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Dear Mr. Anderson:

Alaska LNG Project LLC is developing a project to export liquefied natural gas (“LNG”)
from Alaska. The LNG would be produced at a liquefaction facility to be constructed in the
Nikiski area of the Kenai Peninsula in south central Alaska. The construction of the project
(which includes: (i) liquefaction facility, storage and loading facilities, and other associated
facilities; (ii) a large-diameter gas pipeline from the liquefaction facility to the gas treatment
plant; (iii) gas treatment plant; and (iv) transmission lines between the gas treatment plant and
producing fields) will be the subject of an application by Alaska LNG Project LLC to the Federal
Energy Regulatory Commission (“FERC") for authorization under Section 3 of the Natural Gas
Act. Alaska LNG Project LLC expects that it will commence the FERC Pre-Filing process in
2014.

In the enclosed application, Alaska LNG Project LLC seeks long-term multi-contract
authorization under Section 3 of the Natural Gas Act to export 20 million metric tons per annum
of LNG, in aggregate, for a term of 30 years beginning on the earlier of (i) the date of first export
from the liquefaction facility or (ii) 12 years from the date the requested authorization is granted.

Alaska LNG Project LLC is seeking authority to export LNG from the liquefaction
facility to (1) any country with which the United States currently has, or in the future may enter
into, a free trade agreement requiring national treatment for trade in natural gas; and (2) any
country with which the United States does not have a free trade agreement requiring national
treatment for trade in natural gas with which trade is not prohibited by United States law or
policy. Alaska LNG Project LLC seeks to export LNG on its own behalf and also as agent for
third parties.

As demonstrated in the enclosed application, natural gas reserves and resources in Alaska
are more than sufficient to support the in-state needs of Alaska’s citizens as well as the requested
export of 20 million metric tons of LNG per annum for a 30-year export term. As Alaska and its
supply of natural gas are geographically isolated from the lower 48 states of the United States
(“lower 48”), the enclosed application stands on its own merits without regard to the cumulative
impacts of LNG exports from the lower 48. Additionally, given the unique nature of the
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proposed project and the geographically separate supply base, Alaska LNG Project LLC
respectfully requests that the enclosed application not be subject to DOE/FE’s existing Order of
Precedence for Processing Non-FTA LNG Export Applications or any new procedures adopted
as a result of DOE/FE’s proposed procedural change for processing LNG export applications. '

Alaska LNG Project LLC respectfully requests that DOE/FE grant that portion of the
enclosed application that seeks to export LNG to free trade agreement countries “without
modification or delay” as required by the Natural Gas Act.

Alaska LNG Project LLC is currently comprised of the following members: ExxonMobil
Alaska LNG LLC, BP Alaska LNG LLC and ConocoPhillips Alaska LNG Company. As set
forth in the attached application, Alaska LNG Project LLC seeks authority to export the LNG on
its own behalf and as agent for any or all of the following: (i) each of its members; (ii) the
respective affiliates of its members; (iii) the State of Alaska or its nominee; and (iv) other third
parties, under contracts to be executed in-the future, as applicable.

Alaska LNG Project LLC is transmitting a check in the amount of $50.00 in payment of
the applicable filing fee pursuant to 10 C.F.R. § 590.207. Please contact the undersigned at
(202) 220-6915 if you have any questions regarding this filing.

Locke Lord LLP
701 8th Street, NW

Suite 700

Washington, DC 20001
(202) 220-6915
jmoriarty@lockelord.com

Counsel to Alaska LNG Project LLC

'79 Fed. Reg. 32261 (Jun. 4, 2014).
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UNITED STATES OF AMERICA
DEPARTMENT OF ENERGY
OFFICE OF FOSSIL ENERGY
)
Alaska LNG Project LLC ) Docket No. 14 - -LNG
)

APPLICATION OF ALASKA LNG PROJECT LLC FOR
LONG-TERM AUTHORIZATION TO EXPORT LIQUEFIED NATURAL GAS

Pursuant to Section 3 of the Natural Gas Act (“NEA5 U.S.C. 8 717b, and Part 590 of
the regulations of the Department of Energy (“DQE® C.F.R. § 590, Alaska LNG Project
LLC submits this application (“Application”) to thBOE Office of Fossil Energy (“DOE/FE”)
for long-term authorization to export 20 million trie tons per annum (“MTPA”) of liquefied
natural gas (“LNG”) (approximately 929 billion cabfeet (“Bcf”) per annum of natural gas
using a conversion factor of 46.467 Bof natural gas per million metric tons of LNG) guzed
from Alaska sources for a 30-year period. The estpd 30-year export term is fully supported
herein by the accompanying studies and is apprepaad required due to the unique nature of
the proposed Alaska LNG project (“Project”), indlugl the size, scope, costs, required upstream
development, and project development timeline #matmore significant than any LNG project
in the lower 48 states of the United States (“low8F). Consistent therewith, Alaska LNG
Project LLC requests that the authorization comraencthe earlier of (i) the date of first export
from the liquefaction facility or (ii) 12 years frothe date the requested authorization is granted.

Alaska LNG Project LLC seeks authorization to ex@@ir MTPA of LNG, in aggregate,

from a liquefaction facility to be constructed hetNikiski area of the Kenai Peninsula in south

! The conversion factor of 46.467 Bcf per milliontnieton is appropriate due to the relatively higgating content
(Btu/cubic foot gas) and associated physical charistics of LNG that would be produced from Alagl@urces.
The conversion factors included in applicationgxport LNG from the lower 48 are therefore not aggtlle. See,
e.g, Jordan Cove Energy Project, L,ADOE/FE Order No. 3413 (Mar. 24, 2014) (converdaxtor of 48.7 Bcf per
million metric ton used for lower 48 project).



central Alaska (“Liquefaction Facility”) to (1) angountry with which the United States
currently has, or in the future may enter intoreeftrade agreement (“FTA”) requiring national
treatment for trade in natural gasnd (2) any country with which the United Stategsinot
have a free trade agreement requiring nationalnrexat for trade in natural gas with which trade
is not prohibited by United States law or policin support of this Application, Alaska LNG
Project LLC respectfully states the following:

l. EXECUTIVE SUMMARY

The export of natural gas from Alaska’s North Slapeery positive for Alaska and for
the United State$. Exporting Alaska natural gas will benefit locagégional, and national
economies through resource development, an enhdagdshse, creation of thousands of jobs,
and an increase in overall economic activity. Agsirated in the attached study by NERA
Economic Consulting (“NERA”), an independent cotend, the export of Alaska natural gas
will also have positive macroeconomic benefitstfa United State$.

DOE/FE has already found that the export of LNGrfrAlaska is not inconsistent with
the public interest. In fact, the history of LNG exports from Alaskates back nearly 50 years

to 1967 when the original long-term authorizatiorekport LNG from the Kenai LNG terminal

2 The United States currently has FTAs requiringoma treatment for trade in natural gas with Aalisr, Bahrain,
Canada, Chile, Colombia, Dominican Republic, Elv&dbr, Guatemala, Honduras, Jordan, Mexico, Morocco
Nicaragua, Oman, Panama, Peru, Republic of Kordéargapore.

% SeeSen. Lisa Murkowski, “The Narrowing Window: AmerisaDpportunity to Join the Global Gas Trade” at 15,
17 (Aug. 6, 2013)available athttp://www.energy.senate.gov/public/index.cfmA&ikeerve?File_id=e1527027-558f-
4fb0-92bd-f8b9d7515075 (urging the DOE to move fandvon all LNG export applications in a timely manand
noting the unique opportunity for the export ofurat gas from Alaska given the state’s proximitymarkets in
Asia).

* NERA Economic Consulting, “Socio-Economic Impachalysis of Alaska LNG Project” (“Socio-Economic
Report”), June 19, 2014, attached hereto as Apgéndi

® ConocoPhillips Alaska Natural Gas CorfpOE/FE Order No. 3418 at 18 (Apr. 14, 2014) (“DEE is persuaded
by [applicant’s] evidence that the proposed expeilisprovide regional benefits to the local andteteconomy . . .
on the basis of [the] Application and, because anypto this proceeding submitted evidence to reébatstatutory
presumption that the requested authorization issistent with the public interest, we grant the Aqaion as
filed.”); ConocoPhillips Alaska Natural Gas Corp. and Maraih@il Co, DOE/FE Order No. 2860 at 19 (Oct. 5,
2010); ConocoPhillips Alaska Natural Gas Corp. and Marath©il Co, DOE/FE Order No. 2500 at 65 (June 3,
2008).



to Japan was grant&d.This year, DOE/FE affirmed its prior findings f6A and non-FTA
authorizations, noting that the proposed exporlLiWfG from Alaska “will provide regional
benefits to the local and state econory.”

To date, all LNG exported from Alaska has been pced from the Cook Inlet region in
south central Alask&. However, the vast resources of natural gas deseavon the Alaska
North Slope (“North Slope”) in 1968 have remainédusded” Today, with the culmination of
decades of effort, the major North Slope naturad gaoducers have aligned through an
agreement with the State of Alaska setting out fpeeyciples upon which the parties intend to
progress the evaluation and development of ongyriaited and interdependent ProjEctThe
agreement outlines the “substantial benefits” ttieg Project would provide including job
creation, infrastructure development and the ot for a competitively priced, reliable in-
state gas suppffl. On May 8, 2014, in furtherance of the agreem@tdaska Governor Sean
Parnell signed Senate Bill 138 into law. The lavaldes participation in the Project by the State
of Alaska’®

The Project would be the largest integrated gas/lpXsgect of its kind ever designed and
constructed, with an estimated cost of $45 billion$65 billion. With the granting of the

authorization sought here, DOE/FE has the potetdiahlock the vast natural gas resources on

® Phillips Petroleum Co. and Marathon Oil G&7 FPC § 777 (Apr. 19, 1967).

" ConocoPhillips Alaska Natural Gas Cor@OE/FE Order No. 3418 at 18 (Apr. 14, 2014).

8 United States Energy Information AdministratioAldska Liquefied Natural Gas Exports to Japanailable at
http://www.eia.gov/dnav/ng/hist/ngm_epg0_eng_sak-njmcfa.htm.

° Yukon Pacific CorporationERA Docket No. 87-68-LNG, Order No. 350 at Sectib(Nov. 16, 1989) (DOE/FE
confirmed the efforts to monetize North Slope naltgas and concluded that despite legislative aidypchanges
designed to make the gas more competitive, “[ajgetifhowever, North Slope gas has been left uridped.”).

10 SeeHeads of Agreement By and Among the Administratbithe State of Alaska, Alaska Gasline Development
Corporation, TransCanada Alaska Development InexpBEMobil Alaska Production Inc., ConocoPhillipsagka,
Inc., and BP Exploration (Alaska) Inc. for the A{asLNG Project (Jan. 14, 2014) (“Heads of Agreerfent
available athttp://www.dor.alaska.gov/Portals/5/Docs/Pressésds/HOA. pdf.

4. at Article 3.

12 SeePress Release From The Office of Alaska GoverramSParnell“The Alaska Project Begins” (May 8,
2014),available athttp://gov.alaska.gov/parnell/press-room/full-greslease.html?pr=6832.

3



the North Slope. Absent granting of the requeseport authorization needed to facilitate
construction of the Project, the ability to meetgia in-state gas demand will continue to be
very challenging.

Alaska LNG Project LLC herein requests long-terrthatization to export 20 MTPA of
LNG, in aggregate, produced from Alaska sourcesaf@0-year period commencing on the
earlier of (i) the date of first export from theguiefaction Facility or (ii) 12 years from the date
the requested authorization is granted. Sectiahd(the NGA creates a rebuttable presumption
that proposed exports of natural gas are in thdéiquiierest. Indeed, DOE/FEustgrant the
authorization unless any opposition overcomes tseuttable presumption by making an
affirmative showing of inconsistency with the puhiterest.

The 30-year export term and 12-year start-up peremiested herein are required to
support a project of this size and the continuadigpment of the world-class scale of resources
on the North Slope. Alaska LNG Project LLC will bequired to build each component of this
greenfield Project from the ground up. Unlike pysed projects in the lower 48, there is no
existing long-haul gas transportation infrastruetur Alaska. In addition, Alaska LNG Project
LLC will be faced with unique and challenging Arctionstruction conditions. As demonstrated
here and in the attached studies, natural gasvessemnd resources in Alaska are more than
sufficient to support the in-state needs of Alaskaitizens as well as the requested 30-year
export ternt>

This Application demonstrates that the requestddasization is not inconsistent with

the public interest and should be granted by DOE/FE

13 DeGolyer and MacNaughton (“D&M”), “Report on a Sguof Alaska Gas Reserves and Resources for Certain
Gas Supply Scenarios as of December 31, 2012, 2p1i4 (“Supply Report”), attached hereto as Appeiid
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1. APPLICATION PROCESSING AND REVIEW

Given the unique nature of the proposed Projectthadyeographically separate supply
base, Alaska LNG Project LLC respectfully requesiat this Application not be subject to
DOE/FE’s existing Order of Precedence for Proceskion-FTA LNG Export Applications.

Further, Alaska LNG Project LLC respectfully reqiseshat this Application not be
subject to any new procedures adopted as a resDID&/FE’s proposed procedural change for
processing non-FTA LNG export applicatiofis. DOE/FE recently proposed “to suspend its
practice of issuing conditional decisions on amilans to export LNGrom the lower-48 states
to non-FTA countries prior to completion of [NatanEnvironmental Policy Act (“NEPA”)]
review.”® As to Alaska, DOE/FE stated:

The Department currently has no long-term applcetibefore it

to export LNG from Alaska. Lacking any such apgiions, the

Department cannot say whether there may be unigaeires of

Alaskan projects that would warrant exercise of Diegartment’s

discretionary authority to issue conditional demis.

Accordingly, this notice does not address the mneat of

applications to export natural gas from Aladka.
As demonstrated in this Application to export LNKGrh Alaska, there are many unique features
of this Project that warrant exercise of DOE/FE&ctetion to issue a conditional decision.

The proposed Project is unlike any lower 48 exmodject and should be processed
differently. For example, the estimated cost al(vb billion to $65 billion) sets this Project
apart from any other project in the lower 48. tidition to the capital investment required, all
components of this greenfield Project must be broln the ground up. This is unlike lower 48

projects that can leverage the extensive existagyggid. This integrated mega-project will also

be constructed in an Arctic environment that pa@sigitional challenges not experienced by any

1479 Fed. Reg. 32261 (Jun. 4, 2014).
51d. at 32263 (emphasis added).
'%]d. at 32263 n.5.



lower 48 project. Due to the unique factors fadimg Project, a conditional authorization will
facilitate Alaska LNG Project LLC’s ability to cantie the ongoing substantial commercial and

engineering activities and expenditures necessatigvtelop and construct the Project:

Concept = =D EPC

Decision (Engineering,

. _ (Front-End
Gate Selection Pre-FEED Engineering & Procurement &
(Completed) Design) Construction)
Activities: Viable Viable Secure
Technical technical Permits/
Option(s) option Land Use/
Identified Government Financing/
Government Support Key
Support Permits/Land Commercial
Permits / Use Agreements
Land Use Underway Confirm
Achievable Potential Commercial
Potential Commercial Viability
Commercial Viability Execute
Viability EPC
contracts
Peak Staffing: ~200 400 - 500 500 - 1,500 9,000 — 15,000
Cost ($): Tens of Hundreds of Millions Billions Tens of Billions
Millions
Est. Engineering 2 -3 Years 2 -3 Years 5-6 Years
/ Technical
Duration*:

NOTE: Duration of various phases may be extended by the time required for State of Alaska enabling legislation and
negotiation of project-enabling contracts with State of Alaska which require ratification by the legislature; permitting
and regulatory delays; any legal challenges; changes in commodity outlook; time to secure long-term LNG contracts;
weather, labor, equipment, or construction delays; etc.

Processing this Application and issuing a condélaorder is consistent with DOE/FE’s stated

rationale and will not affect any lower 48 applitariThis Project stands alone as there is no

other application pending before DOE/FE to expaittN Slope natural gas.



DOE/FE has consistently treated applications tooexpNG from Alaska differently
from lower 48 applications. DOE/FE should continue this practice and affirhatt the
proposed procedures for processing lower 48 exgmaptications will not apply to the Project and
that DOE/FE will exercise its discretion to issueanditional authorization. Additionally, as
Alaska and its supply of natural gas are geogratljidsolated from the lower 48, this
Application stands on its own merits without regaydhe cumulative impactsof LNG exports
from the lower 48 and should be processed as such.

1.  DESCRIPTION OF THE APPLICANT AND FACILITIES

The exact legal name of the applicant is Alaska LNGject LLC. Alaska LNG Project
LLC is a Delaware Limited Liability Company. Thercent members of Alaska LNG Project
LLC are ExxonMobil Alaska LNG LLC, ConocoPhillipslaska LNG Company and BP Alaska
LNG LLC, (collectively, the “Members”). Affiliate®f the Members currently hold oil and gas
leasehold interests in Alaska, including in thedPiae Bay and Point Thomson Units. Alaska
LNG Project LLC may seek to amend the Applicatioradater date to add a State of Alaska
designee.

Alaska LNG Project LLC plans to construct one iméégd and interdependent Alaska
LNG Project® that includes:

* a Liquefaction Facility to be built on a site inettiNikiski area of the Kenai

Peninsula in south central Alaskahe Liquefaction Facility would consist of

7 See, e.g. ConocoPhillips Alaska Natural Gas CorpDOE/FE Order No. 3418 at 5 (Apr. 14, 2014);
ConocoPhillips Alaska Natural Gas Corp. and Maraihoil Co, DOE/FE Order No. 2500 at 45 (June 3, 2008).

18 See, e.gFLNG Liquefaction, LLC, FLNG Liquefaction 2, LLCA&RLNG Liquefaction 3, LLCDOE/FE Order
No. 3357 at 155-56 (Nov. 15, 2013) (DOE/FE stateat it would “continue to assess the cumulativedatp of
each succeeding request for export authorizatiotherpublic interest with due regard to the effestdomestic
natural gas supply and demand fundamentals.”).

9 A map of the Project is attached hereto as Appefidi An affidavit demonstrating the land acquifed the
Project to date is attached hereto as Appendix D.



three LNG trains having a total maximum capacit26fMTPA?° Storage and
LNG delivery facilities would be constructed at th&uefaction Facility for
marine loading of LNG. To date, the Project teaam ecured over 200 acres of
land (nearly half the total acreage) at the Ligoeda Facility site;

e an approximately 800-mile large-diameter gas pneelirom the Liquefaction
Facility to the gas treatment plant. The pipelvauld have multiple compressor
stations along its route and at least five off-t@aents for delivery of gas to
Alaska?*

* a gas treatment plant on the North Slope that waoldsist of three or more
amine processing/treating train modules with comsgion, dehydration, and
chilling. The gas treatment plant would be built anmodular fashion and
sealifted to its location on the North Slope; and

e transmission lines between the gas treatment @ladtproducing fields on the
North Slope.

Any construction of the requisite facilities woub@é subject to FERC approval. Alaska LNG

Project LLC expects that it will commence the FER@-Filing process in 2014.

2 Alaska LNG Project LLC’s requested authorizatiarthe amount of 20 MTPA represents the planned marxi
or peak liquefaction capacity of the Liquefacticachity under optimal operating conditions. AladkidG Project
LLC plans to seek authorization from the Federadrigp Regulatory Commission (“FERC”) under Sectioof 3he
NGA to construct the Liquefaction Facility baseda20 MTPA design parameter. DOE/FE has statadttiall
issue authorizations consistent with the plannedeliaction capacity as outlined in the FERC appboaprocess.
SeeFLNG Liquefaction, LLC, FLNG Liquefaction 2, LLCAARLNG Liquefaction 3, LLCDOE/FE Order No. 3357
at 162 (Nov. 15, 2013). Consistent therewith, FERBEently approved the amendment of an existing NBétion
3 authorization to account for the maximum or peagacity of the LNG terminal at optimal operatirgnditions.
See Sabine Pass Liquefaction, LLC and Sabine Ph$3, IL.P, 146 FERC { 61,117 at P 12 (2014) (FERC
“believe[s] that it is appropriate for an ultimaaethorization to reflect the maximum or peak catyaat optimal
conditions as such level represents the actuahpatgeroduction of LNG.”).

% The 20 MTPA requested herein is the volume propdsée exported. In-state volumes would be sépdram
and in addition to the 20 MTPA. As explained irctsn VII, NERA concluded that there is more thaiffisient
natural gas supply and associated resource ddbiigran Alaska to satisfy (i) Project requiremerfor a 30-year
export term at 20 MTPA and (i) in-state demaigke infraSection VII(B)(i)(1).
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V. COMMUNICATIONS

All communications and correspondence regardirg Apiplication should be directed to

the following persons:

Alaska LNG Project LLC c/o: James F. Moriarty
Jennifer Brough

Lydia J. Johnson Matthew T. Eggerding

Vice President Locke Lord LLP

Daniel J. Brink 701 8th Street, NW

Counsel Suite 700

ExxonMobil Alaska LNG LLC Washington, DC 20001

lydia.j.johnson@exxonmobil.com (202) 220-6915

daniel.j.brink@exxonmobil.com jmoriarty@lockelord.com
jbrough@Iockelord.com

Darren Meznarich meggerding@lockelord.com

President

Barbara Fullmer

Senior Counsel

ConocoPhillips Alaska LNG Company
darren.l.meznarich@conocophillips.com
barbara.f.fullmer@conocophillips.com

David E. Van Tuyl
President

Greg L. Youngmun
Senior Counsel

BP Alaska LNG LLC
david.vantuyl@bp.com
greg.youngmun@bp.com

V. AUTHORIZATION REQUESTED

Alaska LNG Project LLC requests long-term authdra@a to export 20 MTPA of
Alaska-produced LNG for a 30-year period commendcipgn the earlier of (i) the date of first
export from the Liquefaction Facility or (ii) thevelfth anniversary of the date authorization is
granted by DOE/FE.

Alaska LNG Project LLC requests that such long-texthorization provide for export to

(1) any country with which the United States cutisehas, or in the future may enter into, an



FTA requiring national treatment for trade in natugas; and (2) any country with which the
United States does not have an FTA requiring natitreatment for trade in natural gas with
which trade is not prohibited by United States tawpolicy.

The 30-year export term sought in this Applicatishappropriate and necessary for
Alaska LNG Project LLC to (i) continue to incur trsubstantial cost of developing and
constructing the Project, currently estimated & Bdlion to $65 billion and (ii) provide long-
term access to market outlets needed to allow nade ability to recover investments in the
continued development of the world-class scaleesburces.

Affiliates of Members of Alaska LNG Project LLCold gas development rights in
Alaska, including in the Prudhoe Bay and Point TeRomUnits on the North Slope. Alaska
LNG Project LLC expects that the natural gas dgwedoand produced by the respective
affiliates of its Members will be delivered to thiguefaction facilities where LNG will be
produced and made available for export. Alaska LNGject LLC seeks authority to export the
LNG on its own behalf and as agent for any or athe following: (i) each of its Members; (ii)
the respective affiliates of its Members; (iii) tBéate of Alaska or its nominee; and (iv) other
third parties, under contracts to be executed e ftliure, as applicable. The agency rights
requested here would encompass any exports of tatg 8f Alaska (or its nominee) share of
LNG from the Project facilities. Alaska LNG Projdd C contemplates that the title holder at
the point of expoft may likely be another party other than itself,lsas the respective affiliates
of its Members or other third parties pursuantrtd.BlG sales and purchase contract.

Alaska LNG Project LLC requests authorization tgiseer each LNG title holder for

whom Alaska LNG Project LLC seeks to export as #gefith such registration including a

22« NG exports occur when the LNG is delivered te tiange of the LNG export vesselSee Freeport LNG
Expansion, L.P. and FLNG Liquefaction, LLDOE/FE Order No. 2913 at n.4 (Feb. 10, 2029w Chemical
Company FE Order No. 2859 at 7 (Oct. 5, 2010).
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written statement by the title holder acknowledgargl agreeing to comply with all applicable
requirements included by DOE/FE in Alaska LNG PebjeLC’s export authorization, and to
include those requirements in any subsequent psecha sale agreement entered into by that
title holder. In addition to the registration ofiyaLNG title holder for whom Alaska LNG
Project LLC seeks to export as agent, Alaska LN@jdet LLC will file under seal with
DOE/FE any relevant long-term commercial agreemente they have been executed. This
approach will conform to DOE/FE’s goal of providitigat all authorized exports are permitted
and lawful under United States laws and policiesluding the rules, regulations, orders,
policies and other determinations of the OfficeFofeign Assets Control of the United States
Department of the Treasufy.

DOE/FE has consistently granted the type of agendhority sought here by Alaska
LNG Project LLC** DOE/FE first addressed the concept of agencytsighFreeport LNG
Expansion, L.P. and FLNG Liquefaction, L(@LEX").* DOE/FE found that “FLEX has
requested an acceptable process by which FLEX caasaagent for others who want to export
LNG” and that “FLEX’s agency rights and registratiprocedures are an alternative to the non-
binding policy adopted by DOE/FE in DOE Opinion &dder No. 2859 . . . which set forth a
non-binding policy that the title for all LNG auttwed to be exported shall be held by the

authorization holder at the point of expoit. DOE/FE also accepted FLEX’s proposal to file the

% See The Dow Chemical CompaBYE/FE Order No. 2859 at 7-8 (Oct. 5, 2010).

% See, e.g.Jordan Cove Energy Project, L,FDOE/FE Order No. 3413 at 148 (Mar. 24, 201@xmeron LNG,
LLC, DOE/FE Order No. 3391 at 137 (Feb. 11, 20HNG Liquefaction, LLC, FLNG Liquefaction 2, LLCdn
FLNG Liquefaction 3, LLCDOE/FE Order No. 3357 at 159 (Nov. 15, 201Bminion Cove Point LNG, LP
DOE/FE Order No. 3331 at 146 (Sept. 11, 2012ke Charles Exports, LLADOE/FE Order No. 3324 at 130
(Aug. 7, 2013);Freeport LNG Expansion, L.P., Freeport LNG Expansit.P. and FLNG Liquefaction, LLC
DOE/FE Order No. 3282 at 116 (May 17, 201Gulf Coast LNG Export, LLCDOE/FE Order No. 3163 (Oct. 16,
2012).

% DOE/FE Order No. 2913 (Feb. 10, 2011).

%d. at 7 €iting The Dow Chemical Compan®OE/FE Order No. 2859 at 7-8 (Oct. 5, 2010)).
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relevant long-term commercial agreements underasez they have been execufédDOE/FE
stated that by “accepting FLEX's requested redisingorocess and contract terms, DOE/FE will
ensure that the title holder is aware of all regmients in the Order, including destination
restrictions, that DOE will have a record of altlaurized exports, and that DOE will have direct
contact information and point of contact with titeetholder.” DOE/FE concluded that “[t]his
process is responsive to current LNG markets amdiges an expedited process by which
companies seeking to export LNG can do So.DOE/FE should grant Alaska LNG Project
LLC’s proposed procedure as it is identical to firecedure that DOE/FE consistently has
granted for FLEX and others.

VI. EXPORT SOURCES

As described above, Alaska LNG Project LLC planscemstruct one integrated and
interdependent Project that includes (i) a LiquedecFacility, storage and loading facilities, and
other associated facilities; (ii) a large-diameagas pipeline from the Liquefaction Facility to the
gas treatment plant; (iii) a gas treatment planthe North Slope; and (iv) transmission lines
between the gas treatment plant and producingsfield

Alaska LNG Project LLC seeks authorization to expoatural gas from Alaska, in
particular the North Slope Point Thomson Unit andidhoe Bay Unit production fields.
Affiliates of Members of Alaska LNG Project LLC aleaseholders of natural gas resources in
Alaska. Thus, as required by DOE/FE, the Projees“access to a source of natural gas supply

that is within the power of [Alaska LNG Project LL6r the [Project] to secure®

?"|d. at 8. The practice of filing contracts after DBE/has granted export authorization is well esshieil. See
Yukon Pacific CorporationERA Docket No. 87-68-LNG, Order No. 350 (Nov. 1889);Distrigas Corporation
FE Docket No. 95-100-LNG, Order No. 1115 at 3 (N6v1995).
iz DOE/FE Order No. 2913 at 8.

Id.
% SeeDismissal of Alaska Gasline Port Authority’s DOE/Rpplication, Docket No. 12-75-LNG at 7 (Mar. 7,
2013). The Project’'s access to a source of nagas) along with its progress in acquiring land tfee Project
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VIlI. PUBLICINTEREST

Alaska LNG Project LLC’'s requested authorization described herein is not
inconsistent with the public interest and shouldgoented by DOE/FE under the individual
statutory provisions that apply separately to etpg@rLNG to FTA and non-FTA countries.

A. FTA Countries

NGA section 3(c), as amended by Section 201 of&tiergy Policy Act of 1992 (Pub. L.
102-486), provides that:
[T]he exportation of natural gas to a nation withiet there is in
effect a free trade agreement requiring natioreattnent for trade
in natural gas, shall be deemed to be consistetfit the public

interest, and applications for such importatiorerportation shall
be granted without modification or dely.

Under this statutory presumption, that portion lus tApplication that seeks to export LNG to
nations with which the United States currently hasjn the future may enter into, an FTA
requiring national treatment for trade in naturasgshall be deemed to be consistent with the
public interest. As required by the NGA, DOE/FEould grant such authorization without
modification or delay. Indeed, DOE/FE promptly mjsaauthorizations, as it should do here, for
export to FTA nations as a matter of statutory egoent>?

B. Non-FTA Countries

NGA section 3(a) sets forth the general standargwéw for export applications:

facilities and its plan to construct a pipelinettansport gas to the contemplated liquefactionlifgcihus clearly

distinguishes the instant application from the Aggtion of the Alaska Gasline Port Authority thaOB/FE

dismissed on March 7, 2018d.

