side
management costs; all deferred percentage of income payment plan arrears; post-in-service capitalized charges and assets recognlzed in connection with
statement of finandial accounting standards ne. 109 (receivables from customers for income taxes); future nuclear decommissloning costs and fuel
disposal costs as those costs have been determined by the commission in the electric utility's most recent rate or accaunting application proceeding
addressing such costs; the undepreciated costs of safety and radlatlon control equipment on nuciear generating plants owned or leased by an electric
utility; and fuel costs cutrently deferrad pursuant to the terms of one or more settlement agreements approved by the commission,

(27} "Retall electric service" means any service involved In supplying or arranging for the sUpply of electriclty to ultimate consumers In this stake,
from the point of generation to the point of consumption. For the purposes of this chapter, retall electric service indudes one or more of the following



"sarvice components™: generation service, aggregation service, power marketing service, power brokerage service, transmission service, distribution
service, andllary service, metering service, and billing and coliection service.

{2B) "Starting date of competitive retall ajectric service" maans January 1, 2001.
(25) "Customer-generator” means a user of a net matering system.

(30) "Net matering” means measuring the difference In an applicable billing perfod betwean the electricity supplied by an electric service provider
and the elactricity generated by a customer-generator that is fed back to the electric service provider.

{31) "Net metering system™ means & facllity for the production of electrcal energy that doas alt of the following:
(a) Uses as Its fuel elther solar, wind, blomass, landfill gas, or hydropower, or uses a microturbine or a fuel cell;
{b) 15 located on a custemer-gengiator's premises;

{¢) Operates in parallel with the electric utility's transmission and distribution facllities;

{d) Is Intended primarily to offset part or all of the custorner-generatot’s requirements for electricty.

(32) "Self-generator” means an entity in this state that owns or hosts on Its premises an electric generation facility that produces electricity
primarily for the owner's consumption and that may pravide any such excess electricity to another entity, whether the facllity Is Installed or operated by
the owner or by an agent under a contract.

(33) "Rate plan® means the standard service offer In effact on the effective date of the amendment of this sectlon by 5.B. 221 of the 127th
general assembly, July 31, 2008,

{34) "Advanced energy resource® means any of the following:

(a) Any method or any modification or replacement of any property, pracess, device, structure, or equipment that increases the generation
output of an electric generating facility to the extent such efficiency Is achieved without additional carben dioxide emissions by that fadllity;

(b) Any distributed generation system consisting of customer cogeneration technology;

() Claan coal technology that indudes a carbon-based product that Is chemically altered before combustion to demonstrate a reductian,
exprassed as ash, In emissions of nitrous oxide, mercury, arsenic, chlorine, sulfur dioxide, or sulfur tricxdde In accordance with the American society of
testing and materials standard D1757A or a reduction of metal oxlde emissions In accordance with standard D5142 of that sodety, or clean coal
technology that includes the design capabitity to control or prevent the emission of carben dloxide, which design capability the commission shall adopt by
rule and shall be basad on aconomically feasibie best avallable tachnelogy ar, In the absence of a detarmined best available tachnology, shall be of the
highest level of aconomically faasibie design capabllity for which there exists generally accepted sclentific epinion;

(d) Advanced nudear energy technology consisting of generation I1I technolegy as defined by the nudear regulatory commission; other, later
technology; or slgnificant improvements to existing fadlities;

() Any fuel cell used in the generation of electricity, including, but not limited ta, a proton exchange membrane fuel cell, phosphoric acid fuel
call, molten carbonate fuel cell, or solid cdde fuel call;

(F} Advanced solid waste or construction and demolition debris conversion technelegy, Induding, but net limited to, advanced stoker technology,
and advanced fluidized bed gasification technology, that results in measurable greenhouse gas emissions reductions as calculated pursuant to the United
States environmental pratection agency's waste reduction model (WARM);

(g) Demand-side management and any energy efficiency Improvemnent;

(h} Any new, retrofttted, refusled, or repowered generating fadiity located in Chio, Including a simple or camblned-cycle natural gas ganerating
factlity or a generating fadlity that uses biomass, coal, modular nuclear, or any ather fuel as its input;

(1} Any uprated capacity of an existing electric generating fadility if the uprated capacity results from the daployment of advanced technology.

"Advanced energy rasource" does not Include a waste energy recovery system that is, or has been, Included in an energy efficiency program of
an electric distribution utlity pursuant to requirements under section 4528.66 of the Revisad Code.

(35) "Air contaminant source” has the same meaning as in section 3704.01 of the Revised Code.
(36) "Cogeneration technology® means technology that produces electricity and useful thermal output simultaneously.
{37)}(a) "Renewable energy resource” means any of the following:

(i} Sclar photovoltalc or solar tharmal energy;

(i) Wind energy;
() Power produced by a hydroalectric facility;

[¥) Geothermal energy;

v¥{ui) Fuel derlved from sclid wastes, as defined in section 3734.01 of the Revised Code, through fractionation, blolagical decomposition, or
other process that does not principally invelve combustion;

f¥i{vll) Blomass energy;

{viid{vlil) Energy produced by cogeneration technology that Is placed into service on or before December 31, 2015, and for which mere than
ninaty per cent of the total annual anengy input |s from combusticn of a waste or byproduct gas from an alr centaminant source In this state, which source
has been in operation since on or before January 1, 1985, provided that the cogeneration technology Is a part of a facllity located in a county having a
populatien of more than three hundred sixty-five thousand but less than three hundred seventy thousand according to the most recent federal decennial
census;

i1} Blologically derived methane gas;

{x1) Enargy derived from nontreated by-products of the pulping process or woeod manufacturing process, induding bark, wood chips, sawdust,
and lignin In spant pulping liquors.

"Ranewable energy resource” includes, but Is not limited to, any fuel cell used in the generation of electricity, including, but not limited to, a
proton exchange membrane fuel cell, phospharic acid fuel call, molten carbonate fuel cell, or solid oxide fuel cell; wind turbine located in the state's
territarial waters of Lake Erle; methane gas emitted from an abandoned coal mine; waste energy recovery system placed Into service or retrofitted on or
afeer the effective date of the amendment of this section by 5.8, 315 of the 12%th general assembly, September 10, 2012, except that a waste energy
recovary system described In division (A){38)(b) of this section may ba included only if it was placed Into service between January 1, 2002, and December
31, 2004; storage facllity that will promote the better utilization of a renewable enargy resource; or distributad generation system used by a customer to
generate electridty from any such energy.

"Renewable energy resource” does not Include a waste energy recovery system that is, or was, on or after January 1, 2012, included in an
energy efficlency program of an electric distribution utility pursuant to requirements under section 4928.66 of the Revised Code.

(b) As used In divislon (A)(37) of this section, "hydreelectric facllity” means a hydroelectric generating facllity that (s Iocated at a dam on a river,
or on any water discharged to & river, that |s within or bordering this state or within or bordering an adjolning state and maeats all of tha following
standards:

{1} The facility provides for river flows that are not detrimental for fish, wildlife, and water quallty, including seasonal flow flucuations as defined



by the applicable floensing agency fer the facllity.

(i) The facllity demonstrates that it complies with the water quality standards of this state, which compliance may consist of certification under
Section 401 of the "Clean Watar Act of 1977," 91 Stat. 1598, 1598, 33 U.5.C. 1341, and demonstrates that it has not contributed ko a finding by this state
that the river nas impalred water quality under Section 303(d) of the "Clean Water Act of 1977, 114 Stat. B70, 33 U.5.C. 1313,

(lii} The fadlity complies with mandatory prescriptions regarding fish passage as required by the federal energy regulatory commissien license
Issued for the project, regarding fish pretection for riverine, anadromous, and catadromous fish,

(iv) The facllity comphies with the recommendations of the Ghis environmental protection agency and with the terms of lis federal energy
regulatory commission license regarding watershed protection, mitigatien, or enhancement, te the extent of each agency's respective jurisdiction over the
facility.

(v) The faciity complies with provisions of tha "Endangered Specles Act of 1973," 87 Stat. B84, 16 U.5.C. 1531 to 1544, as amended.

(vi) The facllity does not harm cultural reseurces of the area. This can be shown through compliance with the tarms of its federal energy
regulatory commission license or, if the facllity Is not reguiated by that commission, through development of a plan approved by the Chic historic
preservation office, to the extent it has jurisdiction over the facility.

{vil} The facility complies with the terms of its federal energy regulatory commission llcense or exemnptlon that are related to recreational access,
accommiodation, and fadilitles or, If the fadllty is net regulated by that commission, the facility complias with similar requirersents as are recommended by
rasource agencles, to the extent: they have jurisdiction over the facility; and the facility provides access to water to the public without fee or charge,

(viil} The fadility is not recommended for removal by any federal agency or agency of any state, to the axtent the particuiar agency has
Jurisdiction over the facility.

{38) "Waste energy recovery system" means elther of the following;
(a} A facillty that generates electricity through the conversion of energy from either of the follow!hg:

(1} Exhaust heat from enginas or manufacturing, industrial, comimerdal, or Institutional sites, except for exhauvs: neat from a faciliny wrese
primary purpase is the generation of alectricity;

(i} Reduction ¢f pressure [n gas pipetines before gas is distributed through tha pipeline, provided that the conversion of energy to electricity Is
achleved without using additional fossil fusls.

{b) A facility at a state institution of higher educaticn as defined In section 3345.011 of the Revised Code that recovers waste heat from
electricity-producing engines or combustion turbines and that simulanecusly uses the recavered heat to produce steam, provided that the facillty was
placed into service between January 1, 2002, and December 31, 2004,

{39) "Smart grid" means capital improvements to an eleciric distribution utiiity's distribution infrastructure that improve refiability, efficlency,
resiliency, or reduce energy demand or use, including, but net limited to, advanced metering and autemation of system functions,

(40) "Combined heat and power system" means the coproduction of electriclty and useful thermal energy from the same fual source designed to
achieve thermal-efficiency levels of at least sixty per cent, with at least twenty per cent of the system's total useful energy In the form of thermal enerpy.

(B) For the purpases of this chapter, a retall electric service component shafl be deemed a compatitive retail electric service If the service
companent is competitive pursuant to a declaration by a pravision of the Revised Code or pursuant to an order of the public utilities commission authorized
under division (A) of section 4928.04 of the Revised Code. Otherwlse, the servica component shall ba deemad a noncompetlitive retail elactric service.

Sec. 4928.20. (A) The legislatlve autherity of a municipal corporation may adopt an ordinance, or the board of township trustees of a township
or the board of county commissloners of a county may adopt a resolutlon, under which, on or after the starting date of competitive retall electric sarvice, It
may aggregate in accordance with this section the retail electrical loads located, respectively, within the municipal corporation, township, or
unincorporated area of the county and, for that purpose, may enter into service agreaments to facllitate for those loads the sale and purchase of
electricity. The legislative authority or board also may exercise such authority jointly with any other such legisiative authority or board. For customers that
are not mercantile customers, an ordinance or resolution under this divislon shall specify whether the aggregation will occur only with the prior, affirmative
consent of each person owning, occupying, controlling, or using an electric load center proposed to be aggregated or will occur automatically for all such
persons pursuant to the opt-out requirements of division (D) of this section, The aggregation of mercantile customers shall occur only with the prior,
affirmative consent of each such person owning, accupying, controlling, or using an electric load center proposed to be aggregated. Nothing in this
division, however, authorizes the aggregation of the retall electric loads of an electric load center, as defined In section 4933.81 of the Revised Cade, that
Is located In the certified territory of a nonprofit electric supplier under sections 4933.81 to 4533.90 of the Revised Code or an electric load canter sarved
by transmission or distribution faclities of a municipal electric utility.

{B) If an ordinance or resolution adopted under division (A) of this section specifies that aggregation of customers that are not mercantile
customers will accur automatically as described in that division, the ordinance or resolution shall direct the board of elections to submit the question of the
autherity to agoregate to the electors of the respective municipal corporation, townshlp, or unincorporated area of a county at a special election on the day
of the next primary or general election in the municipal corparation, township, or county. The legislative authority or board shall certify a copy of the
ordinance or resolution to the board of elections not less than ninety days before the day of the special election. No ordinance or resolution adopted under
division (A} of this section that provides for an election under this division shall take effect unless approved by & majority of the electors voting upon the
ordinance or resolution at the election held pursuant to this division.

(C) Upon the applicable requisite authority under divisions (A} and (B} of this section, the legislative autherity or board shall develap a plan of
opetation and governance for the aggregation program so authorized, Before adopting a plan under this division, the legisiative authority or board shall
hold at least two public hearings on the plan. Before the first hearing, the legislative authority or board shall publish notlce of the hearings once a week for
two consecutive weeks in a newspaper of general circulation in the jurisdiction or as provided In section 7,16 of the Revised Code. The notice shall
summarize the plan and state the date, time, and location of each hearing,

(D} No legislative authority or board, pursuant to an ordinance or resolution under divislons (A} and (B) of this section that provides for
autormnatic agoregation of customers that are not mercantiie custorners as desaribed in divislon (A) of this section, shall aggregate the electrical load of any
electric load center located within its jurisdiction unless it in advance ciearly discloses o the person ownling, accupying, contralling, or wstng the load center
that the persen will be enrolled automatically In the aggregation program and will remain so enrolled unless the persan affirmatively elects by a stated
procedure not to be so enrolled. The disclosure shall state prominently the rates, charges, and other terms and conditions of enrollment, The stated
procedure shall allow any persen enrolied in the apgregation program the opportunity to opt out of the program avery thrae years, without paying a
switching fee. Any such person that opts out before the commencement of the aggregation program pursuant to the stated protedure shall defauit to the
standard service offer provided under section 4928,14 or division (D} of section 4928.35 of the Revised Code until the person chooses an alternative
supplier.

(E}(1) With respect to a govarnmental aggregation for a municipal corporation that is authorized pursuant to divisions (A) to (D) of this section,
resolutions may be proposed by Initiative or referendum petitions In accordance with sections 731.28 to 731.41 of the Revised Code.

(2) With respect to a governmental aggregation for a townshlp or the unincorporated area of a county, which aggregation is authorized pursuant
to divisions {A} to (D) of this section, resolutions may be proposed by initiative or referendum petitions i accordance with sections 731,28 to 731.40 of
the Revised Code, except that:

(a) The petitions shall be filed, respactively, ‘with the township fiscal officer or the board of county commissioners, who shall perform those duties
imposed under those sections upon the clty auditor or village clerk,

(b) The petitions shall contain the signatures of not less than ten per cent of the total number of electors in, respsctively, the township or the
unincorporated area of the county who votad for the office of governior at the preceding general elaction for that office In that area.

(F} A governmental aggregator under division (A) of this section Is not a public utility engaging in the wholesale purchase and resale of



electriclty, and provision of the aggragated service fs not a wholesale utflity transaction. A governmental aggregator shall be subject to supervision and
regulation by the public utilities commission only to the extent of any competitive retail electric service It provides and commission authority under this

chapter.

(G) This secticn does not apply in the case of a municipal corporation that supplies such apgregated service to alactric load cantars to which Its
munlclpal electric utility also suppltes a nencompetitive retall electric service through transmission or distributlon fadiiies the utility singly or joiny owns

or operates.
(H) A governmental aggregator shall net include In its aggregation the accounts of any of the following:
(1) A custamer that has opted out of the aggregation;
{2) A customer In contract with a certifled elactric services company;
{3) A customer that has a spedal contract with an electric distribution utility;
(4) A customer that is not iocated within the governmental aggregator's governmental boundarles;

{5} Subject to division {C) of section 4928,21 of the Revised Code, a customer wha appears on the "do not aggregate” list malntained undar that
sectlon,

(I) Customers that are part of a governmental aggregatian under this section shalt be respensible only for such portion of a surcharge under
section 492B.144 of the Revised Code that Is proportionate to the benefits, as determined by the commission, that electric load centers within the
jurisdiction of the governmental aggregation as a group recelve. The proportionate surcharge so established shail apply to each customer of the
governmental aggragation while the customer |s part of that aggregation, If a customer csases belng such a customer, the otherwlse applicable surcharge
shall apply, Nothing In this section shall result In less than full recovery by an elactric distribution utliity of any surcharge authorized under section
4928,144 of the Revised Code. Nothing in this section shal result In less than the full and timely Imposition, charging, collectlon, and adjustment by an
electric distribution utllity, its assignee, o any collection agent, of the phase-In-recovery eharges authorized pursuant to a final financing order issued
pursuant to sections 4928.23 to 4928,2318 of the Revised Code,

(3) On behalf of the customers that are part of a governmental aggregation under this section and by flling written notice with the public utllides
commission, the laglslative authority that formed cr is forming that govemmentat aggregation may elect not to recalve standby service within the meaning
of divislon (B)(2)(d} of section 4928.143 of the Revised Code from an electric distribution utllity i whose certifled tarritory the govarnmental aggregation
Is Incated and that operates under an approved electric security plan under that section. Upen the filing of that notice, the electric distribution utility shall
nat charge any such custorner to whom compatitive retail electric generation service is provided by another supplier under the govemmental aggregation
for the standby service. Any such consumer that returns to the utility for competitive retall electric service shall pay the market price of pawer incurred by
the utility to serve that consumer plus any amount, attributable to the uiility's cost of compliance with the aitermative renewable energy resource provisions
of section 4928.64 of the Ravised Code to serve the consumar, Such market price shall Indude, but not ba imited to, capacity and energy charges; all
charges assoclated with the pravision of that power supply through the reglenal transmission erganizetion, Including, but net limlted to, transmisslon,
anclllary services, congestion, and settlement and administrative charges; and all other costs Incurred by the wutility that are associated with the
procurement, provision, and administration of that power supply, as such costs may be approved by the cammission. The period of time during which the
market price and eteemssive renewable energy resource amount shall be so assessed on the consumer shall be from the time the consumer so retums to
the electric distribution utility untll the expiration of the electric security plan. However, If that period of time Is expected to be mere than two years, the
commission may reduce the time period to a period of nat Jess than two years,

{K) The comrnlsslon shall adopt rules to encourage and promote large-scale governmental aggregation In this state, For thet purpose, the
commission shall conduct an imrnediate review of any rules it has adopted for the purpose of this section that are in effect on the effective date of the
amendment of this section by 5.B. 221 of the 127th general assembly, July 31, 2008. Further, within the context of an electric security plan under section
4928.143 of the Revised Code, the commissien shall consider the effect on large-scale governmental aggregation of any nonbypassable generation
charges, however collected, that would be established under that plan, except any nenbypassable generation charges that relate to any cost incurred by
the elactric distribution utllity, the deferral of which has been authorized by the commission prior to the effactive date of the amendment of this section by
5.8, 221 of the 127th general assembly, July 31, 2008.

Sec, 4928.53. (A) Beginning july 1, 2000, the director of development is hereby authorized to administer the fow-Income customer assistance
programs. For that purpese, the public utilities commission shall cooperate with and provide such assistance as the director requires for administration of
the low-Income customer assistance programs. The director shall consolidate the administration of and redesign and coordinate the operations of those
programs within the department to provide, to the maximum extent possible, for efficient program administration and a one-stop application and eligibllity
determination process at the local level for consumers.

(BX}1) Net [ater than March 1, 2000, the director, In accordance with Chapter 119, of the Revised Code, shall adopt rules to carry out sections
4528 51 to 4928.58 of the Revised Code and ensure the effective and efficient administraticn and operation of tha low-income customer assistance
programs. The rules shall take effect on the July 1, 2000.

{2) The director’s authority to adopt rules under this divislon for the Ohio energy credit program shall be subject to such rule-making authority as
Is conferred on the director by sections 5117.01 to 5117.12 of the Revised Cede, as amended by Sub. 5.B. Ne, 3 of the 123rd general assembly, axcept
that rules Initially adopted by the director for the Ohto energy credit program shall Incorporate the substance of those sections as they exist on the
effective date of this section.

{2) The director’s authority to adopt rules under this division for the percentage of Income payment plan program shall indude autherity to adopt
rules prescribing criteria for customer eliglbility and policies regarding payment and crediting errangements and responsibliities, procedures for verifying
customar eligibility, procadures for disbursing public funds to suppliers and stherwlse administering funds under the director's jurisdicton, and
raguirements as to timely remittances of ravanues described In division {B) of section 4928.51 of the Revised Code.
of 2 wa E 2 anrolling an allgibie customar In the per age of In a payment pian. The director's authority in division (B}(3) of this saction
axcludes authority to prescribe service disconnection and customer billing policles and procedures and to address complaints against suppliers under the
percentage of payment plan pregram, which excluded authority shalt be exercised by the public utilities commission, in ceordination with the director.
Rules adopted by the director under this division for the percentage of income payment plan program shall specify a level of payment responsibility to be
borne by an eligible customer based on a percentage of the customer's income. Rules Initlally adopted by the director for the percentage of income
payment plan program shall Incorparate the eliglbllity criteria and peyment arrangement and responsibility policies set forth In rule 4801:1-18-04(B) of the
Ohlo Administrativa Code In effect on the effective date of this section.

Sec. 4928.64. (A)(1) As uSed In sestlena-4520-64-and-4528:65-of-the-Revised-Code this cachan, "sltermative gualifying rencvable anergy
resource” means an-advanced-energy-ressures-or i renewable enargy resource, as defined In section 4928.01 of the Revised Code that has a placed-In-
service date ef pn or after January 1, 1998, or after espect it p=rive 2 jlity, a0 in-se e frer Januan
1980: a renewable energy resource created on or after January 1, 1998, by the modificaticn or retrofit of any fadlity placed in service prior to January 1,
1998; or 3 mercantiie customer-sited advanesd-enenyy-rescurce-or ranewable enargy resource, whether new or existing, that the marcantila customer
commits for Integration Into the electrc distrbution utility's demand-response, enargy eficlency, or psak demand reduction programs as provided under
division {A}2Z){c) of section 4928.66 of the Revised Code, induding, but et limited to, ary of the following:

cantags o O

{a) A resource that has the effect of improving the refationship between real and reactive power;

(b) A resource that makes effldent use of waste heat or other thermal capabilities owned or controlled by a mercantile customer;

{€) Storage technelogy that allows a mercantile custsmer mere flaxibllity to medify Its demand or load and usage characteristics;

{d) Electric generation eguipment owned or controlled by a mercantile customer that uses emadvenced-energy-resedreesr 2 renawable energy
resourcey

(2) For the purpose of this section and as It considers appropriate, the public utilities commission may dassify any new technology as such en
a gqualifying renawable energy resource.

(B){1) By 2625 2027 and thereafter, an slechic distribution utility shall provide from eftermative qualifving renewahle energy resources, Induding,
at Its discration, attermetive qualifving reneviables energy resources obtained pursuant to an electricity supply contract, a pertion of the eledtricity supply
requirad for !ts standard service offer under section 4828.141 of the Ravised Code, and an electric services company shall provide a portion of its
electricity supply for retail consumers In this state from eleernetive qualifying renewable energy resources, including, at its discretion, slternmtive ifyi

energy rescurces obtained pursuant to an electricity supply contract. That pertion shall equal twenty-fve twelve and gne-half per cent of the
total number of kilowatt hours of electricity sold by the subject utllity or company to any and all retall electric consumers whose electric load centers are



served by that utiiity and are iocated within the utility's certified territory or, In the case of an electric services company, are served by the company and
ara located within this state. However, nothing In this section precludes a utility or company from providing a greater percentage. i

Hr-HeiFrey-be-genemmted-fromeadvances-energy-resourees:
{2) dt-lemst-heif i i jon shall be generatea from renewable energy resources, induding one-half
per cent from solar energy resources, In accordance with the following benchmarks:
Solar ene
By end of year Renewable energy resources re sourcesrgy
2009 0.25% 0.004%
2010 0.50% 0.010%
2011 1% 0.030%
2012 1.5% 0.060%
2013 2% 0.090%
2014 2.5% 0.12%
2015 5 2.5% &150,12%
2016 45 2.5% 618 0,12%
2017 55 3.5% 622 0,15%
2018 &5 4.5% 626 0,18%
2019 #55.5% 83 0.22%
2020 85 6.0% 834 0,26%
2021 95 72.5% €38 0.3%
2022 165 8,5% 842 0,34%
2023 +31+=59.5% 846 0.38%

and-each-calendar
2024 aehes +2:5 10.5% 05 0.42%
2025 11.5% 0.46%
2026 and each calendar 12.5%

[+
eart er 0.5%.

{3) M-east-ome-mnaif-ef-the The qualifving renewable energy resources implemented by the utility or company shall be met drreugh alther;
{a)Through facilitles located in this state; the-remeinder-shat-be-met-with or
(b} With resources that can be shown to be deliverable into this state.

(CH1) The commission annually shall reviaw an electric distribution utility's or electric services company's compliance with the most recent
applicable benchmark under division (B}(2) of this section and, In the course of that review, shall identify any undercompliance ar noncompllance of the
utility or company that it determines Is weather-related, related to equipment or resource shortages for edvaneed-enengy-or guallfying renewable energy
resources as applicable, or Is otherwise outside the utility’s or company's contral,

{2) Subject to the cost cap provisians of divislon (C)(3) of this section, If the commission determines, after notice and opportunity for hearing,
and based upon Its findings In that raview. regarding aveldable undercompliance or noncompliance, but subject to division (C)(4) of this section, that the
utllity or company has falled to comply with any such benchmark, the commission shall Impose a renewable energy compllance payment on the utility or
company.

(&} The compllance payment pertaining to the solar energy resource benchmarks under division {B){2) of this sezicn shall be a7 amount par
magawatt hour of undercompliance or noncompliance In the perled under review, starking-et-four 25 Sliows:

L) Threa hundred fifey dollars for 2889fewr 2014, 2015, and 2016:

{il) Two hundred fifty dollars fo- 2048 2017 and 261-and-simitery 2018

(i) Two hundred dollars for 2019 and 2020

{lv] Similarly reduced every two years thargafter through 2834 2026 by fifty dollars, to @ minimum of fifty dollars,

(b} The compliance payment pertaining to the renewable energy resource benchmarks under division (B)(2) of this section shall equal the
number of additicnal renewable energy credits that the electric distribution utility or electric services company would have needed to comply with the
applicable benchmark in the period under review times an amount that shall begin at forty-five dollars and shall be adjusted annually by the commission to
reflect any change in the consumer price Index as defined in section 101.27 of the Revised Code, but shall not be less than forty-five doliars.

{c} The compliance payment shall net be passed through by the dlectric distribution utility or electric services company to consumers. The
compliance payment shall be remitted to the cormimission, for deposit to the cradit of the advancad energy fund created under section 4928.61 of the
Revised Cade. Payment of the compliance payment shall be subject to such collection and enforcement procedures as apply to the collection of a forfelture
under sections 4905.55 to 4905.60 and 4905.64 of tha Revised Code.

(3) An elactric distribution utility or an electric services company need not comply with a benchrmark under division {Bytrer (2) of this section tc
the extent that Its reasonably expected cost of that compliance exceads Its reasonably expected cost of otherwise producing or acquiring the requisite
electricity by three per cent ar more. The cost of compliance shall be calculated as though any exemption from taxes and assessments had not been
granted under section 5727.75 of the Revised Coda.

(4}(a) An electric distribution utllity or electric services company may request the commission to make a force majeure determination pursuant to
this division regarding all or part of the utllity's or company's compliance with any minimum benchrnark under division {B}(2) of this section during the
perlod of review occurring pursuant to division (C)(2) of this section. The commission may require the glectric distribution utility or electric services
company to make sollcivations for renewable energy resource credits as part of its default sarvice before the utllity's or company's request of force majeure
under this division can be made.

{b) Within ninety days after the filing of a request by an electric distribution utllity or electric services company under division (C}(4}(a) of this
section, the commisslon shall determine If qualifying renewable energy resources are reasonably avallable in the marketplace in sufficient quantities for the
utility or company to comply with the subject minimum benchmark durlng the review perlod. In making this determination, the commission shall considar
whether the electric distribution utility or electric services company has made a good falth effort to agquire sufficient gualifying renewable energy or, as
applicable, solar energy resources to 50 comply, including, but not limited to, by banking or seeking renewable energy resource credits or by seeking the



resources through long-term contracts. Additlonally, the commisslon shall consider the availability of qualifving renewable energy or solar energy resources
In this state and other jurisdictions in the PIM interconnection regional transmission organization, L.L.C., or its successor and the s midcontinent
Independent system operator or Its successor.

{c} If, pursuant to divislon (C)(4)(b) of this saction, the commission determines that gualifving renewable snergy or solar anargy resources are
not reasonably avallable to permit the electric distributten utllity or electric services company to comply, during the period of review, with the subject
minimum benchmark prescibed under division (B}(2) of this secticn, the commission shall modify that compliance obligation of the utllity or company as It
determines appropriate to accommodata the finding. Commlsslon modification shall not automatically reduce the obligation for the eleciric distribution
utllity's or electric servicas company's compliance In subsequent years, If it modifies the electric distribution utity or electric services company abligation
undar division {C){4)(c) of this section, the commission may require the utility or company, if sufficient renswable energy resource credits exist in the
marketplace, to acquire additional renawable energy rasource cradits In subsaquent years equivalant to the utllity's or company's modified abligation under
division {C){4}{c) of this section.

{5) The commission shall establish a process to provide for at least an annual review of the wltermative renewnhle energy resource market in this
state and In the service territories of the reglonal transmission organizations that manage transmission systems located in this state, The commission shall
use the results of this study to ldentify any needed changes to the amount of the renewable energy compliance payment specified under divislons cx2)
(a) and (b) of this section, Spacifically, the commission may increase the amount to ensure that payment of compliance payments is not used to achleve
complianca with this section In lleu of actually acquiring or reallzing enargy derived from gualifylng renewable energy resources. Howaver, If tha
commissian finds that the amount of the compllance payment should be otherwlse changed, the commission shall present this finding to the general

assembly for legislative enactment,

(D)} The commisslon annually shall submit to the general assembly in accordance with section 101.68 of tha Revised Code a report describing
all of the following:

£e3{1) The compliance of electric distribution utilitles and electric services companies with division (B) of this section;
#3(2) The average annual cost of renewable energy credits purchased by utilltles and companies for the year covered in the report;

Any strategy for utllity and company comptiance or for encouraging the use of sitermative Qualifving renewable energy reseurces in
supplying this state's electricity needs In a manner that considers avallable technology, costs, job creation, and economic Impacts.

The commission shall bagin providing the Information described in division {(D)E&3{2) of this section in each report submitted aftar the-affastive
' Tha commission shall allow and conslider public

comments on the report prior to Its submlss.ic;n to the general assembly. Nothing tn the report shall be binding on any person, including any utlfity or
company for the purpese of lts compllance with any benchmark under division (B) of this section, or the enforcement of that provision under division {€) of
this sectlon.

(E) All costs Incurred by an electric distribution utllity in complying with the requirements of this section shall be bypassable by any consumer
that has exercised cholca of supplier under section 4928.03 of the Revised Code.

Sec. 4928.65 4928.645. [A) An electric distribution utllity or electric services company may us
ents under divisions (B and of section 4978,54 a2 Re e, renewable energy credits any time in the five calendar years following

[0 l'll Y bt 0 ey
the date of their purchase or acquisition fram any entity, induding, but not limited to, o the following:

{1) A mercantiie customer eram;.

owner or operator of a hydroelectric generating facllity that Is located at a dam on a river, or on any water dischargad to a rver, that Is
within or bordering this state or within or berdering an adjolning state,

{B)(1) The public utilities commission shall adopt rules specifying that one unit of credit shall equal one megawatt, hour of electricity derlved from
renewable energy resources, except that, for a generating facllity of seventy-five megawatis or greater that is situated within this state and has committed
by December 31, 2009, w modify or retrofit its generating unlt or units to enable the facility to generate principally from blomass energy by June 30,
2013, each megawatt hour of electricity generated principally from that biomass energy shall equal, In units of cradit, the product obtained by multiplying
the actual percantage of biomess feedstock heat Input used to generate such megawatt hour by the quotient obtalned by dividing the then axisting unit
dollar amount used to datermine a renswable energy compliance payment as provided under division (C){2)(b) of section 4928,64 of the Revised Cade by
the then exdsting market value of one renewable energy credit, but such megawatt hour shall not equal less than one unit of credit. Renawable ahangy

s e arte plectricity E gibls g g ¢ p_miles sha

{2) The rules aiso shall provide for this state a system of registering renewable energy credits by specifying which of any generally avallable
registries shall be used for that purpose and not by creating a reglstry. That selected system of registaring renawable energy credits shall allow a
hydroelectric generating faclllty to be eligible for obtaining renewable energy credits and shall allow customer-sitad projects or actions the broadest
opportunities ta be eligible for obtaining renewable energy credits,




Sec, 4928,66. (A)}(1)(a) Beginning in 2009, an electric distribution utility shall Implement energy efficiency programs that achieve eneigy
savings equivalent to at feast three-tenths of one per cent of the total, annual average, and normallzad Kilowat-Hour sales of the electiic distribution utility
during the preceding three calendar years to customers in this state, An erergy afficiency program may include a combined heat and power system placad
Into service or retrofitted on or after the effective date of the amendment of this section by 5.8, 315 of the 129th general assembly,
or 8 waste energy recovery system placed into service or retrofitted on or after the-seme-tate Saptember 18, 2012, except that a waste energy recovery
system described in division (A)(38)(b) of section 4928.01 of the Revised Code may be induded only If it was placed into service between January 1, 20062,
and December 31, 2004. For a waste energy recovery or combined heat and power systein, the savings shall be as estimated by the public utilitias
commission. The savings requirement, using such a three-year average, shall Increase to an additional five-tenths of one per cent In 2010, seven-tenths of
one per cent In 2011, eight-tenths of one per cant in 2012, nine-tenths of ohe per cent In 2013, and one per cent frerm In 2014
gl u! A0 2 EYE gne gougl 1o the ee
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cent of the baseline, and two per cent each year thereafter, achleving & cumulative; t energy savings in excess of twenty-two per cent by the end of
2825 2027, For purposes of a waste energy recovery or combined heat and power system, an electric distribution utllity shall not apply more than the total
annual percentage of the electric distributlon utility's industrial-customer load, refative to the electric distribution utility's total load, te the annual energy
savings requirement.

(b} Begtnning in 2009, an electric distribution utility shall implement peak demand reduction programs designed te achieve a cne per cent
reduction in peak demand ‘in 2009 and an additional seventy-five hundredths of one per cent reduction each year through 2848 2014. In 2648 2015 and
) : : f } s

(2) For the purposes of divisions {A){(1){a) and (b) of this sectian:

{a) The baseline for anergy savings under division (A}(1)(a) of this sectlon shall be the average of the total kilowatt hours the electric distribution
utillty sold in the preceding three calendar yearsy-end-the, The baseline for a peak demand reduction under divislon {A}(1){b) of this section shall be the
averaga peak demand on tha utllity in the preceding three calandar years, except that the commission may reduce elther ba:
economic growth in the utility's certified territory. Ne 0 hes ge ng

(b} The commission may amend the benchmarks set forth in division {A){(1}(a} or (b) of this sectlon if, after application by the electric distribution
utllity, the commission determines that the amendment is necessary because the utility cannat reasonably achleve the banchmarks due to regulatory,
ecenomlg, er technelogical reasons beyond its reasenable control.

{c} Compliance with divisiens (A}(1)(a) and (b} of this section shall be measured by induding the effects of all demand-response programs for
mercantile customers of the subject electric distribution utliity, all waste enargy recovery systems and all combined heat and power systems, and all such
mercantile customer-sited energy effictency, induding waste energy recovery and combined heat and power, and peak demand reduction programs,
adjusted upward by the appropriate loss factors. Any mechanism designed to recover the cost of energy afficiency, including waste energy recovery and
combined heat and power, and peak demand reduction progmms under divisions (A}(1)(a) and (b) of this section may exempt mercantlie customers that
commit thelr demand-response or other customer-sited capabillties, whether existing or naw, for Integration inte the alectric distribution utility's demand-
response, energy efficlency, induding waste energy recovery and combined heat and power, or peak demand reduction pragrarms, if the commission
determines that that exemption reasonably encourages such customers to commit those capabllities to those programs. If a mercantile customer makes
such existing or new demand-respense; energy efficlency, induding waste energy recovery and combined heat and power, or peak demand reduction
capabllity available to an electric distribution wtility pursuant to division {A}(2){(c) of this saction, the elecric utliity's baseline under division (A){2)(a) of
this section shall be adjusted to exclude the effacts of all such demand-response, energy efficiency, Including waste energy recovery and combined heat
and power, or paak demand reduction programs that may have existed during the period used to establish the baseline. The baseline also shall be
nermalized for changes in numbers of customers, sales, weather, peak demand, and other appropriate factors so that the compliance measurement |s not
unduly influenced by factors outside the control of the alectric distribution utllity.

{d)() Programs implemented by a utility may include dermand-respense the following;
{I) Demand-response programs g, ’

{1} Smart grid investment programs, provided that such programs are demonstrated to be cost-benefidalouseemer-sises;
{IID Customer-gited programs, induding waste energy recovery and comblned heat and power systems;omd-transatissen;
{I¥) Transmission and distribution infrastructure improvements that reduce line Jossesz,

£} Division {A)(2}(c} of this section shall be applied to Include facliitating efforts by a mercantile customer ar group of these customers to offer
customer-sited demand-response, energy efficiency, Including waste energy recovery and combined heat and power, or peak demand reduction
capabiiittes to the electric distribution utHity as part of a reasonable arrangement submitted to the commission pursuant to sectlon 4905.31 of the Revisaed
Code,

{2} No programs or improvements described In division (A}2){d) of this sectlon srali cenflicy wien any siatewioe buitding coce aacpted by e
board of building standards.

(B) In accordance with rules it shall adopt, the public utllities commisslon shall produce and docket at the commission an annual report
contalning the results of its verification of the annual levels of energy efficlency and of psak demand reductions achieved by sach electric distribution utllity



pursuant to division (A) of this section. A copy of the repert shall be provided to the consumers’ counsel,

{C) If the commission determines, after notice and opportunity for hearing and based upen Its report under division {B) of this sectlon, that an
eleciric distribution utility has failed to comply with an energy afficlency or peak demand reduction requiremant of division (A) of this section, the
commission shall assess a forfalture on the utility as provided undar sections 4905.55 to 4905.560 and 4905.64 of the Revised Code, either In the amount,
per day per undercompllance or noncompliance, relative to the period of the repert, equal to that prescribed for noncompliancas under sectlon 4905.54 of
the Revisad Code, or in an amount equal to the then existing market value of one renewable energy credit per megawatt hour of undercompllance or
noncomplianca. Revenua frem any forfelture d under this division shall be depesled to the tredit of the advanced energy fund created under
section 4928.61 of the Revised Code.

{D} The commission may establish rules regarding the content of an application by an electric distribution utllity for commission approval of a
revenue decoupling mechanism under this division. Such an appilcation shall not be considerad an application to Incraase rates and may be induded as
patt of a proposal to establish, continue, or expand energy efficiency or conservation programs. The commission by order may approve an application
under this division if it determines both that the revenue decoupling mechanism provides for the recovery of revenue that ctherwise may be forgone by
the utility as a result of or in connection with the Implementation by the electric distribution utllity of any energy efficdency or energy conservation
programs and reasonably aligns the Interests of the utility and of Its customers in favor of thosa programs.

{E) The commission additionally shall adapt rules that requira an electric distribution utility to provide a customer upon request with two years'
consumpton data in an accessible forrn.




SECTION 2. That existing sectlons 3706.25, 4928.01, 4928.20, 4%28.53, 4928,64, 4928.65, and 4528.66 of the Revised Code are hereby
repealed.

SECTION 3. It is the intent of the General Assembly to ensura that customers In Ohio have access to affordable energy. It is the intent of the
General Assembly to incorporate as many forms of inexpensive, reliable energy sources in the stats of Qhio as possible. It Is also the intent of the Genarat
Assernbly to get a better understanding of how energy mandates impact jobs and the econemy in Ohle and te minimize gevernment mandates. Because
the energy mandates In current law may be unrealistic and unattainable, It Is the intent of the General Assembly to review all energy reseurces as part of
its efforts to address anergy pricing issues.

Therefore, It Is the intent of the General Assembly to enact legislation in the future, after taking inte account the recommendations of tha Energy
Mandates Study Committee, that will reduce the mandates in sections 4928.64 and 4928,86 of the Revised Code and provide greater transparency to
electric customers on the costs of future energy mandates, if there are to be any.

SECTION 4. {A) There is hereby created the Energy Mandates Study Committee to study Ohlo's renewable energy, energy efficlency, and peak
demand reguction mandates. The Committee shall consist of the following membaers:

(1) Six members of the House of Representatives appointed by the Speaker of the House of Representatives, with not more than four membars
frem the same political party;

(2} Six members of the Senate appointed by the President of the Senate, with not more than four members from the sama political party;
(3} The chalrperson of the Public Utllities Commissian, as an ex offlcio, nonvoting member.

{B) The Speaker of the House of Representatives and the President of the Senate shall each appaint one member of the Commlttes to serve as a
cochairpersen of the Commitiee. Any vacandies that occur on the Committee shall be filled in the same manner as the original appointment.

{C) Not later than September 30, 2015, the Committee shall submit a report of its findings to the House of Reprasentatives and the Senate in
accordance with division (B) of section 101.68 of the Revised Code. The Committee shall cease to exist on October 1, 2015, The report shall include, at 2
minimum, all of the following:

{1} A cost-benefit analysis of the renewable energy, enargy efficiency, and peak demand reduction mandates, In¢luding the projected costs on
electric customers if the mandates were to remain at the percentage levals required under sections 4928.64 and 4928.66 of the Revised Code, as
amended by this act;

(2) A recommendation of the best, evidence-based standard for reviewing the mandates in the future, including an examination of readliy
available tachnology to attain such a standard;

(3} The potential benefits of an opt-In system for the mandates, in contrast to an opt-out system for the mandates, and a recommendation as to
whether an opt-In system should apply to all electric custorners, whether an opt-out system should apply to only certain customers, or whether a hybrid of
these twp systems is recommended;

{4) A recommendaticn on whether costs incurred by an electric distribution utllity or an electric servicas company pursuant to any contract, which
may be entered Into by the utility or company on or after the effective date of S.5. 310 of the 130th General Assembly for the purpose of pracuring
renawable energy resources or renewable energy credits and complying with the requirements of section 4928.64 of the Revised Code, may be passed
through to any consumer, If such costs could have been avolded with the Inclusion of a change of law provigicn in the contract;

(5) A review of the risk of increased grid congestlon due to tha anticipated retirement of coal-firad generation capactty and other factors; the
ability of distributed generation, including combined heat and power and waste energy recovery, to reduce alectric grid congestion; and the potential
beneft to all energy consumers resulting from reduced grid congestion;

{6} An analysis of whether there are alternatives for the development of advanced energy resources as that term Is defined in sectlon 4928.01 of
the Revised Code;

{7) An assessment of the envircnmental Impact of the renewable anergy, energy efficiency, and peak demand reduction mandates on reductions
of greenhouse gas and fossil fuel emisslons;

(8) A review of payments made by electric distributlon utilities to third-party adminisivators to promote enargy efficlency and peak demand
reduction programs under the terms of the utllitles' portfolio plans, The review shall Indude, but shall not be hmited to, & complete analysis of all fixed and
variable payrnents made to these administrators since the effective date of S.B, 221 of the 1 37th General Assembly, jobs created, retained, and impacted,
whether those payments outwelgh the benefits to ratepayers, and whether those payments should no Ionger be recovered from ratepayers. The review
alse shall indude a recommendation ragarding whether the administrators should submit pericdic reports to the Commission documenting the payments
received from utillties.