3115 U.S.C. § 717b(c) (2006).

32 See, e.g.Magnolia LNG, LLG DOE/FE Order No. 3406 (Mar. 5, 2014nnova LNG, LLCDOE/FE Order No.
3394 (Feb. 20, 2014Pelfin LNG LLG DOE/FE Order No. 3393 (Feb. 20, 201@pnocoPhillips Alaska Natural
Gas Corporation DOE/FE Order No. 3392 (Feb. 19, 2018gbine Pass Liquefaction, LLOOE/FE Order No.
3384 (Jan. 22, 2014Barca LNG LLC DOE/FE Order No. 3365 (Nov. 26, 20180S LNG LLCDOE/FE Order
No. 3364 (Nov. 26, 2013)Advanced Energy Solutions, LL OOE/FE Order No. 3360 (Nov. 14, 2013gent

Marine Management, IncDOE/FE Order No. 3356 (Nov. 6, 201¥enture Global LNG, LLCDOE/FE Order No.
3345 (Sept. 27,2013)Sabine Pass Liquefaction, LLMOE/FE Order No. 3307 (July 12, 2013jreeport-

McMoRan Energy LLCDOE/FE Order No. 3290 (May 24, 2018asfin Development USA, LLOOE/FE Order
No. 3253 (Mar. 7, 2013} runkline LNG Export, LLCDOE/FE Order No. 3252 (Mar. 7, 2013).
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[N]o person shall export any natural gas from thetéd States to

a foreign country or import any natural gas frorfoign country

without first having secured an order of the [Streof Energy]

authorizing it to do so. The [Secretasfiall issuesuch order upon

application,unless after opportunity for hearing, [the Secretary]

finds that the proposed exportation or importatisii not be

consistent with the public interest. The [Secrdtanay by [the

Secretary’s] order grant such application, in whmen part, with

such modification and upon such terms and conditias the

[Secretary] may find necessary or appropriate.
According to DOE/FE, “[a]pplying the foregoing stadry language, DOE has consistently ruled
that Section 3(a) of the NGA creates a rebuttabbsymption that proposed exports of natural
gas are in the public interest” Accordingly, DOE/FE “must grant such an applicatunless
opponents of the application overcome that presiomgiy making an affirmative showing of
inconsistency with the public interest”

In evaluating the “public interest” DOE/FE “has midéied a range of factors that it

evaluates when reviewing an application for expauthorization.®® The factors include
“‘economic impacts, international impacts, secudtynatural gas supply, and environmental

impacts, among other8” DOE/FE also applies the principles set forthtinRolicy Guidelines

and Delegation Orders Relating to the Regulatioimgforted Natural Gas, which are intended

%15 U.S.C. § 717b(a) (2006) (emphasis added). @hikority has been delegated to the AssistanteSagrfor
Fossil Energy pursuant to Redelegation Order NeD@204D (Nov. 6, 2007).
34 Sabine Pass Liquefaction, LLOOE/FE Docket 10-111-LNG, Opinion and Order DegyRequest for Review
Under Section 3(c) of the NGA (Oct. 21, 20168g also Panhandle Producers and Royalty OwnerscAss ERA
822 F.2d 1105, 1111 (D.C. Cir. 1987) (“A presumptfavoring import authorization, then, is complgtebnsistent
with, if not mandated by, the statutory directiye.”
% Jordan Cove Energy Project, L,A/DOE/FE Order No. 3413 at 6 (Mar. 24, 201@xmeron LNG, LLCDOE/FE
Order No. 3391 at 6 (Feb. 11, 201B);NG Liquefaction, LLC, FLNG Liguefaction 2, LLCARLNG Liquefaction
3, LLC DOE/FE Order No. 3357 at 8 (Nov. 15, 2013yminion Cove Point LNG, LADOE/FE Order No. 3331 at
7 (Sept. 11, 2013);ake Charles Exports, LLADOE/FE Order No. 3324 at 6-7 (Aug. 7, 201Bjeeport LNG
Expansion, L.P., Freeport LNG Expansion, L.P. ahdNE Liquefaction, LLCDOE/FE Order No. 3282 at 6 (May
17, 2013).
2: Freeport LNG Expansion, L.P. and FLNG LiquefactibhC, DOE/FE Order No. 3282 at 6 (May 17, 2013).

Id.
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to promote free and open trade by minimizing fedgmvernment interferenc&. Under the
Policy Guidelines:
The market, not government, should determine thee @nd other
contract terms of imported [or exported] gas. . .The federal
government’s primary responsibility in authorizimgports [or
exports] should be to evaluate the need for theagdsvhether the
import [or export] arrangement will provide the gasm a

competitively priced basis for the duration of tbentract while
minimizing regulatory impediments to a freely opigrg market*®

DOE/FE recently affirmed that “it continues to sailse to the principle set forth in our 1984
Policy Guidelines that, under most circumstancks, rmarket is the most efficient means of
allocating natural gas supplie®.”While the Policy Guidelines solely address impoROE/FE
has found that the principles are applicable egualexports:

Consistent with DOE/FE’s criteria, the followinghgic interest analysis reviews: (i) the
domestic need for the natural gas proposed to perted (including Alaska natural gas supply
and demand); (ii) the impact of the proposed exportnatural gas market pric&s{iii) the
Presidential Finding Concerning Alaska Natural Gag;the economic benefits of the proposed
export; (v) the benefits to national security; afd) the environmental benefits. This
Application fully addresses each of the criterigplagl by DOE/FE in reviewing export
applications and confirms that the proposed exgarbt inconsistent with the public interest and

should be approved by DOE/FE.

¥ 1d.; see Policy Guidelines and Delegation Orders Regatim the Regulation of Imported Natural Ga&® Fed.
Reg. 6,684 (Feb. 22, 1984) (“Policy Guidelines”).

% policy Guidelines at 6,685.

“0 Freeport LNG Expansion, L.P. and FLNG LiquefactibbC, DOE/FE Order No. 3282 at 112 (May 17, 2013).
1 See, e.gJordan Cove Energy Project, L,A;DOE/FE Order No. 3413 at 7 (Mar. 24, 201dijiig Phillips Alaska
Natural Gas Corp. and Marathon Oil GdOE/FE Order No. 1473 at 14 (Apr. 2, 1999)).

2 All pricing information or forecasts contained tine attached Socio-Economic Report are those sofete
independent consultant (NERA). Neither Alaska LRéject LLC nor its respective Members or theiiliaties
provided any pricing or other commercially-sengtivmformation to NERA in the preparation or reviefvthe
attached Socio-Economic Report.
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(1) Domestic Need for the Natural Gas Proposed to be Exported -
Regional

A focus of DOE/FE’s public interest analysis is wier there is a projected domestic
need in the United States for the gas to be expdttédomestic need is measured by looking at
supply and demand. DOE/FE has historically congpéne total volume of natural gas reserves
and recoverable resources available to be proddwedg the proposed export period to total gas
demand during the export period to determine widtiere is a domestic need for the gas to be
exported**

As DOE/FE has recognized, Alaska is geographigatiated from the lower 48 and its
natural gas market is not connected to that inltheer 48. The natural gas reserves and
resources in Alaska are not accessible by consunmerthe lower 48 and are analyzed
separately®> DOE/FE recently affirmed that “[w]here an apptitgproposes to export LNG
produced in Alaska, DOE/FE has determined thatrdditional ‘domestic need’ criterion should
be focused specifically on thegional need of the natural gas proposed to be exported fne
local gas market in Alaskd® As DOE/FE has held, due to the “geographic igmtadf Alaska
and the Cook Inlet area from the rest of the Un8é&attes,” the question of general domestic need
for the natural gas is not relevant and “regiore#dis the only relevant need consideratfdn.”
Narrowing its focus further, DOE/FE affirmed thdeJven within Alaska, DOE/FE evaluates

regional need based on the particular region wtrergas is produced[*

*3See, e.gPhillips Alaska Natural Gas Corp. and Marathon Qib., DOE/FE Order No. 1473 at 13 (Apr. 2, 1999).
*1d. at 29, 40, 46.

5 See ConocoPhillips Alaska Natural Gas Corp. and &ftaon Oil Co, DOE/FE Order No. 2500 at 45 (June 3,
2008).

“6 ConocoPhillips Alaska Natural Gas Cor@OE/FE Order No. 3418 at 5 (Apr. 14, 2014) (engiéhn original).
“"1d. at n.48;see also ConocoPhillips Alaska Natural Gas Corgl Mfarathon Oil Co. DOE/FE Order No. 2500 at
45 (June 3, 2008) (“[G]iven the relative geograpkwmation of the natural gas market in the Codktlmegion of
Alaska, OFE in Order No. 1473 focused specifically the regional need for the gas for which the expo
application in that case was sought.”).

8 ConocoPhillips Alaska Natural Gas Cor@OE/FE Order No. 3418 at 5 (Apr. 14, 2014).
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Therefore, the standard of review for an applicatio export LNG from Alaska is
“whether the proposed export is inconsistent whth public interest standard and, in particular,
whether there is a shortage of natural gas suppliise local [regional] market such that local
needs for natural gas cannot be mef.]”

DOE/FE’s recent review of applications to export GNrom the lower 48 has not
considered any impact such exports could have ersgpply or demand in Alaska. DOE/FE’s
LNG Export Study specifically excluded discussidntlte impact of natural gas exports from
Alaska and did not include Alaska when estimatimg ¢ffect of LNG exports on domestic US
markets® While any discussion of the cumulative impactosfer 48 exports has no bearing on
the authorization requested herein, even so Aladl@ Project LLC has demonstrated that the
Project’s LNG exports will have positive market andcroeconomic impacts on Alaska and the
United States as a whalk.

As demonstrated below, and as supported by thehaitiastudies, estimated recoverable
natural gas reserves and resources in Alaska anedabt and more than sufficient to meet
demand for both Alaska in-state consumption andkda NG Project LLC’s proposed export
over the requested 30-year export term. Accorginble proposed export authorization will not
have a detrimental impact on the regional domestmply of natural gas and, therefore, is not

inconsistent with the public interest.

“91d. at 6 €iting ConocoPhillips Alaska Natural Gas Corp. akf@rathon Oil Co, DOE/FE Order No. 2860 at 16
(Oct. 5, 2010)).

* United States Energy Information AdministratioBffect of Increased Natural Gas Exports on DomeStiergy
Markets” at 3 (Jan. 2012) (“Additionally, EIA asseththat an Alaska pipeline, which would transpoliskan
produced natural gas into the lower-48 United Stateuld not be built during the forecast periodaity of the
cases in order to isolate the lower-48 United Statpply response.”).

*1 Socio-Economic Report at 4.
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Q) Domestic natural gas supply — Alaska

Domestic natural gas supply is the first componehtDOE/FE’s analysis. When
reviewing whether sufficient supplies exist in Alago meet in-state demand as well as Project
requirements, it is important to note that the N@tope gas that is proposed to be exported may
not reach consumers in the population centers othsoentral and south east Alaska if the
Project is not constructed. Unlike in the lower wBiere gas that is not exported might be used
to serve domestic needs via the existing intergtigeline grid, there is no existing infrastructure
in Alaska to move the gas over 800 miles from thetiN Slope. Absent construction of the
Project, the ability to meet Alaska in-state gawded will continue to be very challenging.

Alaska LNG Project LLC engaged DeGolyer and MacNuaog (‘D&M”) to evaluate
whether there are the necessary natural gas resangderesources in Alaska to support domestic
natural gas demand in Alaska and the Project’s fg&sl requirements, and to evaluate the
possible term of such export. A copy of D&M’s rep('Supply Report”) is attached hereto as
Appendix E. The Supply Report focuses on the awasiee expected supply scenario
(“Expected Supply”), which fully supports a 30-ydaXG export term as requested her&in.
The Supply Report also examines an alternative bigiply scenario (“High Supply”), which
would support a 40+-year LNG export tePin.

The Supply Report’'s Expected Supply scenario estadd a total gas supply estimate of
63.493 trillion cubic feet (“Tcf”) of natural gas iAlaska. Comparing the Expected Supply
estimates to NERA’'s Expected Demand estimates & #&f of natural gas (discussed in the

following sub-section), the Expected Supply scemanalyses indicate there is more than

2 The Supply Report also includes support for amduager export period of 40+ years, which demares that
the export term requested in this Application imsmrvative. For the High Supply scenario, the SuReport
estimates natural gas reserves and resources &9B80%8cf. Supply Report at 2.

%3 Supply Report at 3, Appendix F. The High Supmlgrerio is included as an appendix to the SupphoRe
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sufficient natural gas supply and associated resodeliverability in Alaska to satisfy (i) Project
requirements for a 30-year export term at 20 MTRA i) in-state demantf. Specifically, at
the end of the 30-year export term, the Expectgopb§IlExpected Demand scenario analyses
indicate almost 16 Tcf (approximately 25 percenths total Expected Supply) of natural gas
would remain to satisfy future Alaska in-state matgas demand:

FIGURE 1

D&M - Remaining Gas Supply in Expected Supply/Eercted Demand Scenario
(30-Year LNG Export Term)®

Amount
Category (Tcf) Reference
Total Estimated Reserves and Resources 63.493 Figure 5
Upstream Lease Operations Fuel (2013-2052) (10.200) Figure 6
Domestic Demand (2013-2022) (0.997) Figure 6
Domestic Demand (2023-2052) (4.420) Figure 6
LNG Feed Gas (includes fuel/shrink) (31.880) Figure 6
Remaining Gas Supply 15.997

The Supply Report compiles information from acdedlipublic domain sources of
potential natural gas reserves and resources taatentified as being technically recoverable
within Alaska using current technology and wereppred using a reasonable assessment
method®® The Supply Report analyzes the Cook Inlet figldkich is the only area considered
to have proved gas reserv®sat the individual field level since these fieldse currently
producing hydrocarbons. For the discovered andsuadered resources estimates, the Supply

Report analyzes estimates for the North Slope,HgontAlaska (which includes Cook Inlet), and

> See idat 3.
zz Id. at Figure 1. The “Reference” column refers tufes in the Supply Report.

Id. at 2.
" While the Alaska Department of Natural Resourd@sjsion of Oil & Gas indicates there are currently
approximately 34.8 Tcf proven discovered “reseniaghe North Slope area of Alaska, under a sinittrpretation
of Petroleum Resources Management System and $atfidRetroleum Engineers definitions, these disoedge
known gas supplies must be technically charactéras resources rather than reserves due to fastctsas the
lack of existing access to viable markets wherd g&s can be sold and monetiz&ke idat 6.
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the Outer Continental Shelf. Specifically, the flypReport analyzes reserves and only higher
certainty resource estimates for onshore Alask#&hé North Slope and Cook Inlet, and for
offshore Alaska in the Beaufort Shelf and Cooktlilewater depths 200 meters or 18%s.

As detailed in the Supply Report and in the figlseow, D&M estimates, for the
Expected Supply scenario (30-year export term)rahigas reserves of 1.143 Tcf and natural

gas resources of 62.350 Tcf, for a total gas supp838.493 Tcf:

FIGURE 2
D&M - Reserves and Resour ces Estimates for the Expected Supply Scenario®®
Resour ces
Most Likely Total
Reserves +
Reserves Probable Possible Resour ces
Alaska Region and Assessment Segment (Tcf) (Tcf) (Tcf) (Tcf) Reference
Alaska Onshore
North Slopt 0 30.200 15.000 45.200 Figure 15 (PGC)
Figure 4, Figure
Cook Inlet 1.143 0.650 1.400 3.193 15 (PGC)
Alaska Offshore, 0-200 M eters
Beaufort Shelf 0 2.000 12.000 14.000 Figure 15 (PGC)
Cook Inlet Basin 0 0.400 0.700 1.100 Figure 15 (PGC)
Grand Total - Expected Supply Scenario 1.143 33.250 29.100 63.493

These supply estimates utilize only higher proligbili.e., more conservative) reserves and
resources estimaté®. The Supply Report did not consider estimates rafonventional gas
resources in Alaska(g, hydrates, shale gas, and coal bed methane ces)wr the maximum
or lower probability resources estimates due ta there speculative natufé.

The Supply Report also analyzes the volumes inssxoé NERA's Expected Demand

estimates (47.5 Tcf) that will be required in orderprovide adequate resource deliverability

81d. at 8.

*1d. at Figure 5. The “Reference” column refers gufes in the Supply Report.
91d. at 2.
®11d. at 8.
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throughout the 30-year export term. Assuming aseorative recovery of 75 percent of
estimated supplies before total production begmgécline, the Expected Supply scenario
estimate of 63.493 Tcf of natural gas results jplaeau duration of approximately 30 ye&rs.
Thus, the Expected Supply scenario (63.493 Tchtdnal gas) is more than sufficient to provide
30 years of LNG exports at 20 MTPA as well as fullget the associated Alaska in-state natural
gas demand both from the perspective of absoluteme of estimated supply and the likely
deliverability associated with such supply.

(2) Domestic natural gas demand — Alaska

Domestic natural gas demand is the second compof&®E/FE’s analysis. DOE/FE
has stated that for applications to export natgaal from Alaska, it focuses on the regional need
for the gas based on the particular region whezgts is produced €., the North Slope§® The
export proposed herein clearly satisfies this assthe gas demand in the North Slope producing
region is minimal due to a low population. Whihesttest is satisfied, Alaska LNG Project LLC
has provided further support for a finding that greposed export is not inconsistent with the
public interest by demonstrating that natural gagply/ in Alaska far exceeds the demand in
Alaska, even beyond the North Slope region.

Alaska LNG Project LLC engaged NERA to conduct avalgsis of the natural gas
market and macroeconomic impacts that the Promaidcpotentially have on both Alaska and
the United States as a whole. A copy of NERA'sre*'Socio-Economic Report”) is attached
hereto as Appendix F. Similar to the Supply Répakamination of the Expected Supply and
High Supply scenarios, the Socio-Economic Repocuses on an expected demand scenario

(“Expected Demand”) and the requested 30-year LNoe term. Information for an

62
Id. at 18.
83 ConocoPhillips Alaska Natural Gas Cor@OE/FE Order No. 3418 at 5 (Apr. 14, 2014).
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alternative high demand scenario (“High Demand’)l éime associated 40+-year LNG export
scenario is included in an appendix to the SociorABmic Report.

NERA concludes that, in the Expected Demand scepnapproximately 47.5 Tcf of
natural gas supply is necessary to meet both dastthrlaska in-state natural gas demand and

Project feed gas requirements:

FIGURE 3
NERA - Alaska Natural Gas Demand in Expected Scenario (Bcf)*
Cumulative
2013 | 2018 | 2023 | 2028 | 2033 | 2038 | 2043 | 2048 | LT o)
gps”et?‘m éeals" 255 | 255| 255| 255| 25§ 258 255 255 10.2
Alaska perations Fue
Demand
In-State Use 98| 104 116 13% 145 1%4 12 176 5.4
LNG Exports Demard - - 878 | 1,099 1,099 1,099 1,099| 1,099 31.9
Total Natural Gas Demand 358 397 1,349,488| 1,499| 1,508| 1,516| 1,530 475

Thus, the Socio-Economic Report concludes thatEkgected Supply in the Supply Report is
sufficient to meet and exceed the Expected Derfiand.

To conduct its analysis, NERA developed an Alagkecsic version of its N,ERA
model and its Global Natural Gas Model (“GNGM”)dstimate the macroeconomic and market

impacts of the Project. TheMERA model estimates the impacts of projects onoregi

% Socio-Economic Report at Figure 3. All resultstables and charts throughout the Socio-EconomigoRge
unless specified otherwise, are presented in myeaits which each represent a span of five ydaas 2013
represents the years 2013, 2014, 2015, 2016, ahid) 2€Each model year result represents the avenageal result
for the time specified by that model yeae( in Figure 3 the 2013 Alaska Demand representatieeage annual
demand in 2013 through 2017). In addition, cunivgatotals may not equal the sum of all years dudifferences
in rounding.

% This includes LNG-related fuel use and shrinkagafter ramp-up, 1,099 Bcflyear equals approxima@2g
Bcflyear for LNG export and 171 Bcf/year for fueleuand shrinkages).

% Socio-Economic Report at 6.
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economies at a sectoral level. The GNGM estimglelsal production, pricing, and trade of
natural gas and LNG, particularly price estimateseikpected LNG exports.

Using certain model inputs and assumptions, NER¥eldped Baseline, Expected, and
High scenarios to measure the economic impactseoPtoject. The Baseline scenario assumes
that the Project is not constructed. The ExpeatetiHigh scenarios, each of which is measured
against the Baseline, include the constructionhef Project, associated LNG export volumes,

and different Alaska in-state natural gas demanectsts, as indicated below:

FIGURE 4
NERA - Scenarios Considered in the Analysis®’
Alaskan Outlook L ower-48
Scenario Name Alaska LNG Export and Natural Gas Natural Gas LNG
Pipeline Infrastructure Demand Supply Exporting
Baseline No Baseline Baseline Yes
Expected 20 MTPA over 30 years Expected Expected esY
High 20 MTPA over 40 years High High Yes

NERA finds that in addition to the reductions intural gas prices compared to the
Baseline scenario (as discussed below), the benefithe increased supplies of natural gas
brought to market by the Project include elimingtreliance on imported natural gas, additional
revenues from LNG exports, and increased avaitgbolf natural gas for expansion of natural
gas intensive industri€8. NERA finds that the decrease in natural gas gticever time

compared to the Baseline scenario will induce aoltil consumption of natural gas in Alaska’s

®71d. at Figure 12.
%8 1d. at 3.
*1d. at 30.
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economy, such that by model year 2048, total Alas&ral gas domestic consumption, as

indicated below, is about 10% higher in the Expesigenario than the Baseliffe:

FIGURE 5

NERA - Expected Scenario Alaska I n-State Natural Gas Demand by Sector (Bcf/yr)™

Sector 2013 | 2018 | 2023 | 2028 | 2033 | 2038 | 2043 | 204g | Cumulative
Total (Tcf)

Electricity 36 39 25 33 39 42 44 51 1.5
Commercial 23 23 27 30 32 34 37 41 1.2
Residential 22 24 34 36 38 41 43 46 1.4
Manufacturing 6 7 14 17 16 17 16 16 0.5
Government 5 4 4 5 5 5 6 6 0.2
Energy-Intensive 4 5 10 13 13 14 14 14 0.4
Trucking
Transportation 0 0 0 0 0 1 1 1 <01
Other Transportation 0 0 0 0 0 0 0 0 <0.1
Upstream Lease and L
Operations Fuel 255 255 255 255 255 255 255 255 10.2
Sectoral Total 353 357 370 388 399 409 417 431 15.6
Total Change from
Baseline 0 0 16 25 31 33 34 40 0.9

As demonstrated by the foregoing analysis and thgpl$ Report and Socio-Economic
Report, the natural gas to be exported pursuatttisoApplication will not be needed to meet
estimated demand in Alaska. Therefore, permittiregexport of natural gas is not inconsistent

with the public interest. Moreover, as explaindmb\ge, granting the export authorization

©1d.
" d. at Figure 18. The items and totals in this taelude feed gas and fuel/shrinkage requirements.
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requested herein will enable additional suppliést tmay otherwise be stranded, to serve
consumers in Alaska.

(i)  Lmpact on Natural Gas Market Prices’

As the Policy Guidelines make clédrit is not the policy of the federal government to
manipulate domestic energy prices by approvingisapproving import and export applications.
United States policy is that markets, and not tleweghment, should allocate resources,
determine supply and demand, and set pfites.

Nonetheless, the Socio-Economic Report finds that RProject would lead to lower

natural gas prices in Alaska:

2 All pricing information or forecasts contained tine attached Socio-Economic Report are those sofetpe
independent consultant (NERA). Neither Alaska LRé@ject LLC nor its respective Members or theiiliaties
provided any pricing or other commercially sengtimformation to NERA in the preparation or reviefvthe
Socio-Economic Report.

3 Policy Guidelines at 6,685.

“1d.
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FIGURE 6
NERA - Alaska Average Natural Gas Market Price Compared to Baseline
(2010$/M M Btu)™
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As determined by NERA, by model year 2048, the Rdasnarket price of natural gas is
$5.02/MMBtu lower in the Expected Demand scendramtin the Baseline (which assumes that
the Project is not constructed), a 39% price ciffiee’® The Project’s impact on natural gas
prices, as estimated by NERA, lends further suptaotihe conclusion that permitting the export
of the natural gas for a 30-year term as requastéus Application is not inconsistent with the
public interest.

(i)  Presidential Finding Concerning Alaska Natural Gas

Section 12 of the Alaska Natural Gas Transpontafiot (“ANGTA"), 15 U.S.C. § 719j,

states that “before any Alaska natural gas in exoé4,000 Mcf per day may be exported to any

> Socio-Economic Report at Figure 1.
1d. at 2.
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nation other than Canada or Mexico, the Presiderst nake and publish an express finding that
such exports will not diminish the total quantityquality nor increase the total price of energy
available to the United StateS.” Pursuant to this statutory directive, Presideaadan issued
such a finding, concluding:

* “There exist adequate, secure, reasonably pricggliss of natural gas to meet the
demand of American consumers for the foreseeaklieeiti’®

» “Exports of Alaska natural gas would not diminisie total quantity or quality of energy
available to U.S. consumers because world energgurees would be increased and
other more efficient supplies would thus be avadah’

* “Finally, exports would not increase the price okeryy available to consumers since
increased availability of secure energy sourcesideto stabilize or lower energy
prices.®

The Presidential Finding concluded “that exportd\lafska natural gas in quantities in excess of
1,000 Mcf per day will not diminish the total quémtor quality nor increase the total price of
energy available to the United Statés.”

The Presidential Finding is not limited in scopeatparticular project or time period. In
fact, the Presidential Findingreémove[d] the Section 12 regulatory impediment faskan
natural gas exportg a manner that allowany private partyto develop this resource and sets up
competition for this purposé® According to the Presidential Finding, “removd this

impediment to private sector development of Alaskaist natural gas resources . . . will benefit

715 U.S.C. § 719j (2006).
'8 presidential Finding Concerning Alaska Natural Gé&sFed. Reg. 999 (Jan. 15, 1988).
79
Id.
q.
#d.
8\d. (emphasis added).
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our entire Nation® As explained in the Presidential Finding, “[tjbeeration of market forces
is the best guarantee that Alaska natural gasheildeveloped efficiently and that there is an
incentive to find additional reserve¥'” The Presidential Finding therefore remains vafd is
applicable to this Project.

While the Presidential Finding was originally isguin the context of earlier efforts to
develop the vast natural gas resources on the NEojbe, its broad language applies equally to
this latest Application to develop these same nessu The Presidential Finding was initially

applied to the Yukon Pacific project, a projecttthears remarkable similarities to this Project.

Alaska LNG Project Y ukon Pacific
(ascurrently proposed) (asproposed in DOE LNG
export application)®
Project Type Integrated greenfield project Integrated greenfield project
Liquefaction Facility 20 MTPA 14 MTPA
Capacity
Liquefaction Trains 3 4
Liquefaction Facility South-central Alaska Southern Alaska
L ocation
Pipeline ~800-mile large-diameter ~800-mile large-diameter

pipeline from the North Slope pipeline from the North Slope

Requested Export Term 30 years 25 years (granted in DOE
Order No. 350%

Proposed Target Asia Asia
LNG Destination

8d.
#1d.
8 See Yukon Pacific CorporatipERA Docket No. 87-68-LNG, Order No. 350 (Nov. 1689).
86
Id. at 44.
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Alaska LNG Project Yukon Pacific
(ascurrently proposed) (asproposed in DOE LNG
export application)®

Known Discover ed Approximately 35 Tcf Approximately 26 Tcf

Alaska Upstream

Gas Supply

Access to Gas Supplies Affiliates of Members of No direct access; would require
Alaska LNG Project LLC third-party purchases

currently hold oil and gas
leasehold interests in Alaska,
including in the Prudhoe Bay
and Point Thomson Units

In addition to the similarities between the twmjpcts, the facts of today’s natural gas
landscape only further support the continued viglidif the Presidential Finding. Energy
Information Administration estimates of U.S. natugas reserves have neadgpubledin the
years following the Presidential Findifig.Lower 48 gas resource estimates have increassd ov
300% since the Presidential FindiffgAdditionally, as referenced above, NERA conclutheat
the Project would lead to lower natural gas pricedlask&® and would have “unequivocally
positive” economic impacts in Alaska and the Unigdtes as a whof8.

In Yukon Pacific DOE/FE favorably cited and relied upon the Presidl Finding as
removing the section 12 impediment to the very etgpof North Slope natural gas proposed

here® DOE/FE stated that the Presidential Finding hédfiled [ANGTA’s] statutory

87 United States Energy Information Administration).S. Natural Gas, Wet After Lease Separation - €dov
Reserves,available athttp://www.eia.gov/dnav/ng/hist/rngr21nus_2la.htm.

8 Report of the Potential Gas Committee, “Poter8igply of Natural Gas in the United States,” af&ble 2 (Dec.
31, 2012).

89 Socio-Economic Report at 2.

O|d. at 4.

1 See Yukon Pacific CorporatipERA Docket No. 87-68-LNG, Order No. 350 at 7 (N&@8, 1989) (“On January
12, 1988, President Reagan removed the sectiomfi@diment to exports of North Slope natural gaj[.]”
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condition precedent® DOE/FE determined that the Presidential Findm@ i‘generic finding
by the President” that DOE/FE could apply to thetSaf the case beforeit.

In accordance with DOE/FE precedent, the Presaldfinding is valid and applicable to
this Project. Therefore, the requirement of Sectia of ANGTA has been satisfied.

(iv)  Economic Benefits

The requested authorization will benefit local,ioegl, and national economies and is
not inconsistent with the public interest. Thepwesed export of LNG would make available to
both the global LNG market as well as Alaska irnesdomestic markets natural gas that would
otherwise be stranded, at long last capitalizingAtaska’'s abundant natural gas resource base.
As DOE/FE stated nearly twenty-five years ago, tNoBlope natural gas is a major energy
resource whose efficient development has been laofahS. energy policy since its discovery
in 1968.%* As stated in the Presidential Finding, “[lJeavitiis resource undeveloped benefits
no one.®® Now is the time for the United States to achithis goal and realize the economic
benefits of Alaska natural gas.

The development of new resources creates new juibsi@wv opportunities for American
workers and is consistent with President Obama'SoNal Export Initiative’® The President
noted that “[a] critical component of stimulatingomomic growth in the United States is
ensuring that U.S. businesses can actively paatieip; international markets by increasing their
exports of goods[.] Improved export performanc#, i turn, create good high-paying job¥.”

The National Export Initiative has the goal of dbuodp exports by helping businesses overcome

2|d. at 27.
%d.
% Yukon Pacific CorporationERA Docket No. 87-68-LNG, Order No. 350 at Settio(Nov. 16, 1989).
% presidential Finding Concerning Alaska Natural Gé&sFed. Reg. 999 (Jan. 15, 1988).
% Exec. Order No. 13534, 75 Fed. Reg. 12,433 (Mhr2010).
97
Id.
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hurdles to entering new export markets, assistiitg financing, and pursuing a government-
wide approach to export advocacy abrdad.
Granting the requested authorization would imprthes United States balance of trade.
In 2012, the national trade deficit was approxirya$540 billion, with $291 billion (over half)
resulting from a negative balance in the trade etffgfeum product®’ Alaska LNG Project
LLC’s proposed exports of 20 MTPA of LNG for a 38ay term will make a positive impact on
the balance of trade. In approving other expogliegtions, DOE/FE has acknowledged the
positive impact that LNG exports can have on tHariz of trade with destination countrf@.
Moreover, consistent with the aims of the NatioBaport Initiative and the DOE’s
policy of “promoting competition in the marketplabg allowing commercial parties to freely
negotiate their own trade arrangemenfs the export of LNG from Alaska will help to improve
economic trade and relations between the UniteteStand the destination countries. As the
Socio-Economic Report finds, the proposed expodslav“allow the U.S. to produce LNG at a
globally competitive price®? According to the Socio-Economic Report:
LNG exports provide the U.S. with a means to obtaiernational
goods and services with fewer resources. Theretbeevalue of
U.S. net exports increases because of the incneaseenues from
LNG exports. The large surplus in the current aotdalance of
Alaska as a result of the AKLNG project is a prigndriver in the

increase in net exports which results in an impnoset in the U.S.
balance of trad&®®

*®d.

% Bureau of Economic Analysis, United States Depantnof Commerce, “U.S. International Trade in Goadd
Services: Annual Revision for 2012,” (June 4, 20413)1,available athttp://www.census.gov/foreign-trade/Press-
Release/2012pr/final_revisions/final.pdf. In 20%XBe United States exported only $123 billion intrpleum
products while importing over $413 billion.

10 5ee, e.g., ConocoPhillips CompamOE/FE Order No. 2731 at 10 (Nov. 30, 2009) (“Ehgortation of LNG
will help to improve the United States’ balance mdyments with the destination countries named i th
application[.] Accordingly, | find that mitigationf balance of payment issues may result from atgoé the
application.”);Cheniere Marketing, IncDOE/FE Order No. 2651 at 14 (June 8, 2009) (“[Mdtion of balance of
payments issues may result from a grant of thedekppplication.”).

191 Cheniere Marketing, IncDOE/FE Order No. 2651 at 11 (June 8, 2009).

192 30cio-Economic Report at 46.

103 |d
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The Socio-Economic Report concludes that the Projemld have “unequivocally positive”
economic impacts in Alaska and the United States aole!®® The Socio-Economic Report
finds that the Project would have strong positieermmic impacts on all key indicators of
Alaska’s economy as compared to the Baséfineln percentage terms, NERA concludes that
economic “impacts on Alaska would be much largantimpacts on the U.S. as a whole, but
economic impacts in both Alaska and the U.S. argtige for both scenarios relative to the
Baseline.?®

Exporting Alaska natural gas will provide a boost lbcal, regional, and national
economies through resource development, an enhdagdshse, creation of thousands of jobs,
and an increase in overall economic activity. Heads of Agreement concerning the Project
notes the substantial benefits that the Projectldvprovide including, (i) the opportunity for
competitively priced, reliable in-state gas supply) job creation in the exploration,
development, production, and transportation of r@étgas; and (iii) infrastructure to enhance
exploration and production opportuniti®4. Construction of the Project would be the single
largest investment in Alaska’s history. It is aigated to create up to 15,000 jobs during
construction and approximately 1,000 jobs for ofyenaof the Project.

As summarized in the following figure, the Projegbuld boost Alaska’s overall
economic well-being (as represented by the imprarégnm consumer welfare, which measures
household consumption and leisure), gross produos$ state product (“GSP”) for Alaska, and
gross domestic product (“GDP”) for the United S¢ateind personal income (as represented by

consumption):

10%1d. at 4.
19514, at 6.
%4, at 5.
197 Heads of Agreement at Article 3.
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FIGURE 7
NERA - Summary of Alaska M acroeconomic | mEJacts Compared to Basdline
in Expected Scenario'®

2013 2018 2023 2028 2033 2038 2043 2048

Welfare (%) 0.1% 0.2% 0.5% 0.9% 1.0% 1.1% 0.99 0.8%
GSP (%) 1.2% 2.7% 6.0% 7.7% 7.9% 8.4% 9.09 9.2%
Consumption (%) 0.1% 0.3% 0.6% 0.9% 1.0% 1.1% 1.19 1.1%

In addition, the Socio-Economic Report finds thdteincreased economic activity in
Alaska leads to overall benefits for the U.S. ashale”:'%°

FIGURE 8
NERA - Summary of U.S. Macroeconomic I mpacts Compar ed to Baseline
in Expected Scenario™*?

2013 2018 2023 2028 2033 2038 2043 2048

Welfare (%) 0.02% 0.02% 0.02% 0.02% 0.02% 0.03% 0.02% 0.03%
GDP (%) 0.01% 0.03% 0.05% 0.06% 0.06% 0.06% 0.06% 0.05%
Consumption (%) 0.02% 0.02% 0.02% 0.02% 0.03% 0.03% 0.03% 0.03%

The Project’s positive macroeconomic impacts onskdaand the United States as a
whole lend further support to the conclusion thatnutting the export of the natural gas as

requested in this Application is not inconsisterithvhe public interest.

198 5 cin-Economic Report at Figure 5
19914, at 5.
H101d. at Figure 7.
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(v) Benefitsto National Energy Security

The LNG exports associated with the requested aatimn will not adversely affect,
and in fact will support, United States energy sizu DOE/FE recently found that exports can
have a positive impact on national energy security:

to the extent U.S. exports can counteract condsmrravithin
global LNG markets, thereby diversifying interna@d supply
options and improving energy security for many o tcountry’s
allies and trading partners, authorizing U.S. etgpanay advance
the public interest for reasons that are distinminf and additional
to the economic benefits identified in the [DOE/§fBnsored]
LNG Export Study:**

DOE/FE also analyzed the positive “internationahsemuences” of approving LNG
exports and concluded:

An efficient, transparent international market fatural gas with
diverse sources of supply provides both economit strategic
benefits to the United States and our allies. ddgddancreased
production of domestic natural gas has signifigangdduced the
need for the United States to import LNG. In glotvade, LNG
shipments that would have been destined to U.Sketmarhave
been redirected to Europe and Asia, improving gneegurity for
many of our key trading partners. To the exter8.lxports can
diversify global LNG supplies, and increase theunoés of LNG
available globally, it will improve energy securitgr many U.S.
allies and trading partnet¥

In addition, the Socio-Economic Report analyzesitmgact that natural gas exports can
have on enhancing energy security using the metficsupply assurance, price stability, and
foreign policy'** For example, the Socio-Economic Report conclage®llows:

. Supply Assurance:

From the point of view of U.S. price stability aagsured supplies,
the production capacity that is supplying exporthkats is in effect

" Freeport LNG Expansion, L.P., FLNG Liquefaction@,IFLNG Liquefaction 2, LLC and FLNG Liquefaction 3
LLC, DOE/FE Order No. 3357 at 153 (Nov. 15, 2013).

112 jordan Cove Energy Project, L,;DOE/FE Order No. 3413 at 142 (Mar. 24, 2014).

113 50cio-Economic Report at 52.
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spare capacity that can be diverted to domestis. u3ée larger
and more liquid the global natural gas markeths,more effective
this spare capacity will b&**

. Foreign Policy:

Natural gas exports can have clear foreign poli@ndits:

reducing dependence of other countries on exparta tountries
that are not allies of the U.S. will reduce theluahce of those
countries on the policies of potentially friendiguntries importing
U.S. LNG. Removing restrictions on exports wils@alsignal the
U.S. commitment to WTO and GATT principles, to soppree

market regimes in other countries, and make iteedsipress other
countries to remove export restrictions that ammalging to U.S.
industry™*°

As outlined in the Socio-Economic Report, meetihgse metrics clearly demonstrates the
benefits that the proposed export of LNG will haveUnited States energy security.

(vi)  Environmental Benefits

LNG exports significantly benefit the environmemrichuse natural gas is cleaner burning
than other fossil fuels. According to the Unitetht8s Environmental Protection Agency,
compared to the average air emissions from coadi-fgeneration, natural gas-fired generation
produces half as much carbon dioxide, less thairéas much nitrogen oxides, and one percent
as much sulfur oxides at a power pl&iit.Accordingly, an increased supply of natural gasien
possible through LNG export can help countries cediheir reliance on less environmentally
friendly fuels. To the extent that the 20 MTPA IONG is used in foreign countries as a
substitute for coal and fuel oil, it will reduce msions significantly over the 30-year export
term.

With regard to environmental benefits in the Unittdtes, the Socio-Economic Report

finds that due to fuel-switching from non-gas fuasnatural gas, particularly in the electric

114 Id
115 Id:
116 seehttp://www.epa.gov/cleanenergy/energy-and-youtaffatural-gas.html.
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sector, emissions will decline in the long-runhaligh changes in total United States emissions
are small at approximately -0.019%.

VIII. ENVIRONMENTAL IMPACT

Pursuant to NEPA, 42 U.S.C. § 42%t seq while DOE shall give appropriate
consideration to the environmental effects of igposed decisions regarding a proposed export
to FTA countries, that consideration is provided light of DOE’s statutory obligation to grant
the application without delay or modificatioh® That portion of Alaska LNG Project LLC's
Application that seeks authority to export LNG omdy nations with which the United States
currently has, or in the future may enter into,FAA requiring national treatment for trade in
natural gas, “falls within Section 3(c), as amendadd therefore, DOE/FE is charged with
granting the application without delay or modificat”**°

Regarding the proposed export to non-FTA countidmska LNG Project LLC requests
that DOE/FE issue the export authorization to n®AFcountries conditioned on FERC's

completion of the NEPA review and approval of Pebjeonstructiort?® DOE/FE has routinely

issued orders with such a conditit3h. It has been standard practice for DOE/FE to “detefits

17 50cio-Economic Report at 46-47, 51.
iiSabine Pass Liquefaction LLOOE/FE Order No. 2833 at 5 (Sept. 7, 2010).

Id.
120 As explained in Section Il above, despite DOE/Rietsent proposal to change its procedures for ggicg non-
FTA export applications, there are many uniqueuiess of this Project that warrant exercise of D@EgFliscretion
to issue a conditional decision.
121 gee, e.g.Jordan Cove Energy Project, L,FDOE/FE Order No. 3413 at 152 (Mar. 24, 201@ameron LNG,
LLC, DOE/FE Order No. 3391 at 140-41 (Feb. 11, 20EdAeport LNG Expansion, L.P., FLNG LiquefactionQ,L
FLNG Liquefaction 2, LLC and FLNG Liquefaction 3,@, DOE/FE Order No. 3357 at 163-64 (Nov. 15, 2013);
Dominion Cove Point LNG, LADOE/FE Order No. 3331 at 150-51 (Sept. 11, 2018ke Charles Exports, LLLC
DOE/FE Order No. 3324 at 133-34 (Aug. 7, 20IReeport LNG Expansion, L.P. and FLNG LiquefactibhC,
DOE/FE Order No. 3282 at 120-21 (May 17, 20E3bine Pass Liquefaction, LLOOE/FE Order No. 2961 at 41
(May 20, 2011);Yukon Pacific Corp.ERA Docket No. 87-68-LNG, Order No. 350 (Nov. 18®89) (“The DOE
believes that energy projects can and must be taidar consistent with environmentally acceptabbetices. To
ensure this result, the DOE is attaching a conditiothe export approval that all aspects of theoeixproject must
be undertaken in accordance with the appropriat@@mental review process and must comply with ang all
preventative and mitigative measures imposed bgfeédr State agencies.”).
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NEPA review as a cooperating agency in FERC'’s re\dé the [proposed export facilities}*
According to the established protocol, “DOE/FE’stg#ation as a cooperating agency in the
FERC proceeding is intended to avoid duplicationeffbrt by agencies with overlapping
environmental review responsibilities, to achiewlye coordination among agencies, and to
concentrate public participation in a single fortif¥ Here, DOE/FE should continue to follow
its well-established practice of granting the resteé non-FTA authorization conditioned on the
completion of the environmental review processERE. As noted above, Alaska LNG Project
LLC expects that it will commence the FERC Preffglprocess in 2014.

IX. EXPORT TERM AND COMMENCEMENT OF EXPORT OPERATIONS

As explained herein and supported by the attachsdies, Alaska is unique, as is the
Project. The requested 30-year export term angeb?-period for the commencement of
operations are appropriate and necessary in omeaupport the unprecedented investment
required, Project scope and time requirements mkedolebring North Slope gas to market.
Current estimates are that the Project will cosivben $45 billion and $65 billion to construct.
The estimated cost of construction includes the 0b$i) a Liquefaction Facility, storage and
loading facilities, and other associated faciliti¢i§) a large-diameter gas pipeline from the
Liguefaction Facility to the gas treatment planit) @ gas treatment plant on the North Slope;
and (iv) transmission lines between the gas tre@tqplant and producing fields. Alaska LNG
Project LLC will be required to build each componehthis greenfield Project from the ground
up. Unlike proposed projects in the lower 48, ¢hisrno existing long-haul gas transportation

infrastructure in Alaska.

122g5ee, e.gDominion Cove Point LNG, LADOE/FE Order No. 3331 at 150 (Sept. 11, 2013).
123
Id.
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In addition, Alaska LNG Project LLC will be faceditiv unique Arctic construction
conditions. The challenges of moving equipment andorkforce over long distances to the
construction sites are magnified under the extréwatic conditions in Alaska. The Arctic
weather conditions cause limitations in the comston timeline. For example, the gas treatment
plant facilities will be constructed in a modulashion and then sealifted to the North Slope for
installation. Due to ice conditions in and arolfrddhoe Bay, there is a very short time window
in the late summer where a sealift operation issipdss. If that window is missed due to any
number of factorse(g, weather, labor, equipment, or construction dglagsnstruction of the
required facilities will be delayed at least onaryantil the next available sealift window. These
ice-free periods are subject to fluctuations eagérydue to late thaw or early freeze, thereby
increasing the unpredictability of the constructimneline.

Other construction on the North Slope, such asctimstruction of flow lines and initial
gravel infrastructure, is limited to winter perioalsd necessitates the construction and use of ice
roads for access. Such complex construction conditead to labor productivity on the North
Slope that is approximately one-third of that exgrered in the Gulf Coast region of the lower
48. These Arctic construction conditions, couplath inherently longer upstream resource
development periods, necessitate a longer expontaed start-up period.

DOE/FE has previously issued authorizations foroexfrom the lower 48 to non-FTA
countries with 20-year ternt§’ DOE/FE’s rationale for the 20-year terms was that LNG

Export Study commissioned by DOE/FE for the lowBr“dontains projections over a 20-year

124 jordan Cove Energy Project, L,PDOE/FE Order No. 3413 at 153 (Mar. 24, 201@meron LNG, LLC
DOE/FE Order No. 3391 at 142 (Feb. 11, 20FANG Liquefaction, LLC, FLNG Liquefaction 2, LLCARLNG
Liguefaction 3, LLC DOE/FE Order No. 3357 at 157 (Nov. 15, 2013yminion Cove Point LNG, LFDOE/FE
Order No. 3331 at 145 (Sept. 11, 201B3ke Charles Exports, LLADOE/FE Order No. 3324 at 135 (Aug. 7,
2013); Freeport LNG Expansion, L.P., Freeport LNG Expansib.P. and FLNG Liquefaction, LLDOE/FE
Order No. 3282 at 122 (May 17, 2013gbine Pass Liquefaction, LLOOE/FE Order No. 2961-A at 29 (Aug. 7,
2012).
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period beginning from the date of first expoft”and, accordingly, “caution recommends
limiting this conditional authorization to no longghan a 20-year term beginning from the date
of first export.**® DOE/FE stated that it was “mindful that LNG exptacilities are capital
intensive and that, to obtain financing for suchjgcts, there must be a reasonable expectation
that the authorization will continue for a term faiént to support repayment? DOE/FE
concluded that the 20-year term “is likely suffiti¢o achieve this result®®

However, the 20-year projection window containedh@ DOE/FE’s LNG Export Study
is not applicable to this unique Alaska ProjectheTSupply Report and the Socio-Economic
Report attached hereto both contain projectionsr ave80-year period beginning from the
assumed date of first export in 2023.As explained in detail above, the requested 20-t&rm
is fully supported by the natural gas reservesrasdurces estimates in the Supply Report and
the demand estimates in the Socio-Economic Report.

Additionally, as explained, an Alaska projectigngficantly more capital intensive than
a lower 48 project and so, by DOE/FE’s own reaspnam Alaska LNG project requires a longer
export term. The significant capital investmerdgoatequires assurance of a longer-term outlet
for the natural gas in order to recover the initllestments and investments following Project
start-up. The requested 30-year export term vatlilitate enhanced resource development.
Furthermore, the 30-year term is consistent withicel industry design standards for the

Liguefaction Facility life.

125 See, e.gFLNG Liquefaction, LLC, FLNG Liquefaction 2, LLCARLNG Liquefaction 3, LLCDOE/FE Order
No. 3357 at 157 (Nov. 15, 2013)itfng NERA Economic Consulting, “Macroeconomic Impactd dlG Exports
Irzcgm the United States” (Dec. 2012) at 5).

Id.
271d. at 157-58.
281d. at 158.
129 The Supply Report and the Socio-Economic Repaitt bontain, as an appendix thereto, projections av40-
year export period.
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With respect to the commencement of operations, [BBEas required that lower 48
export operations commence no later than sevensylkam the date the authorization is
issued*® DOE/FE stated that “[t]he purpose of this commitis to ensure that other entities that
may seek similar authorizations are not frustratetheir efforts to obtain those authorizations
by authorization holders that are not engaged inah@xport operations-** The “other entities
that may seek similar authorizations” referencedD®YE/FE are the entities in the queue of
lower 48 non-FTA export applicants (currently at&fplicants) awaiting decision by DOE/FE.
The authorization requested herein is not simitarahy of the authorizations requested by
applicants in the lower 48 queue. Accordingly, DEEs identified purpose in limiting the
commencement date to seven years does not ap@y eanting the authorization requested by
Alaska LNG Project LLC and permitting a 12-yearipérfor the commencement of export
authorizations will not frustrate any other appfttan its efforts to obtain an export
authorization:>?

There is no other application pending before DOB#-Export North Slope natural gas.
In addition, as discussed above, the 12-year pasodppropriate and necessary given the

complex Arctic construction conditions inherentany Alaska project and the massive size,

130 Jordan Cove Energy Project, L,PDOE/FE Order No. 3413 at 153 (Mar. 24, 201@meron LNG, LLC
DOE/FE Order No. 3391 at 142 (Feb. 11, 20FANG Liquefaction, LLC, FLNG Ligquefaction 2, LLCABRLNG
Liquefaction 3, LLC DOE/FE Order No. 3357 at 158 (Nov. 15, 2013yminion Cove Point LNG, LFDOE/FE
Order No. 3331 at 145 (Sept. 11, 201B3ke Charles Exports, LLADOE/FE Order No. 3324 at 128 (Aug. 7,
2013); Freeport LNG Expansion, L.P., Freeport LNG Expansi.P. and FLNG Liquefaction, LLDOE/FE
Order No. 3282 at 122 (May 17, 2013gbine Pass Liquefaction, LL.OOE/FE Order No. 2961-A at 33 (Aug. 7,
2012).

131 See, e.gFLNG Liquefaction, LLC, FLNG Liquefaction 2, LLCABRELNG Liquefaction 3, LLCDOE/FE Order
No. 3357 at 158 (Nov. 15, 2013).

132 DOE/FE recently granted authorization to ConochiphiAlaska Natural Gas Corporation to export @ltof 40
Bcf of natural gas from an existing facility ovetveo-year period. The two-year authorization comosal on the
date of issuance of the order granting the reqdest#horization (April 14, 2014). The authorizaticequested in
the instant Application will have no impact on tieport authorization granted to ConocoPhillips KafNatural
Gas Corporation as that two-year export authoopatiill have been completed well before Alaska LR@ject
LLC’s requested authorization would commencgee ConocoPhillips Alaska Natural Gas CoipOE/FE Order
No. 3418 (Apr. 14, 2014).
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scope, and cost of the proposed Project. Duestoomnplexity, the Project will require a one to
two year Pre-Front End Engineering Design (“FEEPNase in addition to the typical FEED
phase. Additionally, the expansive scope of thgdet will lengthen the NEPA review and
permitting timelines. Unique to this Project, therties must negotiate several complex project-
enabling contracts with the State of Alaska, som&hach will require ratification by the Alaska
legislature. All of these factors combine to negase a longer start-up period than typically
granted for lower 48 projects. It is therefore appiate for DOE/FE to grant Alaska LNG
Project LLC’s requested 12-year period for the canoement of export operations.

X. APPENDICES

The following appendices are included with this Aggtion:

Appendix A Verifications

Appendix B Opinion of Counsel

Appendix C Project Map

Appendix D Affidavit of Jeffrey D. McDonald

Appendix E Report on a Study of Alaska Gas Reseavel Resources for

Certain Gas Supply Scenarios as of Decembe2(®I12
Appendix F Socio-Economic Impact Analysis of AladiNG Project

Xl.  CONCLUSION

WHEREFORE, for the reasons set forth above, Alddk& Project LLC respectfully
requests that DOE/FE issue an order granting Aladk@ Project LLC long-term authorization
to export 20 million metric tons per year of AladldG (929 Bcf of natural gas) for a term of 30
years to (1) any country with which the United 8saturrently has, or in the future enters into,
an FTA requiring national treatment for trade inunal gas; and (2) any country with which the
United States does not have an FTA requiring thiemal treatment for trade in natural gas with
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which trade is not prohibited by United States law or policy. As demonstrated herein, the
authorization requested is not inconsistent with the public interest and, accordingly, should be
granted pursuant to Section 3 of the Natural Gas Act.

Alaska LNG Project LLC respectfully requests that DOE/FE grant that portion of the
Application that seeks to export LNG to FTA countries “without modification or delay” as

required by the Natural Gas Act.'*

Lydia J. Johnson
Vice President

Daniel J. Brink Matthew T. Eggerding
Counsel Locke Lord LLP
ExxonMobil Alaska LNG LLC 701 8th Street, NW
lydia.j.johnson@exxonmobil.com Suite 700
daniel.j.brink@exxonmobil.com Washington, DC 20001
(202) 220-6915
Darren Meznarich jmoriarty@lockelord.com
President jbrough@lockelord.com
Barbara Fullmer meggerding@lockelord.com

Senior Counsel

ConocoPhillips Alaska LNG Company
darren.l. meznarich@conocophillips.com
barbara.f.fullmer@conocophillips.com

David E. Van Tuyl
President

Greg L. Youngmun
Senior Counsel

BP Alaska LNG LLC
david.vantuyl@bp.com
greg.youngmun@bp.com

On behalf of Alaska LNG Project LLC

Dated: July 18, 2014

3 15U.8.C. § 717b(c) (2006).
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Verifications



VERIFICATION
Third Judicial District )

)
State of Alaska )

BEFORE ME, the undersigned authority, on this day personally appeared David E.
Van Tuyl, who, having been by me first duly sworn, on oath says that he is the President of
BP Alaska LNG LLC and is duly authorized to make this Verification on behalf of BP Alaska
LNG LLC; that he has read the foregoing instrument and that the facts therein stated are true

and correct to the best of his knowledge, information and belief.

(Dt

" David E. Van Tuyl

v

SWORN TO AND SUBSCRIBED before me on: July 16, 2014

SN iy, |

L
Notary Public

% %%, e
DYSTATE 0F N
U



VERIFICATION

Third Judicial District )

)
State of Alaska )

BEFORE ME, the undersigned authority, on this day personally appeared Darren
Meznarich, who, having been by me first duly sworn, on oath says that he is the President of
ConocoPhillips Alaska LNG Company and is duly authorized to make this Verification on behalf
of ConocoPhillips Alaska LNG Company; that he has read the foregoing instrument and that the

facts therein stated are true and correct to the best of his knowledfe, information and belief.
‘QA/\/W//

0 7
SWORN TO AND SUBSCRIBED before me on:

Notary Public i ' | \/&Q
MADISON WHYBARK-MARSHALL. ! :
State of Alaska !

NBtary Public

My Commission Expires April 08, 2018 }

S eRIBED and SWORN. fi HigH
~]Fg dayo‘;5 o Ulﬂigfe ore, ?(;.il-)t
ol LA
otary Public in and forthe. St f
Alaska, residing at jgré ?"’) »-agpg'i qu

At e q9So]







APPENDIX B
Opinion of Counsel
July 18,2014

Mr. John A. Anderson

Office of Fossil Energy

United States Department of Energy
Docket Room 3F-056, FE-50
Forrestal Building

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

RE:  Alaska LNG Project LLC
Application for Long-Term Authorization to Export Liquefied Natural Gas

Dear Mr. Anderson;:

This opinion of counsel is submitted pursuant to Section 590.202(c) of the regulations of
the United States Department of Energy, 10 C.F.R. § 590.202(c) (2014). The undersigned is
counsel to Alaska LNG Project LLC. I have reviewed the corporate documents of Alaska LNG
Project LLC and it is my opinion that the proposed export of natural gas as described in the
application filed by Alaska LNG Project LLC to which this Opinion of Counsel is attached as
Appendix B, is within the limited liability company powers of Alaska LNG Project LLC.