SECTION 5. As used in Sections 6, 7, 8, 9, 10, and 11 of this act:
"Customer,” "energy intansity,” and “pertfollo plan” have the same meanings as In section 4928,6610 of tha Revised Code.
"Electric distribution utility” has the same meaning as in section 4928.01 of the Revised Code.

SECTION 6. (A) If an electric distribution utllity has a portfolio plan that is in effect on the effactive date of this sectlon, the utllity shall do etser
of the following, at its sola discretion:

(1) Continue to implement the portfollo plan with no amendments to the plan, for the duration that the Publtc Utliities Commission ariginally
appraved, subject to divisions (D) and (E} of this section;

{2) Seek an amendment of the poitfolio plan under division {B) of this section.

(B)(1) An elactric distribution utliity that seeks to amend Its portfollo plan under divislon (A)(2) of this section shall file an application with the
Commission to amend the plan not later than thirty days after the effective date of this section. The Commission shall review the application In accordance
with Its rules as if the application were for a new portfollo plan. The Commission shall review and approve, or medify and approve, the application not later
than sixty days after the date that the application Is flled. Any portfolic plan amended under this division shall take effect on January 1, 2015, and expire
on December 31, 2016. If the Commission falls to review and approve, or modify and approve, the application on or before January 1, 2415, the plan shall



be deemed approved as amended in the application and shall take effect on January 1, 2015, and expire on December 31, 2016.

(2) Section 4928.66 of the Revised Code, as amended by this act, shall apply to an electric distribution utllity that applles to amend its portfollo
plan under divislon (B) of this sactlon.

{€) If an electric distribution utlity falls to file an application to amend its portfolie plan under division {B} of this section within the required
thirty-day period, the eledtric distribution wutility shall proceed In accordance with diviston (A)(1) of this secticn.

{D) If an electric distribution utility implements s portfollo plan under division {A)(1} of this section for the plan's original duration and if the
plan expires before December 31, 2016, the Commission shall automatically extend the plan through December 31, 2016, with no amendments to the
plan.

{E)(1) The provisions of section 4928.66 of the Revised Code, as it existed prior to the effective date of this section, shall apply to an eledric
distribution utility that has a portfollo plan that is Implemented under division (A){1) of this section for efther of the following time periods:

{a) The plan's original duration;
(b) The plan's original duration and then, untll December 31, 2016, If the plan Is axtendad under division (D) of this section.

{2) Beginning January 1, 2017, the provisions of section 4928,66 of the Revised Code as amended by this act shall aphly to the electric
distribution utllfty.

SECTION 7. (A} The Public Umtlities Commission shall neither review nor approve an application for a portfollo plan If the application is panding
on the effective date of this section.

{B) Prior to January 1, 2017, the Commissicn shall not take any actlon with regard to any portfolio plan or application regarding 2 portfolio plan,
except those actions expressly authorized or required by Section & of this act and actions necessary to administer the implementation of existing portfalio
plans,

SECTION 8. Beginning January 1, 2015, a custorner of an electric distribution utility may opt cut of the opportunity and ability to cbtain direct
bensfits from the wtility's portfolic plan that is amended under division {B) of Section & of this act, The opt out shall apply only to tha amended plan, Tha
apt out shall extand to all of tha customer's accounts, Imespactive of tha slze or servica voltage |eval that are assodated with the activitias performed by
the customer and that are located on or adjacent to the customer's premises.

SECTION 9. Any customer electing to opt out under Section B of this act shall do so by previding a verified written notice of intent to opt out to
the electric distribution utility from which it receives service and submitting a complete copy of the opt-out notice to the Secretary of the Public Utilitles
Commlission,

The notice provided to the utliity shall Inciude all of the following:

{A) A statement indicating that the customer has elected to opt out;

{B) The effective date of the efecton to apt out;

{C) The account number far each custormer account to which the opt out shall apply;
{D) Tha physical locatlon of tha custamar's load center;

{E} The date upon which the customet established, or plans to establish a process and implement, cost-effective measures to Improve Its anergy
afflciency savings and peak demand reductions.

SECTION 10. Upon a customer’s electlon to opt out under Section B of this act and commencing on the effective date of the election to opt out,
no acoount property Identified in the customer's verified notice under divisien (C) of Secton 9 of this act shall be subject to any cost recovary mechanism
under section 4928.66 of the Revised Coda, as amended by this act, for the duration of tha amended portfollo plan or eliglble to partidpate In, or directly
beneflt from, programs arising from the amended portfolle plan.

SECTION 11. (A) Not |ater than shdty days after the effective date of a customer's election to opt out under Sectlon & of this act, the customer
shall prepare and submit an initial report to the staff of the Public Utliildes Commission. The report shall summarize the projects, actions, policies, or
practices that the customer may conslder implementing, based cn the customer's cost-effectiveness ariterla, for the purpese of raduding energy Intensity.

{B) Not iater than November 1, 2016, the customer shall prepare and submit to the staff of the Commission an updated report. The updated
report shall Inciude a general description of any cumulative amount of energy-intensity reductions achieved by the customer during the period baginning
on the effactive date of the election to opt out and anding nat later than skxty days prior o the date that the updated report Is submitted.

{C) Any repert filed under this sactton shall be verifled by the customer.

{D) Upon submission of the updated report, the staff of the Commission may request the customer te provide additional Informatien on tha
energy-Intensity-reducing projects, actlons, policies, or practices Implemented by the customer and the amount of energy-intensity reductions achleved

during the period covered by tha updated report.
{E) Any information contained in any report submitted under this sectlon and any customer responses to requests for addtional Information shall

be deemed to be confidental, proprietary, and a trade secret. No such information or response shall be publicly divulged without written authorization by
the customer or used for any purpose other than to Identify the amount of energy-intensity reductions achleved by the customer,

Piease send questlons and comments to the Webmaster.
© 2014 Legislative Information Systems | Disclaimer
1 f |egislative Web i
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LADCO Comments on EPA’s 2018 Modeling Platform
June 30™ 2014

General Comments

The LADCO states have reviewed the 2018 Electric Generating Units(EGU} Emissions Inventories created with
the economic based model IPM. We have four significant concerns about the use of IPM in policy inventory and
chemical transport modeling. These general concerns can be traced to the results of specific units or may affect
large groups of units in smaller ways. LADCO believes that the ERTAC EGU projection system is a more
appropriate tool for utility projection

Our first concern is the economic optimization of the IPM model. Currently the IPM model creates a future year
estimate based on a least cost aigorithm. The model optimizes the power production and delivery system into
its most financially efficient system. The difficulty is that the power production system is not completely
governed by economics. Reliability, emissions credit trading, and corporate/organizational inertia can all
influence where companies select to generate power. The juxtaposition of these two ideas are best manifested
and illustrated in the handiing of a single large oil burning unit in Virginia called Possum Point. On peak days
Possum Point has significant generation, also the unit runs during the spring maintenance periods of the nuclear
plants in Virginia. IPM regularly shuts down Possum Point and has for the past 10 years because its operation
does not make sense in a purely economic framework. We believe that a fully optimized economics based
projection tool is an inappropriate mechanism for building future policy frameworks or setting policy budgets.
We also believe that EPA’s methad of using IPM results in Photochemical models needs improvement especially
when it is used to define impacts at specific monitors.

Our second concern with EPA’s current implementation of IPM is the models over estimation of the
use of controls likely to result from the Mercury and Air Toxics Rule{MATS). EPA’s model is currently
including significant levels of control for MATS that mimic a .20 LB/MMBTU standard spelled out in the
rule. After conversations with stakeholders and the states it appears that MATS will likely be complied
with by using Dry Sorbent Injection(DSI) as opposed to Scrubbers which are favored by IPM. We
suggest that EPA re-evaluate their use of DSI as a compliance method for the MATS Ruie. For example
Bailly Generating Station in Indiana(ORIS 995 units 7 and 8) According to our records will be operating
at 0.12 Ib/mmBTU for NOX by 2015 as a 365 day rolling average which matches IPM but, we expect
them to add ACI for MATS for $O2 in the future which is much lower control effectiveness than IPM.
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Our third concern is that IPM and EPA are assuming that all existing controls including scrubbers and SCRs will be
operated in the future year. We saw from 2011-2013 that units are now buying NOX allowances and using those
credits to turn off their SCRs during peak summer conditions. Currently the high cost of ammonia is driving some
units to purchase allowances. We believe that there are no significant policy drivers that would force a change in
activities between 2011 and 2018. We believe it is incorrect to include these controls unless a clearly defined
mechanism indicated that these changes are likely.

Our Fourth and most critical concern about the use of IPM for policy and science development at EPA is the use
of results that show economics based shutdowns mostly in the coal sector. There are many reasons that units
would run that are independent of pure economics. The first and most critical is system reliability. There are
many units that IPM is either shutting down or running at less than 10% of base year activity. We believe that
the localized impact of these shutdowns especially when in close proximity to non-attainment areas can be
severely detrimental to EPA’s understanding of future year impacts. We believe that EPA must consider
alternative methods to project electric utility emission than IPM. We also believe that budgets based on IPM
projections are likely very flawed and have been in the past. Here are the units we believe IPM/EPA incorrectly
retired/Shutdown/or under-utilized in 2018.

Table A. Units incorrectly shut down or under-utilized in EPA’s 2018 Estimates.

ORISID | Unit_ID | Facility Name State | Region | Fuel I
856 2 E D Edwards iL SRGW | coal
883 312 Walikegan IL RFCW | Oil
. 887 1 Joppa Steam iL SRGW | coal
| 887 2 Joppa Steam IL SRGW | coal
| 887 3 Joppa Steam IL SRGW | coal
[ 887 4 Joppa Steam IL SRGW | coal
| 887 5 Joppa Steam iL SRGW | coal
887 6 Joppa Steam iL SRGW | coal
892 1 Hennepin Power Station IiL SRGW | coal
892 2 Hennepin Power Station I SRGW | coal




898 4 Wood River Power Station iL SRGW | coal
898 5 .Wood River Power Station iL SRGW | coal
963 4 Dallman IL SRGW | coal
963 31 Dallman iL SRGW | coal
963 32 Dallman IL SRGW | coal
963 33 Dallman IL SRGW | coal
6017 1 Newton IL SRGW | coal
6017 2 Newton IL SRGW | coal
8016 2 Factory Gas Turbine IL SRGW | oil

55856 | 01 Prairie State Generating Company | IL SRGW | coal
55856 | 02 Prairie State Generating Company | IL SRGW | coal
1002 1A Connersville Peaking Station IN RFCW | oil

1002 1B Connersvitle Peaking Station IN RFCW | oil

1002 2A Connersviile Peaking Station IN RFCW | oil

1002 2B Connersville Peaking Station IN RFCW | oil

1004 CTG1 Edwardsport IN RFCW | coal
1008 2 R Gallagher IN RFCW | coal
1008 4 R Gallagher IN RFCW | coal
1040 1 Whitewater Valley IN RFCW | coal
1040 2 Whitewater Valley IN RFCW | coal
1769 5 Presque Isle Ml RFCW | coal
1769 6 Presque Isle MI RFCW | coal
1769 7 Presque Isle Ml RFCW | coal
1769 8 Presque Isle Ml RFCW | coal
1769 9 Presque Isle Ml RFCW | coal
1831 4 Eckert Station MI RFCM | coal
1831 5 Eckert Station Mi RFCM | coal
1831 6 Eckert Station Ml RFCM | coal
4259 1 Endicott Generating Ml RFCM | coal
50835 |1 TES Filer City Station M RFCM | coal
50835 |2 TES Filer City Station MI RFCM | coal
1943 2 Hoot Lake MN | MROW | coal
1943 3 Hoot Lake MN | MROW | coal
2835 7 Ashtabula OH RFCW | coal
2836 10 Avon Lake Power Plant OH RFCW | coal
2836 12 Avon Lake Power Plant OH RFCW | coal
2836 CT10 Avon Lake Power Plant OH RFCW | oil

2837 6 Eastlake OH RFCW | «il

2840 4 Conesville OH RFCW | coal
2840 5 Conesville OH RFCW | coal
2840 6 Conesville OH RFCW | coal




2848 H-3 O H Hutchings OH RFCW | coal
2848 H-5 O H Hutchings OH RFCW | coal
2848 H-6 O H Hutchings OH RFCW | coal
2861 1 Niles OH RFCW | coal
2361 2 Niles OH RFCW | coal
2861 CTA Niles- OH RFCW | oil
2869 1A West Lorain OH RFCW | oil
2869 1B West Lorain OH RFCW | oil
2917 9 Hamilton Municipal Power Plant | OH | RFCW | coal
3982 1 Bay Front ' Wi MROW | coal
3982 2 Bay Front Wi MROW | coal
4005 3 French Island Wi MROW | oil
4005 4 French Island Wi MROW | oil
4014 5 Wheaton Generating Plant Wi MROW | oil
4014 6 Wheaton Generating Plant Wi MROW | oil
4050 4 Edgewater (4050) wI MROE | coal
4050 5 Edgewater (4050) Wi MROE | coal
4072 7 Pulliam wi MROE | coal
4125 8 Manitowoc wi MROE | coal
4125 9 Manitowoc Wi MROE | coal
56068 |1 Elm Road Generating Station Wi RFCW | coal
56068 |2 EIm Road Generating Station Wi RFCW | coal

Unit Specific Comments

LADCO is supplying the ERTAC Unit Availability file and future year controls files as a descriptor of how we
believe units will be operating in 2018. Columns we are most concerned that EPA incorporates in their work in

the unit availability file are:

In the Control file Please pay attention to columns G-K for new 502 controls and N-R for new NOX controls. We

believe all these controls should be included in any 2018 estimates.

Colum X — Offline start year(this indicated that the state believes that the unit will cease operation on
that date/year.

Column BB — New Unit Flag(this indicated that the line represents a new unit coming online as described
in Column W. Fuel switches are show by shutting down the original unit and starting up a new unit.




State Specific Comments

LADCO is passing along state specific comments. These comments should supersede any statements
above for those states.

Ohio
Ohio has one comment, concerning the utilization of Conesville 5 and 6. These units applied for

and received a MATS extension for the installation of controls. I do not anticipate them running
less in the future as they will be very well controlled.

Hllinois, Attached as Appendix A.

Wisconsin, Attached as Appendix B.
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EIA-923 Electric Power Plants
Represented in the Generation and
Fuel Sources: Ohio 2012 Wind
Capacity



U.S. Department of Energy, The Energy Information Administration (EIA)
ElA-923 Electric Power Plants Represented in the Generation and Fuel Data, 2012 Final_Release

Sources: EIA-923 and EIA-860 Reports

No::‘h dﬁ::;:ra" Combined Heat Reporting
ElA Plant Sector . And Power Status | Frequency Nameplato
YEAR lptant 1af PIantName | giprq [ Sector | Name | Classification |\ o NeNon-| (AnmualOr | Capacity (MW)
System (NAICS) Chp) Monthly)
Code P ¥
Bowling Electric
2012| 56226|Green Wind |OH 1|Utility 22|N A 7.2
NAICS-
Biue Creek 22 Non-
2012| 57448|Wind Project |OH 2{Cogen 22|N M 302
Industri
al
Cooper NAICS
Farms VW Non-
2012| 57570|Project OH 6|Cogen 311|N A 0
Industri
al
NAICS
LE Wind Non-
2012| 57613|Turbine 1 OH 6]Cogen 333{N A 2.5
NAICS-
Paulding 22 Non-
2012| 57620|Wind Farm !l |OH 2|Cogen 22IN M 150
|
] Total: 461.7
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For further information . ..

The Annual Energy Ouﬂoak 2074 (AEO2014) was prepared by the U.S. Energy Information Administration (EfA), under the direction
ofJoth Conti Conn.oni? 7 skeery, 202/586-2222), Assistant Administrator of Energy Analysis; Paul D. Holtberg (rzuliiyienrs ™

S0V, 202/586-1284) Team Leader Analysis Integration Team, Office of Integrated and International Energy Analysrs James
R D|efenderfer( i rigsy for B _,_p_-g 202/586-2432), Director, Office of Electricity, Coal, Nuclear, and Renewables Analysis;
Sam A. Napolitano (f“m 03 “ao eiz, 202/586-0687), Director, Office of Integrated and International Energy Analysis; A.
Michael Schaal (in* sz g 202/586 -5590), Director, Office of Petroleum, Natural Gas, and Biofuels Analysis; James
T. Turnure (Coicos v iz oo 202/586 1762), Director, Office of Energy Consumption and Efficiency Analysis; and Lynn D.

Westfall (e il gy, 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: wry o

E-mail: inic.oirdisiz ooy
Specific gquestions about the information in this report may be directed to:

General questions ... weanneernsnnne PAUL Holtberg (navlLhz iihe atr e, 202-586-1284)
National Energy Modeling System ST B |  B1'C: )\ GRS Il ¥ 202 586-2222)
Executive SUMIMAry ... PPy Lindstrom Coaerelivdatrens 175000, 202/586-0934)
Economic activity ..o Kay Smith (oo osin ooy, 202/586 1132)

World oil prices ....coeeeeeeeeennen. ... David Manowitz (2w’ oo "‘;' ingin, sy, 202/586-2815)
International oil production ... James O'Sullivan ¢ _' “ia.mny, 202/586-2728)
International oil demand ..o eveee e e Linda E. Doman L_“_‘.--":_,_ n s, 202/586-1041)

i, 202/586-4752)

Residential demand ..o Owen Comstock (c“'ven orini

Commercial demand .o Kevin Jarzomski (t:ovi, 202/586 3208)
Industrial demand ... Kelly Perl (2l - neosivdp s dslona Dedn o, 202/586-1743)
Transportation demand  ....coccoceoeeeeveeeccceeveeeee. JON Maples( it 7 202/586—1757)
Electricity generation, capacity ... Jeff Jones (ol iog im0 o 202/586 -2038)
Electricity generation, EmiSsions ... Laura Martin Cunasing Do, 202/586-1494)
Elactricity prices .o Lori Aniti (0t Tets o 202/586—2867)

NUCIEEF BNETEY v re et sesesearese s Laura Martin (-maosiin s ;, 202/586-1494)

Renewable energy ......... v GHES Namovicz gz nsimn Doiz oy, 202/586-7120)
Oil and natural gas productlon .............................. Philip Budzik (-"il* ‘,'“J rilc " i,

202/586-2847)

Wholesale natural gas markets ......conciveieen. Katherine TeIIer(' afthisyings _.f_..f’—‘_f“" i, 202/586-6201)

Qil refining and Markets .o Arup Malik (1 _‘ ' oo, 202/586-7713)

Ethano! and biodiesel s, ANthoMy Radlch ( aelborencs Unhel oo, 202/586-0504)

Coal supply and prices .cceesrenevennnnenenen. . Michael Mellish (_"li(' sk allicmet ooor, 202/586-2136)

Carbon dioxide emissions .....uverrmsneeees PEFCY Lindstrom (o icdsivorm: el oy, 202/586-0934)
AEQ2014 is available on the EIA website at ! s isiz o borecgeis 500, Assumptlons underlylng the projections, tables of regional
results, and other detailed results will also be avaalable, at wrorweain o renst s feen /oS . Model documentation reports

]

for the National Energy Modeling System are availabie at website @7y im0l mh iz j ad e 00 =0 and will be
updated for the AE02014 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, lim 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, Irene Olson, Paul Otis, Stefanie Palumbao, 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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This repert was prepared by the U.S. Erergy Information Administration (EiA), the statistical and
anziytical agency within the U.S. Department of Eraergy. By law, ElA's data, anaiyses, and forecasts

are 'ndependent of approvat by any other officer or empioyee of the Uinited States Government. The
views in this report therefore should not be construed as representing those of the Department of

Energy or cther Federal agencies.



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 AEO20'4 focuses on five primary cases: a Reference case,
Low and High Economic Growth cases, and Low and High Qil 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, fellowed by a Legislation and
Regulations section that discusses how recently enacted federal and state legislation and regulations were incorporated in
AEQ2014, such as: the revised carbon dioxide emissions standards and banking provisions announced by the Regional Greenhouse
Gas Initiative in February 2013 [1]; 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:

« 1.5, tight cil 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

* tmpacts of demographic issues and travel behavior on light-duty vehicle energy demand
« Effects of lower natural gas prices on projected industriat productien

» Implications of accelerated power plant retirements

= Renewable electricity projections under aliernative assumptions in AEO2014

* |mplications of low electricity demand growth.

The Market Trends section summarizes the AEQ2014 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 prowded in Append|x D Complete tables
for all the alternative cases are available in a table browser on E|A's website, at | = 04 noor2le =0 Lm0l ehoe o

AEQ2014 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 AEO2G14 is completed, it may be considered in the projection.

AEO2014 is published in accordance with Section 205c¢ of the U.S. Department of Energy (DOE) Organization Act of 1977 (Public
Law ©5-91), which requires the EIA Administrator to prepare annual reports on trends and projections for energy use and supply.
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Projections by EfA are noi statements of what will happen bul of what might happen, given the assumptions and
methodelogies used for any particular scenano. The AEOZ014 Reference case projection is e business-as-ususl trend
estimate, given known technology and technclegical and demegraphic trends EIA explores the impacts of alternative
assumptions m other scenarios witn different macroeconomic growth rates. world off prices. and rates of technology
progress The main cases in AEQ2014 generally assume that current laws and regulations are mairtained throughout the
projections. Thus, the projections provide policy-neutral baselines that can be used to analyze nelicy inttiatives,

Whilz energy markets are complex, energy models are simpified representations ot enargy production and consumntion,
regulations, and producer and consumer behavior. Projecticns are highly dependent on the data, methodologies, model
structures, and assumptions used i their davelopment Behavieral characteristics are indicative of real-world tendercies
rathur than raoresentations of snecific outcames.

Energy market projections are subject 1o much unceriainty Many of the evenis that shape energy markets are random and
cannot be enticipated. n addihion, future developments in technologies, demographics, and resources cannot be foraseen
with certainty Many key uncertainties in the AEQ20%4 orojections are addressed through alternative cases

ElA has encezvored to make thess projections as objective, reliable, and useful as possible: however, they should serve as
an acjunct to, not a substitute for, a complete and focused analysis of public poiicy initiatives.
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The AEQ2014 Reference case included as part of this complete report, released in April 2014, was updated from the AEO2013
Reference case released in April 2013. The Reference case was updated to reflect new legislation or regulation enacted since that

i

me or to incorporate modeling changes. Major changes made in the Reference case include:

lieroeeonomti
Revised U.5. 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 AEQ2013 Reference case. Most of the revision in overall population growth
results from a fower 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,

woesitenidil, commerauil, and Industeril

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 fighting applications, including wider representation of light emitting
diode (LED) lighting and outdoor lighting, based on the 2009 RECS and two U.5. 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 AEQ2014 because of a court challenge and proposed
settlemnent 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 manutacturing sector data to reflect the 2010 Manufacturing Energy Consumption Survey (MECS) [81.

Revised outiook 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 liguid (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.

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 AEQ2013. On balance, demographic trends (such as an aging pcpulation
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 419% growth in AEQ2013.

» Added liquefied natural gas (LNG) as a potential fue| 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 cansumption in 2040).

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

Updated handiing 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 vehicies, 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.

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].
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Allowed secondary flows of natural gas out of the Middle Atlantic regicn to change cynamically in the modei based or: reiative
prices, whicn enabies a iarger volume of natura! gas from the Midcle Atlentic’s Marcellus formazion ta sunply neighboring regions.

Deveioped the estimated uitimate recovery of tight oil and shals gas on the basis of county-‘evel data [171.

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

Improved represertation of the dynamics of U, S. gasoline and diesel exports versus U.S. demand, through adortion of endogenaous
modeling [721.

* Adced representation of the U.S. crude oil distribution system (pipelines, marine, and rail), to allow crude oii imports to go to
logical imgort regions for transport to refineries, which erables crude imports and domestic production to move among refining
regions and keeps imeorts of Canacian crude oil from flowing directly to U.5. Gulf refinars [13].

* Revised production outlook for nonpetroleum cther liguids—gas-io-liquids. coal-to-liguids (CTL), biomass-to-liquids, and
pyrolysis [141—with lower production ievels than in AEO2013, as more recent experience with these emerging technologies
indicates higher costs than previously zssumed 7151

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

WY

Revised approach to reserve margins, which zre set by region on the basis of North American Eiectric Reliability Corporation/
Independeri Systern Operator requirements [17]. and o capacity payments, which are calculated as e combinat’cn of levelized
costs for compustion turbires and the marginal vaiue of capacity in the electricity model.

Revised handiing of spinning reserves, with the require¢ teveis set expiicitly, depending on the mix of generating technologies
used ic meet peak dermand by region, to 2llow betier reprasentation of capacity reguirements and costs in regions or cases with
high penetration of intermittent loads.

Revised assumptions concerning the potential for unannouncec retirements of nuciear capacity in severa regions to netter
refiect the impacts of rising cperating costs and iow electricity prices. Anncunced nuclear cetirements are aiready incorporated
as planned.

Updated handling of Mercury and Air Toxics Standzrds (MATS) 18] covaring the electric power secter, to reflect potential
upgraces of electrostatic precipitators, requirements for zlants with dry scrubbers to empicy fabric Fiters, and revised costs for
retrofits of cry sorbent injaction and fabric fiiters.

Updated treatment of the production tax credit (PTC) for e/igible renewable electricity generation technologies—consistent with
the American Taxpayer Relief Act of 2012 (ATRA) passed in January 2013 [19]—including revision of PTC expiration dates for
each PTC-eligible technology, to reflect the concept of projects being declared "under construction” as epposed 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 AEQ2014 Reference case will start from the version of the Reference case refeased with this complete report.
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(L]

10.

11.

12.

13.

vi

Regional Greenhouse Gas Initiative, “Prograrm Review" (New York, New York: February 7, 2013), Bt psifvvvazgiors Adoss
Prograrabiavisd, FinaiProvcain RevigwhMaoterials/Recommendplipns Sumimaiv.ndl

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), Dibnz v e s oAy e e e s san Iopchive s /ranlatice /eh12. 22 % el

. U.S. Energy Information Adm:mstratlon “Residential Energy Consumption Survey (RECS): 2009 RECS Survey Data, Public
Use Microdata File (Washington, DC: Jlanuary 2013), nitr Afcoormscinre oo ooomnigns Arasin st dar aene s e
civilyylsyrsmicronain,

Navigant Consulting, Inc., Analysis and Representation of Miscellaneous Electric Loads in the National Energy Modeling System
(NEMS) (Washingtan, DC: May 2013), prepared for U.S. Department of Energy, U.S. Energy Information Administration,

. 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.

. U.S, Department of Energy, Office of Energy Efficiency and Renewable Energy, Residential Lfghtr‘ng End-Use Consumption

Study: Estimation Framework and Inmal Estrmates (Washlngton DC: December 2012), ntin Vonrdlooe onoim,moon Ll eings
milizatin nofnifosnst 2T pecideadsl-is sty 0

U.S. Department of Energy, Off|ce of Energy EfflClency and Renewable Energy, 2010 U S. Lrghtmg Market Characterization
{(Washington, DC: January 2012), 02y Zaon s oo dviininTe /o blier s /satl 20 Unabjans TV EE ndl,
U.S. Energy Information Admrnlstratlon “"Manufacturing Energy Consumption Survey (MECS) 2010 MECS Survey Data”
(Washington, DC: March 19, 2013), i o v ins svdmns v r ez iufacuiis  Adata /s 00

. 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 fiquids INGPL] + liquefied
refinery gases [LRG]) and market (NGL + refinery olefins) terms. For example, liquefied petroleum gas {(LPG} is currently defined
by ElA as ethane, propane, normal butaneg, 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 iscbutane and to exclude
ethane and refinery clefins. The tables included in AEQ2014 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 cutside
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 cver foreign refiners, as
evidenced by high U.S. refinery utilization and increasing U.S. exports of gasoline and diesel fuel.

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

. ElAundertock 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 aperation, plant life, plant production capacity, efficiency,
and feedstock and other operating costs.

When considering CO, EOR, the oit and gas supply moduie 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

CO2 ECR,
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17. North Amerlcar Electric Rellabihty Corporation, 2013 Surnmer Reliobility Assessr’;en* (Atiania. GA: May 2013), hor: ooy,

nergsornpe SHARA 7 Relianjity i B0ssgeaemenis N E00L AUEERA. Final nif (password required).

8. U.S. ::nwronmen‘.a! Protection Agency, “Mercury and Air Toxics Standards (v ATS), Ey AL SO e Tty

18 U.S. House of Reorasentatives, 112tk Congress, Public Law 712-240, "American Taxpayer Relief Act of 20!2 Sectlons 401-412
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Executive summary




Projections in the U.S. Energy Information Administration's Annual Energy Outlook 2014 (AEO2014) 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
AEQ2014 Reference case provides a basis for examination and discussion of energy production, consumption, technotogy, and
market trends and the direction they may take in the future. AEQ2014 also includes alternative cases that explore important areas
of uncertainty for markets, technologies, and policies in the U.5. energy economy (see Appendix E for discussion of detailed case
assumptions). Many of the implications of the alternative cases are discussed in the lssues in Focus section of AEO2014.

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 il 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 o 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 ekpanded
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 o stabilize U.S. energy-related carbon dioxide (CO,) emissions.

peciodd gins m fent ol produnetion garive piojecled grow it i bORal peiroieum sina il

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 productian, to 2012, when it accounted for 35% of total U.S. production. Total projected U.S. crude oil production in
the AEQ2014 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 MMbbl/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. oii production through
2040, However, tight oil development is still at an early stage, and the outfook is uncertain. Changes in U.5. 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 drilled in those formations, in
addition to assumptions about well spacing and production patterns. To address these uncertainties, AEQ2014 includes High Qil
and Gas Resource and Low Qil and Gas Resource cases (Figure ES-1). In the High Oil and Gas Resource case, tight oil production
reaches 8.5 MMbbl/d in 2035 (compared to 3.7 MMbbl/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 Qil and Gas Resource case demonstrates the significant impact that technological
development and productivity gains in tight oil plays can have on net imports of crude oil and petroleum products. in the Reference
case, the share of net crude oil and petroleum product imports

Figure ES-1. UK, crade ol produetion in three gase as a percentage of total U.5. product consumed declines
Y from 41% in 2012 to 25% in 2016, remains close 1o that level
for several years, and then rises to 32% in 2040 (Figure
ES-2). In the High Oil and Gas Resource case, domestically
produced crude oil displaces more expensive imported crude
e il at domestic refineries, and U.S. finished petroleum products
become more competitive worldwide. The share of total

U.S. product consumed represented by nat crude oil and

10 — petroleum product imports in the High Oil and Gas Resource
\ [ case declines to 15% in 2020 and continues to falf through
‘ \ 2040. The United States becomes a net exporter of crude oil

o S
o - and petroleum products at the end of the projection period.
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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
not be insulated from global ofl prices set in global markets
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for crude ofi and petroleum products. Strategic choices made by ieading oil-exgorting countries could result in U.S. price and
guantity changes that differ significantly from those presented in this cutlock.

ITREAASET AR T T R T R rey W RNt ann FUHnL IS NS HiN et HLH
The AEQ2014 Refererce case projects robust growth in indusirial production. with the manufacturing sector henefitting from
abuncant and relatively inexpensive natural gas, especially in the first 15 years of the projection. Low natural gas prices and
increased availability of natura! gas anc reiated rasources such as hydrecarbon gas iiguids (HGL) banefit tne U.S. industrial sector
in muitiple ways. Natural gas is used as z fuel to produce heat and to generate electricity and, along with HGL products, is also
used 25 a feedstock o produce chemicals, pharmaceuticals, and plastics. In addition, with generally lower 2nergy pricss resuiting
in more rapid economic growth, cemand for industrial products increases.

Bulk chemicals account for much of the increased growth in manufacturing output in the Reference case (Figure £5-3). [ndustrial
oroduction of sulk chemicals, which aisc benefits from increasec supply of HGL, grows by 3.4%/vear from 2012 ‘¢ 2025 in the
AEQ2(74 Reference case. The near-lerm competitive advantage diminishas over time, however, ard growing competition from
abroad siows U.S. output growtn zfter 2030 as demestic natural gas becomes less cost-advantaged compared with prices at
other locations, resulting in increazed competition from newer facilities that are develocec a-read.

The higher lave! of industrial production jeads to growth in natural gas consumptionin the U.S. indusirial sector, from 8.7 quadrillion
British thermat units (Biw) in 2012 to 1C.6 guadriilion Btu in 2025 in the Referance case. Most of the increase in industrial natural
gas cemand is the resuit of output growth in the manufaciuring sector. Energy-intensive industries with high rates of growth
include paoer preducts, food products, bulk chemicals, and metai-based durables.

Different assumgptions about economic growin or about ol and gas rescurces and technology result in large variations ‘n
‘ndustrial cutput, with buik chemiczis showing more variztion in the High and Low Off and Gas Rescurce cases znd the rest of
the manufacturing sector showing mere variation in the High and Low Economic Growth cases. Output from thne buik chemicais
industry is more responsive te variations in energy prices than is output from the rest of the industriz! sector. and shipments
continue to grow after 2035 in the Hign Gil anc Gas Resource case, as indicated in Figure ES-3.

i By

Fuel use in the U.S. transportation sector has changad fundamentally in the past several years. in the AEQ2014 Reference case. the
factors contributing to declining light-duty vehicie (LDV) energy use continue and intensify, resulting in declines in motor gasoline
consumption aver the projection period,

LDV fue; efficiercy is driven by increasingly stringent regulatory standards. In the Reference case, the fue! efficiency of the LDV
stock in mites per gafion {(mpg). excluding iight-duty commercial trucks, increases by 2%/vear to 37.2 mpg in 2040 from 27.5 mpg
in 2012. Wniie motor gasoiine remains the dominant fuel, growing market penetration of diese!, biofuels, hvbrid-electric, arng piug-
in electric systems gradually reduces its share of the LDV fuel market,

AED2074 incivdes a new demographic srofile of ariving behavicr by age and gender, Tetal vehicle miles traveled (VMT) increases at an
average annual rate of 0.9% from 20712 to 2040, due to changes in driving behavicr that are related o 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 mi'eage
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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 MMbblAd in 2040,

The importance of demographic changes for VMT and transportation energy consumption is highlighted by AEC2014 alternative
cases in which variations in these assumptions result in higher or lower fuel use (Figure ES-4). In a High VMT case, U.5. 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.

Ahundant -‘__'II-:.I'. ol natovral pas apars gréealer ose or elecirici Oy reoersiiemn and raasporiiEon

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.5. natural gas consumption.

v shill oway from more carbon-intensive fuels for cleetricity generiation ieips 1o 2inbitize energy-relnicd carbon
dioxide criissions
In the AEQ2014 Referance 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
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beginning in 2024, for the first time since the late :990s, as new fue! aconcmy standards, biofuei mandates, and skifts in consumer
behavior result in declining or stabie transportation sector emissions from 2072 through 2033. After 2033 they hegin to rise
again, with freight transport increasing the cemand for diese!. while demand for motor gasoline ceclines. I the electric power
sector, emissiors from coal combustior remain below 2071 levels through 2040 as more power piants are fueied by lower-carbon
fueis. including natural gas and renewables.

CO; emissions in the electric power secior are dependent on the overall level of demand for eleciricity, as well zs the mix of
genereting technclogies used fo satisfy that demand. in the Reference case. the average emissior rate per kiowatthour of
generaticn deciines cver time, primarily because the ccal-fired share of total generation declines and is repiaced precominantly
with natura! gas-fired generation, which is less carbon intersive than coal. In zdd'tion, the combined share of generation from
ruclear and renewable fuels is graduaily increasing throughout the projection, maintaining a generzily consistent contribution of
carbon-free generation resources. As a result, aithough generation in the efectric power sector increases by 25% from 20732 to
2040, the sactor’s CO; emissions increase by anly 11% over the same period. in most of the alterrative cases, a deciine in demand
resuits in 2 greater decline in fossil-fueled generation and CO; emissions, s iess efficient oii, coal, and natural gas piants reduce
output or zre retired. For example, in tne Low Electricity Demand case, with retall electricity sales in 2040 about the same as in
2012, generation Inthe eleciric power sector is 20% lower, and CO; emissions are 22% iowey, thar projected in the Reference case.

CO; emissiors :n the power sector are highly sensitive ‘o the relative generation sharas of different fuel types. and iarger shifts
away from fossil fuels lead to declining emissicns, While the retirement of coal-fired slants in the near term contrioutes to lower
leve!s cf CO; emissions, in the Acceierstad Coal Retiremants case, where coal retiremerts through 2040 are more than double
those in the Referenca case. CO; emissicns dechine by 119 from 2072 lavels and are 20% below Reference case jevels in 2040,

In general, growth of renewable generation is associated with a reduction in CO, amissions in the electric power sector. In the
Low Renewabla Technoiogy Cost case, nenhydrozower renewable generation grows at ar average arnual rate 0% £.7% from 2012
to 2040 (Figure ES-6), compared to 3.2% in the Reference case, and sleciric power sector CC; ernissions in 2040 zre about 49
below the Refererce case levei. Wnen growth in norhycropower renswable ganeration is coupled with eiectricity demand growth
that exceeds that in the Reference case, the impact on emissiors may be more amziguous. in the High Eccnomic Growth case,
a'though nerhydropower renewable generation grows by an average of £.1%/vear from 2012 to 2040, toza! alactricity demand
grows by 1.2%/vear and electric power sector CO; emissions in 2040 are about 4% nigher than in the Reference case.

in most cases that include high lavels of norhydropower rerewsble generaticn, electric nower secter CC; emissions still increase
slightly. if not as rapicly as in the Reference case. between 2072 and 2040, reflecting factors such as generation subsidies tnat
reduce the cost of electricity anc its price, raising demand. Cases that place 2 fee on CO; emissions throughout tne energy
sector, starting at eitner $10 or $25/ton end rising at a rate of 5%/year thereafter (the GHGIO anc GHGZS cases), and a case
that combines the GHGIC case with the High Oil and Gas Resource case (the GHGI0 and Low Gas Prices case) are notabls
exceptions. In those cases, because tha additicnal cost of operating generators that use fossii fuels resu'ts in both a decrease in
overal electricity demand and significant substitution of nonhvdropower renewable energy sources for fossil-fueled generation,
total electric power secior CO; emissions in 2040 are betweern 36% and 82% below the Refarence case toal of 2,259 million
metric tons, respectively, and total energy-related CO; emissions from ail sources in 2040 are betweern 15% anc 36% below the
Reference case totai of 5,599 million metric tons (Figure ES-73}.
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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 HIGHRESCURCE.D112913B.

Figure ES-2. Net import share of U.S. petroleum and other liquids consumption in three cases, 1990-2040: U.5. Energy
Information Administration, Monthly Energy Review, September 2013, DOE/EIA-0035(2013/09) (Washington, DC, September
2013). Projections: AEQO2014 National Energy Modeling System, runs REF2014.D102413A, LOWRESQURCE.DT12913A, and
HIGHRESOURCE.D112913B.

Figure ES-3. Shipments of bulk chemicals in three cases, 2012-40: AEQ2014 National Energy Modeling System, runs REF2014.
D102413A, LOWRESOURCE.DN2913A, 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, it ohhtseie | e flowidne oo il Projections: AEQ2014 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: AEQ2014 National Energy Modeling System, runs REF2014.D102413A, CO2FEE25.DOT1614A, NOSUNSET.D121713A,
LCR_2014.D120613A, LOWRESQURCE.D1T12913A, HIGHRESOURCE.D112913B, LOWMACRO.D12913A, 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: AEO2014
National Energy Modeling System, runs REF2014.D102413A, HIGHRESCURCE.D112913B, CO2FEE10.D0M614A, COZFEE2S.

DON614A, and COZFEE10HR.DOTIE14A.

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



Legislation
and regulations




The Annua! Energy Outlook 2014 (AEQ2014) generally represents current federal and state legislation and final implementation
of regulations as of the end of October 2013. The AEQ2014 Reference case assumes that current laws and regulations affecting
the energy sector are largely unchanged throughout the projection peried (including the implication that laws that include sunset
dates are no longer in effect at the time of those sunset dates) [1]. The potential impacts of proposed legislation, regulations,
or standards—aor 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 AEQ2014 Reference case, but some are considered in alternative
cases. This section summarizes federal and state legislation and regulations newly incorporated or updated in AEC2014 since
the complstion of the Annual Energy Ouflook 2013 (AEQ2013). 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 incarporated in the AEO2014 Reference case, or whose handling has
been medified, include:

= [ncorporation 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 handling of the mandated volume for biofuels estabiished 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.

» [ncorporation of modifications to existing state Renewable Portfolio Standard (RPS) or similar laws to reflect recent modifications
to existing programs in Colarado, 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 AEQ2014,

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 AEO2014 or in other analyses completed
by the U.5. 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 DiinAt v gin s nnfolveis deeonri =1L

Il Ens mmenial 1 attons o the elecir TR d

Several enviranmental rules recently implemented at the federal and state levels affect the AEG2014 projections for the electric
power sector. While not considered in the AEQ2014 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,

Recanut regicpal policy modifieations

The Regional Greenhouse Gas Initiative (RGGI) is a regional cap-and-trade program for CO, emissions that applies specifically to
fossil-fueled eiectric power plants larger than 25 megawatts (MW) located in each of the nine participating Northeastern states
[61. 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 foward 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 Staies, the other being the
California cap-and-trade program that was an outgrowth of California’s Assembiy Bill 32, the Global Warming Solutions Act of
2006 (AB32) [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.
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Despite the recuctionin tne cap beginning in 2074, it remains to be seen whether the updated program caps will result in significant
emissions reducticns compared to the osutcomes that might occur absent the new cags. CO, emissions in 2012 in the participating
states were stili only 52 miltion short tors, close to the 2074 target cap of 51 million short tons, However, the cap is designed to
tigrien annczlly througn 202C. In the first kaif of 2013, CO; emissions from coal-fired generation were up both in the RGGI regicn
and nationally compared with 2012 leve's, which indicates that tne revised cap couid become more binding in the future.