Respectfully sybmifted,

Locke Lord LLP
701 8th Street, NW
Suite 700
Washington, DC 20001
(202) 220-6915
jmoriarty@lockelord.com

Counsel to Alaska LNG Project LLC



APPENDIX C

Project Map



D
BARROW
/A
/ ey
/ )> AN
eaufort g
g .
V4 CY N
o / D Ry
- e /l \\) o i
= Py <i \- ..’1' 7y
e » Y
" ey ) e e~ PGS
2 Sy == %) ‘ A AAT
v s S — = 1 ~ %’P‘ J "\V,'—'hl
N (S ks a
L. -\ >
y: ‘T_J\‘L
4 :7{).7 .'L\ "’“:(’r’
Ij I/
A

e

G
% Y I/;’\-\("\'/}(a--\,_\ T P
)

Facilities  prubHoE

Point

KAKTOVIK
Thomson

NN A=A

’h
7 -&,ﬁ,,ij"\.’?:*\
A 8 I,
\\;t*\z':- ::\--/{ - \\\“m;.:
- LP\ —
W
: : \
| . F A P s
- " . . \‘~ . __‘:.:; p Ny el
_Slope ﬂ & i g e
Borough 23 ' O Rl T~ AL \ r ¢
¥ ‘oo - e ol
i / v ‘ Y - .
k\"g ) 2 s .' | \\\ ; g
2 A d
AT Ll el D L] R =)
¢ Arctic National® e "\
a2 wildlife Refuge===="" 7 "\ O
A ATy g S e § . v ‘\\ 7
v ", 2
® 2 -Q. r \“\
- )
: Sz
. |
_____________________ S (N >
_________________ ] . ‘\ '
Noatak |
National 7 \ 7
Preserve the Arctic s e e S NS TR
National Park )
\
S A :
v of
Kobuk Valley ol " ;
" National \( / ’ i
Park \\
Northwest Yukon Flats
¥ ia National
. o Arctic Gates of the [ 1 - * wildiife Refuge
o ptewy Borough Arctic National | |
Presefve
T Lockwood Hills !
p = g , [ iy
. ?- . Ii !_L._,:JJ 1o River £
T e L I 25
. |

,lFl
I |
4 =g i REE
. | | ! | Y
. P ekl 1 ! ¥
DO Aypming M5 un Lo n s Zame h!‘.?'._.""_
-
© i ;
e |
i _d
|
[}

W
f L ]
|
L]
.
¢ A "
“\' s -
3 -
= a
E Ll
a
X 5 -
= .
g
R L]
-~
bl
% &
<

Y_Pu kO:n f'K O‘yu k U
Censu’s-Are
- ; Yukon
- ~ - x > 8° :
»  Koyukuk National .
Wildlife .
o . Refuge «

3 %
g R \
st o /
I S~ !
&@e { Yukon-Charley
_______ ) Ny _~ Rivers National
gt N Wi e e ST B, P = Jir
(5 7 A B P ™ Waee, o Préserve
GrWAY | N~ - y %
iy W J e y/ %
" ok il 5 il \>O » vl' /,
WA e s i [] N l‘ i
Fol ELQ’ | / \
[ . L. 4 \ =
. : - g y Lo
. ‘ r Slika pioer " ,’/’ A, \\‘ 4 L e
- [ by [] & ~'| m;_- P —~ \‘ -
/ o = ° ‘-;‘.M v" =‘\ /// ooy ‘*‘U‘" ‘\\ ot
" . . o “ 4 \ :
s ( - Nowitna National Y e \4N orth Sta - > 4 _ \
e wildlife ENNA  Borough e /o -
h‘.i_ 2 Refuge M kY N\ o P . /JE , \\
a ’ a o 1fm Hu 3 '"_—"\ s — /’/ > g !
@ 2 b e . e S ® ANDERSON o R B R - e = il i
// ".'._ \ a Ve yarg g \ g
Kaipuh ,/I % \. "'\[ S‘-"Q‘ U t h e a S t _OJ “\
Mountaing g f 4 \
. pm / ! = ¥ F b k Z ‘
e, o n 408 // = i DELTA JUNCTION alr an S © \
/ 5 : | \
= 7 e \ N Census Area \
chu Mountaing /-I} ~~~~~~~~~ / ; I\LAS-KA-- - “\ . ~5; \ '\;" \'\
> Sizchu Mou ’7 \ HEALY.« of 2 — "- \\ = . \ - \,,-.m‘“. \\‘
. LIRE -/ - » - -1-‘ - \
/ v A i [ L e g | q
2> /II.1 " i ; g - ‘- \I‘\' ., 4 = f '/ {’ r \‘I \""'k =
/ Denali JI T g )3T 7, ! 79 ".";r_x . TOK \
4 — i r 2N ¢ I » W \
/ s 1" | L / & i L \
& ot ' < 5 ‘__,___:__-_J[ B oOrou g h ey, M”:\ : ”f_\ Bsuy .- ¥ 4 &’ g ,};}"’ 4 i
L] 1 . 3 i e S5 —F"‘,'r'_ - ? o r ad”; - !
_ \  Denali - W0 ol e G2 i A e I ] i T AP A ;
Innoko National t National 2 A o LW s P Pra o i m, WP, \ z
Wildlife Refuge ‘; A e— L G A, .3 PR AR o e T ;
vy ! Denali P e /G/y% B e 2 ) Nt S ; ~
el = National % &l % 5 5 it g2 3
' ‘ ' Park 7 3 I ’ 2 -
P % uska-SuSitha .| S . ol
b — a2 - ‘e
! 0 rouwgh PR YL o
- Z Z. v » 4 \ z é
— ' i % N
8 ' - I Susitina wasiifor 2 A !
- L ‘JT , |\ 14_' L . (< / “\
# < / \\ [ &OQ f’ \ \ = .
< g \\ N V\_/rangeI_I-St.\ . e
! O Elias National\ Wi \
n tefbes, ) ‘ Lo 22 S
i _ Nelchina Preserve | B,
A4 e 4 A PUDICE . | ; ",
' b T I .k & - im & R e 0 ) BEEES \ \ ‘
o  TALKEETNA' - OO '-\ '
ol e | TRAPPER CREEK ‘ )
H ] \ ] #
IF __________________ .:H-I "y ;I!f e b, \‘ l‘ -
il T AR T 1 Y ke sp = ; '
e y Soadd !
¢ of gd s ',-I"" ’ '
-4 'l" J A ; i a
e, s e’ f o
. g )
o Tol AN A
- r v
P et
Ly
e T \:j -4 4
Bethel ‘Y. R ’ s
J N g
- Census Area I :
. ; 'k
::l . L Es __’ _____
> BELUGA
. TYONEK g -
i)« i 5 7
_____________ S~ e | vy >
= ! et
Ty Nueﬁ"ga.‘!“;uu

DﬂHngham
Census Area

Wrangell-St.
- NIKISKT =57, % ’
Lake Clark LlC]UEf-

Elias National \
: Park
6 44 ’\ g
TR Ry -
'_______----’: ¢ & :,, I‘ﬁ\{‘
action Facility=5¢ ninsfula
/. National V4 . 5
- ——Ipark 4 2
! \
Er/ L
=7\

Lake and
Peninsudé

. Kenai
National Wildlife
Refuge

Chugach |
National

s
AvmoIR Qv

’ Forest
L\ f
‘; g s'{‘l LS &\
g :\ 4 ¥ 'x\'\; B
J ‘: - .“‘r?-'f & .
z) y Sl
i " }/? A tﬂj Al T
h o - Iy b
- \‘( ’ \,// d&\f‘ N
- ;«f:ﬁ 4 {3;/}. :’“uie&" ‘
LEGEND DATA SOURCES
B Project Facility Location —— Major Highways (1) Alaska LNG Project Data
e Alaska Place Names Major Rivers 2) Alaska DOT
=== Current Preferred Route Federal Lands
= == = OQptional Routes

PROJECT OVERVIEW
(2)
(3) Alaska DNR
State Lands (4)
Borough/

4) US Census
Census Area Boundary

"r N e
v
\Projects\ExxonMobi\SCLNG\Mapping\20140529_ProjectUpdateReportMapping\OverviewMap 22x34.mxd

PREPARED BY: EXP ENERGY SERVICES INC.
160 Miles | | SCALE:

11800000 A|as|(a
| DATE: 2014-06-18 | SHEET: 1of1




APPENDIX D

Affidavit of Jeffrey D. McDonald
























APPENDIX E

Report on a Study of Alaska Gas Reserves and Resour cesfor Certain Gas Supply
Scenarios as of December 31, 2012



DEGOLYER AND MACNAUGHTON
5001 SPRING VALLEY ROAD
SuUITE 800 EAST
DALLAS, TEXAS 75244

This is a digital representation of a DeGolyer and MacNaughton report.

Each file contained herein is intended to be a manifestation of certain data in
the subject report and as such is subject to the definitions, qualifications,
explanations, conclusions, and other conditions thereof. The information and data
contained in each file may be subject to misinterpretation; therefore, the signed and
bound copy of this report should be considered the only authoritative source of such
information.

DEGOLYER

MACNAUGHTON
F-716

TEXAS REGISTERED ENGINEERING FIRM



DEGOLYER AND MACNAUGHTON
5001 SPRING VALLEY ROAD
SuUITE 800 EAsT
DALLAS, TEXAS 75244

REPORT
on a study of
ALASKA GAS RESERVES and RESOURCES
for
CERTAIN GAS SUPPLY SCENARIOS
as of
DECEMBER 31, 2012
prepared for
LOCKE LORD LLP

APRIL 2014



DEGOLYER AND MACNAUGHTON

TABLE of CONTENTS

Page
FOREWORD........coooiiieiie ettt et e et e s et e et e e tae s et seansesansssansennes 1
Scope of INVEStIZAtION ....cccccuiiieiiicccee e et 1
N 017 Vo) 1 7SRO 1
EXECUTIVE SUNMMARYY ...ttt ettt etee et s et s etaeseaneseraesenessnnesenns 2
SOURCES Of INFORMATION. ... oottt ettt ettt s eeaeeeeaesenneeernnesennees 4
GAS ReSerVes BiStimates. .ooviiieiiiiieeiee ettt ettt ettt e e st e e s seaeeessebaeesseraeessanns 4
Gas Resources EStIImates ..ottt ettt ee ettt e s sttt e s s ettt e s setaeesseraeessanes 4
RESERVES and RESOURCES AREAS ...ttt s e een 6
Arctic Alaska Petroleum Province OVEIrVIEW .......cooeviieeiiiiiieiieeeeeieeeieeeeeeeeeeeeenns 6
COOK INIEE OVEIVIEW .oooieiiieeeeeeee ettt ettt ettt e ettt e s s ettt e s setteesseateessataeesseraeessanes 7
CONVENTIONAL RESERVES and RESOURCES ..........ccooovviviiiiiiiieiiieeeinnns 8
ClaS ST ICATIONS ..vveeeeeeeieee ettt ettt ettt e e ettt e e ettt e s seateessessteessarteeessassteessassaeessaseeessanseeessanes 8
ConVENTIONAl RESEIVES ....viiiiieeeee ettt ettt e ettt e s retteesseateessateeessareeessanes 8
Cook Inlet Producing ReSETIVES ........ccccvecieiiiieiiceeteseeteste ettt eneens 8
ConVeNtIONAl ReSOUTCES ....ouue ittt et e ae e e e e e s e s easenns 11
Alaska North Slope Resources..........cooovvviiiieiiiiiieiiccceeeeeeeeecee e 11
COOK INIEt ROSOUTCES .. ceniieei ettt et e e e e e e e e e e e eenas 11
OFfTSIOTE RESOUTCES oottt ettt ettt ettt e s et e e s e eab et e sasaaeeesasabeeesasnaeeesas 11
METHODOLOGY and ANALY SIS ..ottt eetee et sevasesaesennnes 13
LNG Export Gas Supply Requirements...........cccccocererieieiieinineneseseeeeecee e 13
Domestic and Upstream Gas Supply Requirement ...............ccovvveeeeeeeeiiiennnnnnnn... 13
Gas Supply Case Deliverability Considerations ..........ccccceeeeeeeeerreevriceeeeeeeeeennnnn. 16
RESULTS and CON CLUSTON S . ..ottt e e tee e eae s eteeetaneaeanaaes 20
REFERENCGES ... oottt ettt e et st setaee e eaeserasesaeseansenneesnnes 21
APPENDIX A - SPE PRMS DEFINITIONS of RESERVES ........ccevvvvivvennn... 25
DefINItion OFf RESEIVES .o e e e e et e e e e e e e e e e e aneeeesanenens 25
APPENDIX B - DEFINITIONS of RESOURCES .......coooieiieeeeeeeeeeeeeeeeeeeen 29
PGC Definition Of ReSOUTCES. .. .o e e e e e e e e e e e e eeeeeeeanenes 29
SPE PRMS Definition and Classification of Resources .........cooeveeeeevivveevnneeennnnes 31
Definition of Contingent ReSOUICes ........c..coevvvviviiiieeiiiiiiiiiieieeeeeeeeeevieeeeeeeeeeens 31
Definition of Prospective ReSOUTCES......ceeeiiiiiiiiiiiiiieeeeeieiiiiceee et eeeeeees 32
APPENDIX C - PGC RESOURCES ESTIMATES for ALASKA.................... 37
APPENDIX D - ADNR/ADOG RESERVES and PUBLIC RESOURCES
ESTIMATES fOor ALASIA ... oottt ettt seteeeeae s et s eeaesennees 38
APPENDIX E - HIGH SUPPLY/HIGH DEMAND SCENARIO (40+-YEAR
EXPORT TERIV) ...ttt e et e e e e e e et e e et e s eaesetesesaaeeeaesennaaes 40
APPENDIX F - PGC RESOURCES ASSESSMENT PROCEDURES........... 43
General Assessment ProCedUTe...... ..ottt s et sesaaeesesaeee s 43

APPENDIX G - NORTH COOK INLET HISTORICAL GAS
PRODUCGTION.........ooiiiiiiiiiiiiiiiicce et s 46



DEGOLYER AND MACNAUGHTON
5001 SPRING VALLEY ROAD
SuUITE 800 EAsT
DALLAS, TEXAS 75244

REPORT
on a study of
ALASKA GAS RESERVES and RESOURCES
for
CERTAIN GAS SUPPLY SCENARIOS
as of
DECEMBER 31, 2012
prepared for
LOCKE LORD LLP

APRIL 2014

FOREWORD

Scope of Investigation This report documents the results of an

engineering review of data from public
sources for gas fields in the state of Alaska. DeGolyer and MacNaughton was
engaged to evaluate the quantity of Alaska’s gas reserves and resources and the
associated probability of gas deliverability in developing gas supply scenarios for the
export of liquefied natural gas (LNG) from the proposed Alaska LNG (AKLNG)
project. Additionally, the engagement included consideration of the potential impact
an LNG export project could have on the domestic gas supply in Alaska.

Authority This report was prepared at the request

of Locke Lord LLP on behalf of BP,
ConocoPhillips, and ExxonMobil (collectively, “Sponsors”) for use in the assessment
and evaluation of gas reserves and resources in Alaska for the proposed AKLNG
project. This report has been prepared in accordance with standard geological and
engineering methods generally accepted by the gas and petroleum industry. This
report has been prepared solely for use by Locke Lord LLP and Sponsors. It is not
intended for use by any other entity or for other purposes, and neither DeGolyer and
MacNaughton nor Locke Lord LLP shall have any liability arising out of or related
to any such use.



DEGOLYER AND MACNAUGHTON

EXECUTIVE SUMMARY

DeGolyer and MacNaughton evaluated
public data to investigate whether Alaska holds the necessary gas reserves and
resources to support domestic gas and LNG export feed gas requirements associated
with the export of 20 million metric tons per annum (MTPA) of LNG and the
possible term of such export.”® This study presents a compilation of information
from accredited sources in the public domain of potential gas reserves and resources
that are considered to be technically recoverable within the state of Alaska using
current technology and were prepared using a reasonable assessment method. This
report focuses on a conservative 30-year LNG export scenario, while information for
a 40+-year LNG export scenario is included in Appendix E to this report.

According to the Potential Gas Committee
Agency’s (PGC) relatively conservative resources estimates, there is a total of
143.050 trillion cubic feet (Tcf)® of discovered and undiscovered potentially
technically recoverable conventional gas resources in the applicable Alaska regions.*
With regard to reserves, an estimated 1.495 Tecf of natural gas reserves is reported to
be located in Cook Inlet, based on data from a study conducted by the State of
Alaska Department of Natural Resources Division of Oil and Gas (ADNR) in 20009.
This 1.495 Tecf has been adjusted to 1.143 Tecf herein based on production from 2009
until December 2012.

As detailed herein, the gas supplies are
63.493 Tecf for the Expected Supply scenario and 109.393 Tcf for the High Supply
scenario, utilizing only higher probability (i.e., more conservative) reserves and
resources estimates. The resources estimates in this report do not include gas
quantities attributable to unconventional sources, such as hydrates, shale gas, and
coal bed methane resources.

NERA Economic Consulting (NERA)
estimated in its companion study that the total gas demand (including in-state
domestic gas demand, upstream operations fuel gas needs, and LNG exports of

! For purposes of this study and the associated evaluations, it is assumed that LNG production and export will begin
in 2023. However, variance from this assumption will not have any appreciable effect on the analyses or
conclusions of this study.

2 These analyses and resulting gas supply scenarios are also incorporated into a separate but companion “Socio-
Economic Impact Analysis of Alaska LNG Project” by NERA Economic Consulting.

3 See Figure 15.

4 PGC'’s total resources estimate is conservative compared to the corresponding 286 Tcf resources estimate obtained
from the U.S. Geological Survey, Alaska Department of Natural Resources, and the U.S. Bureau of Ocean Energy
Management. See Figure 16.
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20 MTPA) requires a minimum of 47.496 Tecf of gas supply for an Expected Demand
scenario (30-year LNG export term) and 67.583 Tecf of gas supply for a High Demand
scenario (40+-year LNG export term). Consequently, these analyses indicate that
sufficient gas supplies exist for the premised 30- and 40+-year LNG export
scenarios. Figure 1 below demonstrates that, in the Expected Supply/Expected
Demand scenario, almost 16 Tef of gas supply remains following the proposed
30-year, 20 MTPA LNG export term. This remaining supply is volumetrically
equivalent to 35 years of gas supply for in-state gas demand beyond the end of
proposed exports:

Figure 1
Remaining Gas Supply in Expected Supply/Expected Demand Scenario
(30-Year LNG Export Term)

Amount
Category (Tcf) Reference

Total Estimated Reserves and Resources 63.493 Figure 5
Upstream Lease Operations Fuel (2013-2052) (10.200) Figure 6
Domestic Demand (2013-2022) (0.997) Figure 6
Domestic Demand (2023-2052) (4.420) Figure 6
LNG Feed Gas (includes fuel/shrink) (31.880) Figure 6
Remaining Gas Supply 15.997

Notes:

1. Petroleum quantities classified as Reserves or Resources should not be
aggregated with each other without due consideration of the significant
differences in the criteria associated with their classification.

2. Numbers may not add due to rounding.
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SOURCES of INFORMATION

Information used in the preparation of
this report was obtained from accredited sources in the public domain regarding
potential gas reserves and resources that are considered to be technically
recoverable within the state of Alaska using current technology. With public data
being the only data considered for this study, it was essential to verify that the
public data collected came from accredited sources and were estimated using a
reasonable method for assessing gas reserves and resources. DeGolyer and
MacNaughton relied on public data and did not prepare any separate independent
estimates regarding either (1) the uncertainty of existing gas reserves in place or
recoverable gas quantities or (2) economic considerations in estimating future field
production performance.

Gas Reserves Estimates ADNR’s 2009 Annual Report served as
the primary source of gas reserves

estimates, in developing the gas supply scenarios utilized in this report. ADNR
follows the U.S. Securities and Exchange Commission guidelines for proved
reserves. The ADNR report was utilized for purposes of gas reserves estimates,
which are currently limited to the Cook Inlet area of Alaska.

Gas Resources Estimates PGC’s December 31, 2012, publication
titled “Potential Supply of Natural Gas in
the United States” served as the primary source of gas resources estimates in

developing the gas supply scenarios utilized in this report. PGC’s assessment
procedures for probable, possible, and speculative resources are shown in
Appendix F to this report. PGC’s assessments of potential resources included all
undiscovered gas resources plus discovered resources that are not included in proved
reserves. The PGC report was utilized for purposes of state-wide Alaska gas
resources estimates. It should be noted that PGC’s resources estimates are
considered to be more conservative based on a comparison of resources estimates
from other public sources, including U.S. Government sources such as the U.S.
Geological Survey (USGS) and the U.S. Bureau of Ocean Energy Management
(BOEM).

However, data from other public sources,
such as the State of Alaska Division of Geological and Geophysical Surveys (DGGS),
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the U.S. Department of Energy (DOE), IHS Global Inc., (IHS), National Energy
Technology Laboratory (NETL), the U.S. Department of Interior Minerals
Management Service (MMS) (including the Alaska Outer Continental Shelf (OCS)
Region), Wood Mackenzie, and the U.S. Department of Interior’s Bureau of Land
Management (BLM) were also examined and may occasionally be cited as secondary
sources of information and referenced as noted herein.

In all cases, the most recent gas reserves
and resources estimates available as of the date of this report were utilized in this
report. These publications (and corresponding publication dates) are listed in the
References section of this report.
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RESERVES and RESOURCES AREAS

DeGolyer and MacNaughton reviewed
public data on estimates of gas reserves and resources for several province areas in
Alaska. Cook Inlet fields contain estimated gas reserves, which, according to ADNR,
were analyzed at the individual field level since these fields are currently producing
hydrocarbons. However, for discovered and undiscovered resources plays, the gas
estimates were analyzed according to PGC at the regional or producing province
level. According to PGC, only four provinces out of 31 currently have natural gas
production, while about 20 provinces are estimated to contain conventional
hydrocarbon resources. Resources estimates incorporated into this report focus on
these four provinces, which include North Slope, Cook Inlet onshore, Cook Inlet
offshore, and the Beaufort Shelf province of the OCS. Within these areas, both PGC
and other public data sources estimated a range of discovered and undiscovered
technically recoverable conventional gas reserves and resources. The complete range
of the gas reserves and resources estimates can be found in Appendices C and D to
this report.

Arctic Alaska

Petroleum Province Overview The Arctic Alaska Petroleum Province
(including the North Slope and offshore

Alaska) extends about 1,100 kilometers east to west beginning at the United States-

Canadian border and ranging westward to the maritime boundary towards Russia.
It extends northward from the Brooks Range for a distance between 100 to
600 kilometers to a boundary at the edge of the Continental Shelf, as shown in
Figure 2 below.

Figure 2
Map of Arctic Alaska Petroleum Province
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Cook Inlet Overview Cook  Inlet stretches 180 miles

(290 kilometers) from the Gulf of Alaska
to Anchorage in south-central Alaska, as shown in Figure 3 below. Cook Inlet almost
surrounds Anchorage by branching into Knik Arm and Turnagain Arm at its

northern end. Cook Inlet has been producing hydrocarbons since 1958.

Figure 3
Map of Cook Inlet
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CONVENTIONAL RESERVES and RESOURCES

Estimates of  unconventional gas
resources (e.g., hydrates, shale gas, and coal bed methane resources) in Alaska were
not considered in this report given their more speculative nature. Further, only the
estimated most likely or mean gas quantities were considered. The more speculative
estimated maximum or lower probability resources estimates were excluded from
consideration.

Classifications The estimated reserves were classified

using definitions established by the
Society of Petroleum Engineers (SPE) for the Petroleum Resources Management
System (PRMS) (hereinafter, the “SPE PRMS definitions,” which are listed in
Appendix A). The gas resources were classified using definitions established by PGC
(listed in Appendix B along with SPE PRMS Definition and Classification of
Resources). Two sets of definitions are required as PGC specializes in resources
estimates only and utilizes its own definitions.

Conventional Reserves This report considered and analyzed only

discovered and potentially undiscovered
technically recoverable conventional gas reserves and resources estimates available
from ADNR and PGC, respectively. Moreover, for offshore resources estimates, only
those PGC resources estimates associated with the Beaufort shelf and Cook Inlet
Basin at relatively shallow (200 meters or less) water depths were considered. Due
to their more speculative nature, PGC resources estimates associated with the
Chukchi Shelf, Norton Basin, Hope Basin, Navarin Basin, St. George Basin, Bristol
Bay, Shumagin-Kodiak Shelf, Aleutian Shelf, Northern Gulf of Alaska Shelf, and
Southeastern Alaska Shelf were not included.

Cook Inlet Producing Reserves

For this study, Cook Inlet is the only area
considered to have proved gas reserves according to SPE PRMS definitions. The gas
reserves are classified based on the relative uncertainty of each category as
(1) proved, (2) proved-plus-probable, and (3) proved-plus-probable-plus-possible, as
discussed in detail in Appendix A. The gas reserves in these fields have been
estimated in accordance with the SPE PRMS definitions. The gas reserves estimated
in Cook Inlet are included in all the gas supply scenarios.
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ADNR conducted a gas reserves
evaluation in December 2009 using decline-curve analysis (DCA) and material-
balance (MB) estimates on the wells then producing in the Cook Inlet fields. The
total estimated reserves for the 28 producing fields was 0.863 Tcf when evaluated
using DCA®, which was 0.280 Tcf less than the estimates using MB® (compare the
volumes in column “Total Cook Inlet Fields,” rows “DCA” and “MB” in Figure 4,
below).

DCA is believed to be more conservative
than MB because gas production was restricted due to infrastructure issues, making
estimation more difficult with this technique. Four fields out of the 28 fields
assessed contain the majority of the total reserves estimated. These fields were
further evaluated using mapping techniques by analyzing pay and potential pay
sandstone thickness for numerous producing zones. This technique confirms that
these reservoirs contain an additional amount of technically recoverable gas
reserves not accounted for in DCA and MB because they have yet to be in
communication with producing wellbores. The geological analysis by pay category
adds another 0.353 Tecf of reserves for the four largest fields in addition to the
reserves estimates shown for DCA and MB methods (see the volumes in column
“Total Cook Inlet Fields,” row “High Confidence Pay” in Figure 4, below).

When the geological analysis of lower
confidence potential to pay category is added, there is an additional 0.643 Tcf of gas
reserves added to the previous 0.353 Tcf estimated for higher confidence pay
category. These volumes are presented in column “Total Cook Inlet Fields,” rows
“Low Confidence Pay (risked 50%)” and “High Confidence Pay,” respectively, in
Figure 4, below. For the purpose of this report, the additional 0.643 Tcf of natural
gas was excluded due to the risk of producing these reserves, leaving the estimated
Cook Inlet gas reserves of 1.495 Tcf as of December 2009.

The gas reserves of 1.495 Tcf are the sum
of (a) the material balance and geological pay category estimates of 1.213 Tecf for the
four greatest potential fields plus (b) 0.282 Tcf from the remaining fields. According
to IHS, 0.352 Tecf of natural gas was produced from onshore Cook Inlet from January
2010 to December 2012 and must be subtracted from the estimated 1.495 Tcf of gas

5 DCA uses current production trends to analyze declining production rates and forecast future well performance.
DCA cannot measure gas reserves that exist in hydraulically isolated reservoir volumes.

6MB uses the volumetric relationship between pressure, gas properties, and production to define original gas in
place in order to forecast future well performance. MB estimates are related to gas in pressure communication
with producing wells. MB cannot predict gas estimates in isolated parts of the reservoir.
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reserves (see the volumes in column “Total Cook Inlet Fields,” row “Reserves
Produced (January 2010 to December 2012)” in Figure 4, below). The following
Figure 4 shows a summary of ADNR’s reserves estimates based on the different
estimations methods for the Cook Inlet fields, as well as recent production as
reported by THS.

Figure 4
Reserves Estimates for Cook Inlet Fields

Sum of 4 Greatest Sum of other 24 Total Cook Inlet

Potential Fields Remaining Fields Fields
(Tcf) (Tcf) (Tcf)

Reserves as of December 2009
DCA 0.697 0.166 0.863
MB 0.860 0.282 1.142
Geological Analyses (not being

drained by current wells)
High Confidence Pay 0.353 Not Reviewed 0.353
Low Confidence Pay (risked 50%) 0.643 Not Reviewed 0.643
Subtotal (MB + High Confidence Pay) 1.495
Production
Reserves Produced (January 2010 to

December 2012) 0.352
Total Reserves (Subtotal

less Production) 1.143

Excluding any reserves growth between
year-end 2009 and December 2012, for the purposes of this report the estimated gas
reserves quantity for Cook Inlet as of December 31, 2012 is 1.143 Tef.”

7 Tllustration of calculation: 1.142 Tcf (from MB estimates) + 0.353 Tef (from Geological Analyses, High Confidence
Pay) — 0.352 Tef (from Reserves Produced) = 1.143 Tcf.
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Conventional Resources

Alaska North Slope Resources

Alaska North Slope onshore contains an
estimated 45.200 Tcf of probable and possible resources that are feasible to produce
now or in the foreseeable future, as estimated by PGC.® As noted by PGC, a
significant portion of these North Slope resources are in fact discovered and well
delineated. In fact, the ADNR in its 2009 Annual Report lists 34.827 Tef of reserves
associated with discovered North Slope gas fields.” The overwhelming majority of
this quantity is attributed to the Prudhoe Bay Unit and Point Thompson Unit,
though under SPE PRMS definitions, these gas quantities are classified as resources
rather than reserves due to current lack of viable access to markets. However, once
the required infrastructure is in place to produce and transport these resources, a
large quantity of these gas resources would be potentially reclassified as reserves
according to SPE PRMS definitions, contingent upon a viable market for the gas

supply.

Cook Inlet Resources

According to PGC, there is an estimated
2.050 Tef of probable and possible resources available for onshore Cook Inlet.

Offshore Resources

PGC considered the offshore depth from
zero to 200 meters in the Cook Inlet Basin and Beaufort Shelf to have the least
amount of risk associated with Alaska offshore gas resources. These two areas
contain speculative resources, but also contain probable and possible resources, as
estimated by PGC. PGC did not include any other offshore areas as containing
probable or possible resources. This report excludes consideration of offshore
provinces where PGC indicates the presence of only speculative resources due to
their lower probability. The probable and possible resources of Cook Inlet Basin and
the Beaufort Shelf together are an estimated 1.100 Tef and 14.000 Tecf of gas,
respectively. Both of these areas are currently being produced, which results in
resource estimates of higher probability.

The following Figure 5 shows the
1.143 Tcf of reserves for Cook Inlet (as described in section “Cook Inlet Producing

8 See Figure 15.
9 See Figure 16.
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Reserves,” above) as well as the distribution of probable and possible resources
estimated by PGC for onshore and offshore Alaska for the Expected Supply scenario
and the associated 30-year LNG export term, which is described in more detail
below. Only probable and possible resources were included in the 30-year Expected
Supply scenario because they contain less risk than speculative resources. The
reduction in risk is due to the probable resources being associated with known fields
and the possible resources existing on the outskirts of known fields; speculative
resources are located in formations or geologic provinces defined but not yet proven
productive.
Figure 5
Reserves and Resources Estimates for the Expected Supply Scenario

Resources

N Total
Most Likely Reserves +
Alaska Region and Assessment Reserves Probable Possible Resources
Segment (Tcf) (Tecf) (Tecf) (Tcf) Reference
Alaska Onshore
North Slope 0.000 30.200 15.000 45.200 Figure 15 (PGC)
Cook Inlet 1.143 0.650 1.400 3.193 Figure 4, Figure 15 (PGC)

Alaska Offshore, 0-200 Meters
Beaufort Shelf 0.000 2.000 12.000 14.000 Figure 15 (PGC)
Cook Inlet Basin 0.000 0.400 0.700 1.100 Figure 15 (PGC)

Grand Total - Expected Supply
Scenario 1.143 33.250 29.100 63.493

Note: Petroleum quantities classified as Reserves or Resources should not be aggregated with each other
without due consideration of the significant differences in the criteria associated with their
classification.

A relatively small portion of speculative
resources is included in the High Supply scenario and the associated 40+-year LNG
export term. It is considered reasonable to include some portion of speculative
resources in the 40+-year LNG export scenario given the effective 50-year time
frame (i.e., 10-year pre-export term and 40-year export term) for resources
development associated with this scenario. The resources for the 30- and 40+-year
LNG export scenarios associated with the Expected Supply and the High Supply
scenarios, respectively, were evaluated and developed using the same provinces or
areas and have a higher probability of being developed sooner than other provinces
or areas in Alaska. This report focuses on the more conservative 30-year LNG export
scenario, while information for the 40+-year LNG export scenario is included in
Appendix E to this report.
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METHODOLOGY and ANALYSIS

The requirements for the AKLNG project
include not only a certain supply of gas in order to meet LNG export delivery
contracts (LNG Export Gas Supply Requirements) but also additional quantities of
gas to satisfy upstream needs and the current and future domestic gas demands of
the Alaskan public (“Domestic and Upstream Gas Supply Requirements”).

LNG Export Gas Supply Requirements Per the U.S. Department of Energy

handbook on LNG, 1 million metric tons
of LNG is equivalent to 46.467 Bef of gas. An LNG sales rate of 20 MTPA for a
30-year duration is therefore volumetrically equivalent to 0.929 Tcf of gas per year.
The fuel and shrink associated with the corresponding feed gas treating, pipeline
transportation/compression and liquefaction is estimated at 0.171 Tef per year for a
total gas supply requirement of 1.100 Tcf per year. As further detailed below, feed
gas requirements (including fuel/shrink) for the Expected scenario 30-year LNG
export term (i.e., 2023 through 2052) at 20 MTPA requires a minimum gas supply of
31.880 Tcf.'° In other words, this 31.880 Tecf represents the volume of gas supply
that would be required and consumed for LNG exports alone in this scenario. The
requirements for the High Supply scenario 40+-year LNG export term are included
in Appendix E to this report.

Domestic and Upstream
Gas Supply Requirement The purpose of the companion

“Socio-Economic Impact Analysis of
Alaska LNG Project” by NERA is to evaluate the impact that the proposed AKLNG
project and the associated development of gas supplies could have on the domestic
gas demand in Alaska. It is important to verify that there will be a sufficient amount
of gas resources to meet the domestic gas requirements, including fuel for upstream
lease operations, as well as feed gas for the export term of the AKLNG project. The
associated NERA study determined domestic gas demand in Alaska, including all
associated fuel and shrink for both the Expected Supply and High Supply scenarios.
This report focuses on NERA’s Expected Demand scenario. The demand estimates
from NERA’s High Demand scenario are included in Appendix E to this report.

10 Tdeally, 20 MTPA of LNG sales over 30 years would require (1.1 Tcf/yr)(30 years) = 33.0 Tcf. The actual calculated
requirement is slightly lower at 31.880 Tcf as a result of a three-year ramp-up period required to reach the 20
MTPA of LNG export.
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Expected Demand scenario, as seen in Figure 6, below:

Figure 6
Total Gas Demand - Expected Demand Scenario
(Supplied by NERA)
Pre-Export Export-Term Cumulative
(2013-2022) (2023-2052) (2013-2052)
(Tef) (Tcf) (Tcf)

In-State Demand

Electricity Generation 0.376 1.168 1.544

Residential 0.230 1.193 1.423

Government 0.048 0.158 0.206

Energy-Intensive Sectors 0.046 0.392 0.438

Manufacturing 0.065 0.483 0.548

Commercial Sector 0.230 1.002 1.232

Truck Transportation 0.001 0.016 0.017

Other Transportation 0.001 0.000 0.009
Subtotal of Domestic Demands 0.997 4.420 5.417
Upstream Lease Operations Fuel 2.550 7.650 10.200
Subtotal of In-State Demand 3.547 12.070 15.617
30-Year LNG Export Plant Demand

Fuel/Shrink 0.000 4.943 4.943

LNG Feed Gas Requirements 0.000 26.937 26.937
Subtotal of Demand Associated with LNG

Exports 0.000 31.880 31.880
Total Gas Demand - Expected Demand
Scenario 3.547 43.950 47.496

Note: Numbers may not add due to rounding.

NERA estimated that Alaska in-state
requirements total 3.547 Tef of natural gas for the pre-export term and 12.070 Tef of
natural gas for the export term, or 15.617 Tecf total for the 2013 through 2052 period
(corresponding to a 10-year pre-export term and a 30-year LNG export term). By
adding the in-state Alaska gas demands to the feed gas requirements of the LNG
export plant, NERA estimated the total gas supply required at 47.496 Tecf for the

14
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The following Figure 7, which is based
upon NERA’s in-state demand estimates for the post-export period in the Expected
Demand scenario,'’ illustrates an average annual in-state gas demand of
453.109 Bcf per year beyond the export period:

Figure 7
Average Annual In-State Demand in the Post-Export Period for Expected
Demand Scenario

(Supplied by NERA)
Post-Term
(2053 and
Beyond)
In-State Demand (Bcfl/year)
Electricity Generation 58.830
Residential 50.929
Government 7.722
Energy-Intensive Sectors 15.414
Manufacturing 16.572
Commercial Sector 46.201
Truck Transportation 1.549
Other Transportation 0.890
Upstream Lease Operations Fuel 255.000
Average Annual In-State
Post-Term Demand 453.109

Note: Numbers may not add due to rounding.

The following Figure 8 shows that
15.997 Tcf of natural gas reserves and resources will remain following the 10-year
pre-export term and the proposed 30-year LNG export term and that the remaining
15.997 Tef of gas supply would be volumetrically'? equivalent to 35 years of supply to
meet the average annual in-state post-term demand:

1 NERA modeled in-state gas demand through 2062, which, for a 30-year export term, would include in-state
demand estimates for a 10-year (2053-2062) post-export term. For the purposes of the analysis in this report, such
as calculation of theoretical years of gas resources remaining after the export period, it has been assumed that in-
state annual gas demand for the post-export period (including beyond 2062) is equivalent to the average annual in-
state gas demand modeled for the 2053-2062 period.

12 Volumetric equivalent of remaining supply does not take into consideration deliverability.

15
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Figure 8
Estimation of Years of Supply Remaining for Expected Supply/Expected
Demand Scenario

Amount
Category (Tcf) Reference

Expected Supply 63.493 Figure 5
Expected Demand (47.496) Figure 6
Remaining Volumetric Supply at End

of 30-Year LNG Export Term 15.997
Average Annual In-State Post-Term

Demand 0.453 Figure 7
Years of Volumetric Supply

Remaining!? 35

With the aforementioned assumptions
regarding domestic and export requirements, it can be concluded that, under the
Expected Supply/Expected Demand scenario, there are sufficient gas reserves and
resources available in Alaska to satisfy the volumetric requirements of a 30-year
LNG export term as well as Alaska’s domestic needs.

Gas Supply Case

Deliverability Considerations The Expected Demand requirement
(47.496 Tcf) associated with the 30-year

LNG export term demonstrated that the Expected Supply scenario was more than

adequate from a volumetric perspective. Additional volumes over this 47.496 Tecf will
be required, however, in order to ensure adequate gas supply deliverability
throughout the term of this scenario. While rigorous analyses to ensure such
deliverability would not be practical — particularly given the unknown and uncertain
nature of undiscovered resources — it is possible to apply actual observed analogies
as an empirical means to view the likely adequacy of the Expected Supply scenario
(63.493 Tecf ) with regard to deliverability.

The financing and development of LNG
projects have traditionally been underpinned by long-term LNG sales contracts. As a
result, it is inherent that the upstream gas fields associated with such LNG projects

13 Years of Volumetric Supply Remaining = (Remaining Supply) / (Average Annual In-State Post-Term Demand).
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are developed in a manner whereby a relatively high percentage of available
resources is produced at plateau rates corresponding to these contractual LNG sales
rates before the fields’ production declines. An example of this relationship between
LNG sales contracts and associated upstream gas production rates is illustrated in
Figures 9 and 10 below by Wood Mackenzie.

Figures 9 and 10
Example of Relationship between LNG Output and Upstream Production
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Moreover, this characteristic has been
validated in actual LNG projects that have now matured and where actual historical
gas production history is available in the public domain. Specifically, this
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characteristic has been validated in the case of the North Cook Inlet field, which was
effectively dedicated to the Alaska Kenai LNG export plant. Figure 11 below
illustrates that the gas production rates for the North Cook Inlet Unit'* did not
decline from plateau rates until over 85 percent of the available gas supplies had
been recovered. A detailed calculation is located in Appendix G.

Figure 11
Historical Gas Production for the North Cook Inlet Unit
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Even assuming a significantly more
conservative recovery of 75 percent of estimated supplies prior to the commencement
of production declines for the AKLNG project, the Expected Supply estimate of
63.493 Tcf results in a plateau duration of approximately 30 years, while the High
Supply estimate of 109.393 Tecf results in a plateau duration of approximately 49
years, as detailed in Figure 12 below.

14 Total Gas Produced on Plateau through January 2006 is 1.7 Bef and total estimated ultimate recovery is 2.0 Bef.
Calculated percentage total resources produced at Plateau is 1.7 Bcf/2.0 Bef = 85 %.
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Figure 12
Plateau Estimates Assuming Plateau Rates until 75% of Supply Recovered

Expected 30-Year High 40+-Year

Scenario Scenario
Years on Plateau®® 30 49
Remaining Resources after
Plateau is Met (Tcf)'® 15.873 27.348

Consequently, these analyses suggest that
the Expected Supply scenario (63.493 Tecf) is sufficient to provide 30 years of
20 MTPA of LNG exports as well as the associated in-state gas demand both from
the perspective of absolute volume of estimated supply and the likely deliverability
associated with such supply. Likewise, these analyses also suggest the High Supply
scenario (109.393 Tef) is sufficient to provide over 45 years of 20 MTPA of LNG
exports and associated in-state gas supply requirements both from the perspective of
absolute volume of estimated supply and the likely deliverability associated with
such supply.

15 [(0.75)(63.493 Tcf) - (10 years)(0.355 Tcf/year of pre-term demand)]/(1.465 Tcf/year of demand during export term)
= 30.1 years for the Expected 30-year scenario and [(0.75)(109.393 Tecf) - (10 years)(0.355 Tcf/year of pre-term
demand)]/(1.601 Tcf/year of demand during export term) = 49.0 years for the High 40+-year scenario.

16 (1-0.75)(63.493 Tcf) = 15.873 Tef for the Expected 30-year scenario and (1-0.75)(109.393 Tcf) = 27.348 Tecf for the
High 40+-year scenario.
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RESULTS and CONCLUSIONS

After an analysis of PGC and ADNR gas
reserves and resources estimates, DeGolyer and MacNaughton estimates in the
Expected Supply scenario that at least 63.493 Tef of discovered and undiscovered
technically recoverable conventional gas reserves and resources are potentially
available onshore and offshore (located in water depths 200 meters or less) Alaska.
The Expected Supply scenario (63.493 Tcf) gas is sufficient, both from the standpoint
of absolute supply quantity as well as associated deliverability, to supply, in the
Expected Demand scenario, both in-state demand and LNG feed gas requirements
associated with 20 MTPA of LNG export for a 30-year duration. The Expected
Supply scenario (63.493 Tcf) does not include unconventional gas quantities or
quantities classified as speculative resources for Alaska, which could potentially
increase the gas supply. Moreover, the less conservative High Supply/High Demand
scenario indicates potential sufficiency to provide for 20 MTPA of LNG exports and
in-state demand needs in excess of 45 years.
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APPENDIX A - SPE PRMS DEFINITIONS of RESERVES

To categorize the estimated proved,
probable, and possible reserves from the fields analyzed, the SPE PRMS definitions
have been utilized. Figure 13 below illustrates the SPE PRMS classification system:

FIGURE 13
SPE PRMS Classification System
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reserves presented in this report have
been prepared in accordance with the SPE PRMS definitions approved in March
2007 by the SPE, the World Petroleum Council, the American Association of
Petroleum Geologists, and the Society of Petroleum Evaluation Engineers. The
PRMS contains the complete and official explanation of reserves definitions and
guidelines utilized herein. The petroleum reserves are defined as follows:
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Reserves are those quantities of
petroleum anticipated to be commercially recoverable by application of development
projects to known accumulations from a given date forward under defined
conditions. Reserves must further satisfy four criteria: they must be discovered,
recoverable, commercial, and remaining (as of the evaluation date) based on the
development project(s) applied. Reserves are further categorized in accordance with
the level of certainty associated with the estimates and may be sub-classified based
on project maturity and/or characterized by development and production status.

Proved Reserves — Proved Reserves are those quantities of
petroleum which, by analysis of geoscience and engineering
data, can be estimated with reasonable certainty to be
commercially recoverable, from a given date forward, from
known reservoirs and under defined economic conditions,
operating methods, and government regulations. If
deterministic methods are used, the term reasonable certainty
is intended to express a high degree of confidence that the
quantities will be recovered. If probabilistic methods are used,
there should be at least a 90-percent probability that the
quantities actually recovered will equal or exceed the estimate.

Unproved Reserves — Unproved Reserves are based on
geoscience and/or engineering data similar to that used in
estimates of Proved Reserves, but technical or other
uncertainties preclude such reserves being classified as Proved.
Unproved Reserves may be further categorized as Probable
Reserves and Possible Reserves.

Probable Reserves — Probable Reserves are those additional
Reserves which analysis of geoscience and engineering data
indicate are less likely to be recovered than Proved Reserves
but more certain to be recovered than Possible Reserves. It is
equally likely that actual remaining quantities recovered will
be greater than or less than the sum of the estimated Proved
plus Probable Reserves (2P). In this context, when probabilistic
methods are used, there should be at least a 50-percent
probability that the actual quantities recovered will equal or
exceed the 2P estimate.
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Possible Reserves — Possible Reserves are those additional
reserves which analysis of geoscience and engineering data
suggest are less likely to be recoverable than Probable
Reserves. The total quantities ultimately recovered from the
project have a low probability to exceed the sum of Proved plus
Probable plus Possible Reserves (3P), which is equivalent to the
high estimate scenario. In this context, when probabilistic
methods are used, there should be at least a 10-percent
probability that the actual quantities recovered will equal or
exceed the 3P estimate.

Reserves Status Categories — Reserves status categories define the development and
producing status of wells and reservoirs.

Developed Reserves — Developed Reserves are expected
quantities to be recovered from existing wells and facilities.
Reserves are considered developed only after the necessary
equipment has been installed, or when the costs to do so are
relatively minor compared to the cost of a well. Where required
facilities become unavailable, it may be necessary to reclassify
Developed Reserves as Undeveloped. Developed Reserves may
be further sub-classified as Producing or Non-Producing.

Developed Producing Reserves — Developed Producing Reserves
are expected to be recovered from completion intervals that are
open and producing at the time of the estimate. Improved
recovery reserves are considered producing only after the
improved recovery project is in operation.

Developed Non-Producing Reserves — Developed Non-Producing
Reserves include shut-in and behind-pipe Reserves. Shut-in
Reserves are expected to be recovered from (1) completion
intervals which are open at the time of the estimate but which
have not yet started producing, (2) wells which were shut-in for
market conditions or pipeline connections, or (3) wells not
capable of production for mechanical reasons. Behind-pipe
Reserves are expected to be recovered from zones in existing
wells which will require additional completion work or future
recompletion prior to the start of production. In all cases,
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production can be initiated or restored with relatively low
expenditure compared to the cost of drilling a new well.

Undeveloped Reserves — Undeveloped Reserves are quantities
expected to be recovered through future investments: (1) from
new wells on undrilled acreage in known accumulations,
(2) from deepening existing wells to a different (but known)
reservoir, (3) from infill wells that will increase recovery, or
(4) where a relatively large expenditure (e.g. when compared to
the cost of drilling a new well) is required to (a) recomplete an
existing well or (b) install production or transportation
facilities for primary or improved recovery projects.
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APPENDIX B - DEFINITIONS of RESOURCES

PGC Definition of Resources PGC’s petroleum gas resources estimates,

which are the primary source of resources
estimates in this report, are classified according to the PGC’s December 31, 2012,
publication titled “Potential Supply of Natural Gas in the United States.” These
resources have been classified as probable, possible, or speculative resources.
Because of the lack of commerciality or sufficient exploration drilling, the probable,
possible, or speculative resources estimated herein cannot be classified as reserves.
Both non-associated and associated gas are included in the categories. Associated
gas resources would potentially include any gas cap or dissolved gas associated with
oil resources. The PGC petroleum resources classification system is illustrated in
Figure 14 below:

FIGURE 14
PGC Petroleum Resources Classification System
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Probable Resources — Resources associated with known fields and are
most assured of potential supplies. Relatively large amounts of
geologic and engineering information are available to aid in the
estimation of resources existing in this category. These resources
bridge the boundary between discovered and undiscovered resources.
The discovered portion includes the supply from future extension of
existing pools in known productive reservoirs. Although the pools
containing this gas have been discovered, their extent has not be
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completely delineated by development drilling. Therefore, the
existence and quantity of gas in the undrilled part of the pool are as
yet unconfirmed. The undiscovered part is expected to come from
future new pool discoveries within existing fields either in reservoirs
productive in the field or in shallower or deeper formations known to
be productive elsewhere within the same geologic province or
subprovince.

Possible Resources — Resources are a less assured supply because they
are postulated to exist outside known fields, but they are associated
with a productive formation in a productive province. Their occurrence
is indicated by projection of plays or trends of a producing formation
into a less well explored area of the same geologic province or
subprovince. These resources are expected to arise from new field
discoveries, postulated to occur within these trends or plays under
both similar and difference geologic conditions — that is, the types of
traps and/or structural settings may be either the same or different in
some aspect.

Speculative Resources — are expected to be found in formations or
geologic provinces that have not yet proven production. Geologic
analogs are developed in order to ensure reasonable evaluation of
these unknown quantities. The resources are anticipated from new
pool or new field discoveries in formations not previously productive
within a productive province or subprovince and from new field
discoveries within a province not previously productive.
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SPE PRMS Definition and Classification of Resources

USGS and BOEM/MMS petroleum
resources estimates, which are occasionally cited as secondary sources of resources
estimates in this report, are classified as contingent or prospective resources
according to SPE PRMS resources definitions. Because of the lack of commerciality
or sufficient exploratory drilling, the contingent or prospective resources estimated
herein cannot be classified as reserves. The petroleum resources are classified as
follows:

Definition of Contingent Resources

Contingent Resources — Those quantities of petroleum estimated, as of
a given date, to be potentially recoverable from known accumulations
by application of development projects, but which are not currently
considered to be commercially recoverable due to one or more
contingencies.

Based on assumptions regarding future conditions and their impact on
ultimate economic viability, projects currently classified as Contingent
Resources may be broadly divided into three economic status groups:

Marginal Contingent Resources — Those quantities associated
with technically feasible projects that are either currently
economic or projected to be economic under reasonably
forecasted improvements in commercial conditions but are not
committed for development because of one or more
contingencies.

Sub-Marginal Contingent Resources — Those quantities
associated with discoveries for which analysis indicates that
technically feasible development projects would not be
economic and/or other contingencies would not be satisfied
under current or reasonably forecasted improvements in
commercial conditions. These projects nonetheless should be
retained in the inventory of discovered resources pending

unforeseen major changes in commercial conditions.
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Undetermined Contingent Resources — Where evaluations are
incomplete such that it is premature to clearly define ultimate
chance of commerciality, it is acceptable to note that project
economic status is “undetermined.”

The estimation of resources quantities for
an accumulation is subject to both technical and commercial uncertainties and, in
general, may be quoted as a range. The range of uncertainty reflects a reasonable
range of estimated potentially recoverable quantities. In all cases, the range of
uncertainty is dependent on the amount and quality of both technical and
commercial data that are available and may change as more data become available.

1C (Low), 2C (Best), and 3C (High) Estimates — Estimates of
petroleum resources in this report are expressed using the terms 1C
(low) estimate, 2C (best) estimate, and 3C (high) estimate to reflect
the range of uncertainty.

Definition of Prospective Resources

Prospective Resources — Those quantities of petroleum that are
estimated, on a given date, to be potentially recoverable from
undiscovered accumulations.

The estimation of resources quantities for
a prospect or an accumulation is subject to both technical and commercial
uncertainties and, in general, may be quoted as a range. The range of uncertainty
reflects a reasonable range of estimated potentially recoverable volumes. In all
cases, the range of uncertainty is dependent on the amount and quality of both
technical and commercial data that are available and may change as more data
become available.

Low, Median, Best, and High Estimates — Estimates of petroleum
resources in this report are expressed using the terms low estimate,
median estimate, best estimate, and high estimate to reflect the range
of uncertainty.

A detailed explanation of the probabilistic
terms used herein and identified with an asterisk (*) is included in the Glossary of
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Probabilistic Terms in the appendix bound with this report. For probabilistic
estimates of petroleum resources, the expected value* (EV), an outcome of the
probabilistic analysis, is used for the best estimate. The low estimate reported
herein is the Po* quantity derived from probabilistic analysis. This means that
there is at least a 90-percent probability that, assuming the prospect or
accumulation is discovered and developed, the quantities actually recovered will
equal or exceed the low estimate. The median estimate is the Pso* quantity derived
from probabilistic analysis. This means that there is at least a 50-percent probability
that, assuming the prospect or accumulation is discovered and developed, the
quantities actually recovered will equal or exceed the median estimate. The high
estimate is the Pio* quantity derived from probabilistic analysis. This means that
there is at least a 10-percent probability that, assuming the prospect or
accumulation is discovered and developed, the quantities actually recovered will
equal or exceed the high estimate.

Uncertainties Related to Prospective Resources — The volume of
petroleum discovered by exploration drilling depends on the
number of prospects that are successful as well as the volume
that each success contains. Reliable forecasts of these volumes
are, therefore, dependent on accurate predictions of the
number of discoveries that are likely to be made if the entire
portfolio of prospects is drilled. The accuracy of this forecast
depends on the portfolio size and an accurate assessment of the
probability of geologic success™ (Pg).

Probability of Geologic Success — Py is defined as the probability
of discovering reservoirs which flow petroleum at a measurable
rate. P is estimated by quantifying the probability of each of
the following individual geologic factors: trap, source, reservoir,
and migration.* The product of these four probabilities or
chance factors is computed as Ps.

In this report, estimates of prospective
resources are presented both before and after adjustment for P;. Total prospective
resources estimates are based on the probabilistic summation of the volumes for the
total inventory of prospects.
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Application of Pz to estimate the P-
adjusted prospective resources volumes does not equate prospective resources with
reserves or contingent resources. Pg-adjusted prospective resources volumes cannot
be compared directly to or aggregated with either reserves or contingent resources.
Estimates of Ps are interpretive and are dependent on the quality and quantity of
data currently made available. Future data acquisition, such as additional drilling
or seismic acquisition, can have a significant effect on P; estimation. These
additional data are not confined to the study area, but also include data from similar

geologic settings or technological advancements that could affect the estimation of
Pe.

Predictability versus Portfolio Size — The accuracy of forecasts
of the number of discoveries that are likely to be made is
constrained by the number of prospects in the exploration
portfolio. The size of the portfolio and Ps together are helpful in
gauging the limits on the reliability of these forecasts. A high
Pg, which indicates a high chance of discovering measurable
petroleum, may not require a large portfolio to ensure that at
least one discovery will be made (assuming the Py does not
change during drilling of some of the prospects). By contrast, a
low Pg, which indicates a low chance of discovering measurable
petroleum, could require a large number of prospects to ensure
a high confidence level of making even a single discovery. The
relationship between portfolio size, Pe, and the probability of a
fully unsuccessful drilling program that results in a series of
wells not encountering measurable hydrocarbons is referred to
herein as the predictability versus portfolio size relationship*
(PPS). It is critical to be aware of PPS, because an unsuccessful
drilling program which results in a series of wells that do not
encounter measureable hydrocarbons, can adversely affect any
exploration effort, resulting in a negative present worth.

For a large prospect portfolio, the P.-
adjusted best estimate of the prospective resources volume should be a reasonable
estimate of the recoverable petroleum quantities found if all prospects are drilled.
When the number of prospects in the portfolio is small and the P; is low, the
recoverable petroleum actually found may be considerably smaller than the Pg-
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adjusted best estimate would indicate. It follows that the probability that all of the
prospects will be unsuccessful is smaller when a large inventory of prospects exists.

Prospect Technical Evaluation Stage — A prospect can often be
subcategorized based on its current stage of technical
evaluation. The different stages of technical evaluation relate
to the amount of geologic, geophysical, engineering, and
petrophysical data as well as the quality of available data.

Mature Prospects — A mature prospect is a potential
accumulation that is sufficiently well defined to be a viable
drilling target. For a mature prospect, sufficient data and
analyses exist to identify and quantify the technical
uncertainties, determine reasonable ranges of geologic chance
factors, engineering and petrophysical parameters, and
estimate prospective resources.

Immature Prospects — An immature prospect is less well
defined and requires additional data and/or evaluation to be
classified as a mature prospect. An example would be a poorly
defined closure mapped using sparse regional seismic data in a
basin containing favorable source and reservoir(s). An
immature prospect may or may not be elevated to mature
prospect status depending on the results of additional technical
work.

Threshold Economic Field Size — The threshold economic field
size (TEFS) is the minimum amount of producible petroleum
required to recover the total capital expenditure used to
establish the prospect as having a present worth greater than
zero. These investments include expenditures required to
establish and prove profitable production and to conduct
delineation or confirmation drilling. All geologic, geophysical,
lease and/or contract-area acquisition costs and other
anticipated field delineation costs are included in the
estimation of TEFS as well. The present worth per resources
volume methodology is a standard industry practice used to
estimate resources value. This methodology is directly
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formulated from the discounted cash flow analysis, which is
fundamental to the present worth estimation. Accordingly,
where this methodology is employed to estimate TEFS, no
additional provision should be made for field development
costs.

TEFS = Geology + Geophysics + Drilling + Land + Transportation + Overhead

Potential Present Worth per Barrel

Probability of Economic Success — The probability of economic
success (Pr) is defined as the probability that a given discovery
will be economically viable. It takes into account Ps, TEFS,
capital costs, operating expenses, the proposed development
plan, and other business and economic factors. Pk is calculated
as follows:

Pr = Pco x Prers

Probability of Threshold Economic Field Size — The probability
of threshold economic field size (Prers) is defined as the
probability of discovering an accumulation that is large enough
to be economically viable. Prers is estimated by using the
prospective  resources potential recoverable volumes
distribution in conjunction with the TEFS. The probability
associated with the TEFS can be determined graphically from
the potential gross recoverable volumes distribution.
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APPENDIX C - PGC RESOURCES ESTIMATES for ALASKA

Probable Resources

Figure 15
PGC Resources Estimates for Alaska (Bef)

Possible Resources

Speculative Resources

Alaska Region and Assessment Most Most
Segment Min Likely Min  Likely  Max Total

Alaska Onshore, all drilling depths
North Slope 2,6200 15,000 43,000 6,000 23,000 72,000 68,200
S. Foothills and Brooks Range 1,000 0
Yukon Flats and Kandik Basins 200 500 200
Alaska Interior Basins 500 2,500 500
Northern Gulf of Alaska 100 700 3,550 700
Cook Inlet 400 1,400 2,400 4,800 4,450
Alaska Peninsula-Shelikof 200 300 300 200
Alaska Penisula-Bristol Bay 400 700 1,400 700
Aleutian Island 1,000 0
Total Onshore, all drilling depths 16,400 27,700 74,950
Alaska Offshore, all drilling depths
Offshore, 0-200 meters
Beaufort Shelf 1,000 12,000 3,500 19,500 62,500 33,500
Chukchi Shelf 3,500 19,500 62,500 19,500
Norton Basin 200 600 200
Hope Basin 550 2,000 550
Navarin Basin Shelf 1,000 4,500 1,000
St. George Basin Shelf 200 1,500 2,500 1,500
Briston Bay Shelf 1,850 3,750 6,000 3,750
Shumagin-Kodiak Shelf 200 1,700 5,200 1,700
Aleutian Shelf 1,000 0
Northern Gulf of Alaska Shelf 5,500 800 8,950 800
Southeastern Alaska Shelf 200 850 2,600 850
Cook Inlet Basin 200 700 1,000 2,400 2,100
Offshore, 200-1000 meters 0
Navarin Basin Slope 500 0
St. George Basin Slope 500 0
Southeastern Alaska Slope 450 2,650 6,500 2,650
Total- Offshore, 0-200 meters 12,700 50,350 65,450
Total- Offshore, 200-1000 meters 2,650 2,650
Area Grand Total

(Most Likely Values) 29,100 80,700 143,050
Area Grand Total (Mean Values)
Total Onshore, all drilling depths 22,300 40,420 94,440
Total Offshore, all drilling depths 19,500 74,790 99,430
Grand Total-Mean Values

(non-additive) 41,820 115,130 193,830
PROVINCE
Coalbed Gas Resources
North Slope, Kobuk, Upper and Lower
Koyukuk, Yukon Glats, Middle
Tanana, Nenana Copper River,
Susitna, Cook Inlet, Alaska Peninsula
coal basins 15,000 57,000 76,000 57,000
Total Coalbed Gas 57,000 57,000
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APPENDIX D - ADNR/ADOG RESERVES and PUBLIC RESOURCES

ESTIMATES for ALASKA
Figure 16
ADNR/ADOG Reserves and USGS/BOEM Resources Estimates for Alaska
(Bcf)
Discovered Undiscovered Total
Alaska Region and Reserves Resources Resources Resources
Assessment Segment 1P 2P 3P References: P95 Mean P05 P95 Mean P05 Mean References:
Central North Slope
Barrow 34 34 ADNR 2009 Annual Report
Table 1
Colville River 400 400 ADNR 2009 Annual Report
Table 1
Duck Island 843 843 ADNR 2009 Annual Report
Table 1
Kuparuk River 600 600 ADNR 2009 Annual Report
Table 1
Milne Point 0 0 ADNR 2009 Annual Report
Table 1
Endicott 0 0 ADNR 2009 Annual Report
Table 1
Northstar 450 450 ADNR 2009 Annual Report
Table 1
Prudhoe Bay 24,500 24,500 ADNR 2009 Annual Report
Table 1
Point Thomson 8,000 8,000 ADNR 2009 Annual Report
Table 1
Total Central North Slope 34,827 23,939 33,318 44,873 68,145 USGS, Open-File Report
2005-3043; ADNR 2009
Annual Report Table 1
Nat'l Petrol Reserve Alaska 43,042 52,821 61,985 52,821 USGS, Open-File Report
2011-1103 pg 4
ANWR Coastal Plain 3,470 3,810 4,060 3,810 USGS, Open-File Report
2009-1112, pg 6
Western North Slope 6,130 10,360 12,400 10,360 USGS, Open-File Report
2009-1112, pg 6
Gas Hydrates 0 USGS, 2008 Assessment of
Gas Hydrate
Non-associated Gas Shale 0
Resources
Brookian 0 USGS, 2012; Factsheet
2012-3013
Kingak 0
Shublik 0 USGS, 2012; Factsheet
2012-3013
Total North Slope Onshore 34,827 100,309 135,136
Southern Alaska (1)
Cook Inlet (2) 354 ADNR, pg 6 3,138 13,726 28,414 13,726 USGS, 2011: Factsheet
2011-3068
Coalbed Methane 0 USGS, 2011: Factsheet
2011-3069
Beaver Creek 23 74 ADOG, pg 15 0
Beluga River 377 473 ADOG, pg 15 0
Birch Hill ADOG, pg 15 0
Cannery Loop 27 45 ADOG, pg 15 0
Deep Creek 5 5 ADOG, pg 15 0
Falls Creek ADOG, pg 15 0
Granite Point 7 9 ADOG, pg 15 0
Ivan River 4 12 ADOG, pg 15 0
Kaloa ADOG, pg 15 0
Kasilof 1 ADOG, pg 15 0
Kenai River 90 114 ADOG, pg 15 0
Lewis River 1 10 ADOG, pg 15 0
Lone Creek ADOG, pg 15 0
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Discovered Undiscovered Total
Alaska Region and Reserves Resources Resources Resources
Assessment Segment 1P 2P 3P References: P95 Mean P05 P95 Mean P05 Mean References:
McArthur River (grayling gas 113 133 ADOG, pg 15 0
sands)
Middle Ground Shoal 2 3 ADOG, pg 15 0
Moquawkie 0 0 ADOG, pg 15 0
Nicolai Creek 1 1 ADOG, pg 15
Ninilchik 62 62 ADOG, pg 15
North Cook Inlet 145 192 ADOG, pg 15 0
Pretty Creek ADOG, pg 15 0
Redoubt Shoal 0 0 ADOG, pg 15 0
Sterling 1 1 ADOG, pg 15 0
Swanson River 1 1 ADOG, pg 15 0
Three Mile Creek 0 0 ADOG, pg 15 0
Trading Bay 1 1 ADOG, pg 15 0
West Foreland 1 4 ADOG, pg 15 0
West Fork ADOG, pg 15 0
Wolf Lake ADOG, pg 15 0
Total-Cook Inlet 861 1,141 1,495 0
Southern Cook Inlet OCS 30 1,200 3,480 1,200 BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
North Aleutian OCS 400 8,620 23,280 8,620 BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Gulf of Alaska OCS 0 4,040 13,870 4,040 BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Other OCS Basins (3) 0 9,410 39,880 9,410 BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Total Southern Alaska 861 1,141 1,495 36,996 36,996
Arctic Alaska Outer Continental Shelf (OSC)
Chukechi Shelf 10,320 76,770 209,53 76,770 BOEM, 2011 National
0 Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Beaufort Shelf 650 27,640 72,180 27,640 BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Hope Basin 0 3,770 14,980 3,770 BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Total Arctic OCS (offshore) 108,180 108,180
Interior Alaska
Yukon Flats Basin BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Central AK-Multiple Basins 0 5,463 14,628 5,463 BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Kandik Basin 0 BOEM, 2011 National
Assessment Factsheet,
MMS, 2007 Alaska OCS
Assessment
Copper River Basin 116 116
Total Interior Alaska 0
Grand Total Reserves 1,495 5,579 5,579
Area Grand Total- Mean Resources 34,827 251,064 285,891

Notes:

(1) CBM not included except for in Cook Inlet estimates(~1,000 TCF OGIP).
(2) Cook Inlet 3P Total is the 3P number for the sum of 4 Major fields but the Sum of the other fields.
(3) Includes Navarian Basin, St. George Basin, Norton Basin, Shumagin, and Kodiak planning areas.