Because of a surpius of ajllowances during the initial years of RGG!. the CC, value of the allowances remained close to the
program's price ficor of $1.93/tor of CO; allowed in each gquarterly auction. The value of aflowances increasad to $3.00/tan
of CO; in the iatest auction, as market particicants may be anticipating a rise in the future vaiue of allowances. RGG! states use
allowarce revenues for a variety of programs that support c.eaner gereratior and/or energy efficiency programs tnat reduce
demand. Unless the programs supported by RGGI zuction revenues are funded at the same 'eve! using other funding sources in
the apsence of RGG:, they wiil provide a tangible incremental reduction in em’ssions.

The RGGI program update grants the ability for zreviously unused ailowances from the early years of the program to be saved
and acplied after 2014, as iimits become more stringent—a strategy often referred to as “banking afiowances.” Additignal
flexitility exists in the program through tre recertiy createc Cost Containment Reserve, which effectively creates a price cefling
for allowances. When tre price hits a giver lavel, program participants ca~ purchase a set level of allowances at a definad fixed
price. This ceiling is intendec to prevent aliowance orices from rising above definec levels. The price trigger stzris at $4/ton of
CGOy in 2014 and rises to $10/ton of CO, in 2017.

The program alsc allows for the iimited use of CO; offsets as 2 compiiance cation, RGGI program participants are permitted o
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 reiated emissions.

Recent federal envirormenal regulstions modeled in AROQ2614

The Mercury and Alr Toxics Standards {(MATS) [8] requires fossil-fuel steam electric generators to meet fimits based on maximum
achievabie control technologies {MACT) to contrel emissions of acic gases, toxic metals, and mercury. The standards will take
effect by April 2015 for electric generztion units with capacities greater than 25 MW. The rule allows for state environmental
permitting agencies ‘o grant one-year compliance extensions, which AEGZ014 assumes will be granted, arc 2/l applicabis
uhits must degin to comply with the rule 2t the beginning of 2016. AEQ2014 assumes that, in order to comply with the ruie, ail
gualifying coal-fireq power plants will 22 equippec with aither fiue gas desu'furization (FED) scrubbers or dry scrbent injection
(DSE systems and activated carben injection if warrainted for mercury control. The contro! equipment nesded to reduce mercury
15 specific to each niant configuration and coal type [9].

MATS is currently baing challengac in the U.5. Court of Anpeals for the District of Coiumbia Circuit in White Staliion Energy Center
etal. v U.S. EPA [101. The case was heard in December 2013, and a decision is expected in the spring of 2014,

The Clean Air interstate Rule (CAIR) [171is a cap-and-trade progrem aimed a* reducing emissions of sulfur dioxide {502 ang
nitroger: oxides (NOx) from fossil-fuelad power plant units with capacities greater ther 25 MW in 27 eastern states and the
District of Columbia. The emissions caps went into effect in 2003 for NOy and in 2070 for SO,. Both caps are scheduied o be
tightened in 2015. AEG2014 includes the CAIR cap-and-trade program for the apolicable regions. The FGD scrubbers or DS
systems required by MATS result in SO; emiss'ons falling tc leveis lower than the CAIR cap. Therefore, after MATS is in full effect
starting in 2016, 50, emissions decline significantly below the CAIR cap, essentially making CAIR's SO; cap nonbirding [121.

CAIR wias reinstztec after the Cross-State Air Poliution Ruie (CSAPR) was vacated by the U.S. Court of Appeals for the District
of Columbia Circuit in August 2012 [731. However, the U.S. Supreme Court agreed ir une 2013 1o review the D.C. Circuit Court's
gecision and heard the case in December 2013 [14]. A court decision is expected in the spring of 2014. ¥ the Supreme Court
reverses the D.C. Circuit Court’s ruling, CSAPR will replace CAIR.

y

The Renewable Fuel Standsrd (RFS) was estabiished by the Erergy Policy Act cf 2005 {151 and was expanded by the Energy
Independence anc Security Act of 2007 (EISA20C7) [161. it requires the EPA 0 set requirements for the renewable content of
gasoline and diesei fuel. Refiners and impcerters of gasoline and dissel fuel are obligated to blend rerewasle fuels in nroncriion 1o
the voiumes of gasoline and diesel fuel sold. There are four interrelated requirements, for cellulosic biofueis, biomass-basec diesel,
advanced bicfueis, ard total renawable fuels, Compliance with the RFS is tracked via Renewabnle ldentification Numbers (RINs),
which are generated when eligible siofusis are produced or imported and conveyed with the physicz! voitime of renewasle fuel
through subsequent sales unti tney are blended with a peircleum product. Once the fuei is blended, the RINs can be separated
from the physical voiumes ara “retired"—that is, turned in to the EPA tc demonstrate comptiance. RINs zlso can be sold o saved
("barked") for compliance either in the vear they were generatec or in the foiiowing year.

EPA sets the RFS target volumes every year ir reference to iegislated targets in E!SA2007, public comments, and input from
other government agenicies. Since the expansion of the RFS program for the 2009 compliance year. the EPA has adnered to the
'egislatac volumes of total renewable fuel, advanced bicfue!, and biomass-cased diesel but has aften set the reauirement 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 tevels
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.5. petroleum refining system,
biofuels praduction, 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 ethanal-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 fimited 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. Siale renewihie ehersy requoregments and soais: apdaie throogh 2O

To the extent possitle, AEQ2014 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 [17] 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 Maodeling 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 gualifying renevwable generition account for slightly less than 10% of U.S. electricity sales.

'.‘”“ird' ::”_I.m“:l“'l:r_d'_“,: ._I.n:'lhir‘ll 1:'::.,”..':'.1' At present, most states are meeting or exceeding their
SSMERERIENE, ""'“"_'“' OINE HRIRVELUS SUES required levels of renewable generation, based cn qualified
(Billivy kllowarthours generation or purchase of renewable energy credits [19].
750 A number of factors have helped to create an environment

favorable for RPS compliance, including:

= A surge of new RPS-qualified generation capacity timed
o take advantage of federal incentives.

= Significant reductions in the cost of wind, solar, and other
renewable technologies.

« Generally slower growth of electricity sales.

500

» Complementary state and local policies that either reduce
the cost (for example, equipment rebates) or increase the
revenue streams (for example, net metering) associated
with RPS-eligible technologies.

EIA projects that, overall, RPS-gualified generation will
continue to meet or exceed aggregate mandatory targets for
state RPS programs through 2040, as shown in Figure LR3-1.

2013 2020 2025 2030 2035 2040
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The aggregate near-term surgius of quafified generation is supported by projected near-term renewseble capacity additions but
declines slightly as growth in renewabie capacity siows toward the end of this decade and RPS targets czich up with supply. The
surplus widens again in the final tws decades of the projection period, as renewable gerieration technoiogies become increasingly
competitive with conventionai generation sources and state targets gererally do not increase beyond 2025.

Itis imperiant to note, nowever, that the aggregate targets and gualifying generation shown in Figure LR3-1 may mask significant
regional variation, as weli as technology- or tier-specific shortfzlls, White some regions may produce excess guaiifying generation,
others may procuce just enough *o meet the requirement or may need to iminort generation from adioiring regions to meet state
targets. Furthermore, even though there is more qualifying generation in aggregate thar: is needed to meet the targets, states with
techriology-specific goals could still have deficits for certain techroiogies. Also, tnis projected pattern of aggregate surpius does
riot 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 cecur or wouid not occur in the amaounts projected, even as other parts of the
country see substantial grovith above state targets or in their acsence. It does, however, suggest that siate RPS programs will not
be the sole reason for future growth in renewable generation, and that the importance of RPS targets in contributing tc growth in
renewsabls genaration will decline over time.

Currently, 29 states and tnhe District of Columbiz have erforcezble RPS or similer laws (Table LR3-1) [20]. Uncer such standards.
each state aetermines its own leveis of renewacle gereration, eligible technologies {277, and noncompliance penalties. No new
RPS programs nave been enacied since 2009. Trere have Seen a number of modifications tc existing programs in recent years,
however, suilding on state implementation experience and changirg market conditions.

The year 2013 saw 2 large number of proposed iegisiative modifications to existing RPS programs [22], including some attempts
to weaken the targets of exisling programs significantly, However, oriy a small subset was enacted. and no states passed
major rotbacks or recaals of RFS programs. The changes that were enacted affect some aspects of the laws and implementing
reguleticns, but in general they do not have substantive effects on the represenation of state RPS programs in the AEQZ014
Reference case. Key changes include:

Coloratic

Senate Bill 13-252 {23], signed intc law in June 2013, doubies the renewabie energy target for izrge electric cooperatives ane
cooperative asseciations to 20% of total electric sales by 2020. The law also adds a renewasle distributed gereration requiremant
for electric cooperatives, removes preferential credit multipiers for in-state e'igible sources. and exoands the set of qualifying
energy sources to inciude ceal-mine methare and pyrolysis gas frorn municipal solid waste.

Connecticut

Senate Bili 1138 [24], enacted in June 2G13, relaxes restrictions on how nydroelectric generation can be applied to Cornecticu®'s
RPS. The statute expands the set of quzlifying Class | resources to include run-of-river hydropower up to 3¢ MW—azn incraase
over the previous cap of 5 MV/—as weil as additicnal scurces, such as geotherma! efectric and some typss of bingas. in adeition,
large-scaie hydropovrer (greater tnan 30 MWW could, under ssecified circumstances, ce allowed to meet an increasing porticn of
the RPS, starting a1 195 of sales in 207¢ and rising to 5% of sales by 2020,

iaryiznd

The Maryland Offshore Wind Snergy Act of 2013, House Bll 225 (257, was enacted in April 2013, The iegisiation addsto Mary.and's
existing RPS an offshore wind tecnnology-specific requirement of uz to 2.5% of total saies starting in 2017, Quaiifying offshore
facilities must be located In specific zreas of the Duter Continental Snelf and are subiect to 2 defined process for approvai by
the Marylanc Pubiic Service Commission. Projects will be subject tc several cost containment triggers: the impact on resicential
customers cannot exceec $1.50 per menth, and renewable energy crecits for offshore wine should not exceed $190 ner MWh.

Minnesoia

in May 2073 Mirnesota enacted House Fioor 729 [26], which mandates that investor-owned utilities mest a solar technology-
specific standard cf 1.5% of sales by 2020. This minimum s in addition to Minnesota's previcusly existing target. effectivaly
raising the tota’ percentzge of required renewabdle generation for investor-cwned utilities by 1.5%. Of the new solzr mandate, 10%
must be zchieved via small systems that are 20 kilowatts or less. The biil also directs investor-owned utilities to design a "value of
solar” tasiff that could be used in fieui of a traditional retail rate-compensated net metering agreement.

Mortana

Montana enacted severzl bills during 2073 relatec to the state’s RPS [27]. Major changes include expanding the set of RPS-
cualifying technologies to include generatior from additional sources, such as: incremental capzcity additions at axisting
hydropewer projects; storage technclogies such as flywhseis, batterles, and hydroelectric sumped sicrage; and certain {ypes
of chemically treated biomass burned at smali piants. Srrall utilities serving 50 or fewer custemers are now exempt from the
obligation to meet? the state’s RPS,
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State

AZ

CA

Co

cT

DE

DC

HI

LR-6

Target

Qualifying
renewables

Qualitying other
(thermal, efficiency,
nonrenewable

distributed
generation, etc.)

Compliance mechanisms

15% by 2025

33% by 2020

30% by 2020 for
investor-owned
utilities; 20% by 2020
for large electric
cooperatives; 10%

by 2020 for other
cooperatives and
municipal utilities
serving maore than
40,000 customers

27% by 2020 (23%
renewables, 4%
efficiency and CHP)

25% by 2026

20% by 2020

40% by 2030

25% by 2026

105 MW of eligible
renewable resources

Solar, wind, hydre,

Solar, wind, biomass,
hydro, landfill gas
{LFG), anaerobic
digestion built after
January 1, 1997,
geothermal

Solar, wind, biomass,
geothermal, LFG and
municipal solid waste
(MSW), small hydro,
biodiesel, anaerobic

digestion, marine

biomass, geothermal
electric, anaerobic
digestion, LFG

Solar, wind, biornass,
hydro {with excep-
tions), geothermal,
LFG/MSW, anaerabic
digestion and other
biogas, marine

Solar, wind, biomass,
hydro, geothermal,
LFG, anaerobic diges-
tion, marine

Solar, wind, biomass,
hydro, gecthermal,
LFG/MSW, marine

Solar, wind, biomass,
hydro, geothermal,
LFG/MSW, anaerobic
digestion, marine,
certain biofuels

Solar, wind, biomass,
hydro, anaerobic diges-
tion, biodiesel, LFG
Solar, wind, some types
of biomass and waste,
small hydro, anaerobic
digestion, LFG

Direct use of solar
heat, ground-
source heat pumps,
renewable-fueled
combined heat and
power (CHP), fuel
cells
Energy storage, fuel
cells

Recycled energy,

coal-mine methane,
pyrolysis gas
produced from MSW,
fuel cells

CHP, fuel cells

Fuel cells

Dvirect use of solar,
cofiring, fuel cells

Direct use of solar,
ground-source heat
pumps, ice stor-
age, CHP, efficiency
programs, hydrogen,
fuel cells

None

None

Credit trading is allowed, with some bundling
restrictions. Includes distributed generation
requirement, starting at 5% of target in 2007, growing
to 30% by 2012 and beyond.

Credit trading is allowed, with sorne restrictions. Renew-
able energy credit prices are capped at $50 per MWh.

Credit trading is allowed. Renewable distributed genera-
tion requirement applies to investor-owned utilities (3%
of sales by 2020) and electric cooperatives (0.75% or
1% of sales by 2020, depending on size). Generation
associated with certain projects that have specific own-
ership or transmission ties with small utilities, entities,
or individuals is eligible to earn credit multipliers.

Credit trading is allowed. Obligated providers may
comply via an alternative compliance payment of $55
per MWh, The target is made up of three class tiers,
with tier-specific targets.

Credit trading is allowed. Credit multipliers are awarded
for several compliance specifications, including a 300%
credit awarded for generation from in-state distributed
solar and renewable-fueled fuel cells. Target increases
far some suppliers can be subject to a cost threshold.

Credit trading allowed. The target includes a solar-
specific set-aside, equivalent te 2.5% of sales by 2023.
Obligated providers may also comply via a tier-specific
alternative compliance payment.

Credits cannot be traded. Eligibility of several of

the “qualifying other" displacement technologies is
restricted after 2015. Utility companies can calculate
compliance over all utility affiliates.

Credit trading is allowed. Target includes specific
requirements for wind, solar, and distributed generation.
The procurement process isrsrubject to a cost cap.

Jowa's investor-owned utilities are currently in full
compliance with this standard, achieved primarily
through wind capacity.

(continued on next page)
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S_tate
KS

ME

MD

MA

Ml

MN

MG

MT

NS

Ta rget

20% of each peak
femand capacity by
2022

A0% total by 2077,
1C% oy 2077 from
new rescurces
entering service in
2035 and sevond
20% by 2022

22.1% by 2020 (ard
an azditional 3% par
year thereafter)

10% by 2015, with
specific new capacity
goals for utinties that
serve more than

T millicn customers

31.5% oy 2020 (Xeel),
26.5% by 2025 {cther
investor-owred
utilities), or 2595 by
2025 (other utiiities)

15% by 2027, 0.2% of
retail electricity sales
from solar elactricity

by 7 '4"

5% by 2u‘i:r

25% by 2025

24.8% by 2025
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Qualifying
renewabies

c10!.«:!’ wmd h;""o.
biomass, LFG

Soler, wind, bicmass,
hydro, gectharmal,
LFG/MSW, marine,
hydro

Solar, wind, bicmass,
geothermal, LFG/
MSW anaeroaig
digestior, marine,
hydro

Solar, wind, hydro,
s0me ciomass tech-
rologies, LFG/FASW,
geotnermai elastric,
anaerobic digestion,
merine

Salar, wing, hydro,
biomass, LFG/MSW,
gecthermai slecirie,
anasarcoic digestion,
rmarine

Solar, wind, hydro,
biomass. LFG/MSWy,
anaerabic digestion

Solar, wind, hydro,
hicmass, LFG/MSWY,
araerobic digastion.
athano!

Soiar, wind, nydrs, geo-
thermal, bipmass, L
anaeroblc dlgestlor

Solar, wmd, hydro,
geothermal, biomass,
LFG/MSW, biodiesel,
anaerobic digestion

Solar, wind, small
hydro, marire. LFG.
bismass, znaercbic
cigestion, certain

biodiesal fuels

Qualifying other
(thermal, efficiency,
nonrenewabhle
distributed
generation, ets.)
Direct uge of solar
reat, fuel czils

CHP, fuel zells

Solar water heating,
grourd-scurce qeat
prumps, fuel celis

fusicells

CHP, coal with carbon
capture and seques-
tration, energy ef-
ficiency meastires for
up 1o 0% of avtility's
sales obligation

Cofiring, hydrogen

Fuei cells

Energy stcrage using
renewsble erargy,
fuei celis

V/aste tires, direct use
of solar and geother-
mal heat, efficiency
measures (which can
acczunt for one-suar-
ter of the target ir any
given yea"‘

Fuel cel's, CHP. micro- |

turbines, direct use
of soiar keat, ground-
source Leat pumps,
kydrogen

""OJects

Compiia nce mechanisms

Cragit adng is allowed Eiigizle in-state capacity
coLnts for 1.1 times its aciual cazacity,

Credit trading is allowed. The Maine Public Utilities
Commission sets an annually adjusted alternative
compliance payment. Community-based generation
projects are eligible to earn credic multipliers.

Credit trading is allowed. The target includes minimum
levels of compliance from solar and offshora wind.
Utilities may pay an sitesnative compliance payment

in lieu ¢f procuring eligible scurces, with a tier-specific
compliance schadule,

Credit tradirg is allowed. The target for new resources
includes a solar-specific goaf to achieve 400 MW of in-
state solar capacity, which is translated into an annual
target for cbligated providers, Obligated providers

may comply via an alternative comgliance cayment
(ACP), which varies ir ievel by the requirement class.
The ACP is casigned te oe higher thar the cost of sther
compliance options.

Cradit frading is allowed. Solar power receives a credit
mulktiplier; other generation and equipment features—
such as peak generation, storage, and use of equip-

ment manufactured in-state—can earn bonus credits.

Credit trading is allowed. Targat includes ©.5% soiar
standard for invastor-owned utilities; Xcel’s target
also includes 25% of sales specifically from wind and
solar (with a 1% maximum for solar). State regulators
can penaiize noncompliance at the estimated cost of
compliance.

Credit trading is allowed. Noncompliance payments are
set at double the market rate for renewables.

Crecit trading is allowed, witr: & price cap of $10 per
MWh, There are specific targets for community-based

Crecittrading is silowed. So!a' DV receives a credrt
oremium, wits an additiona! premium for customer-
sited systems,

Crecit tradirg is allowed, and utilities may pay into
a fund in lieu of holding credits. The target has four
separate compliance classes, by technology type.

{continvied on next page)
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State
NJ

NM

NY

NC

OH

OR

PA

Ri

X

LR-8

Target

Qualifying
renewables

generation, ete.)

Qualifying other
(thermal, efficiency,
nonrenewable
distributed

Compliance meachanisms

20.38% by 2021 with
an additional 4.1%
solar by 2027

20% by 2020 for
investor-owned
utilities, 10% by 2020
for cooperatives

29% by 2015

12.5% by 2021 for
investor-owned
utilities, 10% by 2018
for municipal and
cooperative utilities
12.5% by 2024

5% by 2025 for
utilities with less than
1.5% of total sales;
10% by 2025 for
utilities with at least
1.5% but less than 3%
of total sales; 25% by
2025 for all others

18% by 2020

16% by 2019

Enforceable target of
5,880 MW by 2015

Solar, wind, hydro,
geothermal, LFG/
MSW, marine,
anaerobic digestion
Salar, wind, hydro,
geothermal, LFG,
biomass, anaerobic
digestion

Solar, wind, hydro,
biomass, LFG, anaero-
bic digestion, certain
biofuels, marine

Solar, wind, small
hydro, biomass, geo~
thermal, LFG, marine,
anaerobic digestion

Solar, wind, hydro,
biomass, geothermal,
LFG/MSW, anaerobic
digestion

Solar, wind, hydro,
biomass, geothermal,
LFG/MSWV, anaerobic
digestion, marine

Solar, wind, hydro,
biomass, geothermal,
LFG/MSW, anaerobic
digestion

Solar, wind, hydro,
biomass, geothermal,
anaerobic digestion,
LFG, biodiesel, marine

Solar, wind, hydro,
biomass, geothermal,
LFG, marine

Fuel cells

Zero-emission tech-
nology (not including
nuclear), fuel cefls

Direct use of solar
heat, CHP, fuel cells

Direct use of solar
heat, CHP, hydrogen,
demand raduction

Energy storage, fuel
cells, and a separate
12.5% target for
“advanced energy
technologies,”
including coal mine
methane, advanced
nuclear, efficiency,
clean coal

Hydrogen

CHP, certain advanced
coal technologies,
certain energy effi-
ciency technologies,
fuel cells, direct use

of solar heat, ground-
source heat pumps,
other distributed gen-
eration technologies

Fuel cells

Direct use of solar
heat, ground-source
heat pumps

Credit trading is allowed, with an alternative
compliance payment set by state regulators. Solar and
offshore wind are subject to separate requirements and
have separate enforcement provisions.

Credit trading is allowed. The program cannot increase
consumer costs beyond a threshold amount, increasing
to 3% of annual costs by 2015. Technology minimums
are astablished for wind, solar, and certain other
resources.

Credit trading is not allowed. Compliance is achieved
through purchases by state authorities, funded by a
surcharge on investor-owned utilities, Government-
owned utilities may have their own, similar programs.

Credit trading is allowed. Impacts on customer costs
are capped at specified levels. There are specific
targets for solar and certain animal waste projects.

Credit trading is allowed. Alternative compliance
payments are set by law and adjusted annually. There
is a separate target for solar electricity generation.

Credit trading is allowed, with an alternative
compliance payment and a limit on expenditures of 4%
of annual revenue. Solar receives a credit multiplier.

Credit trading is allowed, with an alternative
compliance payment. Separate targets are set for solar
and two different combinations of renewable, fossil,
and efficiency technologies.

Credit trading is allowed, with an alternative
compliance payment. There is a separate target for 90
MW of new renewable capacity.

Credit trading is allowed, with capacity targets
converted to generation equivalents. State regulators
may cap credit prices. 500 MW must be from
resources other than wind.

(continued on next page)
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I LI3-i. Renewnble portiolo standards e the 29 states and Disorict of Columbin with csrrent maodaies (cont

Qualifying other
{therma!, efficiency,

ronrenewable
Qualifying distributed
Stat_e Target renewablps generation, et_c.) ~ Compliance mechanisms
WA 15% by 2020 Solar, wind, hydro, CHP Credit trading is allowed, with an administrative
Siomass, geothermal. penalty for noncompliance.

LFG, anaerobic digas-
tion, sicdiesel, marine

Wi 10% by 2075 Seiar, wind, bycra, CHP. pyrolysis, Credit trading is allowed.
hicmass, geoitermal,  synihetic gas, diract
LFG/AMSW, small use of solar or
hydro. anaeronic aiomass heat, ground-
digestion, marire, source heat sumps,
bicgas fuel calis
Mavada

InJune 2073 Nevada enacted Senate Bill 252 [28], which olaces new fimits onthe extent to which energy efficiercy measures count
toward the state's existing standard. The bill ziso rest-icts muitiplier credits for customer-sited so'ar gereration 1o installations
placed in service before the end of 2075, The obligated utiiity, Nevada Energy, s aiso now required by Senate Bill 123 1261 1o meet
a capacity standard of 350 MW of new renewable capacity by the end ef 2021, “owever, tne same capacity can also be azplied
to the existing sales-based stardard and thus does not necesserily reguire additionai capacity beyond that which may have been
required to meet the existing standard.

Wasningion

Washington enacted two bills—Senate Bills 5400 [30] and 5297 [37]—that increase compliance flexibility options for certain
providers. Under Senate Bill 54Q0, utilities that serve customers in multiple 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
circumsiances for utilities not experiencing load growth,.

Since the March 2071 accident at Japan's Fuxushima Daiichi ruclear power wiant, the U.S. Muclear Regulatory Comnission
(NRC) and the U.S. ruciear Industry have beer working to address issues relfated to the accident. The NRC and the U.S. nuclear
industry initizted ar immadiate coordinzted response to the accident. 2s well as long-term actions intended to assure tne safety
of operating and pianned reactors in the Unitea States. The uitimate cost of compiying with NRC orders and proposed reguiations
znd industry-led initiatives remains uncertain, as do the petential impacts on nuclear power plart operations. Although they are
not specificaily modeled in AZ02014, NRC actions znd industry initiativas are being monitored sy EIA so that potential costs and
operational impacis can be incluced in future AEGs.

The NRC conducted a systematic and metriodical raview of its own processes and regulations in light of the accident at Fukushima.
On July 12, 2011, the NRC's Near-Term Task Force releasec its report, Recommendations for Enhancing Reactor Safety in the 21st
Century [321. The report contains 12 recommendations. including both short- and long-ierm actions for consideration, zn¢
prioritizes tha impiementation of ths racommendations.

In order to address the shori-term recommercaticns, the NRC issuec three orders in March 2012 that require nuclear power

plants to implement measures related to lessons learnad from the Fukushima accident, as fellows:

* Al boiiing-water reactors (BYWRs) with Mark | and |{ containment systems must have reliable hardened containment venting
capability to reduce pressure and hydrogen builduz. This may require imp-oving or replacing existing containment ventilation
systems [333,

+ Reactors must have enhanced inswrumentaticn instelled to monitor water levels in their spant fuel cools in the event of an
emergency [34].

* Nuclear power plants must be capable 6f responding to multipie simultaneous events znd ensuring that reactors and spent
fUel pools remain cocied. The order specifiez a three-phase approach involving use of instzlied on-site resources, use of
poriabie on-site aguipment, and indefirite use of off-site rescurcas 1357,

The NRC stated that, In ali cases, the existing fleet of reactors can continue operating safely whiiie implementing the ordess. The

orders were effective immediately ars included timetabies for responses and zctions.
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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 || containments [36]. If the NRC decides to pursue such a rulemaking, 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 evaluations by
June 2017, and those in less active CEUS locations will complete risk evaluations by December 2019 [47].

In Naovember 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 (NED estimated a cost of $17 million for the nuclear fleet—
or $275,000 per unit—to develop and implement new training plans. NEI also estimated increased training costs of $250,000 per
site per year and annual severe accident drilt 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 (INPQ), 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 Fower 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, 201, 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
phenamena 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, 2001, terrorist attacks in the United States. Two regional response centers will be
jocated 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 recommeandations made in the July 20711 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 adeguate protection that appropriately balances defense-in-depth and risk considerations.” Defense-in-depth is a
layered approach to safety that involves the use of muitiple redundant and independent safety systems. NRC's evaluation of this
recommendation [50] was discussed publicly in lanuary 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]. AEC2074
does not include potential post-Fukushima effects on nuclear capacity and generation, but costs and operational impacts will be
monitored for inclusion in future AEQs as NRC actions and industry initiatives progress.

LR-10 U.S. Energy Information Administration | Annual Energy Outlook 2014



SANRA RS HURY QRS ENRaLANEl ol JRLE Ly |

Links current as of January 2014

10.

11,

13.

14.

18.

i

18,

. Reglonal Greenhouse Gas [nitiative, “2012 Program Review" (New York NY: February7 2013), ] pwiw sl v g ien

. G Barbs ase, Renewable Portfollo Standards in the United States: A Status Update” (November 2073), i Jh

. A complete list of the laws and regulatlons included in AEQ2014 is prowded in Assumptrons to the Annual Energy Outlook 2014,
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2073 Session” {Fort Coliins, CO: 2013), hiirs My golimackprees fraphies Ao doade (R Sie B Starp- Pl s tn ¢

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

York. Delaware, and Maryland.

. Caiffornia Environmentai Protaction Agency, Air Resources Board, "Assembe Biil 32: Global Warming Sclutions Act”

{Sacramento, CA: September 27, 2006, D v gim e des STt

. US Environmental Prc‘rek‘c fon Ager‘cy ‘Marciry and Air Toxucs Standards (MATQ)" {Washingten, DC: last updated March

27, 2012), Pt e SRa sox

. LS, Energy nFormaticn Administration, Assumpticns to the Annual Energy Outlook 2013, DOE/EIA-0554(2073) (Washington,

DC: May 20135, Irtandunweniin, woy, fopacqate Jien fzemmantinge, Taba 8.8 indicates how much of 2 plant's unconirolied
rmercury emissions are 'emoved ov a specific *‘or'ffgu*ahcn of envircnmertai cenirol equipment for a given coal type, The
strategies used by coai plants to comply with the mercury, acid gases, and toxic metals are discussed in the documantation.

White b*a-r*o Y‘E’Gj Cenre' LLC, et gl v, United States ::nwmn""lenfal Protection Agency, USCA Case #12-T1020 (January 22,
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us. -nwron*re*#al Protection Agen”y “Ciean Air lnterstate Rue {CAIR)" {Washington, DC: December 78, 2012), i
wovnwana s daln e il E add e,
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. Further details on the moceling strategies for MATS and CAIR czn be foung in the forthcoming report, Assumptions to the

Annya! Energy Outisck 2074, and the forthcoming Electricity Market Medule of the National Erergy Modeling Syster MVode!
Documentation 2014,

United States Court of Appeais for the District of Columbia Circuit, EM:: Homer City Generation, L P, v Enwronmenta! Protection
Agency, et gi., Mo. 11-130Z (dacided August 21, 2012), | g.:.g;*‘; panw b kit aow inte o, ki 9T ARZACTR
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U.S, Ervironmental Protecf'm Agency, United States Fm ':r.,nrrer‘ta. Frofeciion Age"cy, eL al., v. EME Hamer Crty Generation, L.E,

et gL, Petition for a Writ of Certiorari. bite: Y wwespa v alrmaiets faictranspnrt AT AR gs EME Homer Sty '_’ i i
u S che*nmsrt Printi ing Office, ..nergy Policy Act of 2005 Public Law 109-58" (Washmgton, DC: Augqst 8 2805)
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Coes not include the RPS policy for Hawai, because NEMS prowdes electricity rr'arker projections only for the contiguous
lower 48 siates.

o

More information about the Database of State Ingentives for Renewabies & Efficiency {DSIRZ) can be found at ;7 /0

'"_ ” 2 &L l‘v! SR

1 Ert.me'attcn" of state RPS poiicies may vary from source to source, as these policies vary significantly from state to state with

no universal defirition. Previous enumerations of 3G state RPS oolicies by £IA have inciuded a policy In West Virginia that
aliowss for severat types of fossil generators o be built instead of renew able generators to meet the portfolio requirement.
However, because EiA doas not mocel thisin the Anrua! Erergy Outlook as arn RFS, itis not included in the current enumeration.

. Eligible technologies, and even the cefinitions of technelogies or fuel categories, vary by state. For exampie, one state's

cefinitlon of renewabies may inciude hydropower while another’s may aot. Table LR-1 provides more detail on how the
technalogy or fuel category is defined by each state,
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Figure LR3-1. Total qualifying renewable generation required for combined state renewable portfolio 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.5. Energy
Information Administration, Office of Energy Analysis. Based on a review of enabling legislation and regulatory actions from
the various States of policies identified by the Database of State Incentives for Renewables & Efficiency (as of January 15, 2014),

website w100
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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 guantitative results from the issues discussed in AEO2014 are available in Appendix D. The first topic updates a
discussion included in a number of previous AEQs, 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:

* 1.5, 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
= |mpacts of lower natural gas prices on industrial production

« Implications of accelerated power plant retirements

* Variations in renewable electricity projections in AEO2014 cases

= Implications of lower growth in electricity demand.

Iy By anivies from “issoes i ocdas™ m recend A& kL

AEQ2013 AEQ2012 AEO20M

U.S. reliance on imported liquid fuels in Potential efficiency improvements and their  Increasing light-duty vehicle greenhouse gas
alternative scenarios impacts on end-use energy demand and fuel economy standards for model years
2077 to 2025

Competition between coal and natural gasin  Energy impacts of proposed CAFE standards Fuel consumption and greenhouse gas

the electric power sector for light-duty vehicles, model years 2017t  emissions standards for heavy-duty vehicles
2025

Nuclear power in AEO2013 Impacts of a breakthrough in battery vehicle Potential efficiency improvernents in
technology alternative cases for appliance standards

and ?Hilqing 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 fuet use in Cost uncertainties for new electric power

electricity generation plants

Nuclear power in AEO2012 Carbon capture and storage: Economics and
issues

Power sector environmental regulations an
o the horizon o
Sources: U.S. Energy information Administration, Annual Energy Outlook 2013, DOE/EIA-0383(2013) (Washington, DC: April 2013); U.S. Energy

Information Administration, Arnual Energy Outlook 2072, DOE/EIA-Q383(2012) (Washington, DC: June 2012); and U.5. Energy Information
Administration, Annual Energy Outlook 2011, DOE/EIA-0383(2011) (Washington, DC: April 2011).
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Two aiternative czses are discussed in this section to provide insight into the sensitivity of the Reference case to scenzrios, in which
existing tax crediis that nave sunset dates are assumeac not to sunset (No Sunset case), or other policies (i.e.. CAFE standards,
appliance starndards, ana building codas) are expanded beyond current provisions in combination with the elimiratior of the
sunset dates on existing tax crecits (Extended Policies case). No attempt is made o cover the full range of nossible uncertainties
in these areas, and readers shol!d not view the cases discussed as E1A projections of how laws or regulations are likely to, or
should. be changed. The cases examined here lcok only at federai lzws or regulations and do not examine state laws or regulations.

The No Sunset and Extendec Polices cases generally lead to lower estimztes for overall delivered energy consumption, increased
use of renewable fuels (particularly for electricity generation), reduced energy-related carbon dioxide (CO5) emissions, lower
energy prices, ard lower government tax revenues,

Background

The AEC2074 Reference case is best described as a currert laws and regulations case, because it generaily assumes that existing
iaws and regu'ations remain unchanged throughout the projection period unless the legislation astablishing the regulations sets
a sunset dete or specifies now they will change. The Reference case often serves as a starting point for znalysis of proposed
changes in legisiztion ¢r reguiztions, While this defintion of the Reference case supports a variety of further analysis. there may
be interest in alternative cases that reflect updates or extersicns of current laws and reguiations that the AEQ2074 Reference
case excludes. Arezs of particular interest include:

* Lews or regulations that have a history of being extended beyond their legisiazed sunset dates. Examples inciuce the various
tax credits for renewatle fuels and tachnologiss, whizh have been extended with or witheut modifications several times since
their init'al impiementation.

* Laws or reguwations that cali for pericdic upaating of inftiat specifications, Examples inciude appiiance efficiency standarcs
issued by the U.5. Department of Erergy (DOE) and Corperzte Average Fue! Economy (CAFE) and greenhouse gas (GHG)
emissions standards for vehicles issued by the Natienal Highway Traffic Sefety Administration (NHTSAY and the U.S.
Environmertal Protection Agercy (EPA).

* Lews or reguiations that allow or require tne acpropriate regulatory agency to issue new o revised regulations under certain
conditions, Examples include the numercus provisions of the Clezn Air Act that reguire EPA to issue or revise reguiations if it
finds that an environmental cuality target is not ceing met.

Analysis ease
The two cases preparec—the No Sunset case and the Extended Policies case—incorporate all the assumptions from the AEQ2074
Refarence case, except as identified nelow.

Mo Sunset cese

The sunset provisicns for tax credits are eliminated for renewable energy sources in the utility, industrial, znd buildings sectors

and for energy-effic’ent equicment in the buildings sector, including the Tollowing:

* The production tax credit (PTC) of 10 or 2.3 cents/kilowatthour (kWh), depanding on the technclogy, and the 30% investment
tax credit {1TC) availatie for wind, geothermal, biomass, kydroelectric, and landfifl gas rescurces are extended indefinitelv 25
opposed o exoiring at the end of 2013,

« For solar power investments. 2 30% iTC that is scheduled to revert to a 10% credi* in 2016 is assumed to be extended
incefinitely at 3C%.

* In the buildings sector, personal tax credits for the purchase of energy-efficient and renewabie equipment, including
photovoitaics (PV), are assumed to be exienced indefinitely, as opposed to endingin 2653 0r in 2016, respectively, as prescribed
by current ‘2w, The busiress [TCs for commercial-secior generation technclogies and geothermal heat purnps are assumad
tc be extended indefinitely, as copcsed o expiring in 2016, The business ITC for solar systems is assumed to remain =t 3%
insteas of reverting to 10%.

* In the industrial sector, the 10% ITC for combired Reat and power (CHP), which is assumed to end in 2016 in the AEQ2014
Reference case [1], is assumed in the No Sunset case to be nreserved througn 2040.

+ The $1.01/gallon (nominal) subsidy for cellulosic ethanol and $1.00/gation (nomina!) biociese! subsidy are assumec to be
extended at those leveis from their recent expiration at the end of 2013 through the end of the projectior period [2].

Extender Policies case

The Extended Policies case inciudes additional updates tc fecerai equioment efficiency standards that were not considered in the
Reference case or the No Sunset case, Residentizi and commercial enc-use technologies eligible for incentives in the No Sunset
case are nat subject to new standards. Other tnan those exceptions, the Extended Policies case adopts the same assumptions as
the No Sunset czse, in zddition te the following:

U.5. Energy Information Administration | Annual Energy Qutlook 2014 iF-3



+ 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-beneifit analysis or
evaluation of impacts on consumer welfare was completed in developing the assumptions. Likewise, no technical feasibility
analysis was conducted, although standards were not allowed to exceed the “maximum technologically feasible” levels
described in DOE's technical support documents.

+ The AEO2014 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,

s 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 ievels 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 [TC 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 o 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 bicdiesel subsidies assumed in the No Sunset case is not included in the Extended Policies case,
because the renewable fuel standard (RFS) program already inciuded in the AEQ2014 Reference case tends to determine the
levels of ethanol and biodiesel use.

Anaiysis resulis

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 (particulatly 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 lead 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.

Erergy 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 [F1-1). Improvements in energy efficiency
Mo Sunset lead to reduced consumption in the No Sunset case, but
/ the demand-increasing effect of lower energy prices fully
offsets the efficiency impacts by the end of the projection
- period. In 2040, total energy consumption in the Extended
e Policies case is 2% below the Reference case projection, as
5 el e / Esberctad Paiices the combination of tax and other policy extensions reduces
overall demand even after taking price declines into account.

V4 o .
Buitdings energy consumption
95 Renewable distributed generation (DG) technologies

{photovoltaic systems and small wind turbines) provide much
of the buildings-related energy savings in the No Sunset case.
~ The continuation of tax credits in the No Sunset case spurs
increased adoption of DG systems, leading to 59 billion kWh
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of onsite eiectricity generation from renewable DG in 2025, compared with 25 billion kWh in the Reference case. In 2G40, onsite
electricity generation from renewabie sources Increases to 145 biilion kW in the No Sunset case—almost three imas the amount
of onsite electricity generated ir: the Reference case in that year.

Simitar adoption of renewaole DG cccurs in the Extended Policies case, while efficiency gains frem assumed future standsrds and
more stringent building codes further reduce delivered erergy use in the buildings sectors, Deiivered energy use for huilgings
iri the Extended Policies case is 1.5%, or 0.3 guadrillion British thermal units (B, lower than in the Referance czse in 2025
and 5.4%, or 1.1 quadriition Btu, iower than in the Reference case in 2040, In the No Sunset case, in contrast, defivered energy
consumetion is oniy 1.0% (0.2 quadriiicn Biu) and 1.8% {0.4 quadrifiion Btu) lower tharn in the Refererce case srojections for
2025 and 20405, respectively.

Electricity use shows ine largest reduction in the two alternative cases relative to the Reference case. Buiiding electricity
purchzses in 2025 are 1.4% and 7.9% iower in the No Surset and Exienced Paiicies cases, respectively, anc 2.8% and 6.5% lower,
respectively, in 2040, when comparec with tha Reference case. Increased onsite generation cecreases electricity ourchases in
both cases. Acditional reductions in electricity purchases occur in the Extended Policies case, as assumed standards increase
the market penetration of efficient eguisment ard 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 quadriliion Btu) below the Reference case ieve! in 2040,
Space heating and cooiing 2'so ere affectec 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 quadrition Biu) from the Reference case level
In 20490, In 2040, natural gas use in the bu'ldings sectors is 0.9% ard 4.1% below the Reference case ievel in the Nao Sunset and
Extencded Palicies czses, reszectively.

Residential energy consumption for most enc uses moves in the same direction In 2! three cases, but at different rates (Figure
IF1-2). For example, energy use for iighting, which declines in *he Referance case. deciines further ir the Extended Policies case

vith additioral stzadzards; and space cooling, which increases in the Reference case. increasas more siowly ir the Mo Sunsat case,
which assumes the continuation of tax credits for efficient ecuipment 2nd building sheli thermal integrity imprevemeant.

Industrial energy consumpiion

The No Sunset case modifies the Reference case assumptians by extending the existing |TC for industriai CHP Tarough 2040,
The Extended Poiicies case starts from the Ne Sunset case and expands the credit to include irdustrial CHP systems of ail sizas,
while raising the system size limif for the maximum credit that car be claimed, from 15 MY of installed capacity to 25 MW,
The changes result in 7.2 gigawatts (GW) of additioraf industrial CHP capacity in the Extended Folicies case compared with the
Reference case in 2025 ang 3 GW of additional cepacity in 2040,

From 2025 through 2040, more CHP capacity is instaliea in the Extenced Policies case than in the No Sunses case, byt the
aifferences narrow over time. CHP capacity is C.3 GV higher in the Extended Poficies case than in the No Sunset case in 2025,
but only 0.1 GW higher in 2040, The Extended Policies caze inciudes a tax benefit that appiies to more CHE uniis tnan in the No
Sunset case, which oy itself provides greater incentive to build CHP cazacity. Howaver, electricity prices are slightiy lower in the
Extended Policies case than in the No Surset case starting arounc 2024, and the difference grows cver tirme, which reducas the
ecoromic atiractiveress of CHP, These opgosite effects exoiain why CHP capacity in the Extended Policies case is only slightly
higrer thar. in the No Sunset case, and why ine differsnce decreases over time. Also, the median size of the nameplate capacity
of ingustrial CHP units is 10 MW [4], and most CHP systers
are well within the 50-MW total svstem size, which means
nsum fal sedecivd eno thes i tnat relaxing the size constraint is not as strong an incentive
W 2-41) [ percent) for investment as is aliowing the current tax credit for new
CHP Investments to continue zfter 2016.

Natural gas consumgtion ir the industriai sector averages
10.4 guadrillion Btu oer year from 2012 to 2040 in all three
—J|Space heating casas. However, the pattern of use vsries, with the No
e : Sunset and Extended Policias cases showing higher ievais

‘ of consumrption than the Reference case at the end of the
jWater heating projection period.

) . Tt P R
Space moling‘? Transporiation eneryy consumpiion

g The Extended Policies case &iffers from the Reference and No
| Surset cases in assuming that the joint CAFE and greenhcuse
gas emissions standards oromuigated by EPA and NHTSA
for model vears 2012 through 2025 are exiended through

Reference
Ko Sunsel

Refrigeration 2040, witn an assumed average ansual increase of 1.3%.
f = Saies of vehicies that do rot vely solely on gasoline nternal
75 50 25 0 25 50 combustion engines for power (inciudirg those that use
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! Effects of proposed energy provisions in the Energy Savings and Industrial Competitiveness Act of 2013

| Senate bill S. 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
i of the funding authorized in the bill, EIA examined two key provisions of the proposed iegislation: 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 National Energy Modeling System. Amendments have been introduced that may have energy impacts, but they are not part of
1 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
i 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.

i Compared with the AEQ2014 Reference case, the proposed building codes in ESICA reduce buildings delivered energy consumption
I 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,
i 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) refative to the Reference case projection.

Residential and commercial consurmers 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 programis 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 [MMBbI/d] of oil equivalent) in 2012
to 13.5 quadrillion Btu (7.4 million barrels per day (MMBbl/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) fue! 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 guadrillion Btu (2.5 MMBbI/d of ail
equivalent) in 2012 to 6.0 quadrillion Btu (2.9 MMBbI/d of oil equivalent) in 2018 and continues to grow to 7.3 quadriliion Btu
(3.5 MMBb!/d of oil equivalent) in 2040 in the Extended Policies case. However, the total is lower than the 7.5 quadrillion Btu (3.6
MMBBbI/d of oil equivalent) in the Reference case in 2040,

Consumption of petroleurn and other liquids in the transportation sector is nearly the same through 2025 in the Reference and
Extended Poiicies cases but declines in the Extended Policies case from 12.7 MMBBbI/d of oil equivalent in 2025 to 11.5 MMBbl/d
of oil equivalent in 2040, as compared with 12.2 MMBbl/d
of oil equivalent in 2040 in the Reference case (Figure IF1-3),

(rnillion barrels per day Renewable electricity generation
History 2012 Projections The No Sunset and Extended Policies cases assume that

18 tax credits for renewable electricity generation sources
are extended through 2040, resulting in significantly more
14 5/ \ renewable generation—primarily from wind and solar—than
.\f\ e Sunsei in the Reference case in 2040 (Figure IF1-4). In general,
‘""‘—'"v\ S renewable generation in the No Sunset case is slightly higher
13 _ Reference b than in the Extended Policies case, which includes energy
efficiency measures that result in slower load growth and

lower demand for new generation capacity.
12 _ = In the Extended Policies case, wind generation more than
E triples from 2012 to 2040, compared with a 76% increase in
11 the Reference case. However, the short-term growth of wind
generation in the Referance case exceeds that in the Extended
A Polices case, as qualification for the current production tax
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credit (PTC) reguires that new wingd capacity be under construction by 2013 and gznerally in service before 2016, resulting in a
rear-term surge in wind capacity acditions.

Minimal demand for new capacity and comoetitive natural gas prices limit mid-term {acproximately 2015 to 2025} wind grovith
in all the cases, but jong-term sustaired growth of wind generation capacity begins earlier (in the early 2020s) and procaads at
more rapid rate in the Extended Pclicies case as a rasu't of relative atiractiveness of wind orojects under the continued suppor:
of the PTC.

Soiar 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 Invastment tax zredits (TC) in the Extended Policies cass that either excire or are significantly
raduced after 2016 in the Refererce case. I both the No Surset and Extendad Polices cases, total U.5. solar generation increases
by en average of about 2% per year from 2012 to 2040, compared with 7% per year in the Refererice case. in general, the relatively
higner grovwth benefits both utility-scale PY instziiations in the electric pcwer sector and custcmer-sited rooftop PV applications
in the residential and commercial sectcrs. The effects of tax credit extensions on ctrer rerewabie generation technologies, such
as hydropower, biomass, and geothermal, are minimal in comparison,

Energy-reloted C0 amizsions

Inthe No Sunset and Extended Policies cases, iower overall fossi! energy use leads to lower levels of energy-related CO, emissions
than in the Reference case. In the Extenced Policies case. the emissions recuction is larger than in tne Ne Sunset case, From 2012
te 2040, energy-reiated CO; emissions are recuced by 2 cumulative total of 2.6 billiar metric tors {2 1.7% reducticr cver the
pericd} in the Extended Policies case relative to the Reference case, as compared with 1.2 billion meiric tons {a 0.7% reduction over
the period) in the N¢ Sunset case (Figure 1F1-5). The increase in fuel economy standards assumed for new LDVs in the Extended
Policies case is rasponsible for 11.4% of the fotal cumuiative reduction in CO; emissions frem 2012 to 2040 in comparizon with
the Reference case. The baiznce of the raduction in CO, emissions is a result of greater improvement in appliance efficiencies ang
increased penetration of renewsbie eiectricity geraration.

Most of the emissions reductions i the No Sunset case resuit from increases (1 renewabie slectricity generation. Consistent
with current ElA conventions and EPA practice, emissions associated with the comiustion of biomass for electricity generation
are not countec, because they are assumec 10 be balznced by carbon assorpticr wher the olant feedstock is grown. Relativaly
smati incremental recuctions in emissicns are stiributable 1o renewables in the Extended Policies case, mainly because slectricity
cemanc is lower than i the Reference case, reducing the consimption cf all fueis used cr genesation. including biomass.

In the Extended Policies case, water heating, space cociing. znd snace heating together account for most of the emissions
reductions from Reference case levels in the buildings sectcr. In the incustrial sector, the Extended Policies case shows reduced
emissions as a result of lower petrojeum use,

Enargy prices and tax op payinents

With fower natural gas use and more censumption of renewasle fuels stimuiated by tax cradits in the No Sunset and Extended
Policies cases, netural gas and eiectricity prices are lower than in the Reference case. In 2040, the average deliverad price for
natural gas is $0.44,/thousand cubic feet {(Mcf), or 4.2%, lower in *he No Sunset case and S048/Mct, or 4.5%. lower n the
Extenced Policies case thar in the Reference case (Figure IF1-6). Similarly, average end-use etectricity prices are 0.46 cents/kWh
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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).

Thereductions indelivered energy consumption and CO; emissions in the No Sunset and Extended Policies cases are accompanied
by higher equipment costs for consumers and revenue reductions for the U.5. 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 doltars) 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 309% 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.
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2. Atax nxtenders package that lncludes a two-year extension of the biodiese! credit {retroactive to January 1, 2014) was passed
by the Senate Finance Committee on April 3, 2C14, but still must be passed by the House and the full Senate to become law.
R Kotrba, “Senate Fenance Committes passes tax package with biodiese! credit,” Bmd'esei Mugazme (Aprit 3, 2014), Lo/’

bilgulin s peasine oo itiene 48157 3 fqon ate-f indnop-cammitas. s e b ap-with-hindiagel-cradif.
3. United States Internal Revenue Code Tltle 26 Subtltle A—income Taxes, §48(c)(3)(B)(m) Nt o 2o Tdevs Aol
IS DE20T a2 /adf DRE- 20T dille2 6 subtitefcocnan]-gylichap

4. Caiculations based on U.S. Energy information Adminisiration, Forn‘* EIA-B&C, Schedule 3, 2011 data (Washington. DC,

lanuary 9, 2013, ittre mwwrai powdelecriciviiniafeiabe Odnd e sl
5. U.S. L.cngrnss “S. ’302 ':nergy Savings and ingustrial Compet :t‘ve"\ess Act of 2013," lpdoe s et conmress pone BT 30
ranpresssenate-Bill A3 g= 10 g enaea b I TEA T 23 S0 20O 2 AT

6. Moceled provisions based on 5. 1382, Sections 1C1 and 221, as b*o.;gi*t ¢ the Senate fioor i~ Septembter 2013, An updated
vers! c'1cftneodlwa‘:*e!"troﬂuceamFeb?U?ryZT’ 2014 hiio Vgt congiess zowlhill fi13 ik et YA

As of this writing, time had not heen scheguied for Senate floor discu<5|on
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Links current as of Aoril 2014

Figure IF1-1. Totai energy consumpgtion in three cases, 2005-40: History: U.S. Energy Information Administration, Monthly Energy
Review September 2073, DOE/EIA-GC25 (2013/09) (Washington, DC, Septemzer 2013}, Projections: AEC2074 National Energy
Modeling System, runs REF2014.D102413A, NCSUNSET.D121713A, and EXTENDED.DO22874A.

Figure iF1-2, Changs /n residential deiivered energy consumption for selected end uses in thrae cases, 2012-40: History:
U.S. Energy Information Admiristration, Menthly Energy Review September 2013, DOE/EIA-0035 {2013,/09) (Washingtor, DC.
Septemter 2013). Projections: AEC2074 Nationat Energy tModeling System, runs REF2014.D102413A, NOSUNSET.DIZ1713A,
and EXTENDED.DQ22R14A.

Figure IF1-3. Consumption of petroleum and other liguids for transportation i three cases, 2005-40: History: U.S. Energy
Informaticn Administration, Monthly Energy Review September 2012, DOE/EIA-0035 (2013/09) (Washirgtor, DC, September
2013). Projecticns: AEC2074 National Erergy Modeling System. runs REF2014.D1024134, NOSUNSET.D27773A, and
EXTENDED.DO22814A,.

Figure IF1-4. Renewzble electricily generation in two cases, 2012-40: History: U.S. Energy information Administration, Montaly
Erergy Review September 2013, DOE/EIA-0C35 (2013/09) (Washington, DC, September 2013}, Projections: AEC2014 Nationa!
Energy Madeling System, runs REFZG14.D102413A NOSUNSET.DI21713A, and EXTENDED.DC22814A,

Figure IF1-5. Energy-related carbon dioxide emissions in three cases, 2005-4G: History: U.S. Energy information Administratior,
Monthly Energy Review September 2672, DOE/EIA-CO35{2013/09) (Washingion, DT, September 2013}, Projections: AEQ2014
National Energy Modeling System, runs REF2074.D102413A, NOSUNSET.DY217134, and EXTENDED.DOZ2874A.,

Figure IF1-6. Average delivered prices for natural gas in three cases, 2005-40: History: U.S. Erergy Information Administration,
Montniy Energy Review September 2013. DOE/EIA-0035(2013/09) {Washington, DC, September 2013}, Projections: AEQZ014
National Energy Maodeling System, runs REF2014.0102413A, NOSUNSET.D27713A, and EXTENDED.DO22814A.

Figure IF1-7. Average electricity prices in three cases, 2005-40: History: U.S. Energy Information Administration, Menthly Energ

Review September 2073, DOE/E'A-CC35{2G13/C9) (Washingtor, DC, September 2013). Projections: AEO2514 Nationa! Er.ergy
vodeling System, runs REF2014.D102413A, NCSUNSET.D 217734, and EXTENDED.DG22814A.
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YF2. 1.5, tight ofl production: Alternative suppiy prefections and an oversiew of E1AS anabsic of well-devei dais

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 [1]. The Annual Energy Outlook 2014 (AEQ2014) Reference case
reflects continued growth in tight ail 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 Oil 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
Qil and Gas Resource case, and net U.S. ofl imports decline through 2036 and remain at or near zero from 2037 through 2040.
The Low Cil 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 |F2-1and 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 2 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 confinue to evolve.

Improvemenis in data colicction and prujections

The domestic oil supply outlook in AE02014 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].
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Production ceciine curves and the associated EURs for individuz! wells vary widely across plays, within single piays, 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 EURs for tight oll wels, the aistribution of EURs, the factors that contribute to variations
in EURs, and the implications of using county-ieve! representations as the basis for projections of overa!! srocuction totals both
for oil and for natural gas, which is often a coproduct of tight oil production. Unceriainties reiated to EUR estimation and advances
intight ol production technologies, and their effects on projections of domestic tight il preduction in the AEO2014 High and Low
Cil and Gas Resource cases, are explored oy scaling production declire curves,

Estimating ultimeate recovery per well

For each tight well or shale well with initial production in 2008 or later, and with at least four morths of production data avaiable,
the U.S. Energy Information Administration (EIA) fits monthly production to a decline curve. The mathematical form of the curve
s initially hyperbolic 73], but it shifts to exponentizi when the annual decline rate reaches 10% [41, The FUR is the sum of actual
past proguction frem the well, 2s reported in the data. 2rd an estimate of future production cased or the fitted nroduction decline
curve over a 30-year wei lifetime,

The actual preducticn curve and the resulting actual ultimate recavery are highly uncertain and cannot be known until the well
is plugged 2~d 2bandaned, whick may occur soorer or later than 30 years. Estimates of future production cased on the first few
menths of initial production can differ sigrificantly 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 2 given weli can change.
For exampie, for one well drilled in Live Cak County n the Eagle Ford formaticn in Texas. fitt'ng a curve to the first year of monihty
production data gave a EUR of 574,00C sarrels; using four years of productior data gave 2 ELR of 185,000 barre's ‘or the same
well, Conversely, another well in the same county had a EUR of 105,000 tarreis based on the first 12 months of sroduction data
but 224,000 barrels based on four years of monthiy production data. For the weils in the Eagie Ford formation with at least four
vears of production, EURs based on only the first year of monthly production ranged from as much as 385,000 barreis nigner
to 173,000 barreis lower thar the EURs based on four years of production. Genaraily, the EUR stzbilizes after t7ree vears of
production, because for many wells in tignt farmations nearly 50% of the EUR has been produced during thas period EURs based
on three ysars of data differ from EURs based or four years of data by 6,080 barrais on average, with a range of €5,000 barrels
higher w0 98.CCC barrels lower. Because most Ezgle Forc wells have been producing for less than three vears {Tebie IF2-1), their
EURs are likely to charge as more production history is 2aded

Couniy-favel reprasentation
The ceciine curves from all wells in each county, averagec by procuction month, are used to generate a representative production
curve that provices a basis for estimzting croguction from future wells in that county. Welis that are newly driiled. with fawer data
points and therefore greater uncertainty in the fit of their deciine curves, have a tendency to infiate the average EJR. Clder wetis,
which may nave been drilled and completeg using technclogies and practices that are no longer represenzative of future practices,
tend to puil the avaraga dowr.

The range of EURs within a given county can te large, as shown in Figure iF2-3 for the seven counties in the tagie Ford formation
that nave more than 400 oil znd natural gas welis, Some wells have high initial preduction, but because they have neen producing
for less than a y=ar. their EURs are highly uncertain. These few

high-pericrming weils raise the county mean EUR abave the iy . intrih i 0 T nate
county median ZUR, generaily skewing the mean toward tha : 0 . saUD Bairhi ek 13 aole Faot
75th percantiie.
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The Eagle Ford formation covers 32 counties in Texas. In 14 of those counties, fewer than 10 wells had been drilted as reported
through June 2013. The EUR for caunties with little or no drilling is assumed to be equal to the average of the mean estimates from
adjacent counties [5]. The Fagle Ford county-level EURs range from mare than 300,000 barrels per well (DeWitt county) to less
than 25,000 barrels per weil (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 AEQ2014 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 Qil and Gas Resource cases in AEQ2014 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 ievels.

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 natural 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 Qil 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 oif 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,

“ = EAZIE FOTR CTHLE M Troaneiion il including the development of tight oil in Alaska and 50%

Heferenee case. 2005-400 pmillicn barrels per day higher technically recoverable undiscovered resources for

other Alaska crude oil and the lower 48 offshore {(which

History 2012 Projections reflects more favorable resolution of the uncertainty

2.0 surrounding undeveloped areas where there has been little

or no exploration and development activity, and where
modern seismic survey data are lacking)

1.5 f i » The development of lower 48 onshore oil shale (kerogen),
wgom Reference case with production reaching 135,000 barrels per day by 2025,
i

The High Qil and Gas Resource case does not include

1.0 exploration or production activity in the Arctic National
/ Pty Wildlife Refuge.

||,"_ A The Low Qil and Gas Resource case reflects only the
uncertainty around tight and shale crude oil and natural gas

e —— resources—specifically, whether the performance of current
da- and future wells drilled will actually be less than estimated.
j For the Low Qil and Gas Resource case, the EUR per tight and
shale well is assumed to be 50% lower than in the AEO2014
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Reference case (by scaling all applicable production cecline curves). All other resource assumptions are unchanged from the
Reference case.

Effects en damestic ciude oil production

The difference in averail preduction acress cases mestly reflects differences in tight oil projections. Ir the High Cil and Gas
Resource case, highar wetll procuctivity recuces deveiopment and production costs per unit, which results in more and esarlier
cevelopment of tight oil resources than in the Reference case. The greater abundance of tight off resources in the High Oil and Gas
Resource case causes tight oii production to peak !ater in the projections, a: 8.5 MMbal/d in 2035, compzred to the Reference
case peak preduction rate of 4.8 MMbbi/d in 2621, From 2072 through 2040, cumulative tight oil production in the High Oil and
Gas Resource case amounts to 75 billion barrels, compared with 44 billion barrals in the Reference case.

In the Low Oil anc Gas Resource case, fower estimates of tignt ofi, tight gas, and shzie gas resources result in a U.S. production
prcfile that is both siower and lower than in the Reference case, with tight oil production peaking 2t 4.3 MMbbi/d in 2016 and
then declining through 2040, Cumulative tight ofl croductior from 20°2 through 2040 amourts to 34 billion barrels in the Low
Cit and Gas Resource case, which is 23% ‘ess than in the Reference Case.

Effecis on iLE. nel imports of patveleum and cther liquids

The variations in projecied domestic patroisum supply between the Referenze case and the High and Low Ol and Gas Resource
cases result in significant variations in the share of net imports in total U.S. liquid fueis consumption (Figure IF2-2}, The net impart
share of petrolevm and otrer liguids consumption, which increased steadily om 27% in 1985 to z5out 60% in 2005, kas fallen
since 2005, to roughly 40% in 2072, In the Reference case, the share of U.S. petroleum and other liquids consumption mat by
imports continues declining to 259 in 2076, and then begins 2 gracual increase starting in 2020. reaching 32% in 2040. The net
import share follows a similar trend in the Low Ol and Gas Rescurce case, faliing to 27% in 2016 and then rising to 40% in 2040,
In contrast, net impert depandence continues to decline tnrougn 203€, and it is a3 or near zero from that naint until 2040.in the
High Cii and Gas Resource case,

Tifects on prices

As a result of higher levels of U.5. crude oil productior ir the High Oil and Gas Resourca case, North Sea Brent crude oi: prices are
lower than in the Reference case: $125 per barrel {2012 dollars) in 2040, compared with $147 per barrel in 2040 in the Reference
case. Lower motor gasoiine and diesel prices in the transportation sector encourage more consumption.

In the Low Qil and Gas Resource case, lower levels of demesiiz crude ofl procuction resuit in a siightiy higner Brent crude oii price
than ir the Referencze case—$745 per zarre! {2012 dollars) in 2040, As roted ahove, because the dncertainty around production
increases is greater than the uncertainty around production decreases, assumptions in the Low Ol and Gas Resource case are
closer to the assumptions in the Reference case than are the assumptions in the High Oif and Gas Resourca czse,
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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 il 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 + bD)V?], 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 Qy), D; is the initial decline rate, and b is the hyperbolic
parameter (b of 0.001 is basically an exponential decline). Because the reported production in the first month could include 1
to 31days of actual production, the first-month data are excluded from the fitting routine.

4. Ofthe 6,594 Eagle Ford welts 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 methodelogy include taking into account any available geologic information (i.e., porosity,
depth, thickness, total organic carbon, thermal maturity, and natural fracture density and tocation) 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 far 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 401 billion barreis in the High Qil 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%.
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Linl:s current as of Apsi: 2014

Figure IF2-1. U.S. crude ail 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.D1129138.

Figure IF2-2. Net import share of U.S. petroleum and other liquids consumption in three cases, 1990-2040: History: U.5. Energy
Information Administration. Manthly Energy Review September 2013, DOE/EIA-0035 (2013/09) (Washington, DC, September
2013). Projections: AEQ2014 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 2012 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 Eagie 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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tepdnn Miguefied natural gass o ireiol

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, anc to what
extent, the rallroads can take advantage of this relatively cheap and abundant fuel,

Freight railroads and the basie economics of fuel choice

Maijor U.5. 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 [71. 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
consurmers 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 M
billion in 2012, representing 23% of their total operating expense (Table IF3-1),

Ciass " railroads 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, tne Brent spot price was about sever fimes the Henry Hub spot price or 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 Refererice case projection period, going out to
20490 (Figure |F3-1).

The large differential berween cruge cil and natural gas

i commodity crices transiates directly intc 3 significant

J (N1 disparity befween projected LNG and diese! fue! prices, even
after accounting for natural gas liquefzction costs that exceed

History _ 2012 Projections refining costs. In the AEO2074 Reference case, the long--un

30 T price gifference between lacemotive diesel fuel and LNG in
i rail applications increases from $1.48/g2i of diesel equivalent
Brent crude oil i in 2014 to0 $1.77 in 2045 (Figurs IF3-2).
" spot price '

Given tne difference between LNG and diese! fuei prices in
the Reference case, raliroads thai switch locomotive fuels
could accrue significart fuel cost savings. Locomctives are
used intensively. consume large amounts of fuel, and are
kept in service for relatively long pericds of time. The net
present value of future fuel savings across the Refersnce
czse projection for an LNG locemotive compared to a diesel

B
TN
)

N _— counterpart is well above the roughiy $1 mifiion higher cost of
_ - the LNG locomotive anc tender {Figure [F3-3).
' Relatively large changes in assumptions used to evaluate
0 . . : . , invesimenis in LNG loccomotives (such as a significantly
1990 2000 2010 2020 2030 2040 shorter payback period or rnuch higher discount rate) or in
il
Diesel fuel consumption Fuel cas: (thousand Fuel cost share of totat
Class 1railroad (2012) __(gallons) 2012 dollars) ) operating expense
Burlington Northern Sarta Fe 1,335,417 552 $4 273,779 B 29%
Union Pacific 1,108,029,358 $3.505,671 24%
CSX Transportation 480,902,017 $1,542 747 18%
Norfolk Southern 462 466,433 $1,437 178 18%
7Canadian Nation_al G_ra ﬂcj Trunk 101,555,124 $32§,303 16%
Canadian Pacific Soo 71,575,774 $231,291 168%
Kansas City Southern 64,078,412 , $185.428 22_°c _
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 Oil Price case, the net
present value of fuel cost savings associated with LNG use are not large enoughi 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 fundamentat change in freight rail operations.

Chalienges for liguefied natuiral gas as a freigiit 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 iocomotive 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
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natural gas wouid require liquefaction before delivery to tender cars for usa in locomoetives. Building the new infrastructure would
require a large financial investment in addition to the large investments mzde ir locomotives and tencer cars.

The building of ING refueling infrastructure could also complicate the inter-operability of the rail network, depending on how
quickly medifications could be made to zccommccate refueling at multiple points around the nation, Impeding the ability of the
rail network system to move goods because of a lack of fuel availzbility could crive up costs and lead to reductions in hetwork
fiexisility and operetional efficiency [51. In addition, operations could be further affectad by fue! switching becauss of the cost
of training staff at refueling desots and in maintenance shops, updating maintenance fzcilities to handie LNG locemotives and
tenders, and mznaging more extensive logistics [6]. Further, LNG iscomatives and terder cars could reguire more maintenance
than their ciesel counternarts, All of these orerational changes wouid create s duplicative infrastructure [71, ecause many
clesei-fuelec iscomatives still wouid be in service at least for some significant pericd, and compression-ignited LNG locomotives
still require at ieast some diese! fue! for combustion ignition.

Repiacing the current stock of diesel loccmotives with LNG iccomotives and tender cars wouid represent 2 sigrificant financial
investrient by Ciass 1 raiiroads. [n 2G12, there were 25,174 focomotives in tie service of Class 1 railroads, the vast majority of
which were line-hau: locomotives [8]. A new diesei line-hau! lscomative cests abour $2 million {93, and rebuilt iocomotives cost
about half that zmount. With a new LNG locomotive and tender costing about $1 million more tharn & diese’ ccunterpart, the cost
to replace the entire ciesel iocometive stock with LNG locometives and tenders would be tens of billiens of doliars, not incluging
additional infrastructure, training, logistics, and 2 potentiz! incraase in maintenance costs. Moreover, much of the cost of the
transition, such as purchases of loccomotives and tender cars, potentialiy wou'd occur over a much shorter time periec thar a fuel
payback period,

The financing requirement of large capital expenditures complizates tne rather straightforward caiculation of iccomative fual
economics. The amount of capita! available to Ciass 1 railroads, either on hand or raised in capital markets, is an important factor
in determining wnather, or to what extent, rafizoads can take advantage of fuel cost savings over time. The decision to switch
from diese! fuel to LNG is also infiuenced by the fzcis that railroads are a highly capitai-intensive industry [76] with complete
resporsibility for maintaining the physical rz2il netwerk, that they face many competing needs for financial investmers, and that
they must ensure aceguate return an investment for thelr snarehalders.

On the regulatory side, LNG rail cargos currently are not permitted without a waiver from the Feceral 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 methzane leakage, under
cansideration [17].

Finally. LNG locemetives currenty are undergeing extensive testing and demonstration to determine their fuel consumotion,
emissions, cperational performance, ard range under reai-world canditions, Locomotives and terders wili be evaluated to ensure
mechanica' performance of such camponants as connactions between *snder and locomotive. Severa! Class 1 railroads are
planring to start LNG !ccometive demonstration projects to nrovide better understanding of the obstacles 10 an LNG fuel switch.

Tre future of Hoyuefied natural gas in freight rail: izssens from history

The large potertial fuel cost savings from the switch to LNG locomctives from diesel has resulted in great interast on the part
of the freight rail industry, cbservers, and analysts. The companies have discussed the potentia! of LNG as comparabie with the
switch from steam propuision to diesel in the 1940s and 5Cs {721, a revolution in freight rail known simgzly as “dieselization.” Other
industry experts have resporced with more caltion, likening the switch o tne more evelutionary transformation of diesel-electric
freignt rail locomotives from direct current (DC) to 2iternating current (AC) sropulsion that has been oczurring since the early
1990s [131.

The ciesel revoiution ir rail bagan in yard-switching operations durirg the mid-1920s. followed by passenger rail in the mid-i1930s.
After 2n initial periog of hesitation, mainly because of the vast amount of cepital already invested in steam ‘ccomotives and their
refueling and watering Infrastructure, diesel freight iccomotives first appeared in 1941, They then captured the market 2t an
extraordinary rate, with the iast steam locomaotive musterad out of service in 1947 114],

The advantages of using diesel locomotives over steam were numerous. While diesa! jocomotive costs were about couble per
horsepower compared to steam, diesel locomotives proved superior in alimaost every other way. Steam iocomeotives had to slow or
stop to take on water, requiring extersive watering infrastructure, 2nc they needed rearly constant cleaning, maintenance, and
repafr, with annug! costs reaching 25% of the initial cost of the iccomotive. The switch to diesel zilowed the -ailroads to avaid
costly vwatering time anc infrastructure and dramatically recucec mainterance and repair. As a result, diesei engines could travel
faster ana thus double the annusai mileage of steam locomotives. Diesel engines. unlike steam engines, cculd be turned on snd off
with relative ease: a leac diesel focomotive could control other jocomotives on a uni: train: the costs of rail line mairtenance were
reduced cacause diese! lacomotives were lighter and did not “pound the tracks”; and mairtenance costs were iowered oy the use
of standardized parts and dasign [757].

Although diese! freight locomotives took over the market in 20 years, freight locomatives with AC traction motors, which began
service in Class 1 railroads in the early 1950s, represent about 17% of the locomotive stock tocay [161. 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 National
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 tocomotives for coal runs, where they can take advantage of unit locomotive reductions, and DC
locomotives for intermodal runs, where they cannot [771.

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 supetior 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 Trailroads 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.

Liguefied natural gas in freight rai>—revolution and evciution 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 aiso 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 locomotive fuel such that
after a 20-year period, all freight rail motive stock is converted to LNG capability. The new lacomotives are assumed to use high-
pressure direct injection (HPDI) LNG engine technology, which uses natural gas as the primary fuel and relies on a small amount
of diese! 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.

The Low Rail LNG case represents an evolution in freight rail locomotive fueling similar to the ongoing penetration of AC traction
locomotives. After an initial trial period from 2017 through 2020, Class 1railroads take advantage of the favora ble LNG locomotive
fuel economics by turning over their engine stocks at an average rate of 1% per year. The new LNG locomotives are assumed to
use a dynamic gas blending engine, which uses diesel fuel for combustion until intake temperature rises, at which point natural
gas is used. The engines are LNG-capable up to a fuel consumption ratio of 80% LNG and 20% diesel and have the added
advantage of being dual-fuel compatible, with the ability to switch back to 100% diesel fuel as needed. The Reference case does
not make any assumption about the type of LNG engine used but instead allows LNG to penetrate into freight rail at the average
annual turnover rate of new and rebuilt stock experienced over the last decade.

The High and Low Rail LNG cases show a dramatic change in the fuel mix used by freight rail. In the Reference case, LNG fuel use
increases from 0.5 trillion Btu in 2017 to 148 trillion Btu in 2040, or 35% of total freight rail energy consumption (Figure IF3-6).
In the High Rail LNG case, LNG fuel consumption increases to 392 trillion Btu in 2040, or G59% of freight rail energy consumption.
LNG consumption in the Low Rail LNG case increases to just
LU 64 trillion Btu, or 16% of total freight energy consumption.
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Projected natural gas consumstion for transportation (excluding pipeline transportation) is sensitive to variation in fraight rail use
of LNG, because relatively small amounts of natural gas currently are consumed in makbile applications either as compressed or
iiquefiec natura! gas. Natural gas consumpticn in the fransportation sactor {inciuding pipeiine transportation) increases from 0.9
guadrillion Btu in 2040 in the Reference case to 1.1 quadridion Biu in the Hign Rail LNG case and to 9.8 quadrillion Btu in the Low
Rail LNG case. The projectec changes in use of LNG in rall have marginal impacts or retail nztural gas prices in the transportation
sector, which impact natura! gas demand in other transpartation uses. As a result of these price changes, heavy-duty truck
nzturai gas demand partially offsezs the consumption impacts occurring in rail,

Because the trznsporiation sector is & raiatively small consumer of natura gas compared to cther sectars, the seemingiy dramatic
fuei switch frem the perspective of freight raitis only a minor change in overall .S, natura; gas censumption. Totz! U.S. naturz! gas
energy consumption varies from 32.3 quadrillion Btu in 2040 i the Reference case to 32.4 quadriliion Btu in the High Rail LING
case and 32.1 quadrillion Btu in the Low Rail LNG case.
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In 2012, energy consumption by light-duty vehicles (LDVs) accounted for 61% of all transportation energy consumption in the
United States, or 8.4 million barrels of oil equivalent per day, and represented nearly 10% of world petroleum liquids consumption.
LDV energy use is driven by both LDV fuel economy and travel behavior, as measured by LDV vehicle miles traveled (VMT). LDV

VMT per licensed driver peaked in 2007 at 12,900 miles per year and decreased to 12, 500 miles in 2012.

The shift in VMT highlights the importance of travel behavior and its influence on LDV energy consumption. Before the 2007
peak, travel behavior in the United States tracked closely with economic growth. Since 2007, trends in U.S. LDV travel have not
followed the trends in economic indicators such as income and employment as closely (Figure [F4-1), Although economic factors
continue to influence travel demand, demographic, technological, social, and environmental factors alse have shown the potential
to affect LDV travel.

The AEC2014 Low and High VMT cases examine variations in travel demand as compared with the Reference case. Inthe Reference
case, VMT per licensed driver begin to increase after 2018, The compound annual rate of growth in total VMT for LDVs from 2012
to 2040 in the AEQ2014 Reference case is 0.9%—below the 1.7% rate from 1995 to 2005 but higher than the 0.7% average annual
growth rate from 2005 through 2012. The Low VMT case assumes an environment in which travel choices made by drivers result
in lower demand for personal vehicle travel, consistent with recent trends in VMT per licensed driver. In the Low VMT case, total
L).S. LDV travel demand in 2040 is 19% lower than in the Reference case with annual increase in total LDV VMT from 2012 through
2040 averaging 0.2%. The High VMT case assumes changes in travel behavior that result in an increase in VMT per licensed driver
compared with the Reference case. In the High VMT case, total U.S. LDV travel demand in 2040 is nearly 6% higher than in the
Reference case with annual increase in total LDV VMT from 2012 through 2040 averaging 1.1% (Figure IF4-2).

The alternative VMT cases have direct implications for both projected energy use by LDVs and associated carbon dioxide
emissions. In the Low VMT case, U.S. LDVs consume 5.3 million barrels of cil equivalent per day in 2040, 18% less than in the
Reference case, resulting in total transportation sector CO; emissions roughly 9% lower than in the Reference case. In the High
VMT case, LDVs consume 6.7 million barrels of oil equivalent per day in 2040, or 5% more than in the Reference case, resulting
in total transportation sector CO; emissions more than 2% higher than in the Reference case (Figures IF4-3 and {F4-4).

Infinential trave! demand factors

Fuel use by LDVs is directly related to travel demand, which in turn depends on economic, demographic, technological, social,
and environmental factors. In general, the demand for LDV travel is likely to decline when licensing rates fall [1], use of telework
increases, or fuel prices are relatively high. Fuel use by LDVs is likely to rise when the driving-age population grows, during periods
of expanding ecoenomic activity, or when fuel prices are relatively low.

Economic factors

Although recent U.S. travel indicators have started to decouple from economic indicators, economic indicators still are a dominant
influence on levels of personal travel. There are strong links between economic activity and employment and commuting.
Employment rates (Figure IFA-5) largely determine the ability of individuals to travel. When people are not employed and have
less income, their daily travel is likely to be much lower than when they are commuting to and from work.

The labor force participation rate, defined as the percentage of the total population ages 16 years and older that is employed
or looking for work, has declined since the early 2000s [2]. Reasons for the decline include increasing retirements and lack of
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opportunities in the job market {which cause those without jobs to give up on job searches). Wher the labor force rarticipation
rate ceclines, the unempioyment rate may also decline as people are removed from the labor pooi, even if overall empicyment is
stable. I the trend continues, retirees and pecple having cificulty finding /obs may reduce their travel as compared with people
whao have similar demographic profiles and are empioyed, When Iaocr force participation rates rise, VIMT per driver is kely to
increase, particularly for miliennials (those bern between the early 7980s and early 2C00s).

Other macroeconomic factors afso influence trave! behavior. income, fuel prices, the costs of purchasing a vehicle, ard cther
vehicle cperating costs ali inf.uence the extent to which an individual can aford LDV travei. Househsids with vehicle ownership
rates that 2qua! or exceed the number of licenseo drivers in the househoid nave maximum ron-cverlapping access to vehicles.
More recently, a business model that provides drivers with access to a shared-pool of venicies hzs developed, particulariy in
urban areas. Because users of shared peool venicles incur charges for time of use as weil as fuel, this mode! discourages vehicie
use for low-value trips. income provides the financial means to own and onerate a vehic e and, therefcre, to travel: but operating
cests can affect venicle utitization rates. When fue. prices increase, the cost of driving increases, and many ficensed drivers may
chaose te drive fewer miles, particuiarly if their personal incomes co not increase at the same rate as fuel prices.

Economic growtn and higher employment rates are correlated with increased travei: however, it s unciear to what extent
those economic effects may be offset er reinforced by other factors, such as aging of the pozulation, driver ficensing rates,
teiecommuting rates, and access to alternative trave: cptions. The AE02014 High and Low VMT cases jilustrate potential impacts
on overaii VT under piausibie combinations of factors thet

X e ' i could raise or lower VMT.
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Demographic factors
Although economic facters play a significant role,
demographic factors such as population, age distribution,
and licensing rates also are important determinants of LDV
travel demand. Population age groups have different gender
i distrinutions, licansing rates, and travel behaviors. As the
N o gh YMT age groups charge over time, Jong-term effects on VMT will
e become apparent, particularly for the age groups that have
6 | B — - Refarsnce: the greatest influence on VMT.

A key factor in the recent shift of personal travel demand
is specific travel behavior in age and gender groups. In this
analysis, the driving population is divided into five age groups
{Table IF4-1}, and each age group is further divided into males
2 and females {(not shown in the table). Licensing rates differ
across age and gender groups, Since 1990, licensing rates
generahy have been geciining for the two youngest age groups
0 : —— : : ; ) and increasing for the two oldest groups (Figure IF4-6), For
1895 2000 2005 2010 2015 2020 2025 2030 2035 2040 males, most age groups have sezn declining or stagrant
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licensing rates, with the only exception being males 65 years and older. The female age groups have seen similar stagnation for
mast of the younger age groups and an increase for females 65 years and older.

Since about 1990, the average age of males who are licensed drivers has been higher than the average age of the male population
16 years and older (the male driving population). That trend is projected to continue as fewer young males obtain licenses or deiay
obtaining licenses until later in life. Conversely, the average age of female licensed drivers has been lower than the average age
of the female driving population, but it is projected to be higher than the average age before 2020 and to continue rising through
2040 (Figure IF4-7). For both males and females, the average age of the driving population and average age of licensed drivers
increase in the Reference case, with fewer younger individuals obtaining licenses and more choosing to wait until later in life to
become licensed drivers,

The population age 34 years and below has seen a decrease in both licensing rates and VMT per licensed driver, with the licensing
rate for the group falling by 5% over the past decade [3]. Some of the deciine is a result of increased state restrictions on licenses.
For example, for individuals under 18, states almost universally issue provisional licenses with restrictions on driving hours and
passengers and do not allow full driving privileges until 18 years of age [4]. Since 2000, VMT per licensed driver for the population
under 20 has dropped by 13%. In 1990, 52% of eligible individuals under 20, and 92% of those between 20 and 34 years of age,
obtained their licenses. In 2010, those shares were 43% and 86%, respectively [5]. If the trend persists, licensing rates could
continue to decline or flatten out for the youngest driving populations, further reducing VMT per capita. f the licensing rate returns
to historic levels, total VMT will increase. Technological factors may also play a role for younger age groups, as discussed below.

The peak driving age group, between 35 and 54 years of age, has experienced a small decline in licensing, from 95% in 1590 {o
an estimated 92% in 2010. Drivers in this age group traveled an average of almost 15,000 miles annually in 2012, the highest
rate of VMT per licensed driver for any age group. This refatively large age group, accounting for 34% of the population in 2012,
has a limited influence on changes in total VMT, because neither the licensing rate nor the share of the population has changed
drastically through history ar is projected to change significantly in the future. Much of that stability results from high employment
rates for this age group, as a result of the interaction between economic and demographic factors.

The overall population share in the oldest age group, 65 years and older, has grown steadily since 2000 and is expected to
reach 24% of the total population ages 16 and above in 2025, up from a 17% share in 2012. Although the size of this segment of
Lo the population has grown since 2000, personal travel (VMT

tabie FE4-1. Historic and projecied distribnlion o per capita) by the oldest age group dropped by 7% between
Braups 2008 and 2009, and its total VMT dropped by 10%. More
Percent of population ages 16 and above members of the older population are obtaining their licenses
’ 5 than in the past, but they also have altered their travel

Age (years) 2012 2025 2040 e i : ) .
et ———“—69-‘—-61-——-6—6 behavior, increasing their use of public transportation .by
: 40% during the period from 200110 2009 [6]. As the aging

2034 %61 %4 28 of the U.S, population continues, long-term effects on VMT
35-54 34.1 30.8 30.9 will be apparent, particutarly as seen in older driver behavior
5564 155 150 128 versus younger driver behavior, as well as gender and regional
65+ 17.4 237 26.8 differences in driver behavior.
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Demegraphic changes car aiso interact with other factors to influence VMT. Histerically. shifts in gemographics cousted with
ecoramic changes have had major impacts on total travei. For exampie. the increasing number of women wha entered the work
force ceginning in the 1970s—and added secondary incomes for their families—led to a rise in VMT that combined both economic
activity and demographic changes. In the future. factors that influence VAT may merge ir various ways that change icng-term
trends in U.S. travel demand.

Tachnological, accial, and ervironmantai factors

Technclogical. social, and environmental factors also can irfluence VMT. Alternative modes of trave: affect VMT to the segree
that the populaticn has access to substitutes for personai LDVs. The decision to choose 2 substitute frave! option depends on
cost in comparison te persanal LDVs, convenience, personal preferencas, and the avaiabiiity of mass transit, rail, biking, and
pedesirian travel service optiors, Other osportunities may aiso affect perscnal travel, including car-sharing services. car rental
and taxi services, and carpoeling,

Techno.ogical charges and improvements can aisc affect VMT. The increasing fuel efficiency of LDVs can influence nerscnal trave!
by lowering the marginal cost of driving per miie. As vehicle efficiency imoroves, individuals can crive the same distance with less
fuel anc therefore at & lower cost, which may result in an increase in VMT, In recert analyses supparting the promuigatich of new
final fue! economy and greenhouse gas emissions standards for LDVs in model years 2077 through 2025, the National Highway
Traffic Safety Administretion (NHTSA) and the U.S. Environmental Protection: Agency (EPA)Y apolied a 10% rebound in ViiT to
reflect the lower fueling cosis of more efficient vehicles [71.