Most Likely is the Mean number for the Resources.

ADOG = 2009 Preliminary Eng. And Geo. Evaluation of Remaining Cook Inlet Gas Reserves.
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APPENDIX E - HIGH SUPPLY/HIGH DEMAND SCENARIO (40+-YEAR

EXPORT TERM)

Figure 17
Remaining Gas Supply in High Supply/High Demand Scenario
(40+-Year LNG Export Term)

Amount

Category (Tcf) Reference
Existing Reserves 1.143 Figure 18
Resources 108.250 Figure 18
Upstream Lease Operations Fuel (2013-2062) (12.750) Figure 19
Domestic Demand (2013-2022) (0.996) Figure 19
Domestic Demand (2023-2062) (10.962) Figure 19
LNG Feed Gas (includes fuel/shrink) (42.875) Figure 19
Remaining Gas Supply 41.810

Note: Petroleum quantities classified as Reserves or Resources should not
be aggregated with each other without due consideration of the
significant differences in the criteria associated with their
classification.

Figure 18
Reserves and Resources Estimates for the High Supply Scenario

Resources
Probable Possible Speculative Total
Most Most Most Reserves +
Alaska Region and Assessment Reserves Likely Likely Likely Resources
Segment (Tcf) (Tcf) (Tcf) (Tcf) (Tcf) Reference
Alaska Onshore, all drilling depths
North Slope 0.000 30.200 15.000 23.000 68.200 Figure 15 (PGC)
Cook Inlet 1.143 0.650 1.400 2.400 5.593 Figure 4, Figure 15
(PGC)

Alaska Offshore, all drilling depths
Offshore, 0-200 meters
Beaufort Shelf 0.000 2.000 12.000 19.500 33.500 Figure 15 (PGC)
Cook Inlet Basin 0.000 0.400 0.700 1.000 2.100 Figure 15 (PGC)
Grand Total Reserves + Resources -
High Supply Scenario 1.143 33.250 29.100 45.900 109.393

Note: Petroleum quantities classified as Reserves or Resources should not be aggregated with each other without
due consideration of the significant differences in the criteria associated with their classification.
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Figure 19
Total Gas Demand - High Demand Scenario
(Supplied by NERA)
Pre-Export Export-Term Cumulative
(2013 - 2022) (2023 - 2062) (2013-2062)
(Tcf) (Tef) (Tcf)

In-State Demand

Electricity Generation 0.375 3.230 3.605

Residential 0.230 1.854 2.084

Government 0.048 0.201 0.250

Energy-Intensive Sectors 0.045 1.761 1.806

Manufacturing 0.065 1.767 1.832

Commercial Sector 0.231 1.702 1.932

Truck Transportation 0.001 0.288 0.289

Other Transportation 0.000 0.160 0.161
Subtotal of Domestic Demands 0.996 10.962 11.958

Upstream Lease Operations Fuel 2.550 10.200 12.750
Subtotal of In-State Demand 3.546 21.162 24.708
30-Year LNG Export Plant Demand

Fuel/Shrink 0.000 6.647 6.647

LNG Feed Gas Requirements 0.000 36.228 36.228
Subtotal of Demand Associated with LNG
Exports 0.000 42.875 42.875
Total Gas Demand - High Demand Scenario 3.546 64.037 67.583

Note: Numbers may not add due to rounding.
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Figure 20
Average Annual In-State Demand in the Post-Export Period for High
Demand Scenario

(Supplied by NERA)
Post-Term
Bcef/year
(2063 and
Beyond)!’
In-State Demand
Electricity Generation 115.655
Residential 60.063
Government 5.739
Energy-Intensive Sectors 72.434
Manufacturing 64.765
Commercial Sector 64.114
Truck Transportation 23.487
Other Transportation 14.176
Upstream Lease Operations Fuel 255.00
Average Annual In-State Post-
Term Demand 675.433
Figure 21
Estimation of Years of Supply Remaining for High Supply/High Demand
Scenario
Amount
Category (Tcf) Reference
High Supply 109.393 Figure 18
High Demand (67.583) Figure 19
Remaining Supply at End of 40-Year LNG
Export Term 41.810
Average Annual In-State Post-Term Demand 0.675 Figure 20
Years of Supply Remaining 62

17 NERA modeled in-state gas demand through 2062, which, for a 40-year export term, would not include in-state
demand estimates for a post-export (2063 and beyond) term. For the purposes of the analysis in this report, D&M
assumed the same estimates as the in-state demand in the 2058-2062 period from the 40-year export term minus
any gas associated with the LNG plant.



DEGOLYER AND MACNAUGHTON

APPENDIX F - PGC RESOURCES ASSESSMENT PROCEDURES

PGC states, “Assessments do not include,
and are distinct and separate from, the volumes of proved reserves contained within
the nation’s discovered fields” (PGC, pg 69). Estimates of proved reserves presented
in this report have been prepared by ADNR. PGC’s evaluation does not include gas
reserves. PGC’s main focus is the assessment of potential resources that can be
recovered using today’s technology. PGC classifies natural gas “as any gas (at
conditions of standard pressure and temperature, 14.73 pounds per square inch
absolute and 60 degrees Fahrenheit) of natural origin and consisting primarily of
hydrocarbon molecules producible from a borehole” (PGC, pg 70). PGC also
recognizes that most natural gas contains some portion of nonhydrocarbon gases.
PGC assessment does not exclude these components from the hydrocarbon gas
unless there is a substantial volume of nonhydrocarbon gases present. The following
assessment procedure is a general breakdown of how resources are being estimated
in Alaska by PGC. Each of the following steps are considered independently in
preparing the assessment.

General Assessment Procedure PGC’s basic technique for assessing

natural gas resources is to compare
characteristics from known occurrences with characteristics present in prospective
province areas. Each prospective province is compared to a known discovered area or
province with similar geologic attributes, such as source rocks, sufficient maturation
of organic material, and presence of reservoir rocks and traps. By understanding
these attributes, gas supply estimates can be assessed based on productive capacity
of a particular formation and average accumulation size. Figure 20 shows a
“hypothetical cross section illustrating categories and types of occurrences of
potential gas resources” according to PGC.

43



DEGOLYER AND MACNAUGHTON

Figure 22
IMNlustration of PGC Categories
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PGC’s preparation assessment considered
the following three situations separately.

1) “The existence of minimum number of traps, the most
marginal of source-rock and reservoir conditions, the minimum
reasonable yield factor and the possibility that many traps that
might exist would not contain recoverable gas accumulations.
In this case, an approximately 100 percent probability exists
that at least this much gas resource is present. Such conditions
lead to a minimum (100 percent probability) estimate of the
resource.”

2) “The most reasonable estimate of the existence of traps and
accumulations and the most reasonable assessment of source-
rock, yield factor and reservoir conditions. The probability is
highest that these conditions prevail in the estimator’s
judgment and that the estimated quantity of gas resources
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would be present. Such conditions lead to the most likely
estimate of the resource.”

3) “The quantity of gas that might exist and be recoverable
under the most favorable conditions. The probability that such
conditions prevail is near zero, and the probability is very low
(essentially zero) that this much gas resource is present. This
assumes a maximum number of potential traps with favorable
source-rock and reservoir conditions, maximum reasonable
yield factor and the condition that each trap is filled with a
reasonable accumulation. These conditions lead to the
maximum possible resources estimate.”

As noted, this report and the associated
analyses considered only the Most Likely category of resources estimates.



DEGOLYER AND MACNAUGHTON

APPENDIX G - NORTH COOK INLET HISTORICAL GAS PRODUCTION

(Supplied by IHS Global, Inc., (IHS))

Gas
Report Production
Date (Mcf)
3/1/1969 28,297
4/1/1969 20,884
5/1/1969 401,125
6/1/1969 990,204
7/1/1969 997,543
8/1/1969 1,868,406
9/1/1969 332,260
10/1/1969 195,514
11/1/1969 2,052,338
12/1/1969 994,753
1/1/1970 1,803,257
2/1/1970 2,327,699
3/1/1970 3,823,719
4/1/1970 2,963,351
5/1/1970 2,687,495
6/1/1970 4,038,627
7/1/1970 4,256,243
8/1/1970 4,110,156
9/1/1970 3,724,971
10/1/1970 3,106,297
11/1/1970 4,068,432
12/1/1970 4,037,222
1/1/1971 3,516,680
2/1/1971 4,164,035
3/1/1971 3,844,639
4/1/1971 2,436,696
5/1/1971 3,290,614
6/1/1971 3,512,586
7/1/1971 4,347,976
8/1/1971 3,950,361
9/1/1971 4,033,788
10/1/1971 4,103,879
11/1/1971 3,816,377
12/1/1971 4,006,668
1/1/1972 3,498,495
2/1/1972 3,725,582
3/1/1972 3,808,349
4/1/1972 3,055,376
5/1/1972 1,761,794
6/1/1972 885,977
7/1/1972 2,735,819
8/1/1972 4,780,894
9/1/1972 4,565,936
10/1/1972 4,355,767
11/1/1972 4,217,789
12/1/1972 4,187,989
1/1/1973 4,341,802
2/1/1973 2,799,724
3/1/1973 2,961,444
4/1/1973 4,075,070

Bef

Total Gas Produced on Plateau
through 1/2006 1,711.8

Total Estimated Ultimate Recovery 2,011.0
Calculated % Total Resource
Produced at Plateau 85.1%
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(continued)
Gas
Report Production
Date (Mcf)

5/1/1973 4,348,030
6/1/1973 2,423,565
7/1/1973 3,320,712
8/1/1973 4,237,444
9/1/1973 4,358,454
10/1/1973 2,429,734
11/1/1973 3,039,229
12/1/1973 4,373,968
1/1/1974 4272911
2/1/1974 4,192,305
3/1/1974 3,694,482
4/1/1974 2,678,909
5/1/1974 3,779,786
6/1/1974 3,972,920
7/1/1974 3,689,761
8/1/1974 3,632,530
9/1/1974 3,945,335
10/1/1974 2,471,093
11/1/1974 3,712,368
12/1/1974 4,295,873
1/1/1975 3,349,290
2/1/1975 4,194,850
3/1/1975 4,621,105
4/1/1975 3,824,131
5/1/1975 2,481,491
6/1/1975 2,697,998
7/1/1975 4,531,918
8/1/1975 4,823,716
9/1/1975 3,792,921
10/1/1975 3,511,527
11/1/1975 3,579,139
12/1/1975 4,213,587
1/1/1976 4,497 546
2/1/1976 4,307,934
3/1/1976 4,329,431
4/1/1976 4,400,834
5/1/1976 1,691,475
6/1/1976 961,364
7/1/1976 4,698,079
8/1/1976 4,686,386
9/1/1976 4,342,219
10/1/1976 3,846,660
11/1/1976 3,819,923
12/1/1976 3,509,404
1/1/1977 3,767,729
2/1/1977 3,597,835
3/1/1977 4,178,738
4/1/1977 2,531,487
5/1/1977 3,635,647
6/1/1977 4,374,579
7/1/1977 5,018,776
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(continued)
Gas
Report Production
Date (Mcf)

8/1/1977 4,481,126
9/1/1977 3,475,853
10/1/1977 3,955,205
11/1/1977 3,643,367
11/1/1977 3,643,367
12/1/1977 4,540,586
1/1/1978 4,638,217
2/1/1978 4,192,723
3/1/1978 4,391,621
4/1/1978 1,799,123
5/1/1978 4,854,592
6/1/1978 4,351,316
7/1/1978 4,225,163
8/1/1978 4,281,781
9/1/1978 5,232,927
10/1/1978 1,395,712
11/1/1978 2,174,990
12/1/1978 5,218,967
1/1/1979 4,756,811
2/1/1979 4,149,174
3/1/1979 4,302,908
4/1/1979 4,833,425
5/1/1979 4,370,467
6/1/1979 4,557,365
7/1/1979 4,998,864
8/1/1979 4,984,172
9/1/1979 4,503,062
10/1/1979 1,501,067
11/1/1979 2,395,271
12/1/1979 4,095,072
1/1/1980 4,573,172
2/1/1980 4,164,845
3/1/1980 4,558,782
4/1/1980 1,897,693
5/1/1980 3,168,884
6/1/1980 3,068,570
7/1/1980 2,037,788
8/1/1980 3,050,671
9/1/1980 4,045,373
10/1/1980 3,422,292
11/1/1980 4,385,305
12/1/1980 3,166,808
1/1/1981 4,439,884
2/1/1981 4,277,161
3/1/1981 4,292 187
4/1/1981 2,965,112
5/1/1981 4,010,276
6/1/1981 4,338,308
7/1/1981 4,630,977
8/1/1981 4,577,350
9/1/1981 4,346,134
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(continued)
Gas
Report Production
Date (Mcf)

10/1/1981 4,321,240
11/1/1981 4,083,704
12/1/1981 3,204,098
1/1/1982 3,196,622
2/1/1982 3,958,830
3/1/1982 3,526,529
4/1/1982 2,970,345
5/1/1982 2,919,878
6/1/1982 4,326,181
7/1/1982 4,432 586
8/1/1982 4,282 528
9/1/1982 3,863,235
10/1/1982 4,091,753
11/1/1982 3,815,719
12/1/1982 3,983,416
1/1/1983 4,195,521
2/1/1983 3,376,242
3/1/1983 4,667,656
4/1/1983 4,068,040
5/1/1983 2,855,255
6/1/1983 3,250,185
7/1/1983 4,292 434
8/1/1983 4,334,177
9/1/1983 4,103,275
10/1/1983 4,269,378
11/1/1983 4,032,821
12/1/1983 4,432,231
1/1/1984 3,915,058
2/1/1984 3,793,356
3/1/1984 4,141,410
4/1/1984 4,200,996
5/1/1984 3,350,251
6/1/1984 2,584,667
7/1/1984 4,441,458
8/1/1984 4,566,227
9/1/1984 3,334,294
10/1/1984 4,459,252
11/1/1984 3,735,232
12/1/1984 4,458,676
1/1/1985 4,324,368
2/1/1985 3,855,932
3/1/1985 4,168,974
4/1/1985 3,339,964
5/1/1985 2,195,780
6/1/1985 4,424,159
7/1/1985 4,212,402
8/1/1985 4,083,204
9/1/1985 3,871,359
10/1/1985 3,883,185
11/1/1985 3,325,734
12/1/1985 4,134,351
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(continued)
Gas
Report Production
Date (Mcf)

1/1/1986 3,482,336
2/1/1986 3,491,089
3/1/1986 3,933,501
4/1/1986 2,770,372
5/1/1986 2,469,472
6/1/1986 3,905,211
7/1/1986 3,742,113
8/1/1986 4,053,210
9/1/1986 3,938,710
10/1/1986 4,154,890
11/1/1986 4,038,861
12/1/1986 3,858,389
1/1/1987 3,982,682
2/1/1987 3,448,907
3/1/1987 3,839,442
4/1/1987 1,269,850
5/1/1987 3,623,310
6/1/1987 3,402,754
7/1/1987 4,015,834
8/1/1987 4,083,541
9/1/1987 3,943,200
10/1/1987 3,942,052
11/1/1987 3,742,856
12/1/1987 3,594,280
1/1/1988 3,966,366
2/1/1988 3,405,062
3/1/1988 4,117,407
4/1/1988 3,439,977
5/1/1988 2,079,407
6/1/1988 3,902,597
7/1/1988 3,737,081
8/1/1988 3,797,149
9/1/1988 3,674,065
10/1/1988 4,423,443
11/1/1988 4,171,321
12/1/1988 4,274,829
1/1/1989 3,062,210
2/1/1989 3,941,951
3/1/1989 4,033,219
4/1/1989 4,177,264
5/1/1989 2,286,527
6/1/1989 3,812,399
7/1/1989 4,528,314
8/1/1989 3,678,808
9/1/1989 4,216,183
10/1/1989 4,176,515
11/1/1989 3,708,458
12/1/1989 3,664,684
1/1/1990 3,776,263
2/1/1990 3,634,136
3/1/1990 3,634,045
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(continued)
Gas
Report Production
Date (Mcf)

4/1/1990 4,129,239
5/1/1990 1,610,307
6/1/1990 4,054,608
8/1/1990 4,084,100
9/1/1990 3,945,671
10/1/1990 3,967,172
11/1/1990 3,834,998
12/1/1990 4,261,381
1/1/1991 3,879,442
2/1/1991 3,762,421
3/1/1991 3,874,085
4/1/1991 3,936,003
5/1/1991 2,160,638
6/1/1991 3,625,146
7/1/1991 3,960,904
8/1/1991 3,826,361
9/1/1991 4,155,047
10/1/1991 3,758,491
11/1/1991 4,046,954
12/1/1991 3,709,725
1/1/1992 3,915,794
2/1/1992 3,875,910
3/1/1992 3,654,056
4/1/1992 3,621,963
5/1/1992 4,243,396
6/1/1992 3,658,259
7/1/1992 4,390,296
8/1/1992 4,072,261
9/1/1992 1,165,463
10/1/1992 4,038,885
11/1/1992 3,835,935
12/1/1992 4,038,503
1/1/1993 3,858,582
2/1/1993 3,301,118
3/1/1993 4,302,675
4/1/1993 3,601,277
5/1/1993 3,797,070
6/1/1993 2,244 535
7/1/1993 4,098,083
8/1/1993 4,127,592
9/1/1993 3,963,295
10/1/1993 4,276,021
11/1/1993 3,850,749
12/1/1993 4,208,034
1/1/1994 4,429,122
2/1/1994 3,685,504
3/1/1994 4,999,610
4/1/1994 3,653,633
5/1/1994 2,017,549
6/1/1994 4,514,532
7/1/1994 5,004,670
8/1/1994 5,059,584
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(continued)
Gas
Report Production
Date (Mcf)

9/1/1994 4,894,443
10/1/1994 5,063,669
11/1/1994 4,438,218
12/1/1994 4,928,806
1/1/1995 4,697,700
2/1/1995 4,298,497
3/1/1995 4,887,228
4/1/1995 3,735,307
5/1/1995 2,984,270
6/1/1995 4,759,391
7/1/1995 5,034,452
8/1/1995 5,000,197
9/1/1995 4,361,462
10/1/1995 4,529,618
11/1/1995 4,661,893
12/1/1995 4,590,674
1/1/1996 4,894,544
2/1/1996 4,077,892
3/1/1996 5,375,854
4/1/1996 4,524,138
5/1/1996 3,354,716
6/1/1996 4,949,627
7/1/1996 5,032,498
8/1/1996 5,148,871
9/1/1996 4,590,988
10/1/1996 5,023,377
11/1/1996 4,253,174
12/1/1996 4,749,986
1/1/1997 4,800,704
2/1/1997 4,469,089
3/1/1997 4,922,193
4/1/1997 4,441,852
5/1/1997 1,234,214
6/1/1997 4,785,762
7/1/1997 4,106,240
8/1/1997 4,994,788
9/1/1997 4,601,356
10/1/1997 4,741,674
11/1/1997 4,460,341
12/1/1997 4,907,360
1/1/1998 4,444,136
2/1/1998 4,396,153
3/1/1998 4,997,341
4/1/1998 4,551,127
5/1/1998 2,591,272
6/1/1998 4,724,021
7/1/1998 4,893,695
8/1/1998 4,857,675
9/1/1998 4,895,617
10/1/1998 4,773,447
11/1/1998 4,331,692
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(continued)

Report
Date
12/1/1998
1/1/1999
2/1/1999
3/1/1999
4/1/1999
5/1/1999
6/1/1999
7/1/1999
8/1/1999
9/1/1999
10/1/1999
11/1/1999
12/1/1999
1/1/2000
2/1/2000
3/1/2000
4/1/2000
5/1/2000
6/1/2000
7/1/2000
8/1/2000
9/1/2000
10/1/2000
11/1/2000
12/1/2000
1/1/2001
2/1/2001
3/1/2001
4/1/2001
5/1/2001
6/1/2001
7/1/2001
8/1/2001
9/1/2001
10/1/2001
11/1/2001
12/1/2001
1/1/2002
2/1/2002
3/1/2002
4/1/2002
5/1/2002
6/1/2002
7/1/2002
8/1/2002
9/1/2002
10/1/2002
11/1/2002
12/1/2002
1/1/2003
2/1/2003
3/1/2003

Gas

Production

(Mcf)

4,507,684

4,499,416
4,317,733
4,671,214
4,492,093
4,125,199
3,513,581
4,412,519
4,375,828
4,094,192
4,095,070
4,562,594
4,469,724
4,285,676
4,086,383
4,528,667
4,591,292
2,302,282
4,289,871
4,787,670
5,140,597
4,759,316
4,843,664
4,638,703
4,587,291
4,779,552
4,077,465
4,839,179
4,801,013
2,806,676
4,023,408
4,971,987
5,127,934
4,945,129
4,756,984
5,170,594
5,230,610
4,675,422
4,295,040
5,040,463
4,769,116
2,367,254
4,635,466
4,968,332
4,896,776
4,591,859
4,959,942
4,790,562
4,584,010
4,589,821
4,296,868
5,047,639
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(continued)

Report
Date

4/1/2003
5/1/2003
6/1/2003
7/1/2003
8/1/2003
9/1/2003
10/1/2003
11/1/2003
12/1/2003
1/1/2004
2/1/2004
3/1/2004
4/1/2004
5/1/2004
6/1/2004
7/1/2004
8/1/2004
9/1/2004
10/1/2004
11/1/2004
12/1/2004
1/1/2005
2/1/2005
3/1/2005
4/1/2005
5/1/2005
6/1/2005
7/1/2005
8/1/2005
9/1/2005
10/1/2005
11/1/2005
12/1/2005
1/1/2006
2/1/2006
3/1/2006
4/1/2006
5/1/2006
6/1/2006
7/1/2006
8/1/2006
9/1/2006
10/1/2006
11/1/2006
12/1/2006
1/1/2007
2/1/2007
3/1/2007
4/1/2007
5/1/2007
6/1/2007

Gas
Production
(Mcf)

4,242,897
1,836,172
3,152,253
3,854,590
3,753,137
4,058,780
4,623,109
4,389,414
4,255,331
3,921,356
4,295,071
4,395,168
3,803,452
1,593,561
4,229,843
3,771,216
3,360,782
3,411,542
3,136,000
3,238,336
3,831,361
4,370,401
3,796,343
4,352,104
4,000,564
1,511,693
3,952,855
3,934,593
3,952,428
3,935,674
4,473,174
3,860,921
3,955,677
3,913,666
3,688,256
3,760,070
3,606,762
3,623,664
3,161,706
3,036,587
3,265,463
1,151,975
3,111,534
2,810,794
3,024,938
2,975,520
2,573,689
2,809,468
2,633,019

949,164
2,572,894
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(continued)
Gas
Report Production
Date (Mcf)

7/1/2007 2,627,468
8/1/2007 2,550,633
9/1/2007 2,413,744
10/1/2007 2,414,873
11/1/2007 2,205,187
12/1/2007 2,045,448
1/1/2008 2,061,175
2/1/2008 1,969,981
3/1/2008 2,287,564
4/1/2008 2,142,317
5/1/2008 1,099,375
6/1/2008 2,038,155
7/1/2008 2,060,107
8/1/2008 1,885,560
9/1/2008 1,961,981
10/1/2008 1,867,102
11/1/2008 1,863,396
12/1/2008 1,942,109
1/1/2009 1,872,111
2/1/2009 1,700,443
3/1/2009 1,840,297
4/1/2009 1,793,113
5/1/2009 1,572,272
6/1/2009 1,329,486
7/1/2009 2,215,803
8/1/2009 2,189,281
9/1/2009 2,093,218
10/1/2009 2,144,454
11/1/2009 2,052,378
12/1/2009 2,027,575
1/1/2010 1,922,590
2/1/2010 1,758,331
3/1/2010 1,661,583
4/1/2010 1,718,554
5/1/2010 1,281,219
6/1/2010 1,593,735
7/1/2010 1,638,314
8/1/2010 1,617,536
9/1/2010 1,446,896
10/1/2010 1,495,763
11/1/2010 1,415,959
12/1/2010 1,414,119
1/1/2011 1,406,448
2/1/2011 1,276,776
3/1/2011 1,383,078
4/1/2011 1,338,259
5/1/2011 1,378,985
6/1/2011 931,640
7/1/2011 1,230,206
8/1/2011 1,266,440
9/1/2011 1,254,496
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(continued)

Gas
Report Production

Date (Mcf)
10/1/2011 1,269,871
11/1/2011 1,204,738
12/1/2011 1,087,660
1/1/2012 1,161,317
2/1/2012 1,150,283
3/1/2012 1,178,621
4/1/2012 1,108,856
5/1/2012 1,112,541
6/1/2012 1,152,820
7/1/2012 1,196,532
8/1/2012 847,706
9/1/2012 1,099,034
10/1/2012 1,124,869
11/1/2012 1,066,479
12/1/2012 1,174,070
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EXECUTIVE SUMMARY

Introduction

NERA was retained by Locke Lord LLP to conduct aalgsis of the market and
macroeconomic impacts of a proposed Alaska Liqddfiatural Gas (AKLNG) project. The
AKLNG project is proposed as a single integrated iaterdependent project for the export and
sale of liquefied natural gas (LNG) in foreign coemge. The proposed project would include
the construction of a natural gas liquefaction exyort terminal on the south central coast of
Alaska, a natural gas pipeline from the liquefacidant to the North Slope region of Alaska
(NS) and a gas treatment plant and associatedmpggetonnecting to upstream fields. The study
thoroughly analyzes the natural gas market and @e@aonomic impacts that the AKLNG project
could potentially have on both Alaska and the @sSa whole.

Methodology

For this analysis we use our state-of-the-art gl energy and economic model, theEBRA
model, and NERA'’s Global Natural Gas Model (GNGM estimate the various macroeconomic
and market impacts. The GNGM is used to assesadmmpf Alaska LNG exports on global
LNG demand and prices. Estimates of LNG exporleirom the GNGM were then used as
inputs into the N, ERA model to estimate macroeconomic impacts oKeNG project on the
Alaska and U.S. economies. We developed variowdelimyg assumptions through cooperation
with ISER as well as various publicly availableidatures.

Scenarios

To understand the possible range of impacts oAKIENG project, we developed three
scenarios. First a Baseline with no AKLNG projeets needed against which to measure the
economic impacts of the AKLNG project. Having defil the Baseline, we constructed two
scenarios that include the development of the AKLNGject, associated LNG export volumes,
and different in-state natural gas demand forecastsExpected scenario and a High scenario.
To capture the range of potential impacts of theLNK project, the two scenarios differ
significantly in that the High case assumes:

* 50% greater economic growth rate in Alaska;
* Increased supply of natural gas available to theketaand

» 40 year period of LNG exports for Alaska, as oppdseonly a 30 year export period in
the Expected scenario.

Most economic assumptions shared amongst the ¢thrsss were developed from public sources
and with the assistance of consultations with ISER.

NERA Economic Consulting 1



Gas Market Impacts

Proceeding with the AKLNG project and exporting LM@uld lead to lower natural gas prices
in Alaska and the U.S. as a whole. Figure 1 agdréi2 show the amounts by which the
AKLNG project could reduce natural gas prices i thS. as a whole and in Alaska as
compared to the Baseline. The price reductioeeéngo be greatest in Alaska where the 2048
average market price is $5.02/MMBtu lower thanBlaseline in the Expected scenario and
$4.78/MMBtu lower in the High scenario. The impantthe wellhead natural gas price in the
U.S. as a whole is smaller in magnitude but stidduction in price with the 2048 price being
$0.17/MMBtu and $0.23/MMBtu lower than the Baselinghe Expected and High scenarios
respectively.

Figure 1: Alaska Average Natural Gas Market PricecCompared to Baseline (2010$/MMBtu)
$1.C

$0.0 ——
2013

2038 2023 2028 2033 2038 2043 2048 2053 2058

-$1.0

$2.0 Expected
' Scenario
High Scenario

—

-$3.0
-$4.0

-$5.0

Change in Alaska Average Market Price from Baseline
(2010$/MMBtu)

-$6.0
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Figure 2: U.S. Average Wellhead Natural Gas Pric€ompared to Baseline (2010$/MMBtu)
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-$0.5
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In addition to the reductions in natural gas pritkes benefits of the increased supplies of natural
gas brought to market by the AKLNG project incluaieninating reliance on imported natural
gas to make up for ultimate declines in Cook Ipletduction, additional revenues from LNG
exports, and increased availability of natural fgaexpansion of natural gas intensive

industries. Even with the increased levels of redtgas demand in Alaska driven by LNG
exports, lower prices, and greater economic growéhfind that our assumed levels of natural
gas reserves and resources are sufficient to mdetxaeed additional consumption needs in
both scenarios. Figure 3 and Figure 4 show theutatiie natural gas demand projections in
both the Expected and High scenarios.
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Figure 3: Alaska Natural Gas Demand in Expected Smario (Bcf)*

2013| 2018| 2023 | 2028| 2033 zosxl; 2043 204g Cumulative
Total (Tcf)
gps”et"?‘m Lf;‘asf 255 | 255| 255| 255| 25§ 255 255 255 10.2

Alaska pera 10NS Fue

Demand

In-State Use o8| 104 114 13k 145 154 1p2 176 5.4
LNG Exports Demartl - - | 878 | 1,009 1,009| 1,009| 1,099 1,099 31.9
Total Natural Gas Demand 358 397 1,449,488| 1,499| 1,508( 1,516| 1,530 475

Figure 4: Alaska Natural Gas Demand in High Scenao (Bcf)

2013| 2018 2024 2028 2038 2048 20M3 2048 2053 2oéfaum”'at"’3
otal (Tcf)
Upstream
Lease 255 | 255 | 255| 255| 255 259  2s5¢ 255 285  2%5 12.8
Operations
Alaska Fuel
Demand
E;gtate o8 | 102| 148| 188| 228 259 269 316 365 421 12.0
LNG Exports Demantl | - - 878 | 1,009 1,009 1,099 1,049 1,009 1,099 1,099 2.94
Total Natural Gas 353 | 357 | 1,281 1,542 158 1612 1.6P3 1,673 17197751 67.6
Demand

Macroeconomic Impacts

Our analysis finds that if the AKLNG project werelie constructed, the economic impacts
would be unequivocally positive. The project béisehe Alaska economy by boosting

! All results in tables and charts throughout tkisart, unless specified otherwise, are presentetbitel years
which each represent a span of five yeaes @013 represents the years 2013, 2014, 2015, 20@62017). Each
model year result represents the average annudl fessthe time specified by that model yeae( in Figure 3 the
2013 Alaska Demand represents the average annualdkein 2013 through 2017). See APPENDIX B.
ADDITIONAL N .,ERA MODEL DETAILS for further details on the,\ERA model.

2 Cumulative totals may not equal the sum of alrgehue to differences in rounding.

® This includes LNG-related fuel use and shrinka@éer ramp-up, 1,099 Bcf/year equals approxima®@9
Bcflyear for LNG export and 171 Bcf/year for fualeuand shrinkages).

* Cumulative totals may not equal the sum of alrgehuie to differences in rounding.

® This includes LNG-related fuel use and shrinka@ésr ramp-up, 1,099 Bcflyear equals approxima@a§
Bcflyear for LNG export and 171 Bcf/year for fualeuand shrinkages).
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Alaskan’s personal income as represented by cornsampheir overall economic well-being as
reflected in the increase in welfare, and by insirggstate tax income which is recycled back
into the local economy and increases gross statdupt (GSP). The increased economic activity
in Alaska leads to overall benefits for the U.Saashole. In percentage terms, impacts on
Alaska would be much larger than impacts on the BsS whole, but economic impacts in both
Alaska and the U.S. are positive for both scenastaive to the Baseline. All key indicators
examined for Alaska and the U.S., including consuwedfare, U.S. gross domestic product
(GDP), Alaska GSP, and consumption, improved withdonstruction of the AKLNG project.
Tax income accounts for approximately one-third@s&P increases and is recycled back into the
Alaskan economy. Figure 5, Figure 6, Figure 7, Rigdire 8 show some key macroeconomic
indicators for Alaska and the U.S. for both the &tpd and High scenarios.

Figure 5: Summary of Alaska Macroeconomic Impact€€ompared to Baseline in Expected
Scenario

2013 2018 2023 2028 2033 2038 2043 2048
Welfare (%) 0.1% 0.2% 0.5% 0.9% 1.0% 1.1% 0.99 0.8%
GSP (%) 1.2% 2.7% 6.0% 7.7% 7.9% 8.4% 9.09 9.2%
Consumption (%) 0.1% 0.3% 0.6% 0.9% 1.0% 1.1% 1.19 1.1%

Figure 6: Summary of Alaska Macroeconomic Impact€€ompared to Baseline in High Scenario

2013 | 2018| 2023] 2028 2033 2038 2043 2048 2053 2058

Welfare (%) 02% | 0.1% | 0.4%| 0.8% 0.99 09% 08% 05% 01% 0.1%

GSP (%) 05% | 2.7%| 6.3%| 8.0% 8.39 87% 9.0% 9.4% 9.6% 8.9%

Consumption (%) 02% | 02%| 0.4%| 0.7% 0.99 1.0% 1.0% 1.0% 09% 0.9%

Figure 7: Summary of U.S. Macroeconomic Impacts Gupared to Baseline in Expected Scenario

2013 2018 2023 2028 2033 2038 2043 2048
Welfare (%) 0.02% | 0.02% | 0.02%| 0.02%  0.02%  0.03%  0.02%  0.03%
GDP (%) 0.01% | 0.03% | 0.05%| 0.06%  0.06%  0.06%  0.06%  0.05%
Consumption (%) 0.02% | 0.02% | 0.02%| 0.02%  0.03%  0.03%  0.03%  0.03%
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Figure 8: Summary of U.S. Macroeconomic Impacts Qupared to Baseline in High Scenario

2013 2018 2023 2028 2038 2038 2043 2048 2053 2058

Welfare (%) 0.02% | 0.02%| 0.02% 0.02% 0.0206 0.03% 0.0B% 0.03% 39%.D 0.03%

GDP (%) 0.01% | 0.04% 0.05% 0.06% 0.06p6 0.06% 0.06% 0.06% 6%.0 0.06%

Consumption (%) 0.03% | 0.02%| 0.02% 0.02% 0.03p6 0.03% 0.08% 0.03% 49%.0 0.04%

Environmental Impacts

As with impacts on the natural gas market and athecroeconomic metrics, we see
improvement in environmental outcomes going aloity the increased availability of lower
cost natural gas supplies as a result of the AKlpg¥&ect completion. Domestically, we see
reductions in emissions, particularly from the #lecsector, due to lower priced natural gas
inducing coal-to-gas fuel switching.

Conclusion

Our analysis finds that the construction of the A& project and commencing LNG exports
would have strong positive economic impacts orsthge of Alaska and also have positive
economic impacts on the U.S. as a whole. Increagtdal gas supplies in Alaska result in
reduced natural gas prices throughout the U.S jusotn Alaska, which lowers costs for energy-
intensive industries and households. LNG expaitgybin additional revenues to the state
government, businesses, and residents. Coal-tevgéshing in the electric sector and other
industrial sectors results in reduced emissionmotititants. Greater domestic supply reduces
reliance on the imports of energy supplies. Thaské natural gas reserves and resources
estimated by the engineering consultants are serftico meet and exceed the AKLNG project-
related and in-state demands. These benefitsmdased supply and revenues accrue primarily
to the Alaskan economy but also to the U.S. as@eavh
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l. INTRODUCTION

This report evaluates the potential economic efetthe AKLNG project in Alaska as well as

in United States as a whole. The analyses indlueleffects of two different scenarios regarding
the length of time the AKLNG project would operae30 year scenario, which represents an
expected level of natural gas supply and demardiaat0 year scenario, which represents a high
level of natural gas supply and demand.

A. Background on Natural Gas in Alaska

NS oil field operations and the Southern Railbedtthe main consumers of natural gas in
Alaska. The Southern Railbelt consists of theaegiof Mat-Su Valley, Anchorage, and the
Kenai Peninsula. Natural gas needed for the elidl foperations is taken directly from the natural
gas that is produced when crude oil is extractechfthe NS oil fields. The Southern Railbelt
relies on natural gas produced in the Cook Inldterefore, Alaska has been self-sufficient and
as recently as 2012, Alaska exported its excessalagas to Japan in the form of LNG.

Historically, the Cook Inlet has been able to pmalanough natural gas to keep pace with
Southern Railbelt demand. However, according éoAlaska Department of Natural Resources,
there is the potential for shortages as early 48 28suming full development of known and
higher probability reservés There is believed to be sufficient probable resgand resources
(when taking into account the broader categoriesesdrves and resources) in the Cook Inlet so
that if drilling and exploration were to increasankedly, Southern Railbelt demand could be
met for the most part with Cook Inlet produced naltgas through 2030. But thereatfter,
recoverable reserves are forecasted to declindlydpircing Alaska to rely almost solely on
imports to satisfy its natural gas needs unles@&\KIeNG project is undertaken and natural gas
is transported from the NS to the Southern Railtsgion.

B. Background on LNG Process

Section 3 of the Natural Gas Act (NGA) (15 U.S.€ci$n 717b) requires authorization from
the Department of Energy’s Office of Fossil Ene(¥E/FE) in order to export natural gas
from the United States. Applications to exportoointries with which the United States has a
Free Trade Agreement (FTA) “shall be granted withmaadification or delay.” NGA Section 3
provides that exports to non-FTA countries alsotarge authorized by Department of Energy
(DOE) “unless, after opportunity for hearing, dis that the proposed exportation or
importation will not be consistent with the puhliterest.”

As part of its process in determining whether LNKpats to non-FTA countries are consistent
or inconsistent with the public interest, DOE corssioned two studies: (1) a domestic price

®“Cook Inlet Natural Gas Production Cost Study AtStof Alaska Department of Natural Resources, , 201
Available at:
http://dog.dnr.alaska.gov/ResourceEvaluation/Docusi€ook_Inlet Natural Gas Production_Cost Study.pd
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impact study by the U.S. Energy Information Admirason (EIA) and released in January
2012; and (2) an economic impact study by NERA e released in December 2012. The
NERA studies concluded that for all levels of LN&perts considered there would be a net
benefit to the U.S. economy.

In addition to these two studies, DOE has proviideitations of how to assess “public interest”
in various publications, including a set of Pol@8yidelines issued in 1984, Order No. 1471, and
Delegation Order No. 0204-111. These were primaglated to imports, but DOE has indicated
that they also apply to exportsin its approval of Cheniere Energy’s non-FTA pitiim May

2011, DOE listed various criteria for determiningether LNG exports to non-FTA countries
are or are not in the public interest: “domestiedheadequacy of supply, the environment,
geopolitics, and energy securif}In total, DOE has given approval to seven non-FTA
applications for approximately 9.27 Bcf/day of LN&ports to date between Cheniere Energy;
Freeport LNG Expansion, L.P. and FLNG LiquefactibbC; Lake Charles Exports LLC;
Dominion Cove Point LNG, L.P.; Cameron LNG, LLC dajordan Cove Energy Project, L°.P.
These approvals provide additional indicationsebdvant criteria for public interest analysis:
impact on natural gas prices, benefits to locagiomal, and national economy, benefits of
international trade, and environmental benefits.

It is important to note that the AKLNG facility iscated in Alaska, while the other potential
LNG facilities that have been considered are latatehe U.S. Lower-48 states (Lower-48).
Indeed, the DOE-sponsored studies did not speugfydcation of projects because they were
designed as national studi®and did not differentiate projects or impacts hgit geographical
location. In this analysis we take the projecttoan into account insofar as the economic
impacts the project may have in its geographic afegeration as well as the potential impacts,
or lack thereof, it may have on the rest of the.U.S

C. Objectives of Report

The overall objective of this report is to provaenacroeconomic analysis of the potential
impacts of LNG exports from Alaska at national aegional levels. We consider the potential
effects of the AKLNG project on energy markets &l &ws on economic, environmental, and
energy security impacts. We use a state-of-thexgrated energy and economic model, the
NewERA model, and NERA’'s GNGM to estimate these vagiefiects. The versions oLNERA

"“U.S. Natural Gas Exports: New Opportunities, Utaie Outcomes,” Congressional Research Service| 8p
2013. Available athttp://www.fas.org/sgp/crs/misc/R42074.pdf

84U.S. Natural Gas Exports: New Opportunities, Utaie Outcomes,” Congressional Research Servicd| 8p
2013. Available athttp://www.fas.org/sgp/crs/misc/R42074.pdf

° “Summary of LNG Export Applications,” U.S. Depagnt of Energy, March 24, 2014. Available at:
http://energy.gov/sites/prod/files/2014/03/f13/Suany®6200f%20LNG%20Export%20Applications.pdf.

10 «Effect of Increased Natural Gas Exports on DolseShergy Markets,” U.S. Energy Information
Administration, January, 2012. Available lttp://energy.gov/sites/prod/files/2013/04/f0/fea dng.pdf
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and GNGM that we use are updated and customizetbwesrof the model used in the study
commissioned by DOE noted above.

In this analysis, the effects of the AKLNG projeceé measured relative to a status quo Baseline
scenario with no AKLNG project or LNG exports redtto the project. The Baseline includes
an integrated economic forecast that has beerratdibto the reference case from the Annual
Energy Outlook (AEO) 2013 of the EIA and then maadifto account for Alaska-specific
information provided by local experts on the Alagkeergy system and economy.

The assessments in this study cover four genet@djcaes of impacts:

Alaska energy market and macroeconomic impacts;
U.S. energy market and macroeconomic impacts;
Environmental impacts; and

p wDdPF

Regional and national security impacts.

There are substantial uncertainties involved irettgping these estimates of the effects of the
AKLNG project, including uncertainties related teetestimated supplies and prices of global
LNG trade and estimated Alaskan natural gas sumplydemand. Alaska demand for natural
gas is important because although the facility wdad primarily designed to export LNG, the
pipeline would allow for additional natural gashi® provided to local Alaska industries and
residents.

D. Outline of this Report

The remainder of the report is organized as follo®sction || summarizes the.ERA
modeling tools. Section IIl provides information the modeling approach and the various
scenarios we consider: the Baseline and the sasnianolving expected Alaska LNG supply
and expected Alaska natural gas demand. Sectigmdsents the results of our analyses
followed by a summary of the macroeconomic impattbe U.S. level in Section V. The
appendices provide results from an additional LNM@ogt scenario and details on thg,BRA
model.
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I. MODEL DESCRIPTIONS

The N.wERA model is a top-down, general equilibrium moafefAlaska, Hawaii, and other
regions of the Lower-48 combined with a detailettdoo-up model of the North American
electricity sector (ELE). The model includes @t®rs of the economy and a representative
household in each region. Producers and consum#re model interact in the marketplace
such that supply and demand in each market ecatéibrThe responses of producers and
consumers to a policy change enable the computafienergy and economic impacts.

The N.,ERA model is routinely used to project impacts afigus policies (including command
and control regulations, market based policies,teadE policies, such as LNG export policies)
and major projects on regional economies at a ssdeyvel. Different types of policies and
projects could impact a given sector in a varidtways. When evaluating policies that have
impacts on the entire economy, such as LNG expwtigh lead to changes in export revenues
and changes in the natural gas market, one neegd®ta model that captures the effects as they
ripple through all sectors of the economy and geoeiated feedback effects. ThgBRA
modeling framework takes into account interactibesveen all parts of the economy and policy
consequences as transmitted throughout the ecoasrsgctors respond to policies. The
model’s flexibility allows it to incorporate manyffiérent types of policies, such as those
affecting the natural gas market, capital investnpeojects, environmental, financial, labor, and
tax matters. Figure 9 depicts the integratiorhefitt, ERA modeling framework.

The GNGM is used to develop estimates of globatipetion, pricing, and trade of natural gas,
in particular LNG. When conducting analysis of #mnomic impacts of LNG export scenarios,
the GNGM provides a method of establishing pridereges for the volumes of expected LNG
exports which are a key input into the broader m@oonomic impacts modeled by thg,SRA
model.

The following sections provide summaries of theanapmponents of the hlERA model and
the GNGM. More detailed examinations of the twadeds are contained in the Appendices.
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Figure 9: The N,,ERA Modeling Framework
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A. U.S. General Equilibrium Model

The U.S. General Equilibrium Model (Macro modeltloé N.,ERA integrated model is a
forward-looking dynamic computable general equilibr (CGE) model of the United States,
represented by 7 regions. The model simulatescathomic interactions between the Alaskan
economy and the rest of the U.S. economy, inclutlinge among industries, households,
government, and rest of the world. Industries lamalseholds maximize profits and utility
assuming perfect foresight. The model represéetsitcular flow of goods, services, and
payments in the economy (every economic transab@sma buyer and a seller whereby
goods/services go from a seller to a buyer and paygoes from the buyer to the seller).

The macroeconomic model incorporates all productexstors, including liquefaction plants for
LNG exports, and final demand of the economy. AK&NG project is represented as a
separate production function in the modeling saesdhat is absent in the Baseline. In the
scenarios, LNG is produced if the market priceigdér than the marginal production cost. The
model includes a representative household, whiahaaterizes the behavior of an average
consumer, and 12 industrial sectors, which reptaserproduction sectors of the economy. In
the model, the government collects initial labod @apital tax revenues and returns it back to the
consumers on a lump-sum basis.
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Households receive income from providing labor eaplital to businesses, receive transfers
from government, pay taxes to the government, ann@dgvings into financial markets, while
also consuming goods and services. Industriesupeodoods and services, pay taxes to and
receive subsidies from the government, and use kb capital. Industries are both consumers
and producers of capital for investment in the oéshe economy. Within the circular flow,
equilibrium is found whereby demand for goods agrdises is equal to their supply, and
investments are optimized for the long term. Tisugply equals demand in all markets. The
model finds equilibrium by assuming perfect forésignd ensuring goods and services markets
balance, production meets the zero profit condjttmmsumers maintain income balance
conditions, there is no change in monetary poky there is full employment within the U.S.
economy. Additional details of the macroeconomarel are provided in Appendix B.

The N.,ERA model is based on a unique set of databaseBIERA constructed by combining
economic data from the IMPLAN 2008 database andggraata from EIA’s AEO 2013. The
IMPLAN 2008 database provides Social Accountingidas for all states for the year 2008.
These matrices contain inter-industry goods andi@es transaction data; we merge the
economic data with energy supply, demand, and ofme2008 from EIA. In addition, we
include tax rates in the dataset from NBER’s TAXStMdel. By merging economic data from
IMPLAN, energy data from EIA, and tax rates from BB, we build a balanced energy-
economy dataset.

GDP, energy supply, energy demand, and energy fmieeasts come from EIA’s AEO 2013.
The forecasts for the Alaskan economy have beghdurefined based on inputs and expertise
provided by ISER. Labor productivity, labor grow#ind population forecasts from the Census
Bureau are used to forecast labor endowments atenigaseline and ultimately employment by
industry.

B. Electricity Sector Model

The bottom-up Electricity Sector Model (ELE modghulates the electricity markets in

Alaska, the rest of the U.S., and parts of Canddee model includes more than 17,000 electric
generating units, and capacity planning and dispdécisions are represented simultaneously.
The model dispatches electricity to load duratiorves. A long-term solution typically includes
10 or more model years out through 2050 (eachigeast evaluated but rather represented by a
model year). The model determines investmentsitiedake and units to dispatch by solving a
dynamic, non-linear program with an objective fumetthat minimizes the present value of total
incremental system costs, while complying withcalhstraints, such as demand, peak demand,
emissions and transmission limits, and other enwrental and electric specific policy
mandates.

Having a bottom-up ELE representation for the Ataskonomy provides an advantage to
evaluate trade-offs between different technologigsecially in an environment with high supply
of natural gas. In addition, the integrated natfrihe N.,ERA model enables it to provide
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impacts on the electricity price consistent wittealistic electric system representation while
being able to compute macroeconomic impacts.

We solve the bottom-up and the top-down modelatitexly using a decomposition method.
The top-down macroeconomic model solves for equilib prices, while the bottom-up model
solves for equilibrium quantities. The solutiogess is iterated until prices and quantities
converge.

C. GNGM

The GNGM is a partial-equilibrium model designeastimate the amount of natural gas
production, consumption, and trade by major wodtlral gas consuming and/or producing
regions. The model maximizes the sum of consunagrd’producers’ surplus less transportation
costs, subject to mass balancing constraints agasifecation, liquefaction, and pipeline capacity
constraints.

The model divides the world into 14 regions. Thesggons are largely adapted from the EIA
International Energy Outlook (IEO) regional defiorts, with some modifications to address the
LNG-intensive regions. The model’s internationalural gas consumption and production
projections for these regions are based upon tAsRIEO 2013 and IEO 2011 Reference
cases.

The supply of natural gas in each region is reprteseby a constant elasticity of substitution
(CES) supply curve. The demand curve for natuaalltas a similar functional form as the
supply curve. As with the supply curves, the detinaurve in each region is represented by a
CES function.
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. MODELING APPROACH

This section provides information on the modelipgr@ach used in this study including the
overall framework and specific assumptions mad#etelop the scenarios that are modeled.

A. Modeling Framework

The NERA modeling approach for this project invalwsing the NERA model with inputs
from the GNGM and ISER in order to develop an asialthat is consistent and covers the key
market interactions for this analysis. Figure &@idts the interaction of the various inputs and
NewERA modeling tools utilized to generate the keypotimeasures for the analysis.

Figure 10: Interdependency of Modeling Tools andriputs
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1. Modifications to Ney,ERA Model for Analysis of Alaska

Several modifications were made to NERA'’s standdgERA model to represent Alaska in a
more precise and granular perspective. We madwggelsao both the Macro and ELE models.
For the Macro model, we first developed a dataldseh treated Alaska as a separate region as
opposed to its usual inclusion with other stategaatof the Pacific-Northwest region. In order
to properly analyze the impacts of the AKLNG projec Alaska, we made this separation so
that we could better measure the impacts of thepgrand associated LNG exports on Alaska
and the rest of the U.S.
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After separating out Alaska, we enhanced the stam@presentation of a Macro model region
as follows:

» Created two sources of natural gas production faska — NS and Cook Inlet
production; and

* Added a new natural gas production sector for Adaskrepresent the activity of bringing
NS natural gas to market either as LNG or conveatigas.

To correctly account for the impacts of NS natgad on Alaska, it is critical to represent the
different uses and the demand for this naturakgaply. NS natural gas can be used to meet
domestic demand both in the Northern and Southarib&t regions as well as international
demand in the form of LNG. Currently most of thmughern Railbelt natural gas demand is met
by natural gas produced from Cook Inlet. Thetealseved to be sufficient probable reserves
and resources (when taking into account the brozategories of reserves and resources) in the
Cook Inlet so that if drilling and exploration wereincrease markedly, Southern Railbelt
demand could be met for the most part with Coo&tlproduced natural gas through 2030. But
thereafter, recoverable reserves are forecastéddme rapidly. In the Baseline without any
new NS natural gas production, a greater shareeoBouthern Railbelt natural gas demand will
be met by imports. If the AKLNG project comes oelj then it will play a greater role in
meeting Southern Railbelt demand instead. To cephus trade-off between NS and Cook Inlet
natural gas plays, we include two natural gas nessuand production sectors.

We account for the cost of shipping natural gasmfidS to the LNG facility by incorporating a
pipeline construction activity that demands capl&dor, and operating expenses. We also
incorporate the liquefaction plant cost into thedeldn a similar manner. Given that the
Alaskan labor supply is insufficient to realistigadupport the construction of the LNG project
facilities, we allow out of state workers to be dig®the construction of the LNG facility and the
pipeline.

Workers are allowed to migrate from other U.S. oagito Alaska to work on the AKLNG

project if the project’'s demand for labor causeaskbn wage rates to increase to a level which
would incentivize migrant workers to move, withassociated migration cost, from their current
location to work in Alaska. The infrastructureigities are formulated such that the demand for
migrant workers and outside capital is based orsittes of the project.

Before the recent boom in shale-based naturalegmirce development, the U.S. had been a net
importer of natural gas through pipelines. Overltdst couple of years the U.S. situation has
changed, and EIA forecasts place the U.S. as begpanet exporter of natural gas along
pipelines. To represent this changing situatiom modified our model to allow for Lower-48
pipeline exports to be consistent with AEO 2013gmtions. The levels of these exports are
show in Figure 11.
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In addition to changing the macro model and iteldase, we modified the ELE model and its
accompanying database to more closely captureuhieces of Alaska’s ELE. We calibrated
Alaska’s electric sector generation profile to EH& State Electricity profilé! First, the model
was calibrated to match the current electricitydoiction profile in terms of total demand and
generation by type. As part of the Baseline fosgoae assumed the construction of the 600
megawatt (MW) Susitna-Watana Hydroelectric Pro{8cisitna) in keeping with Alaska’s stated
goal of supplying more generation from renewabl&&es. This unit also appears in the
Expected scenario but is removed from the High&ten Susitna was excluded in the High
scenario as part of developing a bottom-up nagaaldemand forecast commensurate with the
high natural gas demand intended for this scenario.

Figure 11: Lower-48 Net Natural Gas Pipeline ExparProjections in the Baseline (Tcf)

Nations Importing

Lower-48 Pipeline 2013 2018 2023 2028 2033 2038
Exports

Mexico and Canada| -1.56 -0.73 0.37 0.60 0.83 1.63

B. Scenarios for Analysis

This section summarizes the scenarios we analytesrstudy. Figure 12 provides an overview
of the Baseline, Expected, and High Scenarios waemo

The Baseline assumes that the AKLNG project isdeseloped. Thus, the Baseline includes no
pipeline construction in Alaska and no Alaska LNe@rts™® It includes Baseline levels of

LNG exports from the Lower-48. Susitna comes @nim2023, displacing the need for new
natural gas-fired generation and hence reducingralagas demand.

Economic conditions in Alaska over the Expected ldigh scenarios differ in terms of the time
period of LNG exports from Alaska as well as theels of natural gas supply and natural gas
demand in Alaska. For the Expected scenario, itripe and LNG facilities are built in
Alaska, and the available reserves and resouree®3afcf. The AKLNG project will export 20

1 «plaska Electricity Profile 2010,” U.S. Energy brination Administration, January, 2012. Availaate
http://www.eia.gov/electricity/state/alaska/pdf&da. pdf

12.S. Energy Information Agency, “Annual Energy @ok 2013,” May, 2013. Since AEO 2013 projectiamdy
extend to 2040, we held the net export levels mBaseline modeling constant at the 2038 model lygve
through the end of the modeling horizon.

13 Although building the pipeline would likely lead significant reductions in gas prices as compéétie
Baseline for all of Alaska in both the Expected &hgh scenarios, without allowance for LNG expdits
pipeline is much less likely to be constructed.
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MTPA of natural gas for 30 years from 262through 2052 but NS natural gas supply will
continue to be available to the domestic Alaskaneooy beyond 2052 when the export period
ends. Demand for natural gas in Alaska develofisenwith the Baseline economic forecast
and is derived relative to the increased naturalsggplies. Susitna is assumed to come online
in 2023.

For the High scenario, the AKLNG project is consted as scheduled in the Expected scenario
and NS available resources are increased to 109Aaditionally, the time period for exports is
extended to 40 years through 2062. The Alaskanauy is assumed to grow 50% faster than
in the Expected scenario. This assumed highertyroate is based on ISER’s high growth
scenario for Alaska> Furthermore, this scenario assumes mining pge more prevalent
and there is greater natural gas consumption thiamutghe economy. On the electric side,
Susitna is assumed never to come online, so thatahgas demand from the electric sector is
higher than in the Expected scenario.

For both the Expected and the High scenarios,sbemaed available levels of natural gas
reserves and resources act as a constraint theg thme equilibrium supply within the model.
Natural gas production cannot exceed the avail@sierves and resources specified over the
period of the modeling horizon, although given piheduction levels we see in our scenario
analyses, the constraint is not binding in eitloensirio. A detailed breakdown of Alaska natural
gas demand in each scenario is presented in tieardlresults sections.

A more detailed description of the Baseline, Expéctaind High scenarios is provided in the
following sections.

4 For purposes of this study and the associatedogsisrimpact analyses, it is assumed that LNG prodaand
export will begin in 2023. However, variance fréims assumption will not have any appreciable ¢ffecthe
analyses or conclusions of this study. Also, fothithe Expected and High scenarios, there isiaghef ramp-up
activity for the project starting in 2023.

15 Goldsmith, Scott, “Economic and Demographic Prijers for Alaska and Greater Anchorage 2010-2085,”
association with Northern Economics, December 2009
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Figure 12: Scenarios Considered in the Analysis

Alaskan Outlook Lower-48

Scenario Name Alaska LNG Export and Natural Gas Natural Gas LNG
Pipeline Infrastructure Demand Supply Exporting
Baseline No Baseline Baseline Yes
Expected 20 MTPA over 30 years Expected Expected esY
High 20 MTPA over 40 years High High Yes

C.  Assumptions Regarding Baseline Projections of thelAska Economy

We developed Baseline conditions for the Alaskaonemy based uponMERA (largely based
on AEO 2013) and ISER’s economic projections reiggrtikely future economic and
demographic condition.

ISER’s Base case labor growth rate averages owemguer year through 2035. Assuming the
labor growth rate is about half of the overall emmic growth rate, implying labor productivity
growth of 1% per year, we assume that the Alaskan@ny grows at about 2% per year
through 2035 and then declines a bit after thigfi@ct projections about shifts in demographics
toward lower population growth and aging of the ydapon.

The ELE Baseline demand is derived from AEO 2013 dad adjusted to be consistent with
ISER’s Base case forecast for the greater Anchaaiegge This includes total demand load over
time as well as peak load for each year. SpeEifiE generating unit characteristics and fuel
costs were calibrated to target current operatorglitions in the ELE, and we particularly
ensured that the generation mix by fuel sourceiwére with the current market. Additionally,
although it is not yet under construction and isinaur default ELE generating unit database
for NewERA, we assume, consistent with the recent Fegaiahing approval’’ that Susitna

will be constructed. Therefore, we include thisvreurce of hydroelectric power in our
generation build projections for the Baseline ali asthe Expected scenario (but not the High
scenario).