Other types of technolegical and environmental changes also can sffect personal travel, Telecommuting. a-commerce,
urbanization, anc sccial medie can supplant or complement pessana! vehicia use. Telecommuting, or warking from home,
can influenca perscnal VAT, From 7987 to 2C10, the share of the workiarce working at ieast ene day of the week from home
increased from 7% to 5.5%. As that trend grows, so does the likelihcod that individuals will reduce their totaj miles driver. Tha
share of the working populaticn that warks exciusively from home also has increased, from 4.8% in 1997 10 6.6% in 2010 [8.
Although teiecommuting cari have an ‘mpact on reducing VMT, work-reiated travel ip 2008 was onty 25% of total cersonal
travei [9].

Technological advances have increased access to and the availability of electronic devices and other cpportunities that can
influence YMT—including, but not limited to, social media, GPS applications, and electronic devices. Some analysts have
suggested an assaciation between rising interest in social media and a decline in the rates at which driving-age youth obtain driver
licenses. Others suggest that access to social media actually increases opportunity and desire for travel. Mobile technology and
changing preferences of the younger generations will play a significant part in determining the future of LDV travel.

Finally, spatial development patterns may begin to play a different role in determining VMT than is suggested by history, as
suburban sprawl gives way to other development patterns. Urbanization generally results in increases ir. 2nd greater access 1o,
public transportation and would be likely to support other forms of transportation, including biking, car sharing, and carpooling.
Land use changes and related policies, mainly at the local level but supported or incentivized by state and federal policies, have
had only localized impacts on VMT to cate. However, the tradeoif between suburban and exurban development and urbay infil!
developrment s likely to change over the coming decades, and those charges could affect VMT.
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WHIT sensitivity analysis

The High and Low VMT cases suggest possible future changes in travel behavior and their potential impacts on VMT and on LDV
energy demand. The Low VMT case assumes a 0.5% annual decrease in VMT per licensed driver from 2013 to 2040 for each age
and gender group. The High VMT case assumes a pattern of annual increases in VMT per licensed driver: 0.3% starting in 2013,
0.4% starting in 2016, 0.5% starting in 2019, and 0.6% starting in 2023, slowing fo 0.5% starting in 2027, 0.4% startingin 2032,
and 0.3% from 2036 through 2040. Figures IF4-8 through IF4-12 show VMT per licensed driver in each case for five age groups.

In the Low VMT case, VMT per licensed driver for all drivers decline throughout the projection, to about 10,400 miles per year in
2040—a19% decrease from 12,800 miles per year in 2040 in the Reference case. In the High VMT case, VMT per licensed driver
for all drivers rise to 13,500 miles per year in 2040—nearly 6% higher than in the Reference case (Figure IF4-13), In the Low VMT
case, VMT per licensed driver across all age groups decline by an average of 0.7% per year from 2012 to 2040, compared with an
average increase of 0.1% per year in the Reference case. The High VMT case projects 0.3% average annual growth in VMT per
licensed driver from 2012 through 2040.

Total LDV VMT increase only slightly in the Low VMT case, to almost 2.8 trillion miles in 2040, as compared with 3.6 trillion miles
in 2040 in the High VMT case. Annual increases in total LDV VMT from 2012 to 2040 average 0.2% in the Low VMT case and
1.1% in the High VMT case.
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Links current as of April 2014

Figure IF4-1. Economic indicators of travel, 1975-2012: Income: U.S. Bureau of Economic Analysis, “GDP and Personal Income”
National Datg, hirtr: 5 veve e 20 my/1 e index aicznim. Employment: U.S. Department of Labor, Bureau of Labor Statistics,

Current Employment Statistics, i/ eoned, s vdees 232702 LDV Travel: U.S. Department of Transportation, Federal Highway
Administration, “Table VM-1," Highway Statistics Series 2011 (March 2013), pstve ennfincdw neseoliziarforasiion £
RGN o Tt Rl NP

F|gureIF4-2 Total light-duty vehicle milestraveled inthree cases, 1995-2040: History: U.S. DepartmentofTransportation Federal
Highway Administration, "Table VM-1,” Highway Statistics Series 2011 (March 2013), v Al 0 stesw/pancvinformaiicn’
staiiait 2 /2071 % Projections: AEO2014 National Energy Modeling System, runs REF2014. D102413A LOWVMT D020314B and
HIGHVMT.D020314D.

Figure IF4-3, U.S. light-duty vehicle energy use in three cases, 1995-2040 Hrstory U.Ss. Department of Transportation, Federal
Highway Administration, National Household Travel Survey, ntiz: " lvie ot sond! rstemg . Projections: AEQ2014 National
Energy Modeling System, runs REF2014.D102413A, LOWVMT D0203‘I4B and HIGHVMT D020314D

Figure [F4-4. .S. carbon dioxide emissions in the transportation sector in three cases, 1995-2040: History: 5.C. Davis, SW.
Dnegel and R.G. Boundy, Transportation Energy Data Book, Edition 31 (July 2012), Litr /i Inunrr oo feftas Zonb fonfin e 2o
Pubi 77T 7L ¥, Projections: AEO20714 National Energy Modeling System, runs REF2014. D102413A LOWVMT D0203!4B and
H IGHVMT D020314D

Figure IF4-5. Ratio of U.S. civilian employment to populat:on, 1948-2012: U.S. Department of Labor, Bureau of Labor Statistics,
Current Employment Statistics, 37 oo "l Looneses 200

Table IF4-1. Hlstorlc and prqected distribution of age groups: U S. Department of Commerce, U.5. Census Bureau, 2010 Census
Data S 'tn“_i OB S 7ﬂ|’}r [l _r "lf-

Figure IF4-6. Drlverllcensmgrates byage group,1990-20‘|0 us. DepartmentofTransportatlon Federalnghway Administration,
"Table DL-22," Highway Statistics Series 2071 (March 2013), bl Pwee T Iab a4 Lavind ansiatisting/ 2971

Figure IF4-7. Average ages of male and female driving-age populationsandhcensed drivers, 1990-2040: History: U S. Department
of Transportatlon Federal nghway Admlnlstratlon “Table DL-22,” Highway Statistics Series 2071 (March 2013), L e
L L Ciatnies s 1t and WS, Department of Commerce, U.S. Census Bureau, 2070 Census Data,
P _r WAL, C SR P __" ! = /. Projections: AEQ2014 National Energy Modeling System, runs REF2014.D102413A,
LOWVMT. D0203'I4B and HIGHVMT D020314D.
Figure IF4-8. Vehicle use by drivers 16-19 years old in three cases, 1990-2040: History: U.S. Department of Transportation,
Federal Highway Administration, National Household Travel Survey, bito 2/ e oz n /ey iosichia . Projections: AEQ2074
National Energy Modeling Systern, runs REF2014.D102413A, LOWVMT.D020314B, and HIGHVMT.D020314D.

Figure IF4-9. Vehicle use by drivers 20-34 years old in three cases, 1990-2040: History: U.S. Department of Transportation,
Federal Highway Administration, National Household Travel Survey, iico; 2 0lis.om voexe/ngen o il Projections: AEQ2014
National Energy Modeling System, runs REF2014.D102413A, LOWVMT.D020314B, and HIGHVMT.D020314D.

Figure IF4-10. Vehicle use by drivers 35-54 years old in three cases, 1990-2040' History: U.S. Department of Transportation,
Federal Highway Administration, National Household Travel Survey, v oz 2 b= 20 Loovac oy nies Lshim . Projections: AEO2014
National Energy Modeling System, runs REF2014.D102413A, LOWVMT.D020314B and HIGHVMT D0203‘14D

Figure IF4-11. Vehicle use by drivers 55-64 years old in three cases, 1990-2040: History: U.5. Department of Transportation,
Federal Highway Administration, National Household Travel Survey, [fitny s pii=.ore oo v oo Lshiee, Projections: AEO2074
National Energy Modeling System, runs REF2014.D102413A, LOWVMT. D020314B, and HIGHVMT.D020314D.

Figure IF4-12, Vehicle use by drivers 65+ years old in three cases, 1990-2040 History Us. Department of Transportation,
Federal Highway Administration, National Household Travel Survey, Jope// e obesa e c' ool lisinl. Projections: AEQ2014
Mational Energy Modeling System, runs REF2014.D102413A, LOWVMT. D020314B and HIGHVMT D020314D.

Figure IF4-13. Vehicle use by all drivers in three cases, 1995-2040: History: U 5. Department of Transportation, Federal Highway
Administration, National Household Travel Survey, ;2 v/l e, b w0220 1L Projections: AEG2014 National Energy
Medeling System, runs REF2014.D102413A, LOWVMT.D020314B, and HIGHVMT D020314D.
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This analysis focuses on variation in industrial output in the Low and High Oil Price cases and Low and High Oil and Gas Resource
cases compared to the Annuc! Energy Outlook 2074 (AEG204) Reference case. Energy-irtensive industries, including food. paper,
bulk chemicals, glass, cement, iron and stee!, and aluminum, zre the industries that use the largest amount of energy per unit of
output znd are the most sensitive to natural gas prices. Of these, the most natural gas-intensive industries zre food, paper, bulk
chemicais, and glass {7].
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Analysis of the industrial sector as a whole reveais strong iinks between natural gas srices and industrial croduction [2]. Further
analyses revea! important data issues and indicate some basic sensitivity to natural gas prices for the mest energy-intersive
industries, subiect to trade competition, when they are disaggregated [3, 41. Those studies show evidence of 3 straightforward
production decline when natural gas prices to the bulk chemicals industry increase, but tha relationsrin does rot appear to aneciy
to the less natural gzs-intensive cement industry. The same studies point to an important role for demand, both foreign and
gomestic. for al! industries. including the energy-intensive industries. The Naticna Energy Modeiing System used to proguce
AEC20814 includes sufficient cisaggregation ie suzzort analysis of the influence of naturai gas prices on indusirial cutput.

Dizmaod categoriss

Expenditure categories, such as personal consumption, investment, government spending, and trade, measure undetlying
demand in the U.S. economy. Each category includes more detailed disaggregation, such as durable and nondurable goods. The
AEC23% industrial output projections use 59 different categories of final demand. with the effects of each category on industrial
production differing across industrias. The most important final demand categeries for the industries analyzed here, accerding
to input-output tabies from the Commmerce Dapartment’s Bureau of Economic Analysis (REA) [5], are consumer spending, trade,
znd investment (se2 box below). In addition to damand frem damestic consumers and trade, interingusiry demand alsc affects
the industrial sactor.

Itpuet of Buresu of Economic Analysis revisions on the Mational Income and Pradust Aceounis

BEA performs comprehensive National Income and Product Accounts (NIPA) revisions approximately every five years, The 2013 !
release was its 14th comprehensive revision. The previous release was in July 2009. The BEA comprehensive revisions incorporate
changes in the methods used to measure the U.S. economy as well as the most up-to-date, most complete, and most accurate
source data available. Changes in NIPA definitions. classifications, and presentations as a result of the 2013 comprehansive
revision include:

. » Capitalizetion of expenditures on rasearch and development (R&D)
* Capitaiization of expenditures on entertainment, literary, and artistic originais

= Addition of intellectual properiy procucts to the fixed investment tables. inciuding R&D; entertainment, literary, and artistic
criginals: 2nd scftware

* Accrual treatment of defined benefit pension pian transacticns. recognizing the costs of unfunded liabilities
= Expanded set of ownership transfer cosis for residential fixed assets
* Change of tne reference year for price indexes and inflaticn-adjusied series.

The AEC2074 Reference case and High 2nd Lov: Economic Growth cases started with the {HS Globa! Insight U.S, long-term mode!
simuiations avaiiable in March and June 2013, which do not vaflect the lztest comprehensive N{PA ravisions for two reascas. First,
the July 2073 NIPA revisions were issued late in the AEQ preparation cycle. The late issuzance of the NIPA revisions celayad the
September ard October releases of the iHS Gioba! insignt U.S. iong-term modei simuiations, normally used in prepzratior; of the
U.S, Energy Informatior Adminisiration's (EiA) Arnual Fnergy Outlook (AED). Second. EIA uses the economic forecast together
with interindustry data describing how each industry uses otner industries’ cutput, ang how each industry satisfies its final
demand components [62. BEA relezsed the updated interindustry tables in December 2073, much too laze for the AEQ. Whiie the
comprehensive NIPA revisions affect past and projecteq estimates of GDP, they zre not expected tc materially zffect projected
energy use. Tne resuits of the 2072 NIPA comprehensive revisions will be included in EIA's Annuai Energy Outlook 2015,

Although the 2013 comprehensive NiPA revision did not lead to changes in broad economic trends or in the genera' patterns of
pzst business cycles, it did increase gross domestic product (GDP) in every year back to 1525. The average arnual grawth rate
of real GDP from 1929 to 2072 was revised upward te 3.3%, 35 comparec with the previous estimate of 3.2%. More recently,
the annuai growth rate from 2002 to 2012 was revised upward to 1.8%, as compared with the previous estimate of 1.6%., The
economic recession of 2007-09 (December 2007 1o June 2009) now Icoks less severe than previously reported—with GDP
contracting by 2.9% over that period after the comprehensive revision, compared wits 3.2% before the revision, In additicn, the
current recovery is stronger than first reporied—a 2.2% average annual expansion from the secong quarter of 2G09 through
the first guarter of 2073, cempared with 2.1% befcre the revision. The revised data also indicate that the economy shrark at an
average annual rate of 1.3% i~ the first cuarter of 2071, cempared with 0.1% growth before the revision.

{continued on next page)
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Changes in 2012 nominal GDP as a result of the comprehensive revision total $559.8 billion, including $526 billion (94%)

: attributable to changes in definitions and $33.8 billion (6%) resulting from statistical changes. Research and development
capitalization accounts for 75% of definitional changes, or $396.7 billion, Two-thirds of R&D expenditures are made by the private
sector and one-third by government. The remaining changes to definitions include capitalization of entertainment, literary, and
artistic originals (374.3 billion, or 14%); an expanded set of ownership transfer costs for residential fixed assets ($42.3 billion, or
89%;; and accrual accounting for defined benefit pension programs ($12.6 billion, or 2%).

i Figure IF5-1 shows the annual impacts of the NIPA revisions

on the major components of GDP from 2002 to 2012. Private

o oross dineatie pridiet Ty siior compoRent investment and government expe_ndi?ures accounted for

' ‘||I“|' 12 (hillon dollars) ' 92% of the $560 billion upward revisionin 2012, primarily asa

T B result of the capitalization of R&D expenditures. Revisions to

600 S gross private domestic investment contributed $413 billion,

;o&.ﬁﬁ%nm or 74% of the total; revisions to government expenditures

contributed $104 billion, or 19% of the total; and revisions

to personal consurmption and net exports contributed $43
billion, or 7% of the total upward revision to 2012 GDP.

[}E’-'{";". The increase in private and government investment
' spending is primarily the result of BEA's continued work to
broaden the definition of GDP. With this comprehensive
revision, NIPA now includes capitalization of spending on
R&D and on long-lived artwork produced by artists, studios,
E]g?} expurts_ and publishers—intangible assets that previously were

' Fivmre TFE, Buresy af Economic Analv€is revision
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considered intermediate inputs to the production of other
goods or services, Although the inclusion of intangible assets
does raise the measured level of overall economic activity, it
has only a modest impact on economic growth rates.
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Results

Dil and Gas Resource cusas

Changes in the assumed size of the U.S. oil and natural gas resource base and the rate of technology advance within the sector
can affect the nation's economy. in general, increases in oil and natural gas resources result in lower prices and higher industrial
output, and a smaller oil and natural gas resource base results in higher prices and lower industrial output. However, the cases
are not symmetric. In the High Oil and Gas Resource case, GDP is 1.2% higher in 2040 than projected in the Reference case, total
industrial output is 5.1% higher in 2040, and bulk chemicals and paper industries output is 11.5% higher in 2040, as a result of
improved trade advantages resulting from lower prices. The

TR A

X fgu_r-_. A.. ~o£. LCIADRES trom. T ',w“ e changes tend to be smaller in the Low Qil and Gas Resource
AT T L By S }‘Lul'. 5, =N case. GDP is 0.4% lower in 2040 than projected in the
Reyource cases, 2012-40 {hillion 2005 dullars Reference case, fotal industrial output Is 2.3% lower in 2040,
80 -~ High ON'End Gas Resolirce: Industrial Suppiies and bulk chemicals and paper industries output is 5.0% lower

in 2040, as a result of lower oil and natural gas production

60 and higher prices in the Low Qil and Gas Resource case.

Among the final demand categories, trade of industrial supplies
(Figure IF5-2) and consumer goods {Figure IF5-3) show the
largest differences across the Oil and Gas Resource cases.
Energy trade is a major component of industrial supplies. Trade
of industrial supplies and consumer goods drives production in
the bulk chemicals industry (Figure IF5-4). The price advantage
of natural gas-based feedstock varies widely in the High Oil and
Gas Resource case (Figure IF5-5), with corresponding impacts

40
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e on the bulk chemicals industry. Differences in production of
P Loy Ol s Sae Reweuncer (ncusinild Suip \v\ bulk chemicals acceunt for a large portion of the differences

Low Ol and Gas Resource: Aii Goods and 53;\4095/ ; in fuel consumption results, particularly for petroleum and
80 1 Y T ; : yor = g —— other liquids and for natural gas, both of which are used as

2012 2015 2020 2025 2030 2035 2040 feedstocks in the bulk chemicals industry,
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In the High Oil ana Gas Resource case, exports of 2/i goods and services from 2072 to 2025 grow faster thar imports, as a result
of iower U.S. producar prices I7] that are attributable ir. part to lower natural gas prices (see Figure IF5-2). After 2025, tne growth
rate of imports begins tc increase. Net exports of industrial supplies continue to grow throughout the praiection in the High Qi
and Gas Resource case, because energy impaorts are iow. in the Low Oil and Gas Resource case, net exports of ali goods and
services decline through 2G40, primarily as a resu't of slow export growth when U.S. procucer prices are higher than those ir the
Reference case. Net exports of ingustrial supplies in the Low Oil and Gas Resource case are lower than in the Reference case until
2034, when nonenergy imports drop beiow Reference case tevels as 1.5, producer price inflation slows.

2 Price cases

in comparison with the Referencs case, the Low Oil Price case shows lower natyuss! gas prices and production, and the High
Cil price czse shews higher natural ges prices and production. However, the magnitude of the changes in the Qil Price cases
is smaller than in the Oil ard Gas Resource cases. The changes in natura! gas prices in the Low O Price case affect the
gcenemy earlier in the projection, ieaging to changes in infiation, unemployment, and interest rates. In the Hign 2il Price case,
the economy shows larger lossas beginning earlier tnan in the Low Oii and Gas Rescurce case byt recovers as ratural gas
produciion expands.

In both the Low 2nd High Gil Price cases, the fargest changes from the Reference case are for trade in industria! suppiies {Figure
IF5-6) and corsumer goods (Figure IF5-7), which primarily affect the tulk chemicals, giass, and paper incustries, Differencas

Figure 1FS-3. Chanoes from the Reference ehse i ivure 1F5-4, Bulk ehemiczis value of shipments h
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in consumer spending affect output in the glass and paper
industries, which are tightly linked to consumer goods and
more closely tied to demand for capital goods than is the bulk
chemicals industry. Fuel consumption trends in the Low and
High Qil Price cases differ from those in the Low and High
Qil and Gas Resource cases, primarily because of the bulk
chemicals industry. The initial response of the bulk chemicals
industry to higher oil prices compared with the Reference case
is a decrease in output (Figure IF5-8), and the initial response
to lower oil prices is an increase in output, which does not
occur in the High and Low Qil and Gas Resource cases (see
Figure IF5-4). In the High Oil Price case, oil prices grow faster
than the prices of natural gas-based feedstocks, leading to
a price advantage for natural gas feedstocks (Figure IF5-9).
As a result, bulk chemicals output in the High Qil Price case
in 2040 is higher than in the Reference case. In the Low Qil
Price case, with natural gas prices increasing more than ol
prices, buik chemicals output remains below the Reference
case level in 2040,
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Figure IF5-2. Changes from the =2\°_-ference case in annual net exports, Low and High Cil and Gas Resource cases, 2012-
40: Frojections: AEO2014 Nationz! Energy Mocdeling System, runs REFZ014.D102413A. LOWRESQURCE D1i2913A, and
HIGHRESQURCE.D112913B.

Figure IF5-3. Changes from the Reference case in consumer spending, Low and High Oil and Gas Resource cases, 2012-
40: Projections: AEQ20174 Natiora! Energy Modeling System, runs REF2014.D702413A, LCWRESCURCE.DVI2813A, and
HIGHRESOURCE.D1:29138B.

Figure IF5-4. Shipments of bulk chemicals in three cases, 2012-40: Projeciions: AEQ2C14 National Erergy Modeling System,
runs REF2014.0102473A, LOWRESCURCE.D112613A, and HIGHRESOURCE.D112913B,

Figure IF5-5, Ratio of ethane tc naphtha feedstcck prices in three cases, 2012-40: Projections: AFQ2014 National Evergy
Medeling System, runs REF2014.0102473A, LOWRESOURCE.DY2S13A, and HIGHRESCURCE.D1i2913B,

Figure IF5-6. Changes from the Reference case in net axports, Low and High Qil Price cases, 2512-40: Prejections: AEQ2014
National Erergy Modelirg System, runs REF20714.0102473A, LOWRESCURCE.D12913A. and HIGHRESQURLCE.D112913B.

Figure IFZ-7. Changes from the Reference case in consumer spending, Low and High Cil Price cases, 2012-4C: Projections: AEQ2014
Nationai Energy Moceling System. runs REF2014.D132473A, LOWRESOURCE.D12913A, and HIGHRESQURCE.DT12213B.

Figure IF5-8. Shipments of bulk chemicals in three cases, 2072-40: Projections: AEQ2014 Nationz| Energy Madeling System,
runs REF2014.01C2413A, LOWRESCURCE.DTIZ913A, and HIGHRESOURCE.D112%13B.

Figure IF5-S. Ratio of sthane to naphtha feedstock prices in three cases, 2012-40: Projections: AFQ2014 National Energy
Modeling System, runs REF2014.D102413A, LOWRESQURCE.D)1129713A, and HIGHRESOURCE.D112973B,
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Foo. Insplications of aveeierated power plint retiremseuds
in 2012, coal-fired and nuclear power plants together provided 56% of the electricity generated in the United States. The role of
these technologies in the U.S. generation mix has been changing since 2009, as both low natural gas prices and slower growth
of electricity demand have altered their competitiveness relative to other fuels. Many coal-fired plants also must comply with
requirements of the Mercury and Air Toxics Standards (MATS) and other environmental regulations. Some of the challenges
faced by coal-fired and nuclear generators, and the implications for electricity markets if the plants are retired in significant
numbers, are analyzed in this discussion.

Of the total installed 310 gigawatts (GW) of coal-fired generating capacity available at the end of 2012, 50 GW, or 16%, is
projected to be retired by 2020 in the AEQ2014 Reference case. Despite those projected retirements, coal continues to account
for the largest share of the electricity generation mix through 2034, after which it is overtaken by natural gas. However, throughout
the projection the coal share of total generation remains significantly below its 49% share in 2007, when coal set its annual
generation record.

In 2012 and 2013, operators of five nuclear power reactors representing 4.2 GW of capacity announced plans to retire the reactors
by 2015. Four of the reactors—San Onofre 2 and 3, Kewaunee, and Crystal River—already have ended nuclear power production,
and the fifth, Vermont Yankee, is expected to end generation by the end of 2014 [71. In addition, the Oyster Creek plant is expected
to conclude operation in 2019 [2]. These are the first retirements of U.S. nuclear power plants since Millstone Unit 1was retired in
1998. Retirements often are the result of unique circumstances, but some owners of nuclear power plants have voiced concerns
about the profitability of their units, sparking discussion of possible additional nuclear retirements [3]. In order to evaluate the
irnpacts of potential retirements beyond those in the Reference case, AEO2014 includes several alternative cases with economic
assumptions that make it less likely that existing coal and nuclear power plants will be used for generation.

Factors thai lzad io power plaat retivements

Power plant owners generally make the decision to ratire plants when their expected costs exceed their expected revenues over
the future life of the plants [4]. Costs incurred by power plants can include farge capital projects, such as installation of fiue gas
desulfurization (FGD) systems or scrubbers on ceal plants, increased operating costs, or higher fuel costs. Revenues are received
from energy sales or capacity payments in wholesale electricity markets in regions of the country with competitive wholesale
markets, or from cost-recovery mechanisms in regions with vertically integrated utilities subject to rate regulations [5].

Recent trends in the electric power industry have resulted in both declining revenues and increased operating costs for coal
plants. Because natural gas often is the marginal fuel and thus sets prices in Regional Transmission Organization (RTQO) markets,
and natural gas influences wholesale electricity prices in non-RTO markets, the decline in natural gas prices beginning in 2008
tends to reduce electricity prices and the payments received by all generators for the electricity they produce. Lower natural gas
prices also improve the competitiveness of natural gas combined-cycle (NGCC) power plants relative to coal-fired plants. When
lower matural gas prices drive the cost of generating electricity from an NGCC plant below that of a nearby coal-fired plant, the
coal plant is dispatched, or operated, less often and earns less revenue [6].

Slow growth of electricity demand in recent years has resulted in fewer high-cost marginal generators being dispatched. In regions
with excess generating capacity, plants with relatively high variable operating costs may not be dispatched frequently enough to
produce the revenue needed to cover their costs [7], making them candidates for retirement. Although the average price of coal
delivered to the electric power sector declined in both 2012 and 2013, it rose by more than 4% per year from 2007 to 2011, and the
resulting increase in operational costs for coal-fired power plants reinforced the impacts of lower demand and more competitive
natural gas prices.

When faced with declining profitability, plant owners may choose to retire their units rather than make additional investmenis to
keep them operating. in the AEQ2014 Reference case, all coal-fired plants are required to have either a scrubber or a dry sorbent
injection (DSI) system combined with a fabric filter in order to continue operating in 2016 [8] and later years. As of the end of
2012, 64% of the U.S. fleet of coal-fired generators was compliant with this requirement. The remaining plant owners are in the
process of deciding whether to retrofit or retire their plants [9].

The outlook for nuclear power also has been altered by the changing conditions in U.S. eiectricity markets. Nuclear power plants
have lower fuel costs than either coal- or natural gas-fired plants, translating to lower variable operating costs and ensuring
that they are dispatched when available. The spread between the price of electricity and the fuel cost for nuclear plants is often
referred to as the quark spread. Nuclear power plant owners in wholesale markets rely on sufficient quark spreads to cover nonfuel
operations, maintenance, and any new capital expenses associated with the piants to provide a return on their investment. Lower
wholesale electricity prices have reduced quark spreads for all nuclear power plants, especially those with increasing operations
and maintenance {O&M) costs or capital addition costs.

The AEO2014 Reference case assurnes an additional & GW of generic nuclear retirements from 2012 to 2019, beyond the six
reactor retirements already announced (a total that includes the Oyster Creek plant), as higher-cost units face continued economic
challenges. Those projected retirements are represented by derating of existing capacity for plants in vulnerable regions, not by
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retiring any specific plants. Higher natural gas prices in the Reference case after 2020 support the continusd operation of the U.5.
ruclear leer and limit retirements from 2020 through 2040.

ceelerated retirement cases
AEC2014 inciudes severai cases designed ‘o explore the effects of alternative assumotions that change projected natural gas
prices or electricity demanc, or assigns a vaiue tc carbon dioxide (CO;} emissions as a proxy for possibie future policies to
mitigate greerhouse gas emissions. However, those cases have impacts throughout the energy system and the economy, which
malkes it difficuit to measure the independen effects of significant coal and nuciear capacity retirements. in crder to isolate the
effects of additional retirements on tne energy system, severai cases were developed by incorporating assumptions that directiy
accelerate retirements of coal-firad and nuclear poveer piants,

izai Relirements casa

The AEO2014 High Coal Cost case assumes a decrease in coz! mine productivity and an increzse in coa! transportation costs,
causing coal prices to rise to a level 68% abave those in the Reference case in 2040. In the Reference and High Coal Cost cases,
real O&M costs are flat, which is consistent with long-term historical trends. However, as coal plants age, higher O&M costs may
aiso become a concern because replacement parts and upgrades to plant equipment could be required to keep them operating
effectively. In the Accelerated Coal Retirements case, the assumptions of the High Coal Cost case are combined with an assumed
3% annual increase in real O&M costs for coal-fired sower plants fram 2012 through 204C, with the increase intended to represent
the high end of potential future O&M costs. The higher fuel prices and Q&M costs in the Accelerated Coal Retirements case serve
as proxies for any combination of factors that would groduce a nigher rate of coal plant retirements.

Acteisrain

Acceizrated Muciear Ratiremants cazs

The Nuciear Reguiatory Commussion (NRC) nzs the authority to issue initial operatirg licenses for commercial nuclear power
plants for a peried cf 40 years and then tc extend them in 20-year increments. The NRC has already appreved initial 20-year
license extensions for more thar 70% of the nuclear fleet, and the AECZ014 Reference case assumes that eacr slant will receive
a first fcense exiension unless its pianned retirement has specifica’’y been reported. Tne nuciear power industry currently is
developing strategies fo submit icense applicaticns for additicnal 2G-year Hife extensions that would zilow plarts to continue
operating beyond 60 years. The AED2C14 Reference case assumes that plants reaching &0 years of age petween 2030 and 2040
will be granted a secend life extansion.

Nuclear power plants operate zs baseloed capacity. Although they are expensive to build and maintain, they have relatively
‘ow variable cperating costs, which ensures thet they are dispaichec when available. While not affecting their dispatch order,
increases in rontuet O&M costs can have negat ve effects on the economics of nuclear power piants throuzh lower profit margins.
To avoid retirement for econcmic rezsons, a rlant must maintain a positive net present value over its opesating |ifetime. As with
coal plants, anrual O&M costs for nuciear pouwer piants remain flat in the AEQ2074 Reference case. However, recent data suggest
that O&M costs for nuciear piants rose at ar average annual rate of 4% over the 2008-12 perind [101.

The Accelerated Nuclear Retivemants case assumes that O&M costs for nuclear power giants grow by 3% per veartrrough 2040;
that zil nuclesr piants not retirec for economic reasons are retired after 60 years of operation: and that no ad#ienal nuciear
power nfants are buiit after the 5.5 GW cf capacity currentiy under construction is completed. This case refiects yrcertainty
regarding actions and costs associated with continued operation of the existing nuclear fleet.

(NI

Lt

ierated Coal and Nuclear Ratiramanis case

il Large-scaie simultareous retirements of both coal-fired and
120 niuclear capacity couid have a significant effect on the electric
power system. In order to assess thai potential effect, the
AEC2014 Accelerated Coal and Nuciear Retirements case
comEines the assumotions oithe Accelerated Coal Retiraments

20 _— 'Fi case and the Accelerated Nuclear Retirements case.
= Results
60 S — :“-_—_Ee—férmo—;— Retiremienis
en i .
J/ in the Accelerated Coal Retirements case, 110 GW of
f}l capacity, or 177% more thar in the Reference case, is retired
30 by 2040 (Figure IF&-1). In the Accelerated Coz! and Nuclear

|. Retirements case, coal retirement levels are similar to those
in the Accelerated Coal Retirements case through 2030, with
,/ | MATS fully implemented in 2016 a s:ight leveling off foward the and of the proiection, when
0 Al | . i : . . some coai-fired capacity is neaded to make up for the lost
2012 2015 2020 2025 2030 2035 2040 nuclear capacity,
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In the Accelerated Nuclear Retirements case, 42 GW of nuclear capacity is retired through 2040 (Figure IF6-2). However, other
than retirements early in the projection, there is no significant reduction in nuclear capacity before the plants begin to reach their
60th year of operation, in 2029. The same retirement trajectory is repeated in the Accelerated Coal and Nuclear Retirements case.

There is no incremental increase in nuclear retirements in the Accelerated Nuclear Retirements, despite higher O&M costs.
However, incremental retirements do occur in the Low Nuclear case, discussed in the Market Trends section of the AEQO2014.
The Low Nuclear case uses the same assumptions as the Accelerated Nuclear Retirements case, but also includes the resource
assumptions from the High Oil and Gas Resource case that result in lower natural gas prices than in the Reference case. As a
result, economic retirements of nuclear power plants that have not operated for 60 years do occur in the last decade of the
projection in the Low Nuclear case, with nuclear capacity falling to 35 GW below the levels in the Accelerated Coal and Nuclear
Retirements case.

Capacity additions

In order to replace capacity that is retired in the accelerated retirement cases, more total capacity (including capacity in the
electric power sector, combined heat and power, and capacity in the end-use sectors) is added than in the Reference case.
The new capacity mix consists almost entirely of natural gas and renewable energy sources (Figure IF6-3). Natural gas-fired
combined-cycle units are favored because of their low fuel prices and relatively moderate capital costs.

Generation fuel mix

Figare 1F6-1, Comulative retirements of nuclyar As existing coal and nuclear plants are retired, natural gas
gefpersting capacity in three cases, 2012-40 and renewables gain increasing shares of the generation mix
cionwalix (Figure IF6-4). The strength of this trend depends on how
50 much nuclear and coal-fired capacity is retired.

Accelerated Nuclear Retirements/ Coal-fired generation in 2040 is lowest in the Accelerated

AccsleratediCoaliandiNucisar Retuemepts Coal Retirements case, which results in the greatest total

loss of coal-fired capacity. In all AEQ2014 cases, including
the Reference case, available coal-fired capacity operates as
baseload generation throughout the projection. Therefore,
removing coal capacity results in lower overall levels of
generation. Coal-fired electricity generation in 2040 is 1%
higher in the Accelerated Nuclear Retirements case than in
the Reference case as a result of a small increase in coal-fired
capacity installed at the end of the projection period.

40
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10 / Nuclear power plants also consistently operate as baseload

pd Reference generation, and their total generation varies with changes
in capacity. In the Accelerated Nuclear Retirements and
Accelerated Coal and Nuclear Retirerments cases, nuclear
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generation in 2040 is 40% Iower than in the Reference case. In the Accelerated Coal Rstirements case, nuclear electrizity
generaticn 's 2% above the Reference case jevel in 2040.

Matural gas prices : _
Inallthe AEO2014 accelerated retireent cases, naturai gas oricas are higher inmost years than in the Reference case as retirements
of existing cos and nuciear capacity iead to beth increased use of existing natural gas-fired plants ard the development of new
plants. The aiternative cases with the iergest increases in natural gas-fired generation also have the iargest price increases, For
example, the price of natural gas delivered to the eiect-ic power secior in 2040 in the Accelerated Coal and Nuciear Retirements
case is T'% higher than the Referance case orice (Figure IF&6-5) [771.

Carbon dieride emfssions in the alaciric nower sachor

Coal and natural gas are the primary sources of CO; emissions from the eiectric sower sector. Coal is the mest significant
contributor, emittirg more than twice as much CO; cer megawaithour (mwWh) as a combined-cycle ciant fueled by natural gas.
Generation using nuciear power and rerewabies does not emit CO5.

Because of the high CO; intensity of coal, scenarios that result i iess coal-fired electricity generation also result in the most
significant emissions reductions. Tetal electric power sector CG; emissions in the Accelerated Coal Retirements case are 20%
below those in the Reference case in 2040 (Figure IF6-6). Emissiors are siightly nigher in the Accelerated Coal and Nuciear
Retirements case. tecause somenuclear power generation is replacad by gas-fired gereraticn; however, the e5ect of the coa/-fired
capacity retirements stiil keeps emissions 14% below the Reference case lzvel in 2040. in the Accelerated Nuciear Retiramants
case, nuciear generation is 328 mWh below the Reference case leve! in 2040, while electric sower sector CO, emissions are B
millior metrictons higher, reflecting an average increase of 0.26 metric tons CG; per mWh reduction in nuclear generation across
the twa scenarios. The estimated increase in CO; emissions per mWh of nuclear generation reduced, which is slightly below the
estimated increase in CO; emissiors per additional mWh of genaratior from advanced combined-cycle plants burning natural
gas, reflects rep/acement generation from natural gas and renewabies. together with some reduction in overal electricity demand
as a result of higher end-user prices.

Retail slactricity prices

Retail electricity crices vary in the acce'erated retirement cases, because natural gas prices are a key determinant of wholesale
electricity prizes, which In turn are 2 s'gnificant component of retail electricity prices. Accordingly, tne cases with the highest
deliverec natural gas prices also show tne highest retail electricity prices (Figure (F6-7). in 2040, real retail electricity prices in
the Accejerated Coal and Nucizar Retirements case are 12% higher tnan those in the Reference case.

Conclusions

Acceierated retirements of coai-fired and nuclear electricity generation capacity would cause ratural gas and renewables to gain
an increased share in the naticn's electricity generation mix. Netural gas is most often the lowest-cost opticn for replacement
capacity, while reneveabie generation grows, spurred by the increasad economic compsetitiveness of soiar and wind techneoiogias
toward the end of the projection perinc. The rising use of natural zas in the alectric nower sector results in price increases for poth
natural gas and electricity in ali sectors relative to the Reference case (Table iF6-1),
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I
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Effects on CO, emissions depend on the technology retired.
Because a natural gas-fired combined-cycle plant emits
fess than half as much CO; as a plant fueled with pulverized
coal, accelerated retirements of coal-fired plants result in
lower CO, emissions compared with the Reference case.
In contrast, because nuclear power plants emit no CO;,,
accelerated retirements of nuclear power plants raise CO;
emissions compared with the Reference case.
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Tzl i verstge delivered natural gas prices, alecteseity prices, and carbom dioxio ¢ seitns in four enst

Average delivered natural gas

price to power sector Electric power sector carbon
(2012 dollars per Retail electricity price dioxide emissions (million
Year and case million Btu) (2012 cents per kil_owat:c_hour) metric tons}
2012 3.44 9.8 2,038
2025 ,
Reference 576 10.1 2,194
. Accelerated Coal Retirements =4 LK) e
Accelerated Nuclear 5.69 10.2 2,188
Retirements
Accelerated Coal and Nuclear 5.82 10.6 1,823
_ Retirements
2040
Reference 8.16 11.1 2,271
Accelerated Coal Retirements 8.6C 12.0 1.821
Accelerated Nuclear 8.57 1.5 2,356
Retirements N
Accelerated Coal and Nuclear 2.03 12.5 1,046

Retirements
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The 2025 average price of naturai gas price delivered o the electric power secior in the Accelerated Nuclear Retirements
case is slightly lower than the price in the Refersnce case due tc 2 decline in LNG export capacity adcitions. The retirernent
of nuclear capacity in the Accelerated Nuciear Retirernents case after 2030 causes an increase in demand from the siectric
power sector, resulting in higher natural gas prices, angthe enticipstion of higher prices reduces the econcmic competitiveness
of LNG export facilities, lowering LNG expert projections. This resuits in lower natural gas prices in the Accelerated Nuclear
Retirements cese between 2022 and 2032, beczuse less natural gas is exported. Demang from the power gactor coes not
change significantly from the Reference case until significant amounts of ruclear capacity are retired.
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Figure IF6-1. Cumulative retirements of coal-fired generating capacity in four cases, 2012-40. Projections: AE02014 National
Energy Modeling System, runs REF2014.D102413A, HCCSTOM.D012314A, HCLONUC.DO12314A, and HIGHRESOURCE.
D112913B.

Figure IF6-2. Cumulative retirements of nuclear generating capacity in three cases, 2012-40. Projections: AEO2014 National
Energy Modeling System, runs REF2014.D102413A, LOWNUC14.D012314B, and HCLONUC.DO12314A.

Figure IF6-3. Cumulative additions of electricity generating capacity by fuel in four cases, 2012-40: Projections: AEO2014
National Energy Modeling System, runs REF2014.D102413A, HCLONUC.D0O12314A, HCCSTOM.DO12314A, and LOWNUC14.
D012314B.

Figure IF6-4. Electricity generation by fuel in four cases, 2040, Projections: AEO2014 National Energy Modeling System, runs
REF2014.D1024713A, HCLONUC.DO12314A, HCCSTOM.DO12314 A, and LOWNUC14.D012314B.

Figure IF6-5. Delivered price of natural gas to the electric power sector in four cases, 2012, 2025, and 2040, History: U.5. 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, HCLONUC.D012314A, HCCSTOM.
DO12314A, and LOWNUCI4.D(012314B.

Figure IF6-6. Electric power sector carbon dioxide emissions in four cases, 2012-40. Projections: AEO2014 National Energy
Modeling System, runs REF2014.D102413A, HCLONUC.D012314A, HCCSTOM.D012314A, and LOWNUC14.D0123148B.

Figure IF6-7. Average retail electricity prices in four cases, 2012-40. Projections: AEO2014 National Energy Modeling System,
runs REF2014,D102413A, HCLONUC.DO12314A, HCCSTOM.DO12314A, and LOWNUC14.D0123148.

Table IF6-1. Average delivered natural gas prices, electricity prices, and carbon dioxide emissions in four cases, 2012, 2025,
and 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,
HCLONUC.D012314A, HCCSTOM.DO012314 A, and LOWNUC14.D012314B.
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in the AEO2014 Reference case, renewabie eiectricity generation grows by 69% from 2012 to 2040, including 2 increese of
more than 14Q% in generation from nonhydropower renewable energy sources. Renewables are collectively the fastest-growing
source of electricity generation in the projection, with arnual growth rates that exceed the growtn rate for natura! gas-fired
generation. However, becatse renewsbles start from a reiatively low 12% market share of total generation, their contribution to
U.5, total eectricity generation is just 16% in 2040 in tha Reference case, well below the natural gas and coal shares of 35% and

32%, respectively (Figure IF7-1).

The AECZ014 Reference case is basec on current laws and poiicies, as well as on known technology ang demographic trends.
Projections of nonhydropower {7] renewable electricity generation are sensitive to assumptions about governmens policias and
external market factors. Key uncertaint’es affecting nrojected growth include expiratior of policies that affect financial incentives
for deployment or operztion of particular technologies. the costs and performance of the technologies, the costs of competing
generation scurces, and macroeconamic conditions that affect growth in electricitv demand (ncluging G2P growsh},

The renewable energy policy landscape 's particularly cynzmic compared to that of more-esiabiished energy sources, as new
and existing policies continue to be created and agjusied at the federal, state, and local lavels, in addition, policies that affect
competing sources of generation, such as naturs! gas and coal, can have significant impacts on renewabla gereration orojecis.
For example, piacing an explicit or imzlicit value on carbon dioxide (CO,) emissions wouid make the cost of onerating fossil-fueled

capacity highar, improving the reiative economics of renewables.

From 2005 to 2012, nonhydropower renewable generation more than doubled, encouraged by policies such as federal tax
credits aric grants, state renewabie portfoiio standards (RPS), and a variety of other state and local policies such as rebates, tax
incentives, financing assistance. net metering, and interconnection standards. For example, the federal production tax credit
{(PTC), which most recently applied to wind, geothermal, biomass, hydro, certain waste technologies, and marine energy projects
under construction by the end of 2013, was first established by the Energy Policy Act of 1992. Since that time, the tax credit has
been revised periodicaliy—expiring several times anc then suibsequently being renewed. Most recently, the credit expired at the
end of 2013 and has not been extendad as of early 2014. Trade groups and renewable supporters cortirue to advocate for an
extension to the 2013 deadline, but the AEZD2014 Reference case assumes no such sxtension.

Assumptions 2zboutthe costand performance of renewable techinciogiss also affect the projections. particutarly as some renewable
technoiogies become more econemically competitive in some regicns. Determination of future or even current technology costs
can be a challenge. For axample, in the case of solar nhotovoltaic (PV) technoiogies, there is enough veriation among current
projects in terms of geographic locations, technoiogies, developar experience, anc regulatory frameworks that even the most
carefully developec estimates will aversiate actual costs for some projects and understate costs for cthers. While PV capital
costs have declinec over the past decade, there is continuing uncertairty abeut both the degree and pace of future cost declines.

Projections for generation with renewables zre sensitive tc the prices of competing generation sources and other market factors,
particuiariy in later years of the prejection pericd, when the projected trends in renewabie generaticn ars increasingly infilenced
by ecoromic rather than solicy factors. In sorre regions and projection years, renawable resources like wind or solar may
represent the marginal source of capacity growth, which mzkes renewables sensitive to price swings in competing resources as
well 2s to sroacer 2conomic or market fiuctuations. in order to address such uncertainties, AECZ014 incluces aiternative cases to
provice insignt regarding the dicection and magnitude of sensitivities in the projections. Tacle IF7-1 shows xey techrclogy, saoiicy.
eccnomic, and market uncertainties and shows how they are
acdressed in z szlecteo group of AEQ2014 aiternative cases
(describec in more detail in Appendix E.

5 The Low Renewable Techrology Cost case assumes that
rerewabie technology cepitai costs are 20% iower than inthe
Refarence case. The No Sunset case assumes the extension
of existing federal energy policies that contain surset
provisions—in particular the croduction snd investment
tax credits for certain renewable eleciricity generation
tecnnologies. The GHG25 case assumes a policy that applies
a fee on carzer: dicxice emissions (in 2012 doilars) starting
at $25 per metric ton in 2075 and escalating by 5% per year
to about $85 per metric tor in 2040. The High Oil and Gas
Resource case acjusts oll and gas rescurce and productivity
assumgotions that result in natural gas prices to the ejectric
power sactor in 2040 that zre 37% jower than in the
Reference case. The Low Qil and Gas Resource case adjusts
assumptions about oil 2nd gas -esources that result in natural

0 T : gas prices 10 the electric zower sector in 2040 that are 33%
2012 2040
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higher than in the Reference case. The High Economic Growth and Low Economic Growth cases assume higher and lower levels
of real GDP growth from 2012 to 2040 than in the Reference case.

Figure IF7-2 shows projected total nonhydropower renewable generation from 2012 to 2040 in the selected alternative cases. The
results vary significantly, particularly in the later years of the projection, For example, in the GHG25 case total nonhydropower
renewable generation in 2040 is 83% higher than in the Reference case, and in the High Oil and Gas Resource case total
nonhydropower renewable generation in 2040 is 12% |lower than in the Reference case.

Some of the assumptions used in the AFQ2014 alternative cases can lead to significant increases in long-term growth of renewable
electricity generation. However, alternative cases with assumptions that are less favorable to renewables growth, such as the Low
Economic Growth case (with slower electricity demand growth) and the High Oil and Gas Resource case (with lower natural gas
prices) are unlikely to result in renewable projections that fall drastically below those in the Reference case—in large part because
state renewable portfolio standards (RPS) effectively establish a floor for generation with renewables. RPS policies generally
require that a minimum share of generation must come from renewable sources, and even with slow load growth or competition
from low-cost alternative generation resources, renewable generation must be sufficient to meet the RPS target. On the other
hand, as renawable generation sources become increasingly competitive after 2025, a favorable shift in assumptions may result
in an impact that does not have a limit on the upper bound, allowing for stronger growth in renewable generation than is projected
in the Reference case.

In addition, long-term projections are more sensitive to changes in assumptions than are near-term projections. Aithough the
range of renewable generation in 2040 across the alternative cases is large, the 2025 projections for total renewable generation
are within 15% of the Reference case in all the alternative cases except for the GHG25 case. Near-term growth in renewable
generation is constrained by a combination of factors that generally hold across most sensitivity analyses: growth in electricity
_ demand continues at a relatively low annual rate (less than

Noohyvdropower renessible sleetricit 1% per year in the Reference case) compared with historical
ieration o eight cases, 2005-40 levels, and generating capacity required to meet demand and
billion kitowntthours reserve requirements in many regions already exceeds near-
term requirements at the start of the projection period. As

History 2012 Projections

1,200 a result, demand for new generating capacity of any type in
the first decade of the projection is minimal in most regions.
o From 2012 to 2025, total generating capacity—including
= R renewables, fossil fuels, and nuclear—increases by only
= No Gunsst~ ; 4%. However, as renewable technologies become more
Low Renewable Technology Cost«<__ - ._ Y ' o 8
_ \ - economically competitive, they capture a larger share of the
High Economic Growth A S growing market. In addition, even withl Io‘.:v.rates of electric_ity
600 \‘Q, 7 il demand growth, the presence of a significant and growing
o Lo v'""'f.- fee on CO, emissions creates enough pressure early in the
projection period to spur significant growth of renewable
300 - ‘ generation in the near term.
" Low zconomic Grovti Alternative assumptions that lead to greater penetration of
’,/’ High Oll and Gas Resou electricity markets by renewable energy sources—namely,
0 Reference those in the No Sunset, Low Renewable Technology Cost,
2005 2010 2015 2020 2025 2030 2035 2040 GHG25, Low Oifl and Gas Resource, and High Economic
Tibie [F7-1. Soarees uneertaniniy and varintion in AEC2003 projections for renewabile electricny gencratiorn
Uncertainties not addressed in
Ke_y uncertainties : Selected_AE02014 alternative_t_:gse_es_ _ AEO2014 alte_rnativ_'g cases
Technology: Cost assumptions for renewable  Low Renewable Technology Cost Breakthroughs in new or emerging renewable
technologies. (e.g., wave/tide/ocean) or complementary
_{eg. storaged technologies
Poliey: Current policies may not expire as No Sunset Existing policies not explicitly modeled
scheduled; future policies may impose direct  GHG25 {carbon dioxide fee case? in AEQ2014 that are more specific or
or indirect fees on carbon dioxide emissions. geographically specialized (e.g., net metering,
local rebate programs, and technology-
specific set-asides in state RPS programs);
other new policies that c_;_qplg_i I;g_in?roduced
Macroeconomics and prices: Macroeconomic High Oil and Gas Resource Competition from other fuels; sector- or
growth rates and natural gas prices. Low Oil and Gas Resource region-specific economic factors; unexpected
High Economic Growth shifts in demand

tow Economic Growth
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Growth cases—do nct have proportionate effects on ali renewable technclogies {Figures {F7-3 through I57-6). Gereration from
solar ana wind installaticns generally increases by more compared with the Reference case than does generation from biomass,
waste, 2nd gectherma! sources. Solar ganeration in 2040 in most of the aiternative cases is more than double *he Reference case
ievel. Wind starts from a much izrger installec capacity base, so the percentage growth in wind generation is lower thar for solar,
but in ali five aternative cases wind generation in 2040 is at ieast 20% higher than projected in the Reference case.

Solar ard wind energy are expected to remain the primary sources of renewable capacity growth. Altnough geotrermal, waste,
and biomass resources have scme favorable characteristics compared o wind and soiar, such as the ability to crovide operator-
dispatcnec cower, each has significant limitations. The limitations include a limited rescurce base {gectherma!, waste) or relatively
high capital anc/cr fuel costs {biomass}. Although wind ard sclar will continue to be capital-intensive techrolcgies. they are
expectad to achieve cost reductions that—along with a larger resource base—result in higher growth than other renewables under
favorable conditions (such as piacement of an explicit or implicit value on CO; emissions, ar high natural gas prices). However,
solar and wind resources alsc vary in avaiabiiity and guality by region, and generation facilities are I'kely to be concentrated in
the more favorabie regions.

Even in the alternative cases that result in higher levels of market penetration for renewsable zeneration technologies. the results
are limited by the selection cf technoiog.es currently modeled by the U.S. Energy Information Administration. The AED2074
aiternative cases cannot oe usec t evzluate potential techrologies that are not characterized in the National Energzy Modeling
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System. Some emerging renewable technologies not included in AEO2014 include engineered geothermal systems, marine
hydrokinetics (such as wave energy), in-stream hydroelectric, and hybrid solar thermal combined cycle.

Similarly, no new electricity storage technologies are included in the projections. Electricity storage represents one of several
options for accommodating high levels of intermittent generation from wind and solar resources. Because such technologies,
other than pumped hydro storage, generally are either in early stages of development or not yet commercially established,
impacts on electricity markets in the near- to mid-term period are difficult to model.

The AEQ2014 alternative cases typically examine the effects of changing single assumptions within a moderate range of
uncertainty, and they are not intended to be interpreted as bounding cases. For example, a compound case incorporating high
natural gas prices, low renewable technology costs, and an explicit or implicit value for CO, emissions could be expected to result
in additional renewable generation growth, although the impact would not necessarily be the sum of the results of the individual
cases. The same could be true if any of the individual alternative cases were examined using different assumptions—for example,
if renewable technology costs were assumed to be 50%, rather than 20%, below the costs used in the Reference case.
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Figure IF7-1. Total U.5. electricity generation by fuel, 2012 and 2040: History: U.S. Erergy information Administration, Monthly
Energy Review September 2013, DOE/EIA-0035 (2013/09) (Washington, DC, September 2013). Projections: AZ02014 Nationa!
Erergy Modeling System, run REF2014.D7102413A.

Table IF7-1. Sources of uncertainty and variation in AEG2014 projections for renewable electricity generation: U.S. Energy
information Administration.

Figure iF7-2. Nenhycropower renewable efectricity generation in eight cases, 2005-40: History: U.S. Energy information
Administration, Monthiy Energy Reviews September 2013 DOE/EIA-0035 (2013/09) {Washington, DC, September 2013}
Projections: AEC2G14 National Energy Modeling System, runs REF2074.D102413A, CO2FEEZ5.DC164 A, NOSUNSET.DI21773A,
LCR_2014.D120613A, LOWRESOURCE.D1123°3A, HIGHRESCURCE.D112%128, LOWMACRO.D12913A, and H:GHMACRD.
D1i2913A.

Figure IF7-3. Electricity generaticn frem wind power in eight cases, 2012, 2020, 2030, and 2040: History: U.S. Energy
Information Administration. Monthly fnergy Review September 2073, DOE/EIA-0025 (2013/09) (Washington, DC, September
2013). Projsctions: AEQ2074 Mationaf Energy Modeling System, runs REF20714.D7102413A., COZFEEZ5.D0715814A, NOSUNSET.
DI17134, LCR_2014.D120613A, LCWRESQURCE.DM2913A, H!GHRESOURCE D1129138, LOWMACROC.DT12%13A, and
HIGHMACRO.D112573A

Figure IF7-4. Eiectricity generation from solar power in eight casas, 2012, 2020, 2030, and 2040: History: US. crergy
Informatior: Administration. ¥onthly Energy Review September 2013, DOE/EIA-0035 {2013/09) (Washington, DC, September
2013). Projections: AEC2014 National Energy Modeling System, runs REF2074.D102413A, COZFEE2E.DOYMIEILA, NOSUNSET,
D127713A. LCR_2014.D120613A, LOWRESOURCE D112913A, HIGHRESOURCE.D112913B, LOWMACRO.DTI2813A, anc
HIGHMACRO.D1I2573A,

Figure IF7-5. Electricity generation from geothermal power in eight cases: History: U.S. Energy information Administration,
Monthiy Energy Review September 2013, DOE/EIA-0C35 (2073/05) {Washington, DC. Septermber 2013). Projactions: AEQ2014
Nationa' Energy Modeling System, rurs REF2014.D102473A, CO2FEE25.D011614A, NOSUNSET.DI21773A, LCR_2014.D1206734,
LOWRESOURCE.DM2913A. HIGHRESOURCE.D1129738, LOWMACRQ.DM2913A, and HIGHMACRO.DTI2S13A.

Figure IF7-6. Electricity generation from biomass and waste power in eight cases: History: U.S. Erergy information Administretion.
Monthly Energy Revievs September 2013, DOE/EIA-0C35 (2013/09) (Washington, DC, September 2013). Prolections: AEQ20714
National Energy Modgeling System, runs REF2014.D102413A, CO2FEZ25.DC614A. NOSUNSET.D121713A, LCR_2014.D1206134,
LOWRESOURCE, D112913A, HIGHRESCURCE.D1129138, LOWMACRD.D112913A, and HIGHMACRD.DTIZ9T3A.
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IFS. Implications of low eléetricity demasd growih

Although electricity demand fell in only three years between 1950 and 2007, it declined in four of the five years between 2008
and 2012. The largest drop occurred in 2009 (Figure IF8-1). One contributing factor was the steep economic downturn from
late 2007 through 2009, which led to a large drop in electricity sales in the industrial sector. Other factors, such as efficiency
improvements associated with new appliance standards in the buildings sectors and overall improvement in the efficiency of
technologies powered by electricity, have slowed electricity demand growth and may contribute to slower growth in the future,
even as the U.S. economy continues its recovery.

In the Reference case, which assumes no new efficiency standards beyond those already in place or announced as final for
future implementation as of 2012, total electricity use grows by an average of less than 1% per year from 2012 to 2040. Demand
grows across all sectors, with average annual increases in the industrial sector (0.9% per year) slightly higher than those in the
residential and cormmercial sectors (0.7% and 0.8% per year, respectively). As a result of rising demand, 351 gigawatts (GW)
of new electricity generating capacity is added from 2012 to 2040, eleciricity generation increases by 29%, and carbon dioxide
{CO3) emissions from the electric power sector increase by 11%.

To examine the energy implications of slower growth of electricity demand, AEO2014 includes a Low Electricity Demand case, in
which annual electricity demand in 2040 is only slightly higher than the 2012 level of 3.8 trillion kilowatthours (kWh).

Low Kieciricity Demand case

Electricity demand growth depends on economic growth, relative energy prices, and technology choices in the end-use sector,
among other factors. Changes in electricity demand result in corresponding changes in electricity generation and the mix of
technologies used to meet demand.

The Low Electricity Demand case was developed by assuming changes in technology choices and higher efficiency in the end-use
sectors. To limit the number of competing influences, macroeconomic and fuel supply assumptions were unchanged from those
in the Reference case. The goals for the Low Electricity Demand case were to identify a combination of technologies that would
result in flat demand, and to examine the impacts of stagnant demand on future needs for electricity generation and supply.

The Low Electricity Demand case uses the assumptions incorporated in the Best Available Demand Technology case for bath
the residential and the commercial sectors, as described in Appendix E and the Market Trends section of this report. The Best
Available Demand Technclogy case assumes that all future equipment purchases in the residential and commercial sectors will
be made from a menu of technologies that includes only the most efficient models available in a particular year, regardless of
cost. Building shell efficiencies afsc are assumed to improve relative to the Reference case, and distributed generation costs are
assumed to decline much faster than in the Reference case. In addition to those assumptions, the Low Electricity Demand case
assumes higher energy savings for electric motors in pumps, fans, and air compressors used in the industrial sector compared
with the Reference case. Those adjustments reduce total electric power consumption by electric motors slightly less than 20%
over the course of the projection. Although technically plausible, such a drop in electric motor energy usage may not represent
a likely path for motor development.

As a result of changes across all end-use sectors in the Low Electricity Demand case, retail electricity sales in 2040 are roughly
the same as in 2012, Industrial sales grow slightly from 2012 levels, but a decline in residential sales offsets that growth. Because
the distributed generation assumptions in the buildings sector result in higher investment in end-use renewable capacity

and generation relative to the Reference case, direct-use
Fieure 1F8-1. Annual changes in U.8: electricin generation increases, and there is a 7% increase in total
femand. 19502012 ibillion kilowatthiou electricity consumption fram 2012 to 2040, as compared
200 2 with 29% in the Reference case (Figure [F8-2),
Analysis vesults

150 - . . .
Electricity generation capacity

In the Low Electricity Demand case, little new capacity is
added in the power sector after planned capacity additions
are completed (Figure IF8-3). A significant amount of
renewable capacity is added in the end-use sectors as a
result of the lower cost assumptions for distributed solar
photovoltaics, and a smaller amount of renewable capacity
{19% of total renewable additions) is added in the power
sector to meet renewable portfolio standards. Total natural
gas capacity added is only one-quarter of the amount in the
AEO2014 Reference case. Even more so than in the Reference
case, there are few new additions of coal or nuciear capacity

150 beyond those already under construction.
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With iower demand for electricity, a total of 110 GW of older coal-fired generating capacity is retired between 2013 and 2040
in tne Low Electricity Demand case, more than double the 51 GW retired in the Reference case (Figure IF8-4). Most of the
retirements occur early in the projection, due to the timing of the Mercury and Air Toxics Standards (MATS), which require a
cecision to retire or retrofit coal plants to meet environmental standards by 2016. A total of 100 GW of oil- and gas-fired capacity
is retired between 2013 and 2040 in the Low Electricity Derand case, compared with 40 GW in the Reference case.

Rigctrictiy generstion

Electricity generaticn 'n 2040 is 17% lower in the Low Electricity Demand case than in the Raference case, witn natural gas-fired
generation 472 bilion WA lower and coal-fired generation 343 biliion k'WWh lower. Figure iF8-5 shows tota electricity generation
from the electric power sector enc the end-use sectors, with the contributions broken out for ratural gas and renevrabie generation
to display the reiztive ievels of generation from the end-use sectors. As in the Reference case, natural gas-firec generation overtakes
coal-firac gereration oy the end of the projaction peried, but overall shares for both fue's are lower than in the Reference caze. I
2040, the coai share of {ote! generation drops from 37% in 2012 to 32% ir the Reference case, and ta 31% in the Low Electricity
Demand case, The natural gas share, which increases from 30% in 2012 to 35% in 2040 in the Reference case. grows to only 32%
in 2040 in the Low Electricity Demand case. Because there is less need for new generating capacity, there is ‘ess oprortunity for
grewth [n natural gas-fired gereration from new plants,

Nuclear electricity generation is slightiy lower in the Low Electricity Demand case than in the Reference case. 25 a result of fewer
new builds, sut it provides a slightly higher share of total generation than in the Reference case. Renewable generation grows by
60% from 2012 to 2040 in the Low Electricity Demand case. slightly less than the 69% growth in the Reference case, as a large

Fivure IFE-2, LS, total electiricity demandd by secbor Fiegure LEE-2, Flecteicity cupacity additions tw Toel
in two cases, 2002 and 2040 (hillin kKilowatthoors Evpre 1o twio eises, 2003-40  erawatts)

5,000 e . — 80

Reference
Low Electricity Demand

4,000 - IR
= “ransportaion B0 ot
3.000- = - Dil and
2,000 Bccmercial 40
: |
1,000. ..... —
20
0 T
2012 Reference  Low Eleciricity
Demand 0—
2040 '2013-15 ' 2016-20 ' 2021-25 ' 2026-30 ' 2031-35 ' 2036-40
Firnre 1F8-4. Electric puwer sechor cumulative Figure IFR-5. Electricity ecneration in Two cases
'ments in Iwo cises. 2013-40 {pizawatls 201240 (billion Kilowatthours
}_ _ Oil and other petroleum wwigm  Repavwable
s . Cou!l | End-use renewables
O T

/ / ,f ' End-use natural gas

o=

Reference

Oil and lna\tural gas 2012
Coag':', Reference
2020

Low Electricity Demand |
Reference

2030

Low Eiectricity Demand

Low Electricity I
Demand

Reference
2040

Low Electricity Demand (e & 0

30 60 90 120 Y 2.000 4.000 6.000

U.5. Energy Information Administration | Annual Energy Outlook 2014 IF-47



increase in end-use sector renewable generation offsets much of the decline in renewable generation in the electric power sector
compared with the Reference case.

Emissions

The lower leve! of generation from fossil fuels in the Low Electricity Demand case results in lower greenhouse gas emissions. In
2020, power sector CO, emissions are 16% lower than in the Reference case, and in 2040 they are 22% lower (Figure IF8-6).
Emissions of other pollutants (sulfur dioxide, nitrogen oxides, and mercury) are alsc lower than in the Reference case, in proportion
to coal-fired generation. The additional retirernents of coal-fired capacity in the Low Electricity Demand case begin to occur in
2016, when MATS takes effect. With lower demand and prices for electricity than in the Reference case, it is less economical to
install retrofits to comply with the MATS standards. As a result, fewer enviranmental controls are added.

Regior:ai impacis

The mix of fuels used to meet U.S. demand for electricity varies across the country, and the initial mix can affect regional projections
in the different cases. In general, the West is more reliant on natural gas and renewable generation, the upper Midwest and
Central parts of the country are more reliant on coal, the Northeast is more reliant on natural gas and nuclear power, and in the
Mid-Atlantic and Southeast there is a mix of generation from coal, nuclear power, and natural gas.

Currently, most coal-fired capacity is installed in two Nerth American Electric Reliability Corporation (NERC) regions: the SERC
Reliability Corparation (SERC) region, which covers the Southeast region, and the Reliability First Corporation (RFC) region, which
includes most of the Mid-Atlantic and Ohio Valley region [7] (Figure [F8-7). Most of the coal retirements in both the Reference
case and the Low Electricity Demand case occur in those regions.

In the RFC region, retirements of coal-fired capacity in the Low Electricity Demand case are double those in the Reference case, and
in the SERC region they are nearly triple those in the Reference case. The RFC and SERC regions also contain 67% of the country's
current nuclear capacity. However, as in other regions, there are no additional retirements of nuclear capacity in the Low Electricity
Demand case relative to the Reference case. As a result, nuclear generation levels are similar in the two cases, and they make
up a higher share of the total generation when electricity demand is lower. in SERC, the coal share of total generation in 2040
declines from 38% in the Reference case to 34% in the Low Electricity Demand case, and the nuclear share grows from 23% in the
Reference case to 28%. Similarly in the RFC region, the 2040 coal share drops from 44% in the Reference case to 40% in the Low
Electricity Demand case, and the 2040 nuclear share rises from 21% to 26%. In both regions the natural gas share also declines
slightly in the Low Electricity Demand case refative to the Reference case, because fewer new natural gas-fired power plants are
built, Additional retirements of older cil and gas units have less effect on generation than do retirements of coal units, because the
oil and gas units typically operate less frequently throughout the year.

In contrast, in regions where there may not be more economical baseload technologies available, coal continues to provide most of
the generation needs in 2040, even when electricity demand is assumed to be flat. In the Midwest Reliability Organization (MRO)
region, coal-fired plants provided 60% of total generation in 2012, and they still provide 52% in the Reference case and 55% in
the Low Electricity Demand case in 2040, With few new natural gas-fired additions projected in the Low Electricity Demand case,
coal-fired power plants continue to provide a large portion of the region’s total electricity generation.
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1. See Appendix F for a mag of the Electricity Market Mode! (EMM) regions. For this discussion, results at the EMM level have
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Figure F8-1. Annua! changes in U.S. electricity demand, 1550-2012; U.S. Energy information Administration, Monthly Energy
Review Septernber 2013, DOE/EIA-D035 (2013/09) (Washington, DC, September 2013).

Figure iF8-2,U.5. total electricity demand by sector intwo cases, 2012 and 2040: History: U.S. Enargy Information Acministration,
Monthly Erergy Review September 2012, DOE/EIA-C035 (2073/09) (Washington, DC, September 2013). Projections: AEQZ014
National Energy Modelirg System, runs REF2014.D102413A ang FLAT.DOIDS4A.

Figure IF8-3. Electricity capacity additions by fue! type in two cases, 2013-40: Projections: AEO2014 National Energy Modeling
System, runs REF2C14.D7C2413A and FLAT DOTCS 44,

Figure iF8-4. Electric pcwer sector cumulative retirements in two cases, 2013-40: Projections: AEC2014 Nztional Energy
Medeling System, runs REF2014.D102473A and FLAT.DOTCST4A.

Figure IF8-5. Electricity generation in two cases, 2012-40: History: U.S. Energy information Administration, Monthly Energy
Review September 2013, DOE/EIA-0035 (2013/09) (Washingtor, DT, September 2013). Projections: AE02074 Nationa! Energy
Modeling System, runs REF2014.D102413A and FLAT.DO10G14A.

Figure IF8-6. Carbon dioxide emissions in the electric power sector in two cases, 2012-40: History: U.S, Energy Information
Adminisiration, Monthly Energy Review Seotember 2013, DOE/EIA-0035 {2013/06) {Washington, DC, September 2013),
Projections: AEC2014 Nationa! Erergy Modeiing System, runs REF2014.07102413A and FLAT.DSI097£A,

Figure IF8-7. Coal-fired generating capacity by NERC regicn in twe cases, 2012 znd 2040; History: U.S. Erergy information
Admiristration (EIA), Form EiA-860, “Annua! Electric Gereraror Report” (preiiminary). Projections: AED2014 Nationai Energy
Modeling System, runs REFZO'ld.D102iT3A anc rLAT.DO7CO74A.
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Projecticns by the U S Erergy information Admunistration (EIA) are not statements of what will happen but of what
might happen, given the assumontons and methodoiogies used for any particuiar case The Reference case projertion
15 a busingss-as-usual estimate. given known market, demographuc, and technoiogizal trends Most cases in the Annugi
Energy Outlook 2014 (AEG2014) generally assume that current laws and regulations are mantained throughout the pro-
Jecticns. Such projections provide & baseline starting point that can be used to anziyze policy initrativas EIA explores the
impacts of alternative assumptions in other cases with different macroeccnomic growth rates, world oil prices, rates of
tachnolozical progress, and policy changes

While erergy markets ¢re complex, energy models are simpified reprasentatiens of energy production and consumption,
regulations, and producer and consumer behavior Projections are highly dependent on the data, methodologies, madei
structures, and assumpiions used in thei development. behavioral characteristics are indicative of rez!-world tendencias
rather than rapresentation: of specific outcomes,

Energy market projections are subject to much uncertainty Many of the events that shane energy markets are random and
cannot be anticipatec. in additior, future developments in techinologies. demographics, and resources cannot be foreseen
with certainty. Many key uncertainties in the AEQ2014 projections are addressed through aiternative cases

ElA Fas tried to make these projections as objertive, 1eliable, and usafui as possible. However, they should serve as an
adjunct to, not as a substitute for, a complete and focused analysis of public pelicy inttiatives
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Growth in business fixed investment offsets
slow growth in labor force
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Growth in the output of the U.S. economy depends on increases
in the labor force, growth of capital stock, and improvements
in productivity. In the Annual Energy Outiook 2014 (AEQ2014)
Reference case, U.S. labor force growth slows over the projec-
tion period as the baby boom generation starts to retire, but
projected growth in business fixed investment and spending on
research and development offsets the slowdown in labor force
growth. Annual growth in real gross domestic product (GDP)
averages 2.4%/year from 2012 to 2040 in the Reference case
(Figure MT-1), 0.3 percentage point slower than the growth rate
over the past 30 years. Slow long-run increases in the labor
force indicate more moderate long-run employment growth,
with total civilian employment rising by an average of 0.8%/
year, from 134 million in 2012 to 169 million in 2040. The manu-
facturing share of total employment continues to decline, from
9% in 2012 to 7% in 2040,

Real consumption growth averages 2.2%/year in the Reference
case. From 2012 to 2040, the share of GDP accounted for by
personal consumption expenditures varies between 66% and
71%, and the share spent on services rises mainly as a result
of increasing expenditures on health care. The share of GDP
devoted to business fixed investment ranges from 10% to 16%
of GDP through 2040.

Issues such as financial market reform, fiscal policies, and finan-
cial problems in Eurape, among others, will affect both short-
run and long-run growth, adding uncertainty to the projections.

MT-2

Economic activity varies considerably across
the economic growth cases
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AEQ2014 presents three economic growth cases: Reference,
High, and Low (Figure MT-2). The High Economic Growth case
assumes higher growth and lower inflation, relative to the Refer-
ence Case, and the Low Economic Growth case assumes lower
growth and higher inflation. The short-term outlook (five years)
in each case represents current views of economic activity in
the United States and the rest of the world, the impacts of fiscal
and monetary policies, and potential risks to economic activity.
The long-term outlook includes smooth economic growth and
assumes no shocks to the economy.

Differences among the Reference, High, and Low Econamic
Growth cases reflect different expectations for growth in popu-
lation (specifically, net immigration), [abor force, capital stock,
and productivity, which are above trend in the High Economic
Growth case and below trend in the Low Economic Growth
case. The average annual growth rate for real GDP from 2012 to
2040 in the Reference case is 2.4%, as compared with 2.8% in
the High Economic Growth case and 1.9% in the Low Economic
Growth case.

Figure MT-2 compares the average annual growth rates for
output and its major components in each of the three cases.
Compared with the 1985-t0-2012 period, investment growth
from 2012 to 2040 will be faster in all three cases, whereas
cansumption, government expenditures, imports, and exports
will grow more slowly in all three cases. Opportunities for trade
will expand in all three cases, resuiting in real trade surpluses
that continue to grow throughout the projection period.

U.S. Energy Information Administration | Annual Energy Outlook 2014
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With a rapidly growing service sector and imports meeting 2
large share of demand for goods in recent decades, industrial
sector snipments have expanded more slowly than the overali
economy [1]. In the AEQ2014 Reference case, real value of ship-
ments for all goods and services [2] grows by 2.0% from 2012 to
2040, for the industrial sector by 2.1%/vear, and for the service
secior by 2.0%/year. Industrial sector manufacturing grows by
2.3%/year and nonmanufacturing by 1.6%/year (Figure MT-3).

The Reference case shows two distinct periods of growth, and
the energy-intensive industries display the sharpest contrast
between the periods. With increased shale gas production
affecting U.S. competitiveness, growth in U.S. manufactur-
ing output accelerates through 2025. From 2072 to 2025, real
GDP grows by an average of 2.5%/year, and the industrial sec-
tor grows by 2.8%/year. After 2025, industrial output growth
slows as a result of increased foreign competition and rising
energy prices, with energy-intensive indusiries showing the
largest slowdowns—frem a 2012-25 average of 2.0%/year tc
a 2025-40 average of 0.7%/year. The 2012-40 output growth
rates vary among industries, with iron and steel averaging
0.9%/year and the cement industry 2.5%/year.

frcustrial procuction growth is strongly linked to exzorts, along
with consumer gemand and investment. Declining exchange
rates. combined with modsast escalation in unit /abor costs,
increase U.S, experts in the nrojection. From 2012 to 2040, real
exports of goods and services increase by ar average of 5.5%,/
year, while real imports of goods and services grow by an aver-
age of 3.8%/year.

U.5. Energy Information Administration | Annua! Energy Qutlook 2074

Range of oil price cases represents
uncertainty in worid oil markets
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fn AEC2014 the North Sea Brent crude oil price is tracked as the
main benchmark for world oil prices. In 2013, the Wast Texas
Intermediate (WTI) crude oil price continued to trade at a dis-
count relative to other werld oil prices. With refineries running
at migh leveis through August 2013, the discount narrowed as a
resuft of new oil transportation infrastructure from the market
center for WTI prices in Cushing, Cklahoma. The discount wid-
ened from September to December 2013, however, as lower 48
praduction continued to grow and refinery utilization returned
to lower levels after the surmmer.

EIA developed three oil price cases—Reaference, High, and
Low—to examine how aiternative price paths could affect
energy markets (Figure MT-4). The AEQ2014 price cases
included varying assumptions about: (1) investment and pro-
duction decisions by tke Organization of the Petroleumn Export-
ing Countries {OPEC), (2) development of tight oil and bitumen
resources in non-OPEC countries (including the United States),
and (3) demand growth in China, the Middle East, and other
countries outside the Organization for Economic Cooperation
and Development (non-OECD countries).

Relative to the Reference case, the Low Qi) Price case assumes
iower ecenemic growth and thus lower liquics demand from
ron-OECD regions; and rising production fror OPEC countries,
whicn displaces reiatively more expensive crude off from non-
OPEC praducers. in the Low Oii Price case, OPEC supplies 51%
of the worid’s licuid fuels in 2040, compared with 44% in tha
Reference case. in the High Oii Price case, assuming sironger
cemand growth anc fewer resources devaloped in OPEC coun-
trias, the non-CECD courtries account for 62% of woric liquids
use ‘n 2040, compared with 60% in the Referance case and
57% in the Low O Price case. The OPEC share of world liguids
producticr rever exceeds 40% in the High Oil Price case.

MT-3
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Trends in petroleum and other liquids markets
are defined iargely by the developing nations
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In the AEQ2014 Reference, High Oil Price, and Low Oil Price
cases, total world consumption of petraleum and other liguidsin
2040 ranges from 117 to 121 million barrels per day {(MMbbl/d)
{Figure MT-5). The alternative oil price cases reflect shifts in
both supply and demand. Although demand at the margin in
the Organization for Economic Cooperation and Development
{OECD) countries is influenced primarily by price, demand in
non-OECD regions is driven primarily by rates of economic
growth that are particularly uncertain. The AE02014 High Qil
Price case reflects a scenario in which strong economic growth
in the emerging non-QECD nations increases the growth of
their liquids demand and drives oil prices higher.

QECD petroleum and other liquids use grows in the Reference
case to 47 MMbbl/d in 2040, while nen-OECD use grows to
70 MMbbl/d. In the High Qil Price case, OECD petroleum and
other liquids use in 2040 is lower than in the Reference case,
at 45 MMbbl/d, but demand in the fast-growing non-OECD
economies rises to 73 MMbbl/d. In the Low Qil Price case,
OECD consumption grows to 51 MMbbl/d in 2040, and lower
GDP growth in the non-OECD couniries leads to slower growth
in liquids demand, which reaches only 69 MMbbl/d in 2040.
Nen-OECD liquids demand would be even lower than projected
in the Low Qil Price case, but [ow oil prices encourage more use
of liguid fuels in the non-OECD nations in the long term.

The supply response also varies across the price cases. In the Low
Oil Price case, OPEC's ability to manage its market share is weak-
ened. Low prices have a negative impact on non-OPEC petroleumn
supply in compatison with the Reference case. In the High Oil Price
case, OPEC restricts production, non-OPEC petroleum resources
become more economical, and high oil prices make production of
nonpetroteum liquids more economically attractive.

MT-4

Worid production of liquid fuels from biomass,
coal, and natural gas increases
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Nonpetroleum liquids are a small but increasing source of total
liquids supply in the AEO2014 Reference case. World produc-
tion of nonpetroleum liguids—including biofuels, coal-to-liquids
(CTL}, and gas-to-liquids (GTL)—totaled 1.7 MMbbl/d, or 1.9%
of total world liquids production, in 2012. In 2040, nonpetro-
leurn liguids production, at 4.0 MMbbi/d, accounts for 3.4% of
total world liquids production {Figure MT-6).

While world production of nonpetroleum liquids is spurred by
sustained high prices, high prices alone are not expected to be
sufficient to increase U.S. production of nonpetroleum liquids.
As aresult, no U.S. production of CTL or GTL is projected in the
AEQ2014 Reference case. U.S. biofuels production does grow
in the projection, but only modestly, from 0.9 MMbbl/d in 2012
to 1.1 MMbbl/d in 2040.

The U.S. share of world biofuels production shrinks in the
AEO2014 Reference case from 66% in 2012 to 43% in 2040,
Biofuels development relies heavily on country-specific pro-
grams or mandates and outlooks for transportation fuels. U.S.
demand for transportation fuels declines, and without sig-
nificant additional market penetration of fuels with high-per-
centage ethanol blends or of drop-in fuels, the possibilities for
expanded biofuel production are limited.

Biofuels production accounts for the largest share of total world
nonpetroleumn liguids production throughout the projection,
although its share falls to 3% in 2040 from 79% in 2012. In
2040, world biofuels production of 2.5 MMbbl/d is 68% larger
than world preduction of CTL and GTL combined.

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



In the United States, average energy use per
person deciines from 2812 {o 204¢
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Population growth affects energy vse through increases in hous-
ing, commaercial floorspacs, transportation, and economic activ-
ity. Rowever. the structure anc efficiency cof the U.S. ecanomy
are changing in ways that czn lower energy use. Changes in
consumer cenavier car: aiso have an impacs, such as changes in
the rate of vehicle miles travaled (VMT) per licensed driver. U.S.
popuiation increases by §,7%/vear from 2012 to 2042; the econ-
omy, as measured by gross domestic product {GDP), increases
at an average annual rate of 2.496; and total erergy consumetion
increases by 0.4% /vear. As 2 result, energy ‘ntensity, messured
both 25 erergy use per person and as energy use par dollar of
GDP, declines over the crojection period (Figura MT-7).

The projected decline in energy use per canita is srought about
largely by gains in appilarce efficiercy, a shift in preduction
from cooler to warmer regions, 2nd an increase i vehicie effi-
ciency standards, combined with modest growth in travel per
iicensed driver. From 1970 through 2008, energy use dipred
below 320 million Britisk thermal units (Btu) per person for
only & few years in the 1980s. in 2012, energy use per capita
was about 302 mildon Btu. In the Reference case, energy use
per capita declines to 279 million Btu per person in 2040—a
level not sean since 1985,

Continua! changes in the structure of the economy reduce
energy use per doilar of GDP. Atthough the service industries’
share of total shipmients remains below the 2012 leve! of 78%,
the manufacturing sector shifts about 1% of the outpur from
energy-intensive industries to non-erergy-intensive industries.
Efficiency gains in the elect-ic power sector a'so reduce ovarail
energy intensity, as glder, lass-efficient generators are retired as
a resuit of slower growth in electricity demand. changing dis-
patch economics related *o rising fuel prices, and stricter envi-
ronmental regulations.

U.5, Energy Information Administration | Annual Energy Outlook 2014

Industrial 2nd commercial sectors lead
U.S. growth in primary energy use
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Total primary energy consumption, including fue's for electricity
genreration, grows by 0.4%/vear in the Reference case, 10 106.3
guadriliion Biu in 2040 (Figure MT-8). The largest increase. 7.8
cuadrillion Btu, is in the industrial sector, with increasea use of
natural gas in some industries (buik chemicals, for example)
as a resut of low natural gas prices coincicing with rising ship-
mants in thosa incustries. |n the industrial sector. which was
more severely affectec thar the other ang-use seciors by the
2007-0% economic downturn, energy consumption increases
by 7.0 quadriliion Btu from 2008 to 2040,

The second-largest increase in fotai primary energy use, 3.3
cuadrillion Bty from 2072 to 2040, is in the commercia) sec-
tor. Even as standards for building shells and energy efficiency
zre tightened and commercial energy intensity (energy use per
square foot) decreasas by 5.4%/vear from 2072 through 2040,
energy use grows by 0.6%/year as annuzl growth in commer-
ciai floorspace averages 1.0%.

Primary energy use in the residential sector grows by 0.2%/
year, or about 1.4 guadriilion Btu from 2072 %o 2040. Energy
use for space heating was down by almost T quzzrition Btu in
2012 because of an unusually warm heating season. (n 2040,
residentia: energy use is £1 2071 laveis, despite reducec energy
use for space heating, lighting, and clothes wasners, among
other uses,

in the transportation sector, iight-duty vehicle (LDV) energy
use declines with the implemantation of fuel economy stan-
dards. VMT remain flat {ebout 12,200 per licensed driver) in
ths near term, then begin to increase aftar 2025, From 20712 to
2040, totai transgortation sector energy use faiis oy more than
1 quadriilicn Btu,

MT-5



L.S. energy demand

Renewables and natural gas lead rise
in primary ensrgy consumption
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The fossii fuel share of total energy use declines freom 82% in
2012 to 80% in 2040 in the Reference case, while renewable
energy use grows (Figure MT-9). The renewable share of total
energy use (including biofuels) increases from 9% in 2012 to
12% in 2040 in response to the availability of federal tax credits
for renewable electricity generation and capacity during the
early years of the projection and in response to state renewable
portfolio standard (RPS) programs. Biofue! use mandated by
the Renewable Fuels Standard (RFS} accounts for a small part
of the increase.

Natural gas consumption grows by about 0.8%/year from
2012 to 2040, led by increases in natural gas use for electricity
generation and in the industrial sector. Growing production
from tight shale keeps the price of natural gas to end users
below 2005-08 levels through 2038.

Increases in vehicle fuel economy offset growth in transpor-
tation activity, resulting in a decline in the petroleum and other
liquids share of fuel use while consumption of liquid biofuels
increases. Biofuels, including E85, biodiesel blended into diesel,
and ethanol blended into motor gasoline (up to 15%), account
for 4% of all petroleum and other liquids consumption by
energy content in 2040.

Coal consumption increases by an average of 0.3%/year from
2012 fo 2040, remaining between the 2011 and 2012 levels
through 2040. A small amount of coal-fired power plant
capacity is added: a total of 2.2 gigawatts (GW) currently under
construction and another 0.5 GW added after 2016 (including
0.3 GW with carbon seguestration capability). Coal-fired
capacity retirements total 51 GW between 2012 and 2040, but
the remaining coal-fired plants continue to be used extensively.

MT-6

Residential energy intensity drops across a
wide range of technology assumptions

tigwre MEHL Resdennal delivered enerey imtensin

1 foter eages, 206-di (indeg, 2089 =1
1.0 2012 Praojections
R /A
R il
05 | A lechnpiogy. T e o
Reference © .~ -
h Demand Technofegy <~
0.4 —Bus
0.2
0 r T T T T T 1
2009 2015 2020 2025 2030 2035 2040

In the AEO2014 Reference case, the intensity of residential
energy demand, defined as annual energy use per household,
declines by 16% between 2012 and 2040 (Figure MT-10).
Energy use for lighting, space heating, and water heating
accounts for most of the decline. While household energy
Intensity decreases, total delivered energy consumption in the
residential sector increases by about 5%, with the number of
homes growing by 26% over the period. More use of distrib-
uted generation, such as from rooftop solar panels, would fur-
ther reduce delivered energy intensity, but it is not projected to
have a large effect, because electricity from distributed genera-
tion sources accounts for a small percentage of total electricity
use in households over the projection period.

Three additional cases show the effects of different technology
assumptions on residential energy intensity. The Best Available
Demand Technology case limits purchases of new and replace-
ment equipment by consumers to the maost efficient models avail-
able at the time of purchase and assumes that the most energy-
efficient specifications will be used in new home construction,
which influences space heating and cooling demand. The High
Demand Technology case assumes higher efficiency, earlier avail-
ability, lower cost, and more frequent energy-efficient purchases
for some equipment than the Reference case. The 2013 Demand
Technology case assumes no future improvement in efficiency for
equipment or building shells beyond what is available in 2013,

From 2012 to 2040, household energy intensity declines
by 37% in the Best Available Demand Technology case and
by 26% in the High Demand Technology case. In the 2013
Demand Technology case, energy intensity is higher than in
the Reference case but still declines by 9% from 2012 to 2040
as older, less-efficient appliances are replaced over time by
2013-vintage equipment.

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



Electricity use per household declines {rom
2012 to 2040 in the Reference case
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Annual electricity demand fcr the average ncusehold in tha Ref-
grence case declinas by 4%, from 12,1 megawatthours (MWh)
in 2012 to 1.6 MwWh in 2040, in 2072, tha largest uses of elec-
tricity at the household ievel ace space cooiing, smal! davices
and other minor eiectric end uses, and lighting. 'n 2040, elac-
tricity consumed for iighting per househo!d is 65% lower, ang
electricity use for minor zleciric end uses and for space cooiing
rises by 33% aznd 179%, respectively (Figure MT-T7). Reguiations
impiemeanting lighting efficiercy standards established by the
Erergy independence and Security Act of 2007 (EISAZC07)
are a major factor in the repiacement of incandescent bulbs
with more efficiant compact fuorescent lighting (CFL) and
light-emitting diode {LED) lamps.

Although electricity consumption for most end uses declines
on a per-rousensid tasis betwesn 2012 and 2040, elaciricity
consumption at the sectorzal level increases for most end uses
pecause of growth in the number of households. Most of the
growth at the sectoral level comaes from increasing market cen-
etration of smaller elactric devices, wnich have littie coverage
by efficlency stardards, and by a growing need for cooling as
the U.S. population shifts to warmer climates in the Scuth.

From 2012 to 2040, residentizl electricity use grows by 21% as
the fuel mix in the residentia’ sector moves increasingly toward
electricity. Petroleum and other liquids lose fuel share for every
end-use service, and particulztly for soace heating, where
both electricity and natural gas gain share. Natural gas ioses
fuel share in every end-use service except space heating, and
it continues to account for more than half of the fuel consumed
for space heating, water heatirg, and cooking through the oro-
jection. I'n 2040, averall natural gas use in the residential sector
is 1% lower, anc petroleum and other liquids use is 35% lower
thar in 2012

U.S. Energy Information Administration | Anaua! Energy Outlook 2014

Continuing efficiency gains restrain growih
in residential electricity use
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in the AE02814 Refererce case, electricity is the only fuel for
vshicn demand increases in the residential sector from 2072
to 2040, in pzrt as & result of popuiation growth, regional
pepulaticn shifts, and temperature assumptions, Electricity is
gffected maore than other fueis oy the increased adoption of
new and existing uses. In the Reference case, which ircludes
only existing and announcec siandards and cedes. residential
electricity demand grows by 0.7%/vear from 2012 to 2040
(Figure MT-12). in the Extendes Pelicies case, wiich assumes
additionat rounds of appliance standards and suilding codes in
the future, residential electricity use increases by 0.2%/year
from 2072 to 2040. In contrast, residential electricity demand
grew by an average of more than 2%/year over the nrevious
3C vears.

Most of the announced standards in tne Reference casa
zre schecuied to take e*ect ir the near ierm. For instance,
the Reference case inciudes changes in minimum afficiency
levels for refrigerators znd freezers in 2014 and for centra! air
conditioners, air source heat pumps, and eleciric water heaters
in 2015, The most distant standard assumed in the Refsrence
case is the 2020 starcard for genera: service fighting, whichisa
nart of the second vave of congressionaliy-mandated standards
from EISAZCGY.

Given the long lifetimes of most major residentiai equipmert
{10 20 30 years), it can take years for an appliance stendard to
affect the majority of installed eguinment; bur once the stan-
dard has teen fully incorporatec, slectricity consumption tends
to increase in iine with the growth of nousing stock (0.8%/vear
from 2072 to 2040)—as occurs around 2020 in tha Reference
case but not untii 2035 in the Extenaced Policies case.

NT-7
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Extending tax credits supports increased
residential use of renewable energy sources
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Electricity generation capacity from residential solar photovol-
taic (PV) and wind technologies roughty doubled from 2010 to
2012. In the AEO2014 Reference case, it doubles again in both
2014 and 2016 before slowing considerably as a result of the
planned expiration of the investment tax credit {ITC) after 2016.
Without the tax credit available, almost two decades pass before
annual additions to residential distributed generation capacity
surpass 0.5 gigawatts (GW), as they have in recent years.

Two alternative cases present more optimistic scenarios for
further growth in residential distributed generation, either by
extending the tax credits or by lowering installed costs. With
the ITC extended beyond its legislated 2016 expiration date
in the No Sunset case, residential renewable capacity doubles
twice from 2013 to 2019, again from 20719 to 2024, and again
from 2024 to 2034. In 2040, more than 67 GW of solar and
wind capacity is instalied in the residential sector, as compared
with less than 2 GW in 2012 (Figure MT-13).

The Low Renewable Technology Cost case includes the tax
credit through 2016, as in the Reference case, but assumes lower
installed costs than in the Reference case. Even in the Reference
case, installed costs for renewable technologies decline from
their present values. For example, solar PV instalied costs
fall from around $5,400 per kilowatt (kW) in 2012 to around
$3,270 per kW in 2020 and around $2,900 per kW in 2040,

The Low Renewable Technology Cost case assumes an addi-
tional 20% reduction in installed costs after 2013, resulting in
increased adoption of bath solar PV and wind technologies for
electricity generation, especially in locations with the combina-
tion of high electricity prices and sufficient renewable resources.
By 2040, more than 25 GW of renewable capacity is installed,
10 GW more than in the Reference case.

MT-8

Commercial sector energy intensity varies
with technology improvements
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In the AEQ2014 Reference case, commercial sector energy
intensity, or delivered energy consumption per square foot of
commercial floorspace, declines by an average of 0.3%/year
from 2012 to 2040 (Figure MT-14). During this period, deliv-
ered electricity consumption grows by 0.7%/vear despite 1.0%
annual growth in commercial floerspace. Natural gas consump-
tion also increases over the period despite increases in building
shells and equipment efficiency.

Improvements in major end-use equipment and distributed
generation technologies help to slow the growth of delivered
energy consumption in the commercial sector. Varying the
rate of improvement in the 2013 Demand Technology, High
Demand Technology, and Best Available Demand Technology
cases shows a range in which equipment and building shell effi-
ciency improvernent, or lack thereof, couid affect commercial
energy consumption.

In the 2013 Demand Technology case, which restricts equip-
ment and shell efficiencies to those available in 2013, energy
intensity is reduced by 2.7% from 2012 to 2040, averaging
0.1%/year as equipment is replaced over time and as new
buildings are constructed. In the High Demand Technology
case, which assumes lower costs and higher efficiencies for
commercial equipment and building shells and a 7% real dis-
count rate, commercial energy intensity falls by 0.6%/year, or
twice the rate in the Reference case. As z result, energy inten-
sity is 15.8% lower in 2040 than in 2012. The Best Available
Demand Technology case allows for even greater shell effi-
ciency improvements than the High Demand Technology case,
and also limits future technology choices to only the most effi-
cient models of equipment in each year. As a result, commer-
cial sector energy intensity declines by 0.7%/year on average,
to 18.5% below the 2012 level in 2040.

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



Energy use continues to shift from personal
computing equipment to networked computing

Heating, cooling,-
and ventilation |7

Lighting
Water heating |-

Refrigeration | =

Office equipment:-
non-PC |

Cocking
_|..

Office eguipment: &
PCs_F—.

G 10 20 30 40 50

Commaercial energy intensity—the ratio of energy consumetion
to floorspace—cecreases from 2012 10 2040 for most electric
end uses in the Reference case, waile commercial ficorspace
increaseas by 1.0% anaually (Figure 3T-15). Electricity account-
ed for 54.5% of commercial deiiverad energy usa in 2012,

Electricity use for personal computers (PCs). incluging desk-
top and lapies computers and monitors, continues to deciine,
Reductions in processor power usa, improvements in display
backlighting, and a generai shit from dasktop to mobile com-
puting devices zil cause the energy consumstion of PC office
equipment 1o fall by 5.6% anrually. With expanding use of web-
based services increasing the role of servers in data centers,
electricity use oy non-PC cffice squinment grows by 2.0%/
year in the Reference case.

Federal efficiency standards moderate energy consump-
tion by major end-use eguipment, such as space heating ana
cooling, water heatirg, lighting, and refrigeration. The Energy
Independence and Security Act of 2007 (EISA2507) manda-
tory efficacy imzrovements for lighting continue to fosfer the
acontion of advanced incancescent, fluorescent, and solic-
state lighting technologies. As a result, the share of purchased
“electricity consumpticn used for lignting declines from 20.7%
in 2012 t0 14.7% in 2040,

The growing use of anergy for miscelianeous electric ‘oads,
many of which are not currently subject to federal standards,
leads to z 27.4% increase in energy intensity from 2072 ‘o
2043 for other eng uses in the Refersnce case. Misceilaneous
eiectric loads ir the commarcial sector inciuds medical 2quip-
ment. video dispavs, anc many other devices, Increases in the
use of such devices and eguinmant can vary greatiy by buiiding
type and service demanc.

11.S. Energy irformation Administration | Annual Energy Outlook 2014
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Efficiency gains for advanced technologies
reduce commercial energy consumption growth
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Bzhind the 0.3% average annual dacline in delivered energy
intensity in the commercial sector in the AEG2014 Reference
case s a shi't in the mix of end-use services, from cors suilding
services (space neating. space cooling. ventilatior, water neat-
ing. lighting, cocking. and refrigeraticn)} toc othar office equip-
menrt and electric services. Core end-use erergy intensity falis
by G.9%/year from 2012 to 2040, and the intansity of gther end
uses increases by 0.6%/year on average.

The largest energy efficiency improvements in *he Reference
case are for lighting, 2s 2 result of new standards anc the pen-
etraticn of LED tachnologies. PC office eguipment is a close
sacond to lighting, as a resuit of the shift toward network com-
puting. Refrigeraticn, electric space cooling, and electric water
keating aiso show significant efficiency gains (Figure MT-16).

Tre Best Available Demand Technology case damonstratas siz-
nifican{ porential for further imgerovements—especialiv for elec-
tric equipment i» the core enc uses. in tnis case, core end-use
intersity declines at mcre than twice the rate of the Reference
case, ang core delivered energy use in 2040 is 1.3 guadrillion
Btu iower than in the Reference case. Lighting sccounts for 235%
of the 2cditional delivered energy savings, resulting from both
earlier and more widesgread peretration of LED technoiogles
than in the Reference case. Beyong lighting. the Best Avaiizble
Techroicgy case projects significant savings for variable air
veiume vertilation systams, high-efficiency chiller systems for
space coolirg, high-efficiency naturai gas furnaces, and vari-
ous advancec refrigeration technoiogies. Together with lighting,
those enc uses account for more than 50% of the energy sav-
ings reiative to the Reference case, with deilvered energy con-
sumption in 2040 only 0.5 quacrilion Btu higher than in 2012
and deliverec energy intensity deciining by 0.7%/y=ar.

MT-5
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Commercial sector energy demand

Renewable technologies drive more additions
to distributed generation capacity
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Renewable energy sources, chiefly solar photovoltaic and wind,
continue to dominate new commercial distributed generation
capacity in the AEQ2014 Reference case, accounting for 62.3%
of commercial capacity in 2040. Lower prices for photovol-
taic inverters and panels, decreasing installation costs, federal
investrnent tax credits, and state and utility rebates all con-
tribute to growth in commercial photovoltaic capacity, which
increases by 5.7%/year from 2012 to 2040 in the Reference
case. The current 30% federal investment tax credit cantinues
through 2016, after which it reverts to 10%. In the No Sunset
case, with investment tax credits for all distributed generation
technologies extended through 2040, photovoltaic capacity
increases by an average of 7.0%/year.

Small-scale wind capacity grows by 14.2%/year from 2012 to
2040 in the No Sunset case, compared with 7.9%,/year in the
Reference case (Figure MT-17). As in the case of solar photo-
voltaic, additional federal and local incentives help to support
the growth in commercial wind capacity. Commercial wind
capacity accounts for 11.1% of the 35.7 gigawatts (GW) of total
distributed generation capacity in 2040 in the No Sunset case,
with photovoltaic capacity accounting for 58.1%.

Rising fuel prices offset the effects of the 10% investment tax
credit on nonrenewable technologies for distributed genera-
tion. In the Reference case, microturbine capacity using naturai
gas grows by 15.3%/year on average, from 98.3 MW in 2012
to 5.4 GW in 2040, and its growth rate in the No Sunset case
is only slightly higher, at 15.7%/year. The microturbine share
of total distributed generation capacity in 2040 is 16.2% in the
No Sunset case, compared with 20.4% in the Reference case.
Fuel cell capacity grows by an average of 12.3%/year in the
Reference case and 12.7%/year in the No Sunset case.

MT-10

Growth in industrial energy consumption is
slower than growth in shipments
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In the AEO2014 Reference case, manufacturing shipments
increase by 87% from 2012 to 2040, while delivered energy
conhsumption for heat and power in the manufacturing sector
increases by only 19%. The continued decline in energy inten-
sity of manufacturing is explained in part by continued improve-
ment in the efficiency of industrial equipment as energy prices
gradually increase, and by a shift in the share of shipments from
energy-intensive manufacturing industries to non-energy-
intensive industries. With growing foreign competition, ship-
ments and energy use in many trade-exposed energy-intensive
industries (bulk chemicals, petroleum refineries, iron and steel,
and aluminum) begin declining around 2025. For less energy-
intensive manufacturing industries (plastics, computers,
machinery, and transportation), shipments continue to grow,

capturing a larger share of total U.S. manufacturing output.

In the nonmanufacturing industries {agriculture, mining, and
construction), energy intensity declines from 2012 to 2040, as
shipments increase by 57% and as fotal delivered energy con-
sumption increases by 41%. The decline in energy intensity is
limited by the mining industry, where energy intensity increases
as resolrce extraction moves into less productive areas.

U.S. manufacturing energy consumption for heat and power
grows in the Reference case by an average of 1.1%/year from
2012 to 2025, and then slows to 0.2%/year from 2025 to 2040
(Figure MT-18). Nonmanufacturing energy consumption grows
by an average of 1.9%/year from 2012 to 2025, and then slows
to 0.6%/year from 2025 to 2040. Nonfuel energy use, prin-
cipally bulk chemical feedstocks and asphalt, grows robustly
at 2.6% annually from 2012 to 2025, largely as a result of ris-
ing bulk chemical shipments. After 2025, nonfuel energy use
increases 0.1%/year, in parallel with bulk chemical shipments.

U.5. Energy Information Administration | Annual Energy Outlook 2014



Reliance on natural gas, natursl gas liquids, and
renewzbles rises as industrial energy use grows
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Totai delivered energy consumption in the industrial sector
increases by 28% (5.6 guadrillior British thermal units [BtuD
from 2012 to0 2040 in the AEQ2014 Reference case (Figure
MT-18). Much of the growthis in natural gas use, which accounts
for 34% of the tota! increase in energy consumption from 2012
to 2025 and 59% of the increase from 2025 to 2049, as a
result of re'stively low natural gas pricas from steady increases
in domestic naturae: gas sroduction through 204G, The mix of
industrial energy sources stays ralatively constant, however,
reflecting limited remaining capaaility for switching from ciner
fuels to natural gas in mest industries.

Rengwable fuel consumption increases by 53% from 2012 to
2040, although as a perceniage of total energy consumption,
renewable fuels remain small, a1 10% of “otal energy consump-
tion in 2040. Tne paper ndustry remzins the predominant usar
of renewabnle energy, accounting for roughly 66% of the enargy
consumed for heat and power in that industry

Industrial consumption of hydrocarbon gas liquids (HGL)
increases by 35% from 2012 to 2025, foilowed by a 5% decline
from 2025 to 2040. HGL are consumed predominantly as
feedstocks in the nulk cnemicals industry, and smalier amounts
wmostly propane) are consumed for process heat in other
industries. Cgal is the ondy indusérial fuel that shows 2 consis-
tant decline in consumption, from 6% of the total in 2072 20 5%
in 2040,

Low naturs! gas prices and increasec avaiiabiity of biomass
contribute to growth in the use of combined heat and powsr

CHP). Industrial CHP generaticn, excluding the refiring indus-
try, increases sy 88%, from 111.3 billion kilowatthours (kWh) in
2012 to 208.9 bitlion kVWn in 2042,

U.5. Erergy Information Administration | Annual Energy Outlook 2014

Industrial sector energy demand

Bulk chemicals feedstock mix refiects beth
reiative fuei prices and demand for chemicals
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Liguid feedstock consumption in the buik chemicals industries
is divided between heavy feedstock (petroleum-based naph:ha
and gasoil) anc light feedstock {hydrocarbon gas liguids [HGL,
primarily ethare and cropane), according to their relative
prices, Heavy feedstock orices foliow the price of oil, and prices
for HGL feedstock, a compesite of propane and ethare prizes,
vary relative tc both oii and naturzl gas prices. Ethane prices are
aisc infiuenced by preduction of ethane from naturai gas plant
liquids and by demand for organic anc resin chemicals,

Shipments in the bulk chemicals industries grow by 60% from
2012 to 2028 in the AEO2014 Reference case, foilowed by no
growtn after 2028, Growth in total liquid feedstock consump-
tion follows a similar pattern,

In the AEOQ2014 projections, the mix of feedstocks used 1o
produce buk chemicals varies with changes ir supply assump-
tions. inthe High Oil and Gas Resourcs case, natura! gas nrices
in 2040 are 40% lower than in the Reference case, while crude
cil prices are 129% lower. As a rasult, the HGL feedstock price
in 2040 is 31% lower than in the Reference case, while tne
reavy feedstock nrice is only 1836 (ower. in the Low Cil and Gas
Resource case, the HGL feedstock zrice in 20406 is 13% higher
than in the Reference case, while the heavy feecsteck price is
only 3% higher.

The greater variation in feedstock prices in tne High Oil and
5as Resource case |zads to more change in the feedstack mix
(Figure MT-20), with the use of light HGL feacstock growing
faster than the use of heavy napntha “eedstock. 'n all the cases,
consumption of heavy feadstock continues to grow fram 2012
to 2040, because some chemicals, such as butadiene and arso-
matics, cannct be made in sufficient quartities to mest demand
by cracking only HGL feecstocks.

MT-1
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For manufacturing applications, heat and
power use varies with economic assumptions

oure MT-21. Heat and power consumption
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There are three principal uses of energy for heat and power in
manufacturing: steam generation for process heat applications,
direct-fired heat applications, and the use of electricity to
drive machinery. Steam, produced in boilers and by CHP
applications, accounted for 4.4 quadrillion Btu of the 14.8
guadrillion Btu of enargy consumed for heat and power in the
manufacturing sector in 2012. The remaining 10.4 quadrillian
Btu of energy consumed for heat and power in manufacturing in
2012, consisting of fuels and purchased electricity, was used in
applications such as motors, kiins, direct process heaters, and
refining of liquid fuels. Energy for manufacturing can also be
used to produce chemical feedstocks.

Demand for heat in the manufacturing sector is particularly
sensitive to the rate of economic growth (Figure MT-21). In
the Reference case, industrial energy use for boilers and CHP
grows by 32% from 2012 to 2040, compared with 45% in the
High Economic Growth case and 18% in the Low Economic
Growth case.

The energy-intensive manufacturing industries account for
a disproportionate amount of the energy used in boiler and
CHP applications. The paper industry is the largest industrial
user of boiler and CHP, which accounted for 1.6 quadrillion
Btu, or roughly 80%, of total heat and power consumption in
the paper industry in 20712, The paper industry also recovered
1.2 quadrillion Btu of renewable and waste fuels in 2012,
specifically wood, pulping liquor, and municipal solid waste,
all of which was consumed in recovery boilers. In addition,
roughly half of the energy consumed for heat and power in the
bulk chemicals industry in 2012 was used for boiler and CHP
applications. Adoption of CHP in energy-intensive indusiries
with stable base-steam demand offers significant potential for
energy savings and cost reductions.

MT-12

Energy consumption in the metal-based
durables industries increases rapidly
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Energy consumption in the metal-based durables industries
increases at a rate that is more than twice the rate of growth in
the energy-intensive industries, driven by higher growth in ship-
ments relative to the energy-intensive industries. Energy con-
sumption in the metal-based durables industries grows from
1.4 quadrillion Btu in 2012 to 2.0 quadrillion Btu in 2040 in the
AE02014 Reference case, compared with 1.7 quadrillion Btu in
2040 in the Low Economic Growth case and 2.4 quadrillion Btu
in 2040 in the High Economic Growth case.

in each of the three cases, the energy intensity of metal-based
durables industries declines from 2012 to 2040. Shipments
grow more rapidly than energy use, as the industries’ energy effi-
ciency improves significantly over the period. Energy intensity in
the metal-based durables industries declines by 1.5%/year from
2012 to 2040 in both the Reference and Low Economic Growth
cases and by 1.7%/year in the High Economic Growth case.

The mix of energy used in the metal-based durables industries
differs significantly from that in the energy-intensive industries.
With extensive use of machine drive, the metal-based durables
industries use more electricity as a share of total energy con-
sumption. Also, manufacturing in the metal-based durables
industries uses energy for facility support activities, such as
lighting and climate control.

Growth varies among specific segments of the metal-based
durables industries (Figure MT-22). After 2025, shipments
and energy use slow significantly in the fabricated metals and
machinery segments but only slightly in other segments of the
metal-based durables industries. The segment with the fastest
growth in shipments and energy use is computers and elec-
tronic products.

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



Nonmanufacturing energy intensity reductions
are tempered by the mining industry
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[7 2040, nonmanufacturing incustries zccount for $2.6 trillion
(2005 doilars) in shipments in the AE02014 Referencs case—az
57% increase from 2012, From 2072 to 204G, tota! energy cor-
sumption in the nonmanufacturing subsector increases by 27%
{1.3 quadrilfion Btu) in the Low Economic Growth case, 41% (2.0
guadritlion Btw) in the Reference case. and 55% {2.6 guadriliion
Btu) in the High Ecenomic Growih case {Figure MT-23),

The noamanufacturing subsector consists of the construction,
agriculture, znc mining industries. In the Reference case, it
accounts for roughly 22% of tota: value of shipments and about
23% of {otal deliverad energy consumad in the industriz! sector
in 2040. The mining industry is the most energy-intensive of the
three industries, accounrting for 53% of the energy consumed
ir the nonmanufacturing subsector in 2040 but only 20% of
the value of shipments. In contrast, the construction industry
accounts for 65% of the shipments in 2040 but only 33% of the
energy corsumed, and the agricuifure secter accounts for 15%
of the shipments and 14% of the energy corsumed,

Overell, energy intensity deciines ' the noamanufacturing
subsector by 0% from 2012 to 2040 in the Reference case.
Construction anc agriculture both show a deciine in energy
intensity of 179% from 2012 to 2040, wheareas the mining indus-
try shows an increzse in energy intensity of 26% over the same
period. The energy intensity of mining increases as nroducers
move into less-productive zreas over time,

U.5. Energy Information Administration | Annual Erergy Outlook 2014

ndustrial sector enerev demand
Transportation sector energy consumption
declines in the Refarence case
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Trensportation sector energy consumation declires from 26.7
guizdriiion Btu in 2072 to 25.5 quadrillion Btu in 2040 in the
AEG2014 Referance cese (Figure MT-24), differing markedly
fromi the longer histeric trend. Transoortation energy consump-
tion grew by an averaga of 1 3%/year from 1973 tc 2007, when
it totaled 291 guacrillicn Btu [37. The cecline in transportaticn
ene gy cemand is the resuit of significant'y less energy use by
light-duty vehicies {LDVs), aiong with 2 smali decline in energy
use oy rall, wiich together more than offset increased eneray
use by heavy-duty vehicles (HDVs), aircraft, marine vessels,
and pipelines.

LDV energy dermand falls sharpiy, from 16.C quadrillion Btu in
2012 to 121 quadriliior Btu in 2040, as the result of higher fuel
economy that mere than offsets increzses in LDV travei. Even
with new stancards for HDV fuel efficiency and greennouse gas
emissiors starting in 2014, energy use by HDVs (including trac-
tor traiiers, buses, vocetions' vehicles, and heavy-duty piciun
truces and vans) increases the fastest among the transpartation
modes, from 5.3 quacrillion Btu in 2012 to 7.5 quacriliion Btu in
2040, as a result of increased demard for travel as economic
cutput grows.

Aircraft energy consumption increases modestly, from 2.5
ouadrillion Biu in 2012 to 2.7 quadrillion Btu in 2040, with
growth in personal air travel mestly offset by gains in aircra®t
fuel efficiency. Energy consumption by marine vessels grows
as increasec international trade boosis demand for shipping
and rising incomes increase demand for recreational boating,
Pipeline anergy use is temperea as incraasing volumes of natu-
ral gas are produced closer te end-use markets, and energy con-
sumption “or rai! trave! deciines slightly as the efficiency of rail
improves more rapidly than trave, demand increzses.

MT-13
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CATFE and greenhouse gas emissions standards
boost light-duty vehicle fuel economy
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The 1978 introduction of corporate average fuel economy
(CAFE) standards for LDVs increased the average fuel economy
of these vehicles from 19.9 miles per galion (impg) in 1978 to
26.2 mpg in 1987. Despite technology improvements, however,
as sales of light trucks increased from 17% of new LDV sales in
1980 to 53% in 2004 [4], fuel economy fell below 26 mpg in
1989 and did not rise above that level until 2007. From 2008
through 2012, LDV average fuel economy rose steadily from 2711
mpg to 32.7 mpg, as a result of more stringent CAFE standards
for light-duty trucks starting in model year 2008 and for pas-
senger cars starting in model year 20T1; CAFE and greenhouse
gas (GHG) emissions standards for passenger cars and light-
duty trucks starting in model year 2012; rising fuel prices; and a

raduction in the sales share of light trucks.

The National Highway Traffic Safety Administration (NHTSAD
and the U.S. Environmental Protection Agency (EPA) have
jointly issued new GHG emissions and CAFE standards for
model years 2012 through 2025 [5, 6], which are included in
AEQ2014. As a result, the fuel economy of new LDVs, measured
in terms of their compliance values in CAFE testing [7], rises
from 32.7 mpg in 2012 to 47.2 mpg in 2025 (Figure MT-25). The
GHG emissions and CAFE standards are held roughly constant
after 2025 in the Reference case, but fuel economy continues to
rise, to 48.2 mpg in 2040, as new fuel-saving technologies are
adopted. In 2040, passenger car fuel economy averages 55.6
mpg, and light-duty truck fuel economy averages 40.9 mpg.

MT-14

Miles traveled per licensed driver remains
below its historic kigh through 2040

e

e el

Ol T T T T T T 1
1970 1980 1980 2000 2010 2020 2030 2040

Personal vehicle travel demand, measured as annual vehicle
miles traveled (VMT) per licensed driver, declined from its
historic high of 12,900 miles in 2007 fo about 12,500 miles in
2012. In the AEQ2014 Reference case, personal vehicle travel
continues declining to 12,200 miles in 2020 before increasing
to 12,800 miles in 2040—still below the 2007 level (Figure
MT-26). Although motar gasoline prices, personal income, and
vehicle fuel efficiency continue to influence personal vehicle
travel, the major factors in the decline from 2013 through 2025
are changes in travel patterns by driver age and gender groups
and changes in employment rates.

The number of licensed drivers grows by an average of 0.8%/
year from 2012 to 2040, but declines in personal vehicle travel
demand for some age groups cause an overall decline in VMT
per licensed driver. The employment rate of the licensed driver
population (the employed, nonfarm population ages 16 and
over), which fell by 4 percentage points during the 2007-09
recession, does not rebound to pre-recession levels before
2040, termpering the projected growth in personal travel. Total
light-duty VMT increase in the Reference case to 3.4 trillion in
2040—a 29% increase from 2012—as a result of 26% overall
growth in the number of licensed drivers, from 213 million in
2012 to 269 million in 2040.

Although vehicle sales also grow through 2040, the number of
vehicles per licensed driver drops from 1.12 in 2007 to 1.02 in
2040, limiting the availability of vehicles for travel. Motor gaso-
line prices fall from 2012 levels and do not exceed that level until
2035, while real personal disposable income per licensed driver
increases by 55% through 2040. The changes in fravel behavior
and demographics more than offset the boost to personal travel
provided by income growth and lower motor gasoline prices.

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



Sales of vehicies using nongasoline technologies
grow by nesrly 400 percent from 2012 to 2043
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Lignt-duty vehicles (LDVs) that use diesel, aiternative-fuel,
hybrid-electric. or ali-eleciric systems play a sigaifican® roie in
meeting more stringent GHG emissiors and corporste aver-
age fues economy (CAFE) stansards n the AEQ2014 Reference
case, with sales increasing from 8% of 2!l new LDV sales in
2012 to 55% in 2040, Micro hybrid vericies. defined hare as
conventional gasciine vehicles with micro hybrid systems that
manage engine cperation at idle, resresent 33% of new LDV
sales in 2040 (Figure MT-27), Flex-fue! vehicles (FFVs), which
can use blends of uz to 85% ethznol, represent about 11% of all
new LDV szies in 2040. Current incentives for manufacturers
seuling FFVs, which zre avaiiebie in the form of fusl economy
credits earned for CAFE compliance, expire at the end of 2075,
As a resuit, the FFV share of LDV saies rises through 2079 and
then remains flat through the rest of the projection.

Sales of hyarid electric and all-electric vehicles that use stored
electric energy for motive cower grow substantialiy in the
Reference case. Gasoline- and diesei-glectric hybrid vehiclas
account for 5% of total LDV sales in 2040. Plug-in hybric and
all-ejectric vehicles account for 2% of total LDV sales and 3%
of tetal saies of vehicies using diesel, alternative-fuel, nybrid, or
ail-sieciric systams.

The ciesel venicle share of total LDV szies remains roughly
constant from 2012 to 2040 in the Reference case. Lignt-duty
gaseous and fuel cell vehicies account for less than 1% of new
vehicle sales because of limited fueling infrastructure anrd the
high incrementa! costs of the vehicles.

U.S. £rergy Information Administrat'or | Annual Energy Qutlook 2014
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Natural gas use for transportaticn fue! grows
but still makes up a medest share of total use
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The use of comorassed naturzi gas {CNG) and iguefisd natu-
ral gas (LNG) in LDVs, HDVs, locometives, buses. and marina
vessels grows from 43 trillior Btu ir 2012 to 883 triVion Bty in
2040 intne Reference case {Figura MT-28). Stiil, CNG and LNG
account for only 3% of totzl energy consumption in the trans-
poriation sector in 2040, similar to the amount of natural gss
consumed in pipeline transport,

Medium-duty and neavy-duty venicles—including tractor trail-
ers, vecationa! vehicles, pickups, and vans with a gross vehicle
welght rating (GVWR) of 10,001 pounds or more—become the
‘argest consumers of CNG and LNG, increasing from 71 trillion
Btuin 2012 to €13 triilicn Btu in 2040 in the Referance case. The
increase is spurred by relatively low ratural gas orices. nitiaily,
raturai gas is consumed primarily by medium-auty trucks using
CNG; but the vast majority of growth in naturai gas consump-
tion s for neavy-duty trucks (primarily tractar traiiers) using
LNG—z relatively high-mileage application in which the fuel
cest savings of LNG offset the significant incremental capital
cost of LNG vahicles,

LNG energy consumption by freight rail locomotives grows
to 148 trillion Btu by 2040, when it accounts for 35% of total
freight rail energy consumption, with fuel cost savings offset-
ting the incrementa! capital costs of LNG locomotives. CNG and
LNG energy demand for buses grows from 13 triliion 8ty in 2012
to 81 triltion Btu in 2040, primarily because of growh in CNG
use for transit buses, which represents 28% of totz! energy con-
sumption 2y suses in 2040, Use of CNG by LDVs and LNG by
domestic marine vessels remzins relativaly minor, 2t 191 trillion
Btu and 1.5 trillion Btu in 2040, or 2% and 0.2% of each mode's
energy consumption, respectively,

MT-15
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Growth in electricity use slows, but use still
increases by 29% from 2012 to 2040
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Growth of electricity demand (including retail sales and direct
use) has slowed in each decade since the 1950s, from 9.8%/
year from 1949 to 1959 to only 0.7%/year since 2000. In the
AEQ2014 Reference case, electricity demand growth remains
relatively low, as rising demand for electric services is offset by
efficiency gains from new appliance standards and investments
in energy-efficient equipment (Figure MT-29}. Total electricity
demand grows by 29% (0.9%/year), from 3,826 billion kilo-
watthours (kWh) in 2012 to 4,954 billion kWh in 2040.

Retail electricity sales grow by 25% (0.8%/year) in the
Reference case, from 3,686 billion kWh in 2012 to 4,623 billion
kWh in 2040. Population shifts to warmer regions with greater
cooling reguirements affect both residential and commercial
electricity sales. Residential electricity sales grow by 21%, to
1,657 billion kWh in 2040, with cooling needs offset by more
efficient appliances and light bulbs. Electricity sales to the com-
mercial sector rise by 27%, to 1,675 billion kWh in 2040, with
continugus growth in demand for electrical devices and equip-
ment. Sales to the industrial sector rise by 30%, initially in the
primary metals and butk chemical industries and later in the
food, construction, and metal-based durables industries.

Electricity demand varies with different assumptions about eco-
nomic growth, advances in energy-efficient technologies, and
electricity prices. In the High Economic Growth case, electric-
ity demand grows by 41% from 2012 to 2040, compared with
20% in the Low Economic Growth case and only 14% in the
Best Available Demand Technology case. In the High Oil and
Gas Resource Case, a 2% decline in electricity prices from 2012
to 2040, because of greater natural gas availability, results in
demand growth of 35% over the same period. In contrast, in
the Reference Case, electricity prices increase by 13% over the
projection, while demand increases by 29%.

MT-16

By 2035, natural gzs surpasses coal as the
largest source of U.S. electricity generation

Figure MT-30, Bivetvizily goueration by fuel in the
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The share of electricity generated from natural gas grows
steadily in the AEQ2014 Reference case (Figure MT-30), The
shift ta natural gas occurs primarily as a result of its relatively
low cost and coal-fired capacity retirements, although coal
maintains the largest share of the generation mix through most
of the projection. Changes in fuel mix are primarily a function of
natural gas prices, which drive dispatch decisions for both coal
and natural gas plants. Although a significant number of coal
plants are retired early in the projection, the reduction in coal-
fired generation is not propeortional to the decline in capacity,
because many of the ceal plants projected to be retired cur-
rently operate at low capacity factors.

After 2020, increasing demand for electricity creates a need
for new generating capacity, and natural gas plants account
for more than 70% of all new capacity in the projection. As a
result, the natural gas share of total electricity generation sur-
passes the coal share in 2035. Generation from nuclear power
plants is relatively constant through 2040, increasing by an
average of 0.2%/year, as 10 gigawatts (GW) of new capacity
is brought online and 5 GW of older capacity is retired, and the
nuclear share of total generation declines while the natural gas
and renewable shares increase. Renewable generation grows by
an average of 1.9%/year from 2012 through 2040 and makes
up an increasing share of the generation mix in the Reference
case. The non-hydropower share of total renewable generation
increases from 45% in 2012 to 65% in 2040. The generation
mix is sensitive to fuel prices and future policies and, therefore,
varies significantly across the AEQ2014 atternative cases.

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



Most new capacity uses natural gas
and renewzbles
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Decisions to add capacity, and the choics of fuai for new capsc-
tty, depend or a numper of facters [8]. With growing electricity
demaznd and the retirernent of 87 GW of existing capacity, 357
GW of new gererating capacity [9] is added ir the AEQ2014
Reference case from 2013 tc 2040 (Figure MT-31).

Naturai gas-fired olants account for 73% of canacity additions
from 2013 to 2048 in the Reference case, compared with 24%
for renewables, 3% for nuciear, and 1% for coal. Fscaiating con-
struction costs nave the largest impact cn cagitai-intersive
technolcgies, which include nuciear. coai, and renewables,
However, federal tax incentives, nuclear loan guaraniess, state
energy pregrams, and rising prices for fossi! fuels can increase
the competitiveness of cenewable and nuclear gererating
capacity. Federa’ and state environmertal regulaiions also
affect the use of fossil fuels, particuiarly coai, s does uncer-
tainty about future limits on GHG emissions and otter nossible
environmenta: programs (refiected in the Reference case by
adcing 3 percentage points to the cost of canital for new cozl-
fired capacity without carbon controis).

Uncertainty zbout demand growth and fuei prices also affects
capacity planning. Capacity additions from 2013 tc 204G range
from 263 GW in the Low Ecoromic Grewth case 1o 482 GW
in the High Economic Growtn case. In the Low Qil and Gas
Resource case, with higher naiural gas prices, new gas-fired
capacity totais 187 GW. or 49% of totai additions, from 2013
to 2040, In the Hign Oii and Gas Rescurce case, with natural
gas prices that are lower than in the Reference case, 323 GW
of new natural gas-fired capacity 's acded from 2012 tc 2040,
accounting for 83% of totai new capacity.

U.5. Erergy Information Administration | Annual Erergy Outlook 2074

Additions to power niant capacity slow after
2016 but accelerate beyond 2023
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Past investments in elactricity generation capacity have gons
through boom-ana-bust cycles, with periods of slow growth
fotlowed by repid growth in response to changing excectations
for future electricity demand and fuel prices, as well as changes
in the industry, such as restructuring. A construction boom in
the early 2000s saw canacity additions averaging 35 GW/year
from 20C0 to 2005, but tne average dropped to 19 GW/year
from 2006 to 2012 (Figure MT-323,

In the AE02014 Reference case. czpacity acditions from 2073
ta 2040 total 357 GW. including new plants in the power secior
as wen as end-use generators. Additions through 2076 average
16 GW/year, with 32% consisting of renewanle plants built to
take advantage of feceral 1ax incantives and to meet stzte RFS,
Eligibility rules for the wind production tax credit (FTC) zilow
new wing cepacity coming oniine before 2016 to gualify, leading
tc 2 large increase just at the deadiine

Anrual capacity acdifions drop significantty after 2078 and
remain peiow $ GW/year until 2023, while existing capacity
is adequate to meet relatively slow demand growth in most
regions anc satisfy renrewable requiraments under state stan-
darcs, Fror 2025 to 2040, annual builds average 14 G\W/year.
as what was previously excess capacity is again needed. About
79% of the capacity added from 2025 ‘o 2040 is fueled with
raturai gas, given higher constructionr costs for other types of
capacity and uncertainty about the prospects for future limits
on GHG emissions.

Uncerzainty about eiectricity demard growth affects annual
capacity additions. In the Low Economic Growth case, annual
additions average 10 GW/year from 2025 to 2040; in the High
Economic Growth case, they increase to an average of 20 GW/
year over the same period.

MT-17
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In the long term, growth in generating capacity parallels growth
in electricity demand. However, unaxpected shifts in demand
ot changes that affect capacity investment decisions can cause
imbalances that may take years to work out. Capacity growth
has outpaced demand since the 2007-09 economic reces-
sion that resulted in flat or declining demand. Low natural gas
prices and tax incentives for renewable technologies have con-
tributed to increases in those capacity types, even while most
regions had sufficient capacity to serve load with an adequate

reserve margin.

Figure MT-33 shows indexes summarizing relative changes in
total power sector generating capacity and electricity sales,
During the 1950s and 1960s, capacity and demand indexes
tracked closely; but energy crises in the 1970s and 1980s slowed
demand growth, with capacity additions outpacing demand for
more than 10 years, as planned units continued to come online.
Demand and capacity were aligned again in the mid-1990s, but
in the late 1990s uncertainty about industry deregulation led to
a downturn in capacity expansion, and another period of imbal-
ance followed, with demand growth exceeding capacity growth.

In 2000, a boom in construction of new natural gas-fired plants
brought capacity back into balance with demand, but capacity
continued to grow, creating excess. Construction of new wind
capacity also grew after 2000. Excess capacity remains in the
early years of the AEQ2014 Reference case, until retirements
eventually bring capacity growth and demand growth back into
balance after 2023, In the later years, total capacity grows at
a rate slightly higher than demand growth, due in part to an
increase in intermittent renewable capacity that does not con-
tribute to meeting demand in the same proportion as dispatch-
able capacity.

MT-18

Costs and regulatory uncertainties vary
across options for rew capacity
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Technology choices for new generating capacity are based
largely on capital, operating, and transmission costs [10]. Coal,
nuclear, and wind plants are capital-intensive (Figure MT-34),
whereas operating (fuel) expenditures make up most of the
costs for natural gas plants. Capital costs depend on such fac-
tors as equipment costs, interest rates, and capital cost recov-
ery periods, which vary with technology. Fuel costs vary with
operating efficiency, fuel price, and transportation costs.

Capital costs can decline over time as developers gain technol-
ogy experience, with the largest rate of decline observed for
new technaologies. In the AEQ2074 Reference case, the capital
costs of new technologies are adjusted upward initially to com-
pensate for the optimism inherent in early estimates of project
costs, then they decline as project developers gain experi-
ence. The decline continues at a progressively slower rate as
more units are built. Operating efficiencies also are assumed
to improve over time, resulting in reduced variable costs unless
increases in fuel costs exceed the savings from efficiency gains.

In addition to considerations of levelized costs [17], some tech-
nologies and fuels receive subsidies, such as production or
investment tax credits. Also, new plants must satisfy local and
federal emissions standards and be compatible with the utility’s
load profile to maximize revenue.

Regulatory uncertainty also affects capacity planning. Laws
and regulations may require new coal plants to include carbon
control and sequestration equipment, resulting in higher mate-
rial, labor, and operating costs. Because nuclear and renewable
power plants (including wind plants) do not emit greenhouse
gases, their costs are not directly affected by these specific
sources of regulatory uncertainty.

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



Nuclear electricity generation varies with
iicense renewals, upratss, and operating costs
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Prcjecticns of nuclear capacity znd genersation are influenced
by assumptions about the potential for capacity uprates, rew
licensing reguiresments, future opersting costs, and cuiside
influences such as natural gas prices and incentives for other
generating technologies. In the Reference case, nuclear capac-
ity and generstion remain relatively fizt, with early retirements
offset by new additions (Figure MT-33).

As discussed in AEQ2014 Issues in focus, the Accelerated
Nuciear Retirement case assumes no new nuciear builds
beyond tnose currertly under consiruction; that a'li existing
units are retired by 60 years of age; and ‘hat norfuel operai-
ing costs at existing nuclear plants increase by 3% annually,
similar to recert rates. In this case, 42 gigawatts (GW) of
nuciear capacity is retired, mastly from 2030 ic 2040. The Low
Nuclear case combines those assumptions with the Higk OFf
and Gas Resource case and the No Sunset case. Lower naturai
gas prices make exisiing and new nztural gas units rmore eco-
nomical, anc together with tax credits for newiy addzd renew-
able capacity, they lower electricity marke: prices. Wih rising
operating costs for nuclear ziants and lower electricity prices,
77 GW of nuclear capacity 's retired before 60 vearz of life. The
retireG nuclear capacity is repiacec primarily by naturz| gas
capacity, ieading 1¢ a 6% increase in CO, arrissions in the elac-
tric power sector in 204C.

The High Nuclezr case assumes more uprztes of existing
anits, adding 6.0 GW of capacity, and the addition of 12.6 GW
of pianned capacity through 2027, As a result, total nuclear
generation in 2040 is 179% higher than in the Reference case,
recucing tne n2ed for acditional natural gas-fired generaticn.

U.5. Energy Information Administration | Annual Energy Outlook 2074
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Solar photoveltaics and wird dominate
renewsble capacity growth
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Total renewable generating czpacity grows oy 52% “rom 2012
to 2040 in the AEC20%4 Reference case. Nonhydropower
renewsable capacity. particuiarly wind and solar, nearly deubles
(Figure MT-36) and accounts for almost ail of the growtn in
renewable capacity.

Solar power jzads the growth ir renewabie capacity, increasing
from .ess than 8 GW in 2012 o more than 48 G\W in 2040,
Wind capacity increases from less than 60 GW in 2012 to &7
GW in 2040, the secongd-largest amount of new renswabie
capacity. Although gectherinal capacity more than triples and
bicmass capacity neariy doubles in the projection. combired
they account for less than 2% of rerewable capacity additions.
Wind is the top scurce of norhyaropowsr renawabie capacity
in the prolection. surpassing the nvdropower share in 2036

Renewable capacity growth is supparted by a variety of federal
and staie poiicies, particuiarly state renewable oortfolic stan-
dards (RPS) and fecera! tax credits. However, the impact of
those poiicies is limited later in the projection pericd, because
individual state renewable targets stop increzsing bty 2025,
and projects must generaily ba anline by 2016 to qualify for
currentiy available federal tax credits. in addition, growth in
electricity demand is modest and natura! gas prices are rela-
tively low after 2025, Renewable cacacity grows by an average
of 0.7%/vear from 2020 to 2030, compared with 3.8%,/year
from 2070 to 2020, However, as natural gas pricas rise over the
projection period, renewable capacity becomes an increasirgly
cost-competitive ostion in soma regions, 2nd the totai grows by
an average of 1.5%/year overall from 203C 10 2040.

MT-9



Renewable ceneration

Total generation from wind, solar, and other
renewables surpasses hydropower
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Total renewable electricity generation grows by 1.9%/year on
average in the Reference case, from 502 billion kWh in 2012
to 851 billion kWh in 2040. Nonhydropower renewables, aver-
aging 3.2%/year growth, account for nearly all of the growth,
with their total surpassing hydropower (the previous leader of
renewable generation) in 2014 and accounting for about two-
thirds of all renewable generation in 2040 (Figure MT-37).

Solar energy is the fastest-growing source of renewable genera-
tion, increasing by 7.5%/year from 2012 to 2040, almost exclu-
sively as a result of increased photovoitaic capacity in both the
electric power (central-station) and end-use (customer-sited)
sectors. Wind generation grows by an average of 2.0%/year
but provides the largest absolute increase in renewable genera-
tion. From 2012 to 2016, wind power developers take advan-
tage of the existing federal PTC, which requires plants to be
under construction by the end of 2013 to qualify.

Geothermal power is the second-fastest-growing source
of renewable electricity generation in the Reference case,
increasing from less than 16 biliion kWh in 2012 to 67 billion in
2040—a 5.4% average annual growth rate. Biomass genera-
tion also grows significantly, increasing by an average of 4.4%/
year from 2012 to 2040, primarily as a result of increased
use of co-firing technology in the electric power sector in the
near- to mid-term. Co-firing is encouraged by state-level pali-
cies and increasing regional cost-competitiveness with coal. In
the fong run, the growth of biomass generation is supported by
increased capacity at dedicated biomass plants in the electric
power sector, as well as combined heat and power plants in the
industriai sector.

MT-20

California leads renewable electricity
generation growth

Figure MT-3% reaewahl
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In the AEQ2014 Reference case, nonhydropower renewable
generation increases from 2012 to 2040 in all modeled electric-
ity regions (for a map of the regions and definition of acronyms,
see Appendix F). lts growth is faster in some regions than in
others, and the penetration in the generation mix and result-
ing increases in generation vary substantially among regions
(Figure MT-38).

Regional growth in nonhydropower renewable generation is
mainly driven by three factors: state RPS, availability of renew-
able energy resources, and cost competiveness with fossil fuel
technologies. Factors such as electricity dermand growth, non-
RPS palicies (such as net metering), and electricity prices also
affect the rate of growth, which tends to be strongest in regions
where a combination of factors is in place.

The WECC California (CAMX) region accounts for both the
highest absolute level of nonhydropower renewable genera-
tion in 2040 and the largest growth from 2012 to 2040, which
is supported by an aggressive RPS, availability of solar, wind,
and geothermal resources, and relatively high electricity prices.
The AZNM (Arizona, New Mexico, and Nevada) and 5RVC
(Virginia, North Carolina, and South Carolina) regions show
the next-highest increases in nonhydropower renewable gen-
eration from 2012 to 2040. In the AZNM region, growth is
supported by mandatory RPS standards, above-average elec-
tricity demand growth, and the availability of solar and wind
resources. Although Virginia and South Carolina do not have
mandatory policies in place, the SRVC region has robust bio-
mass and solar resources and relatively high fossil fuel prices.

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



Industrial and eleciric power sectors drive
growih in U.S. natural gas consumption

\ W, Motoral sas consum ndion by seclon

12 History 2012 Projections
10 .r'r. N I’ -\--”'f - =3
v ~ stric powe
# L ,.,-H - = .,
8 I‘\_..J—',V"
6 —
e Nt
’.f.._ «.‘J}ﬁ-w" W'!.__‘__
4 ¥ —
2 —
0 T T t T d
1980 2000 2010 2020 2030 2040

U.S. total natural gas consumption grows frem 25.6 tiillion
cubic feer (Tcf) in 2072 to 31.6 Tef in 2040 in the AEQ2014
Refarence case. Natural gas use ncreases in all of the end-use
sectors except residentia’ {Figure MT-33). Natural gzs use for
residentizl space heating deciines as a resuit of popuistion
shifts to warmer regions of the country anc :morovements in
appliarce efficiency.

Consumption of naturai gas for elactric power generation grows
by about 2 Tcf and makes up abeut 33% of the increase in total
natural gas consumptior by 2040, Relatively low natural gas
prices make natura! gas an atrractive fue! for serving increased
load. Naturel gas is 2iso the fuel most often used to replace
older coal-firad generation as it 1s retired.

From 2012 to 2040, natura: gas consumpticn in the incustria!
sector increases by 2.5 Tcf. an average of 0.9%/year, raprasent-
ing about 26% of the total increase in naturai gas consump-
tien. As industrial output grows, the energy-intensive industries
take advantage of relatively low naturai gas grices, particularly
through 2028, After 2028, industrial sactor consumption of
natural gas continues to grow but at a scmev/hat slower rate, in
rasponse fo rising prices,

Although transportation use currently accounts for orly 2 smal;
portior of totai U.S. natural gas censumption, natural gas use oy
heavy-duty vehicies (HDVs), trains, ana shizs snows the largest
percentage growth of any fue! in the projection. Censumnticn in
the transportation sector, exclucing naturai gas use at compres-
sor statiens, grows from about 40 sillion cubic feet (Bcf) in 2012
to 850 Bcf in 2040,

U.5. Energy Information Administration | Annual Energy Qutlook 2014

Natural gas prices rise with an expected
incresse in production costs
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Average annue! U.S. retura’ gas prices have remainec relatively
iow over the psst several years as a resu!t of the availabliity of
goundant domestic resources and the appiication of improved
production technoiogies. To provide the suppiies necessary to
meet growth in natural gas corsumption and a rise in exgorts
in the AEC2014 Reference case, producers move into areas
where the recovery of natural gas is more difficuit and expen-
sive. which teads 1o an increase in Henry Hub spot prices over
the projection period. Henry Hub spot prices for natural gas
increase by an average of 3.7%/vear ‘r the Reference case,
from $2.75/million Btu (MMBLW) in 2012 to $7.65/MMBtu
{2072 doilars)} in 2040 (Figure MT-40),

Growth in demand for naturz: gas, largely from the electric
power and industrial secters and for liguefied natural gas
(LNG) exports, results in upwzrd pressure on prices, carticu-
larly in the 2015-18 pericd. Deiiversd prices to residential, com-
merc.ai, industrial, znd electric powsr consumners gensrally
rise with Hernry Hub prices in the projection, but the lower 48
average spot price increases at a siightly slower rate than the
Henry Hub spot price, because regional production grov.th in
areas that do not serve the Henry Hub is somewhat faster than
growin in areas that supply the Herry Hub. In particular, dry gas
preductior in the Marceflus shale play, which aredominantly
serves the Northeastern and Mid-At‘antic regions. grows from
1.9 Tcfin 2072 to 5.0 Tef in 2022 in the Reference case, before
ceclining to 4.6 Tcf in 2540, Total onsnore production in the
Northeast region grows on average by 3.2%/year, from 3.3 T¢?
in 2072 10 8.1 Tef in 2048, while combined cnshere and off-
shore crocuction in the Gulf region grows by 2.1%/year, from
7.3 Tef in 2072 to 13.0 Tef in 2040.

MT-27
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Natural gas prices depend on economic growth
and resource recovery rates among other factors
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The projection of natural gas prices depends on many factors,
including macroeconomic growth rates and expected rates of
resource recovery from natural gas wells. Higher rates of eco-
nomic growth lead to increased consumption of natural gas,
primarily in response to their effects on housing starts, com-
mercial floorspace, and industrial output. In the High Economic
Growth case, higher lavels of consumption result in more rapid
increases both in depletion of natural gas resources and in the
cost of developing new production, pushing natural gas prices
higher. The converse is true in the Low Economic Growth case
(Figure MT-41). In the High and Low Economic Growth cases,
the price rises by 4.0%/year and 3.5%/year, respectively, com-
pared with 3.7%/year in the Reference case.

The rate of resource recavery from oil and natural gas wells has a
direct impact on the cost per unit of production and, in turn, prices.
The High Qil and Gas Resource case assumes higher estimates
for recoverable crude oil and natural gas resources in tight wells
and shale formations and for offshore resources in the lower 48
states and Alaska than in the Reference case. The Low Oil and
Gas Resource case assumes lower estimated ultimate recovery of
natural gas from each shale well or tight well than in the Refer-
ence case. In the Low and High Qil and Gas Resource cases, Henry
Hub spot natural gas prices increase by 4.9%/year and 1.8%/year,
respectively. (An article in the Issues in focus section, "U.S. tight
oil production: Alternative supply projections and an overview of
ElA's analysis of weli-level data aggregated to the county level,”
provides mare information on the alternative resource cases.)

In both cases, there are mitigating effects that dampen the
initial price response from the demand or supply shift. For
example, lower natural gas prices lead to increases in natural
gas exports and demand, which place some upward pressure
on natural gas prices.

MT-22

With production growing faster than use, the
T.S. becomes 2 net exporter of natural gas
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In the AEQ2014 Reference case, natural gas production grows
by an average rate of 1.6%/'year from 2012 to 2040, more than
double the 0.8% annual growth rate of total U.S. consumption
over the periad. The growth in production meets increasing
demand and exports (liquefied natural gas [LNG] and pipe-
line exports), while also making up for a drop in natural gas
imports. The United States becomes a net exporter of natural
gas before 2020.

The development of shale gas resources spurs growth in nat-
ural gas production, with producers seeing higher prices as a
result of growing demand, especially from both the industrial
and electricity generation sectors. Growing LNG exports also
support higher natural gas prices.

The United States transitions from being a net importer of 1.5
Tef of natural gas in 2012 to a net exporter of 5.8 Tcf in 2040,
with 88% of the rise in net exports (6.5 Tcf) occurring by 2030,
followed by slower growth through 2040 (Figure MT-42).

Net LNG exports, primarily to Asia, increase by 3.5 Tcf from
2012 to 2030, then remain flat through 2040, Prospects for
future LNG exports are uncertain, depending on many factors
that are difficult to anticipate. The increase in net LNG exports
to Asia through 2030 accounts for 55% of the rise in total net
natural gas exports, with the remainder coming from decreased
net pipeline imparts from Canada and increased net pipeline
exports to Mexico. Net pipeline imports from Canada drop
from 2.0 Tef in 2012 to 0.4 Tcf in 2030, mainly as a result of
lower imports to the western United States. Imparts from Can-
ada increase to 0.7 Tcf in 2040, with higher imports into the
northeastern United States. In contrast, net pipeline exports to
Mexico grow steadily, from 0.6 Tcf in 2012 to 3.1 Tcf in 2040,

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



U.S. natural gzs production, use, and exports
all are affected by ofi prices

Figure vl i-——J natural gas prodociyon i thred

1990-2040 qrrillion cubie feet per veur

50 _ History 2012 Projections -
High Of Prize
A
40 Reference, //
}'.-
30 e —p——

0 -
1980

—

2000 2010 2020 2030 2040
U.S. natural ges producticn is affected by crude oil prices
primzrily through changes in natural gas corsumpticn and
exporis. Across the ol price cases, the largest changes I con-
sumpticn are seen for natural gas consumed irn transportatior

and natural gas exportad as LNG.

The profitabiity of naturz! gas as atrensportation fuel or as LNG
for export depends primarily on the price differantizi between
crude oif and natura gas. For example, in the Low Qi Price
case, the average difference between oil prices and natura] gas
prices from 2272 through 2040 is about $7.7C per million Bsu
(MMBtu}. With that low price differeniial, virtually no natura!l
g3s is consumes in the transoortation sector, and little LNG 's
exported, in the High Cil Price ¢zse, in contrast, the average
price difference is ebout $21.90/MMBty, which provides sub-
stantiaf incentive for direct use of natura! gas in transportation
and for conversion to LNG fer export,

Across the oil price cases, total natural gas production var-
ies by 8.3 Tcf in 2040 (Figure MT-43), with changes in LNG
exports accounting for 6.3 Tcf 2nd changes in direct consump-
tion for transportztion accounting fer 2.2 Tef. The increass in
LNG exports and transpertation consumpticn is 05set to some
extent by iower natural gas consumption in other sectors, with
spot prices for natura! gas from 2012 to 2040 averaging about
$0.70/MMBtu higher in the High Oil Price case than in the Low
Oil Price case.

LS. Energy Information Administration | Annual Energy Sutlook 2014
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Natural gas supply

Shale gas provides ti:e largest source of
growth in U.S. nataral gas supply
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The 56% Increase in totai natural gas production from 2012 to
2040 in the AEQ2314 Reference Case resuits from increased
cevaiopment cof shale gas, Yignt gas, and ofishore natural gas
rasources (Figura MT-44). Shale gas producticn is the largest
contributor, growing by mcre than 1C Tef, from 5.7 Tef in 2072
1019.8 Tctia 2040. The shale gas share of total U.S. natural gas
production increases from 4C% in 2012 to 53% in 2040, Tight
gas production ard offsncre gas production incrzase by 73%
and 78%, respectively, from 2012 to 2040, hui their shares of

total production remsin relatively constant,

From 2017 w0 2022, U.S. offshore natural gas production
declines by 0.3 Tef, as offshore exploration and development
activities are directed primarily toward oil resources in ths Gult
of Mexico. Offshore ratural gas production increases after
2022, growing to 2.9 Tcfin 2040, as natura’ gas prices rise.

Alaska's nzturai gas production also increases during e pro-
iection peried, because cf Alaska LNG exports to overseas cus-
tomers, beginning in 2026 and increasing to 0.8 Tcf (2.2 Bcf/d)
in 2029. Alaska's LNG exports level off at 0.8 Tcf per year over
the last decade of the projec-tion. Alaska's total natura! gas
production in 2040 is 1.2 Tcf,

Aithougn U.S. natural gas production rises throughout the pro-
jection, the mix of sources changes over time. Cnshore non-
associated production (from scurces oiner than 3ight gas, shaie
gas, and cealved methane) deciines from 3.9 Tef 'n 2012 10 1.6
Tctin 2040, and in 2040 it accounts for oaly about 4% of tosa
domestic production, down from 16% in 2012.

MT-23
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U.S. exports to North American and overseas
gas markets increase as gas production rises
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With relatively low natural gas prices in the AEO2014 Refer-
ence case, the United States becomes a net exporter of natural
eas in 2018, with net exports growing to 5.8 Tcf in 2040. Most
of the projected growth in exports consists of LNG exported to
overseas markets. From 2012 to 2040, U.S. net exports of LNG
increase by 3.5 Tcf (Figure MT-45), including 0.8 Tcf of LNG
originating in south-central Alaska, with the remaining volumes
originating from export terminals located along the Atlantic and
Gulf coasts. In general, future U.S. LNG exports depend on a
number of factors that are difficult to anticipate, including the
speed and extent of price convergence in global natural gas
markets, the extent to which natural gas competes with ail in
U.S. and international gas markets, and the pace of natural gas
supply growth outside the United States.

The next-largest growth market for U.S. natural gas exports is
pipeline exports to Mexico, which increase from 0.6 Tcfin 2012
to 3.1 Tcfin 2040, The increase in exports to Mexico reflects a
growing gap between Mexico's natural gas consumption and
production. However, Mexico's recently enacted legislation to
restructure its oil and gas industry could reduce the need for
LS. naturai gas exports to Mexico in the future.

Net natural gas imports from Canada decline through 2033,
when they reach a low point of about 0.4 Tcf. After 2033, higher
natural gas prices in the lower 48 improve the economics of
Canadian natural gas exports to the U.5. West Coast. In 2040,
net U.S. imports of natural gas from Canada total about 0.7 Tef.

MT-24

LNG export growth depends on price and
productivity assumptions
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In the AEO2014 Reference case, growing natural gas produc-
tion from shale gas and tight oil formations supports an increase
in U.5. exparts of LNG and pipeline gas. Net exports of LNG
increase by 3.5 Tcf from 2012 to 2040, representing 48% of the
total increase in U.5. natural gas net exports over the period.
The United States becomes a net LNG exporter in 2016, with
gross exports reaching their peak level of 3.5 Tcf in 2030,

The United States is a net LNG exporter in all of the AEO2014 oil
price and resource cases; however, LNG export levels vary sig-
nificantly by case. In the High Oil Price case, where both global
LNG demand and LNG prices are higher than in the Reference
case, LNG exports increase to 6.7 Tcf in 2028 and remain at that
level through 2040 (Figure MT-46). Conversely, in the Low Qil
Price case, gross LNG exports increase to only 0.8 Tcf in 2018,
where they remain through most of the projection period. The
LNG export projections in AEQ2014 are based on a generalized
aconomic evaluation and do not reflect a specific evaluation or
knowledge of decisions on pending LNG export applications.

In the High Qil and Gas Resource case, farge production
increases put downward pressure on U.S. natural gas prices,
and as a result LNG exports climb to 5.1 Tcf after 2025. The Low
Oil and Gas Resource case assumes lower natural gas produc-
tion and higher domestic gas prices. Gross LNG exports in the
Low Oil and Gas Resource case reach 2.1 Tcf by 2027.

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



U.S. naturzl gas production rates depend on
resource availzbility and production costs
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Prospects for sroduction from tigh: oif and shale gas resources
are uncertain, both because farge poriions of the formations
have [ittle cr no procduction history, and because futire tachnoi-
ogy could increase well productivity while reducing costs, The
Low Ot and Gas Rescurce and High Ol and Gas Resource cases
lifustrate the potertiai impacts of charges in the Reference case
assumptions regarding techroicgy advences and the resource

size nd quality.

The High Cii ang Gas Rescurce case assumes (1) higher esti-
mates of onshore iower 48 tight oil, tight gas. and shale gas
resaucces than in the Reference czse, as a resuit of higher asti-
mated ultimate recovery (EUR) per weli and closar well snac-
ing; (2) tight cil deveiopment in Alaska; () nigher estimates
of offshore rescurces in Alaska and the lowier 48 states; and
(4) higher rates of long-term technology improvemant. In the
High Resource case, nigher well aroductivity reduces devsi-
opment and proauction cosis nar unit, resulting in more and
earlier rasource development tnan in the Refererce case, Witn
the greater aburdance of less-expensive shale gas resources,
cumulative shale gas production from 2012 through 2040
totals 540 Tcf, as compared with 442 Tcf in the Refererce
case. in the Reference case and the High Resource case, total
natural gas production ir 2040 grows to 37.5 Tctand 45.5 Tcf
per year, respective’v.

fn the Low Of and Gas Resource case, which assurres lowar
tight oll, tignt gas, anda shale gas resources than in the Refer-
ence case, total natural gas preduction plateaus at just under 29
Tcf per year from 2027 tnrough 2036, then deciines 1o 287 Tcf
in 2040 (Figure MT-47). Shale gas production peais in 2030
2733 Tef and deciines 1o 11.6 Tef in 2040, From 2012 to 2040,
cumulative shzie gas production totals 341 Tcf in the Low Oil
and Gas Resource case.

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

Marcellus shale gas productior growth changes
U.S. natural gas transportation patterns
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Histericaliy, naturai gasproducedin Texas. Louisiana, Oklzhoma,
and the offshore Gulf of Mexico has been transported to mar-
kets east of the Mississicpi Rwver. In addition. significant vol-
umes of raturat gzs have been transsorted frem Canzda and
the Rocky Mountains tc serve the same markets, However, the
advent of iarge-scale natural gas producticn in the Marcellus
sha'e formation, located in Appaiachia, will aiter natural gas
transporiation patterns east of the Mississinpi River.

in the AEG2014 Reference Case, natural gas production from
the Marcelius shale grows fzom 1.5 Tcf in 2072 to 2 peak pro-
duction volume of asout 5.0 Tof per year fromr 2022 through
2025. Marcelius shaie gas orocuction could zrovide up 1o 3%
of the natural gas needed to meet demanrd in markets east of
tha Mississippi River durirg that period—up from 16% in 2012,
Although Marcelius gas procucticn declines after 2024 in the
Reference case, it still crovidas enough natural gas to mest st
least 31% of the region’'s total demand for natural gas through
2045 (Figure MT-48).

Marce!lus natura. gas exceeds 100% of the demand projeciad
for the New Eagland and Mid-Atlantic Census Divisions from
2C1¢ through 2C4C in the Reference case. reguiring trans-
portation of some Marcellus gas to other markets. During he
expected peak production period for the Marceilus shale. from
2022 through 2025, its total production exceeds natural gas
corsumption ir the New England and Middie Atlantic regiors
by more thar 1.0 Tcf over the »eriod.

MT-25
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Natural gas-fired generation grows strongly in
the electric power sector

circirie power secior v SN EMC regemon an the Releroic

case, JINES=00 { Dilion KilswatThour

: 2 _—
400 History 201 Projections —

——" WECG

300

MRO
2040

D : 1 .
2005 2010 2020 2030
Consumption of natural gas by the U.5. electric power sector
grows by an average of 0.7%/year from 2012 to 2040 in the
AEQ2014 Reference case. That growth is equivalent to 42%
of the total increase in electricity generation over the period.
While the coal-fired share of total generation in the electric
power sector declines from 39% in 2012 to 34% in 2040, the

natural gas share rises from 29% ta 33%.

The increase in natural gas-fired generation is generally more
pronounced in regions where coal-fired power plants are
retired, inciuding the SERC Reliability Corporation (SERC) and
ReliabilityFirst Corporation (RFC) regions (Figure MT-4%). The
retirement of coal-fired capacity in the SERC region from 2012
to 2040, at 129 GW, is the country's second largest, and its
increase in natural gas-fired generation over the same period, at
109 million MWh, is the largest. The largest decrease in coal-fired
capacity (21.7 GW) is in the RFC region, which also has the third-
largest increase in natural gas-fired generation, at 103 million MWh,

Two other regions with large increases in natural gas-fired genera-
tioninthe Reference case arethe Western Electricity Coordinating
Council (WECC) and the Texas Reliability Entity (TRE), Those
two regions do not have large retirements of coal-fired generation
capacity, but they do have significant overall growth in electricity
demand, most of which is met with natural gas-fired generation.
WECC has the country's second-largest increase in natural gas-
fired generation from 2012 to 2040 (105 million MWh), and TRE
has the fourth-largest increase (81 million MWh).

In the RFC and TRE regions, natural gas-fired generation meets
the vast majority of growth in electricity demand through 2040.
Despite retirements of coal units, coal generation still meets a
significant portion of demand in the SERC region. in the WECC
region, renewables meet a significant portion of demand growth.
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Led by transportation, petroleum and other
liquids consumption declines
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Consumption of petroleum and other liquids remains relatively
flat in volumetric terms in the AEQ2014 Reference case (Figure
MT-50). While the transportation sector accounts for the larg-
est share of total consumption throughout the projection, its
share falls from 72% in 2013 to 65% in 2040, as a result of
improvernents in vehicle efficiency following the incorporation
of corporate average fuel economy (CAFE) standards for both
light-duty vehicles (LDVs) and heavy-duty vehicles (HDVs). In
the industrial sector, consumption in the chemicals industry
increases by 1.3 million barrels per day (MMbbl/d) from 2012
to 2040, largely reflecting higher volumes of hydrocarbon gas
liquids as the sector benefits from increased U.S. production
of natural gas. Consumption in all other industry segments
decreases between 2012 and 2040.

Motor gasoline, ultra-tow-sulfur diesel fuel, and jet fuel are the
primary transportation fuels, all of which can include biofuels
and may be supplemented by natural gas. Total motor gasoline
consumption increases from 2012 to 2015 before dropping by
approximately 2.1 MMbbl/d from 2015 to 2040 in the Refer-
ence case, while total diesel fuel consumption increases from
3.4 MMbbl/d in 2012 to 4.3 MMbbl/d in 2040, primarily for
use in HDVs.

Both ethanol blending into gasoline and E85 consumption are
essentially flat throughout the projection period, as a result
of declining gasoline consumption and limited penetration of
FFVs. The rapid rise of U.S. crude oil production, combined with
the decline in motor gasoline demand and a modest increase in
dieset fuel demand, reduces market opportunities for CTL and
GTL technologies.

U.S. Energy Information Administration | Annual Energy Outlook 2074



Crude oil leads initial growth in liguids supply,
nexi-generation liquids grow slowly after 2620
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In the AEC2074 Refererce case, petroleum anc other iiquics
supply grows througn 2079 zs a result of increases in produc-
tion of tight ol! {inciucing condensates) and natural gas nlart
liguids (NGPL) (Figure (MT-57). Totaf liquids production grows
from 711 MMbbl/2 in 2012 to 2 seak of 14.6 MNibbl/d in 2019,
then drops to 12.7 MMabi/d in 2040 —still above 2072 levels—

as tight oil production declines.

Production of hycrocarbon gas liguids {HGL) [i2] increases
throughout the projection. HGL is a new term introduced i
the analysis tc account for NGPL nroduced from naturai gas
processing piants and fractionators, and the liquefied refinery
gases from cruce off in refineries. NGPL nroducticn increases
from 2.4 MMbbi/d in 2012 to about 2.0 MMbbi/d in 2030,
then remains lave! after 203G, as growth in natural gas produc-
tion siows.

Domestic ethanoi prodiiction remains relatively <at. as cor-
sumption of motor gasoline decreases anc the seretration of
ethanot is slowed oy the iimited avaiiasiity of flex-fuel vehicles
and retrofitted filling stations. Biodiesel preduction is alsc con-
stant throughout the projection on the assumption that the U.S.
Environmental Protecticn Agency {EPA} wiil indefinitely con-
tinue the current reguirement of .28 billion gallcrs cer year
under the RFS.

Other biomass-to-liguids oroduction, excluding sthanal and
hicdiese!l. increases by 32,200 bbi/d from 2072 ‘o 2040.
However, neither gas-to-liquids {(GTL) rer cozl-to-liguids (CTL)
cortributes o comesiic liquids procuction in the Reference
case because of the risks associated with their high capita!
costs. long consiruction leadtimes, anc the pcssibility that lig-
uids fram CTL facilities will not remain price-competitive with

-----

crude ol over tha [ifetimes of the faciiities.

U.S5. Energy Information Administration | Annual Energy Outicok 2014

rude o1l and other

liquids supply
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Frojections of U.S. tight oil production are uncertain, because large
portions of the krown formations have little or no production his-
tory. and because techniology imorovements cou'd increase well
productivity while reducing driting, cormpletior, and production
costs, The High and Low Oil and Gas Resource czses illustrate the
potential imracis of changes in the Reference case assumptions

regarding technology advances and the resotirce size and quality.

The High Oi! and Gas Resource case assumes more ohshore
iower 48 tight resources *han in the Reference case, as a result
of higher EUR per we!! and closer weli sbacing; right il develop-
mentin Alaska: more offshicre resources in Alaska and the lower
48 states; and more rapid technoiogy improvements over the
long term.

In the High Oil ang Gas Resource case, higher well productivity
reduces development and producticn cosis per unit, resulting in
more and eariier davelooment of oil and gas resources than in
the Reference case (Figure MT-32). U.S. eruge ofi production in
the High Ot and Gas Resource case reacnes 13.3 MMbhi/d in
2036, comzared with an earlier and lower projectec high point
of ¢.6 MMbbl/C in 2079 in the Reference case. Cumulative sro-
cuction in the High Off and Gas Resource czse is ahout 125 wil-
lion barrels—compeared to about 90 billion barrels in the Refer-
ence case—from 2012 to 2040,

ir the Low Cf' and Gas Resource case, which assumes lower
estimates of tight resocurces than in the Reference case, crude
0il productior piateaus at an earlier and lower projectac high
of 9.2 MMbbl/d in 2816 before declining. Witk proguction of
tight cil continuing to dacline threugh 2040 in the Low Dil and
Gas Resource case, cumulative crude oil production from 2012
to 2040 is 10% lower than in the Reference case, a: abour 81
bitiign barreis,

MT-27



rude oil supply
Lower 48 onshore tight oil development spurs
increase in U.S. crude oil production
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U.S. crude oil production grows from 2012 through 2019 in the
Reference case, befare peaking at more than 9.6 million barrels
per day (MMbbl/d)—about 3.1 MMbbl/d above the 2012 total and
close to the historical high of 9.6 MMbbl/d in 1970 (Figure MT-53).
The growth in lower 48 onshore crude oil production is primarily a
result of continued development of tight il resources in the Bak-
ken, Eagle Ford, and Permian Basin formations. Tight oil produc-
tion increases to a peak of 4.8 MMbbl/d from 2018 through 2021
and then declines to about 3.2 MMbb!/d in 2040 (0.9 MMbbl/d
higher than the 2012 total) as high-productivity areas, or sweet
spots, are depleted. There is considerable uncertainty about the
expected peak level of tight oil production, because ongoing
exploration, appraisal, and development programs expand opera-
tor knowledge about producing reservoirs and could result in the

identification of additional tight oil resources.

Crude oil production using carbon dioxide-enhanced oil recov-
ery (CO,-EOR) increases after 2017—when oil prices rise, and
as output from the more profitable tight oil deposits begins
dechining and affordable anthropogenic sources of carbon diox-
ide (CO;) become available—to 0.7 MMbbl/d in 2040. The
rate of the increase is slower over the last five years, when pro-
duction is limited by reservoir quality and CO, availability. From
2013 through 2040, cumulative crude oil production from CO»-
EOR projects totals 5.2 billion barrels.

Lower 48 offshore oil production varies between 1.4 MMbbl/d
and 2.0 MMbbl/d over the projection period. Toward the end of
the period, the pace of exploration and production activity quick-
ens, and new large development projects, associated predomi-
nantly with discoveries in the deepwater and ultra-deepwater
portions of the Gulf of Mexico, are brought on stream. New off-
shore oil production from the Alaska North Slope partially off-
sets the decline in production from onshore North Slope fields.
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Domestic production of tight oil leads to lower
imports of light sweet crude oil
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AP gravity is a measure of the specific gravity, or relative den-
sity, of a liquid, as defined by the American Petroleum Institute.
It is expressed in degrees, where a higher number indicates a
lower density. Refineries generally process a mix of crude oils
with a range of APl gravities to optimize refinery operations.
Over the past 15 years, the AP gravity of crude oil processed
in U.S. refineries has averaged between 30 and 32 degrees. As
LS. refiners run more domestic light crude oil produced from
tight formations, they need less imported light crude to main-
tain an optimal AP gravity. With increasing U.S. production of
light crude ail in the AEQO2014 Reference case, the average API
gravity of crude oil imports declines from 27.6 degrees in 2012
to 25.6 degrees in 2040 (Figure MT-54).

With total crude oil imports declining in the Reference case,
imports of light crude oil are reduced, resulting in a heavier
slate of imported crude oil. The growing share of heavier crude
oil imports continues through 2025 before stabilizing. The
increase in demand for diesel fuel in the Reference case, from
3.4 MMbbl/d in 2012 to 4.3 MMbbl/d in 2040, combined
with a steady increase in exports of distillate fuel oil from 1.0
MMbbl/d to 1.1 MMbbl/d over the same period, increases the
value of heavier crudes in U.S. refineries.

The large increase in demestic production of light crude oil and
the increase in imports of heavier crude oils have prompted sig-
nificant investments in the midstream infrastructure for crude
oil, including pipelines that will bring higher quantities of light
sweet and heavy sour crudes to petroleum refineries along the
U.S. Gulf Coast. In addition, significant investments have been
made to move crude oil by rail to refineries on the East Coast,
Woest Coast, and Gulf Coast.

U.S. Energy Information Administration | Annual Energy Outlook 2014
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The net crude ail and preduct imports share of U S. petroleum
anc other liguid fueis consumption grew from the mid-1980s
to 2005 but has fallen sweadily since 2005 (Figure MT-55),
Because each barrel of U.S. cruce ol production displaces a bar-
rel of imported crude oil, the cutiock for net petroleusm and sthar
liquid fuel imports in the High and Low Gil Price ang High and
Low Cil and Gas Rescurce cases depends on U.3. oil sroduction.

The net import share of U.S. petroleum and other lquid fuels
consumption declines from 2072 through 2023 in the AEO2CN4
Reference case, largely because of projected growth in tight oil
production. The net import share declines to 25% in 2019, coin-
ciding with a peak in U.S. sil production of 9.6 MMbbl/d, then
increases to 32% 'n 2040 aftar domestic oil production declines.
Higher oft prices encourage mereranid and extersive oli resource
development, I the High Oil Price case. the snare of domestic
consumption accounted for by imports of petroleum anc liquid
fuels drops to 15% in 2023, then grows to 27% in 2040, The
opposite occurs in the Low Ol Price case, with the petroleum
and otner liguids imports share of doriestic consumption rising
after 2016, to 46% in 2040.

in the High Oil and Gas Resource case, improvements ir oi! pro-
duction technoiogy beyona those in the Reference case. along
with 1% annual growth in estimated oltimate racovery (EUR),
lead to nigher U.S. crude oil production. in 2536, U.S. crude pro-
duction peais at 13.3 MMbb!/d, and rnet US. imports of crude
oii and petroleum products fali to virtually zero, where they
remain through 2040, The Low Qif 2nd Gas Resource casa uses
the same preduction technology assumptions as the Reference
case but assumes a 50% lower EUR. As in the Low Price case,
net imports begin to rise in 2076 and increase to 40% of U.S.
consurmption in 2040,

U.5. Energy Information Acdministration [ Annual Energy Outlook 2014
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U.S. consumption of biofuels grows but does
not approach EISA20807 applicable voimes

| ATG & TRT D " : I i
| "HI ,','.i'.,' h, —|I'|‘f A | WD Tl A."‘,:l|'.l|':'

. i’ G e i TR R IF Ty
i i LA | g LB i i 41 i

N2l §illion crd

40
EiSA2007 renewable fuel standarg
&
30 e ,/------—

/ N gl .
/’ Bichutanol

Bicdiesel \

T

2020 2025

o A
2014

2030 2035 2040
Consumption of biofuels grows in the AEC2074 Refererce case
but falls well short of the Energy Indeperdence and Security Act
of 2007 (EiSA2007) RFS target [12] of 36 bitlion sthanol gal-
ion eguivalents in 2022 (Figure MT-56), largely because of a
deciine in gesoiine consumption as a result of newiy enacted
corporate averzge fuel econemy (CAFE) standards and updated
expectations for sales of vehicies capable of using F85. Demand
for motor gasoline ethano! blends (E10 and E15) fal's from 8.7
fMiibbi/d in 2012 to 7.5 MiVibbi/d in 2022, while tota! biofuels
corsumption rises from 14 biilion gaiions to 16 bilion ethancl
galions equivaient over the same pariod.

The current and orejected vehicle fleets are not equipced to
use etnznol’s increased octane contant relative to gasoline, As
a result, the retail zrice of EB5 must be less than 79% of the
moter gzsciine price for E85 0 gain significant market share.
in the Reference case, with the lowsst ratio of E&5 %o gasolire
pricas at 77% in 2022, market penstration of E85 is modest,
anc the RFS pregram does not provide sufficient incentives to
promote sigrificant new ethanai production capacity.

In the Reference case, as gasoline cemand continues to drop
and EB5 consumption levels off, total ethanal comsumption
grows to about 14 bittion galions in 2022 and remains there until
/ate in the projection. Censumgtion of biodiesel falis in the naar
term, 2s production of drop-in biofuels grows. Domestic con-
sumption of drop-in siofuels grows from 135 miifion ethano| gal-
lons equivaient in 2074 to 316 miilior. ethanol gallons aquivalent
in 2019. Biodutanos consumption rises after 2019, to about 516
miilior galions in 2040,

MT-28
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A variety of factors leads to a shift in
consumption from motor gasoline to diesel fuel
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Based on the NHTSA and EPA GHG and CAFE standards,
ElA projects that new light-duty vehicles (LDVs) will average
approximately 47 mpg in 2025. These efficiency standards
contribute to a decline in consumption of motor gasoline, while
increases in vehicle miles traveled (VMT) and renewable fuel
standards (RFS) lead to an increase in consumption of diesel
fuel and ethanol in the Reference case. As a result of rising fuel
economy standards, motor gasoline consumption by LDVs falls
over the projection period while total VMT increase.

The decrease in gasoline consumption, combined with growth
in diesel consumption, leads to a shift in refinery outputs and
investments. Motor gasoline consumption and diesel fuel con-
sumption trend in opposite directions in the Reference case,
with consumption of diesel fuel increasing by approximately
0.9 MMbbl/d from 2012 to 2040, while finished motor gasoline
consumption falls by 2.1 MMbbl/d (Figure MT-57). New refinery
projects are expected to focus on shifting production from gaso-
line to distillate fuels to meet the growing demand for diesel.

As a result of refinery economics and slower growth in domes-
tic demand, no new petroleum refinery crude unit capacity is
built in the Reference case, except for plants already under
construction in 2012. Further, the refining system has at least
2 MMbbl/d of excess crude oil capacity beginning in 2015. In
addition to meeting domestic demand, refineries continue to
export finished products to international markets throughout
the projection. Beginning in 2016, gross exports of total finished
petroleum products increase to 3.0 MMbbl/d for the first time,
and in 2040 exceed 3.7 MMbbi/d (Figure MT-57). The United
States became a net exporter of finished petroleum products
in 201, and in the Reference case, it remains a net exporter
through 2040.
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Shifts in demand for liquid fuels change
petroieum refinery yields and crack spreads
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The transition to lower gasoline and higher diesel production
has a significant effect on petroleum refinery operations in the
AE02014 Reference case, with the ratic of gasoline to diesel
praduction declining from 1.8 in 2012 to below 1.3 in 2040
(Figure MT-58). In response to the drop in gasoline demand,
refinery utilization of fluid catalytic cracking (FCC) units falls
from 67% in 2012 to about 55% in 2040. In contrast, with die-
sel production increasing, installed distiliate and gas oil hydro-
cracking capacity grows from about 2.2 MMbbl/d in 2012 to
2.9 MMbbl/d in 2040, indicating a shift from FCC feeds to
hydrocrackers to maximize diesel production.

Refinery profitability is a function of crude input costs, process-
ing costs, and market prices for the end products. Profitability
often is estimated from the crack spread, which is the differ-
ence between the price of crude oil and the price of finished
products—typically, gasoline and distillate fuel. The 3-2-1 crack
spread estimates the profitability of processing three barrels
of crude oil to produce two barrels of gascline and one bar-
rel of distillate. In the Reference case, the 3-2-1 crack spread
(based on Brent crude oil prices) declines from $14/barrel in
2012 to about $6/barrel in 2040 (2012 doMars). In the current
environment, the gross margin would vary with the differential
between Brent and Gulf Coast light crude oil prices.

To relate the gross margin to refinery profitability, operating
costs for specific refineries also must be deducted. As prod-
uct demands shift, petroleum refineries may alter the ratic of
gasoline to diesel production. A 5-3-2 crack spread estimates
the profitability of processing five barrels of crude oil into three
barrels of gasoline and two barrels of distillate, more consistent
with the 1.3 gasoline-to-diesel production ratio after 2035.

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