16 Goldsmith, Scott, “Economic and Demographic Prijers for Alaska and Greater Anchorage 2010-20865,”
association with Northern Economics, December 2009

17 http://www.susitna-watanahydro.org/newsroom/nevisases/
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D. Assumptions Regarding Alaska Natural Gas Prices

The Cook Inlet natural gas market is structuretecehtly than the Lower-48 natural gas market.
It is not connected by a pipeline network to theveo-48 and natural gas transactions take place
between few buyers and sellers without a spot nbarkieis unique structure means that natural
gas prices are established through the bilategdtragion of term gas sales and purchase
agreements between a buyer and seller rather tlediqtiid market trading mechanisms of the
Lower-48. The Regulatory Commission of Alaska (R@¥Fso ensures that the prices that are
negotiated between buyers and sellers are reagonblbtural gas prices in Alaska, in general,
are pegged to a basket of Lower-48 price indiceidiing natural gas, crude oil, and heating
oil.*® High oil prices in recent years have led to higietural gas prices in Alaska relative to
Lower-48 natural gas pricés. Additionally, the production from Cook Inlet iggected to

decline in the future, as discussed in the follagngection.

In light of the projected scarcity of Cook Inlebguction and the uniqgue makeup of the natural
gas market in Alaska, we assume Cook Inlet welllpra to be 50 cents higher than the
Lower-48 wellhead price in 2013 and indexed toltbever-48 wellhead price in the Baseline in
the absence of NS natural gas suppfiett.should be noted that the Cook Inlet price
assumptions we use are not the price deliverelgetend user and therefore do not take into
account distribution costs. They essentially repné an assumed marginal cost of production of
the Cook Inlet natural gas resource based ontératiure and are most likely conservative
estimates. If one were to assume higher Cook prleés than we do in our analysis then the
benefits accrued from the AKLNG project and theesscto lower cost NS natural gas supplies
would be even greater in magnitude than what oalyars indicates.

Figure 13 illustrates an overview of the natura flaws in Alaska as handled in our analysis.

NS natural gas is first treated prior to supplying market through the dedicated pipeline. Part
of the NS natural gas and Cook Inlet natural ga®mingled before it is supplied to end-users
through the existing distribution network. A langglume of NS natural gas production is
diverted to the liquefaction plant to produce LNfattis shipped to the international market.

The cost of extracting NS natural gas and Coolt Imi¢ural gas is different in our analysis. In
addition, we assumed distribution costs, naturaltgsatment costs, pipeline tariffs, liquefaction
costs, and storage/loading costs based on secosolarges. Based upon the analysis of Attanasi
and Freeman, we estimated the cost of naturalrgasrent at $1.50/MMBtu and the cost to

18 Fay, Ginny and Saylor, Ben, “Alaska Fuel Pricejéttions 2010-2030,” Institute of Social and Ecoimom
Research, University of Alaska Anchorage, JulyZL,0.

19 According to EIA, Alaskan Citygate price was higbhg 50 cents, 90 cents, and $1.40 in 2010, 20id 2812,
respectively.

2 To calibrate Cook Inlet prices to be close tolthever-48, RCA approved a contract that is peggeliver-48
spot price index, Fay et al (2010).
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transport the natural gas by pipeline to be appnasely $2.60/MMBtf* Our natural gas price
modeling is based on competitive market pricin@auth Central Alaska with supplies coming
from both NS and Cook Inlet. The delivered prit@atural gas to industrial users and utilities
includes additional distribution costs in addittorthe market price. The LNG export price is
high enough to cover storage/loading, liquefacteorg pipeline costs in addition to the NS
pipeline inlet price.

Figure 13: Overview of Alaskan Natural Gas Flows

North Slope Cook Inlet
Producing Fields Producing Fields

Gas Treatment

Export Price  End-user Price Pipeline

Distribution
Market

Storage/Loading Liquefaction Plant

We assumed that the first 30 Tcf of natural gasupplied from the existing NS fields and has a
relatively low cost of production. It is expectidt in the early years the natural gas will be
produced from existing NS fields as associatedtiissl natural gas. Over time, as the existing
fields deplete, it will be necessary to develop fiields on the NS to continue to supply the
liquefaction plant. We assume that the price t¢fired gas into the liquefaction plant will
increase with time reflecting the costs to findvelep, and produce from these new fields. The
cost of the new natural gas will be greater tha o the existing gas to reflect the higher
marginal cost of production.

The cost of extracting natural gas from existirgdds is assumed to be about $0.30/MMBtu.
The cost of natural gas increases to about $1.8@MNMs additional natural gas production
from new fields comes online. Combining the intediate costs yields an initial market price
for natural gas of about $4.50/MMBtu at the LNGmlilet in the first export period in 2023.

2L Attanasi, Emil D. and Freeman, Philip A., “Commiat®ossibilities for Stranded Conventional Gasrfro
Alaska’s North Slope,” Natural Resources Resedd; 10.1007/s11053-013-9213-9, International Asston
for Mathematical Geosciences, July 10, 2013, T4ble

% The values cited do not sum because of rounding.
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E. Assumptions Regarding Alaska Natural Gas Supply

NERA developed three different cases for naturalgygoply in Alaska. We relied upon
information from multiple sources including engiriag consultants contracted by Locke Lord
LLP,? ISER, and publicly available sources. Based uhese sources, we decided to divide the
Alaska domestic natural gas reserves and resountte$) NS resources and, 2) Cook Inlet and
other Alaska natural gas (Cook Inlet) reservesrasdurces. Assumptions about the size of
these resources are the two main variables inrdeterg our Alaska natural gas supply curves.
For Cook Inlet, we relied upon the engineering cttast’s reserves and resources estimate of
2.4 Tcf. We calibrated the supply curve so thatpction in the Baseline is targeted to be
approximately 90 Bcf per year until 2028 and denlirthereaftef* For the NS resources, we
also relied upon the engineering consultant’'s egsfor the range of potential resources. In
total, 63 Tcf represents the lower estimate andTkid@he upper estimate of the total Alaskan
natural gas reserves and resources Cook Inlet plus NS). These estimates includd &0of
recoverable natural gas from the NS fields thatareently producing.

These inputs were used in the construction of lmet supply cases:

1. Baseline— This supply case assumes that the AKLNG prageeot built, so NS natural
gas resources are available only for oil field afiens on the NS and not for either
consumption in Alaska or export as LNG. The ndtgas supply forecast for the rest of
the U.S. is primarily based on AEO 2013. Natuesd gecessary to meet Alaska
domestic natural gas demand beyond the approxi@@aBxf per year provided by Cook
Inlet is met by foreign imports.

2. Expected- In this supply case, the Alaskan natural gaslipip and LNG facilities are
built. We assume that 63 Tcf of the NS and Codét Inatural gas reserves and resources
are producible. NS natural gas resources contmbe available to the domestic Alaska
economy beyond 2052 when the 30-year export pemnad.

3. High — This supply case is identical to the Expectest caith the exception that there is
an additional 46 Tcf of NS natural gas resourceslabie for a total of 109 Tcf of
producible natural gas reserves and resources r@sult, the time period for exports in
this analysis is extended to 40 years ending ir2206

% DeGolyer and MacNaughton, “Report on a Study afskh Gas Reserves and Resources for Certain Gp/Sup
Scenarios as of December 31, 2012.”

4 “preliminary Engineering and Geological EvaluatifrRemaining Cook Inlet Gas Reserves,” State afké
Department of Natural Resources, December, 200&ilable at:
http://dog.dnr.alaska.gov/ResourceEvaluation/DocusiBreliminary Engineering_and_Geological Evabratb
f Remaining_Cook_Inlet Gas Reserves.pdf

% «Cook Inlet Natural Gas Production Cost Study AtStof Alaska Department of Natural Resources, , J20i .
Available at:
http://dog.dnr.alaska.gov/ResourceEvaluation/Docusi€ook_Inlet Natural Gas Production_Cost_ Study.pd
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The price of natural gas into the liquefaction pliarestimated to be about $4.50/MMBtu starting
in the year 2023. It is expected that in the epelgrs after startup the natural gas will be proven
natural gas produced from existing NS fields as@aged dissolved natural gas. Over time, as
the existing fields deplete, it will be necessarglévelop new fields on the NS to continue to
supply the liquefaction plant. We assume thaipitiee of natural gas into the liquefaction plant
will increase with time reflecting the costs todjrdevelop, and produce from these new fields.

F. Assumptions Regarding Alaska Natural Gas Demand

NERA developed three different sets of assumptionsxpectations of natural gas demand in
Alaska that are used in the scenarios:

1. Baseline— In this case, natural gas demand developséwith the baseline forecast
primarily based on AEO 2013.

2. Expected- In this case, demand for natural gas in Alasgkaelbps in line with the
baseline economic forecast and is derived relatiithe increased natural gas supplies in
the Expected Supply case.

3. High — The Alaskan economy is assumed to grow 50%rftsd@ in the Expected
scenario. Furthermore, this scenario assumes giprimjects are more prevalent and
there is greater natural gas consumption througth@ueconomy. On the electric side,
Susitna is assumed to never come online.

We consulted several sources to develop our basgtwjection for natural gas consumption
with and without the AKLNG project

The bottom-up construction of natural gas demawdies natural gas use into five key
categories, each of which is discussed in turn:

End-use demand in the Southern Railbelt;
End-use demand in the Northern Railbelt;
End-use demand for mining or industrial projects;

p wDdPF

Demand for natural gas in the oil fields; and

% Fay, Ginny, Meléndez, Alejandra Villalobos, and&t/&orinna, “Alaska Energy Statistics: 1960-2011
Preliminary Report,” November, 2012.

Goldsmith, Scott in association with Northern Ecmis, “Economic and Demographic Projections forskia
and Greater Anchorage 2010-2035,” prepared for KAlRRKka, Inc., December, 2009.

“Appendix B: In-State Needs Study - In-State Gasrnand Study Volume I: Report,” Northern Economits i
association with Institute of Social and Economése&arch of Anchorage and Science Applications pwated
Corporation, January, 2010.

Stokes, Peter, “Cook Inlet Gas Study - 2012 Upti&etrotechnical Resources of Alaska, October, 2012
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5. Demand for natural gas associated with the exgdtNG (this includes the export
volumes themselves and all losses associated akihg the natural gas out of the
ground and delivering it as LNG to the tanker).

1. Railbelt Demand

Demand in the Southern Railbelt comprises thremamy categories: space heating (commercial
and residential), electricity, and other (includastary, trucking, and industrial). In 2013, sjgac
heating, electricity, and other are assumed townes90, 105, and 48 MMcf/d of natural gas,
respectively. Natural Gas demand for space hedifggecasted to grow at 1.1% for the
Expected scenario and 1.6% for the High scenario.

For electric sector natural gas demand, we madefus& bottom-up electricity model,

calibrated to the North American Electric ReliayilCorporation (NERC) forecast for ELE
demand. A key assumption centers on SusitnahdiiBaseline and Expected scenarios, this unit
comes online in 2023, which initially reduces natwas demand from the electric sector. For
the High scenatrio, this unit never comes online.

Initially, natural gas demand in the Baseline frotiner sectors drops with the decline in
industrial activity in the Southern Railbelt: LN&ports cease and chemical plants close. But
over time, with the growth of the economy demamanfiother sectors is expected to increase.

Demand in the Northern Railbelt is initially clogezero. But by the 2020 time frame, the
Northern Railbelt is assumed to have access todtial gas for space heating and electricity
generation. Given the smaller population, the deinga about a quarter of that of the Southern
Railbelt.

2. Mining and Other Industrial Demand

In the Expected case, we assume a mine similazents the proposed Pebble Mine, consuming
natural gas estimated at 40 MMcf/d, to be fullygpienal by 2025. This demand is in addition
to the demand from the Flint Hills refinery and theengood mine, which are estimated to total
about 20 MMcf/d by the 2025 time peridd.In the High case, the level of mining and other
activities is assumed to peak at 220 MMcf/d. s 8tenario, we assume that about three to four
large mining projects are undertaken and eithdreanicals plant is built or the old chemicals
plant is brought back online.

27 At the time of the analysis herein, NERA assuntied the Flint Hills refinery would continue refimjroperations.
Flint Hills subsequently announced that the refingill shut down in 2014 and become an oil shippéamgl
storage terminalhttp://www.alaskadispatch.com/article/20140204/blawbanks-flint-hills-says-it-will-close-
down-north-pole-refinery If the Flint Hills refinery shuts down, accoumdifor this change would have no
material effect on the results and conclusionsisfiteport.
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3. Project Demand

Demand associated with the oil field operationsienNS is assumed to remain the same in all
scenarios for all yearS. Natural gas use in these fields is estimatedtd35 Bcf/yr™

Demand associated with natural gas export from LNGudes:

« Export of LNG is 20 MTPA (929 Bcflyr after ramp-uff)

* Losses from transporting and liquefying the natgesd amount to 171 Bcf/yr (after
ramp-up)**

Figure 14 summarizes Alaska’s natural gas demanthéothree different cases.

Figure 14: Alaska Natural Gas Demand AssumptionsyScenario (Tcf/yr)

Scenario | 2013 2018 2023 2028 2033 2038 2043 2048 20p3 2058

Baseline | 0.35 0.36 0.36 0.36 0.37 0.38 0.38 0.3p 0.40 0.41

Expected| 0.35 0.36 1.25 1.49 1.50 1.51 1.52 1.58

High 0.35 0.36 1.28 1.54 1.58 1.61 1.62 1.67 1.12 1.78

G.  Assumptions Regarding International LNG Market Conditions

This section summarizes the information developethb GNGM that were used as inputs into
the N.(wERA model. We used GNGM to develop three setamiitiassumptions for thec;hERA
model:

8 Upstream lease operations fuel is assumed to reffaaito allow for an expected decrease in Prudbae Unit
compression fuel that will serve to offset the ptitd increased fuel in other existing operationsi@w fields.

29 Upstream lease operations fuel estimate is avetaf@se for years 2007 through 2011 based ondataA.
Available at:http://www.eia.gov/dnav/ng/ng_cons_sum_dcu_SAK m.ht

30 Using the conversion factor of 1 million metrimgoof LNG is equivalent to 46.467 Bcf of naturasga).S.
Department of Energy, “Liquefied Natural Gas: Ursending the Basic Facts,” at p. 9. Available at:
http://energy.gov/sites/prod/files/2013/04/f0/LNGinperupd.pdf This conversion is appropriate for the AKLNG
project because the relatively high heating contBtt/cubic foot gas) and associated physical charstics of
LNG that would be produced by the AKLNG project arpected to approximate those reflected in thisquéar
conversion table.

31 NG-related fuel/shrinkage is assumed to be 15.5#%eupstream hydrocarbon stream or “upstreant'feed
1100 Bcflyr excluding upstream lease operationsifaage.
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1. Baseline U.S. LNG Exports (Alaska exports are agslita be zero, so all exports are
from the Lower-48);

2. Expected scenario U.S. LNG exports (includes Lo#&end Alaska LNG exports) and
Expected scenario Alaska LNG exports; and

3. LNG prices FOB at the terminal outlet in Alaska.
The details of the GNGM results used as inputsMigERA are provided in Figure 15 below.

Figure 15: Details of GNGM Results Used for AKLNGProject Analysis in N.,ERA

2013 2018 2023 2028 2033 2038 2043 2048
U.S. LNG Exports —
Baseline (Tcf) - 0.43 0.30 1.04 1.13 1.14 1.14 1.14
U.S. LNG Exports —
Expected (Tcf) - 0.43 0.83 1.68 1.70 1.72 1.72 1.72
AK LNG Exports —
Expected (Tcff - - 0.74 0.93 0.93 0.93 0.93 0.93
AK LNG Export
Price$® (201p0$/|\/|cf) - - $12.76 $14.19 $15.70 $17.43 $17.43 $17.43

H.  Assumptions Regarding AKLNG Export Project
1. Project Assumptions

As stated in publicly available documents, theipriglary capital estimate for the AKLNG
project is $45-65 billion incurred over a periodatfout 10 years. In order to infer the timing of
the various capital expenditures within the 10 yamrstruction timeline, NERA utilized the
AKLNG work plan presented to Alaska legislatorsgbruary 201% and elements of a more
detailed investment profile for the Wheatstone LpiGject in Australia as estimated in a
proprietary data source supplied by Locke LErdistinct from the Wheatstone LNG project,
the AKLNG plant requires the construction of an 8@dile long, 42-inch diameter pipeline thus,
making the initial phases of the AKLNG project stalpgially more expensive than Wheatstone.

% These prices represent the LNG price at the dock.

34 «Alaska South Central LNG Project Overview for 8ka Legislators,” February 19, 2013. Available at:
http://www.gasline.alaska.gov/newsroom/Presentat®@LNG%20-
%20HRES%20Lunch%20&%20Learn%202.19.13.pdf

% «Asset Analyses - Australia- Australia Onshore h&litstone LNG,” Wood Mackenzie, April, 2013.
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The investment profile was computed based on invest profile of the Wheatstone LNG
project. Figure 16 indicates the shape of thestment profile of the average annual capital
expenditure inputs for the project in the,SRA model. We assumed the total cost of the
AKLNG project to be $65 billion.

Figure 16: LNG Investment Profile (2010$ billion)

2013 2014 2015 2016 2017 2018 2019 20p0 2021 2022023 2

Cost $3.25 | $3.25| $4.71 $4.71 $7.96 $7.96 $7.96 $7.96 .6812 $3.25| $1.30
Percentage

of Total 5% 5% 7% 7% 12% 12% 12% 12% 20% 5% 2%
Cost

Using the above investment share, the followingaye annual capital expenditures were
assumed as inputs for the capital investment agpeie pipeline in the NERA model:

e 2013 model year input (average of 2013 through 21iE5s), $3.74 billion;

* 2018 model year input (average of 2016 through 2i3@s), $7.31 billion; and

e 2023 model year input (average of 2021 through 20@3s), $5.74 billion.

The pipeline is assumed to have an initial capaifit.2 Bcf/d that the model allows to be
expanded to meet demand at a cost equal to thageveost of the initial pipelir&.

The main taxes and royalty calculations were derivem Alaska and Federal government
sources and include:

* Production tax rate on the gross value at the mdiptoduction in the field minus
production costs of non-royalty natural gas;

* Property tax rate (based on assessed value ofpyppkant and equipment instead of the
value of production, and currently represents 2%rogs wellhead value);

* Royalties;
* Federal Corporate Income Tax (35%) applied to tmmemic profit; and
» State Corporate Income Tax (9.4%) applied to tlomemic profit.

The 35% production tax rate applies to both oil aatliral gas produced in the state under
Alaska Statute 43.55.011(e) as amended by chaptef the 2013 Session Laws of Alaska.

% «Alaska South Central LNG Project Overview for 8ka Legislators,” February 19, 2013. Available at:
http://www.gasline.alaska.gov/newsroom/Presentat®@LNG%20-
%20HRES%20Lunch%20&%20Learn%202.19.13.pdf
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According to the Alaska Department of Natural Reses Division of Oil and Gas the particular
royalty rate applicable in a given situation vaffi@sn case to case and is based on the associated
lease agreement. However, they also state thamtisé frequently seen rate is 12.5% so that is
the level we chose to assume for our infGt3his is not intended to imply any insight intoyan
potential royalty rate agreements that may be n&igolt in the future but is simply a

representative assumption based on the Alaska Degair of Natural Resources Division of Oil
and Gas own statements and data.

" Typical royalty rate, as stated by the Alaska Depant of Natural Resources Division of Oil & Gaévailable
at: http://dog.dnr.alaska.gov/Royalty/Accounting.htm
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IV. STUDY RESULTS

This section provides the results of our analy¥i& organize the results into the following
sections:

* Alaska Energy Market Impacts;

» Alaska Macroeconomic Impacts;

* U.S. Energy Market and Macroeconomic Impacts; and
* U.S. Emissions Impacts.

A. Alaska Energy Market Impacts

This section discusses the impacts on the Alaskeggmmarkets as a result of implementing the
AKLNG project scenarios against a Baseline withanyt LNG exports from Alaska.

1. Natural Gas Market Impacts

In the Baseline, no pipeline exists connectingNigewith the Southern Railbelt. Thus the only
Alaskan natural gas supplies that can satisfy SontRailbelt natural gas demand originate from
Cook Inlet. There is believed to be sufficientlpable reserves and resources (when taking into
account the broader categories of reserves andnes) in the Cook Inlet so that if drilling and
exploration were to increase markedly, Southertbiehidemand could be met for the most part
with Cook Inlet produced natural gas through 20BQt thereafter, recoverable reserves are
forecasted to decline rapidly. Or put differentlye cost of extracting natural gas from the Cook
Inlet becomes increasingly more expensive over.tifleus Southern Railbelt demand must be
met with greater amounts of imported LNG, whiclkignificantly more expensive than natural
gas delivered from the NS.

In the Expected scenario, a pipeline is built sd S natural gas supplies can be transported to
the Southern Railbelt region. The difference betwlS wellhead prices, inclusive of natural
gas treating costs, and delivered market pricemfstate consumer use is the tariff that recovers
the investment in the pipeline that connects thephfflucing area with the Southern Railbelt
and the liquefaction plant. The Cook Inlet priseset by supply and demand and competition
between Cook Inlet and NS natural gas suppliesst @fgproduction at the NS will increase with
cumulative production, as currently unmarketableirs gas production from Prudhoe Bay and

% This assumes no exports from the Conoco-Philligsd{ plant, which was off-line at the time of onabysis.
ConocoPhillips Alaska Natural Gas Corporation fitedapplication with DOE/FE on December 11, 20&3, t
export a total of 40 Bcf of natural gas from itsri&eplant over a two-year period. If this facilliggins exporting
gas again, accounting for this change would havematerial effect on the results and conclusionhisfreport. If
granted by DOE/FE, ConocoPhillips Alaska Naturas @arporation’s two-year export authorization kilve
been completed well before the AKLNG project woctinmence operation.
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other existing fields must be augmented by newaratibn and production in new areas of the
NS.%°

The cost of this NS natural gas is well below tfaCook Inlet and imported natural gas because
NS natural gas supplies are far more abundant@oak Inlet and do not require the
transportation cost included in the price of impdd Alaska. The Alaskan market price is the
price of natural gas to consumers; whereas the dlfh@ad price is the price NS natural gas
producers charge at the point of inlet to the pigel The natural gas market price in Alaska is
composed of a weighted average of the Cook Inl#he&d price and the NS wellhead price
(which includes gas treating costs) plus pipeliost€. Therefore, the natural gas market price in
Alaska decreases in the Expected scenario relatitree Baseline once increased supply from
NS resources becomes available.

The natural gas price path and its response isd@earios will depend on the availability and
accessibility of natural gas resources in NS aad pbtential structural shifts in Alaska’s
economy that might be triggered by greater nawyealavailability. The primary driver of the
reduced natural gas market price in Alaska isdledost supply coming from the NS. The NS
wellhead price (which includes gas treating coshs$ the cost of pipeline transportation ranges
from $4.47/MMBtu to $7.17/MMBtu during the periodtiveen 2023 and 2048. Figure 17
shows the natural gas market price to consumehaiska for the Baseline and Expected
scenarios.

Under the Expected scenario, the Alaska markeemimatural gas for in-state consumer use
increases significantly less over time than inBlaseline when no NS natural gas is available.
By 2048, the Alaska market price of natural geb592/MMBtu less in the Expected scenario
with exports compared to the Baseline, a 39% mitference. The Expected scenario’s lower
price relative to the Baseline occurs even thougdr one Tcf per year of the natural gas
extracted from the NS goes toward LNG exports @iditlg LNG-related fuel use and
shrinkages).

39 NS natural gas and Cook Inlet natural gas arenasduo be differentiated products and comingledras
Armington aggregate at the market place.
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Figure 17: Expected Supply and Expected Demand Stario Alaska Natural Gas Market Prices
(2010$/MMBtu)
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Note: NERA adopted the net-forward pricing to bb&h a baseline market price path for modeling
economic impact and benefits. The market priceMEZRA estimated is subject to uncertainties
influenced by many factors and claims no knowledigihe ultimate negotiated market price. The model
estimates overall net benefits regardless of hawvefits and costs are distributed across varioususeds
and consumers.

The drop in natural gas prices over time inducektiathal consumption of natural gas in
Alaska’s economy, ignoring natural gas usage astmtiwith the production and delivery of
natural gas and LNG from the NS. By 2048, totaskln natural gas consumption is about
10% higher in the Expected scenario than the Basell he greatest expansion in natural gas
use occurs in the residential sector (C) and nagiasintensive industries. Figure 19 shows that
the total natural gas produced over the modelingzbo never exceeds the NS and Cook Inlet
resource constraints assumed in this analysigpésfeed in Section 111.E above).

This expansion in natural gas demand is met priyngmiough the increased production levels of
NS natural gas as can be seen in Figure 19. Guekratural gas production also continues to
contribute to total Southern Railbelt supplies @lifph to a much lesser degree and at lower
levels over time given the diminishing economicatcessible resources there.
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Figure 18: Expected Scenario Alaska In-State Natal Gas Demand by Sector (Bcf/yff

Sector 2013 | 2018 | 2023| 2028 2033 2038 2043 2048%2}”('?;']})’?1
Electricity 36 39 25 33 39 42 44 51 1.5
Commercial 23 23 27 30 32 34 37 41 1.2
Residential 22 24 34 36 38 41 43 46 1.4
Manufacturing 6 7 14 17 16 17 16 16 0.5
Government 5 4 4 5 5 5 6 6 0.2
Energy-Intensive 4 5 10 13 13 14 14 14 0.4
Trucking

Transportation 0 0 0 0 0 1 1 1 <01
Other Transportation 0 0 0 0 0 0 0 0 <0.1
Upstream Lease andl . L

Operations Fuéf 255 255 255 255 255 255 255 255 10.2
Sectoral Total 353 357 370 388 399 409 417 431 15.6
Total Change from

Baseline 0 0 16 25 31 33 34 40 0.9
Figure 19: Expected Scenario Alaska Natural Gas Pduction by Source (Tcflyr)

Source 2013 | 2018 | 2023| 2028 2033 2038 2043 2048%2}”('?2']})’?3
NS 0.26 0.26 1.18 1.42 1.45 1.47 1.51 1.52 45.3
Cook Inlet 0.09 0.10 0.07 0.07 0.05 0.04 0.01 0.01 2.2
Total 0.35 0.36 1.25 1.49 1.50 1.51 1.5p 1.53 47.5

0 The items and totals in this table exclude feeslayal fuel/shrinkage requirements.

1 Cumulative totals may not equal the sum of alryehue to differences in rounding.

2 Upstream lease operations fuel estimate is avdtaf@se for years 2007 through 2011 based ondata.
Available at:http://www.eia.gov/dnav/ng/ng_cons_sum_dcu_SAK ma.ht

“3 Cumulative totals may not equal the sum of alryehue to differences in rounding.
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2. Electricity Market Impacts

Increased supply of natural gas leads to lowerrabgas prices and then cheaper delivered
electricity prices. This would be a boon for thedl economy and could encourage economic
growth and improve welfare. Additionally, a greaaenount of fuel-switching would occur in
Alaska, primarily towards cheaper power generatech fnatural gas. In the Expected scenario,
the abundant supplies of low cost natural gas ressuesults in a higher degree of availability
and use of natural gas-fired generation, as seEigure 20. This switch to lower cost fuel
results in lower delivered electricity prices tbsdctors, as seen in Figure 21.

Figure 20: Expected Scenario Share of Alaska Eleaatity Generation from Natural Gas (%)
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Figure 21: Expected Scenario Change in Alaska Dekred Electricity Price Compared to Baseline,
by Sectof* (%)
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B. Alaska Macroeconomic Impacts

This section discusses the overall macroecononpaats on Alaska for the Expected scenario
as a result of incorporating the implementatiothef AKLNG project and comparing the results
against the Baseline scenario, which assumes no &X@rts from Alaska. We report economic
measures such as welfare, aggregate consumptgmpasdible income, GSP, and loss of wage
income to illustrate the impact of the scenarios.

1. Welfare

Economic welfare is a concept used by economistsrétates to the overall utility that

individuals experience from the economy. IgBERA, welfare is measured by the sum of the
values of household consumption and leisure. Tiealiy, welfare is measured as a Hicksian
equivalent variation for the representative agerthe model. The equivalent variation measures

*4 The sectors referred to in this chart are C, Bnémtensive Sectors (EIS), Manufacturing Sector (VM)Aand
Services Sector (SRV).
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the monetary impact that is equivalent to the ckangonsumers’ utility from the price changes
and provides an accurate measure of the impaetgpolicy on consumers.

Expansion of natural gas exports changes the pfigeods and services purchased by Alaska
consumers. In addition, it also alters the incoevel of the consumers through increased wealth
transfers in the form of tolling charges on LNG entp. These economic effects change the
well-being of consumers as measured by equivakematon in income.

A positive change in welfare means that the pahegroves welfare from the perspective of the
consumer. The results of the Expected scenariodtelthat LNG exports are welfare-
improving for Alaska consumers. Consuni&receive additional income from two sources.
First, the LNG exports provide additional exposerues, and second, consumers who are
owners of the liquefaction plants, receive takgay-tolling charge¥ for the amount of LNG
exports. The increase in discounted present \@luelfare from the Baseline to the Expected
scenario over the export period is approximately $illlion.

2. Gross Regional Product

GDP, or GSP, is another economic metric that isroétsed to evaluate the effectiveness of a
policy; it measures the level of total economia\dist in the economy of interest, country, or
state, respectively. Figure 22 depicts the chamg@saska GSP over time. In the short run, the
GSP impacts are positive as the economy benedits éapital investment in the infrastructure to
bring NS natural gas to the market, increased tardgoyalties, and increase in labor income
associated with increased labor dem#h¢h the long run the LNG exports have a strong
positive impact on GSP through increased expodmags and additional wealth transfer in the
form of tolling charges. Capital income represehésdistributed share of ownership of the
resource from the household level. Tax income aaisofor approximately one-third of GSP
increases in Alaska and is recycled back into tlaslkéa economy.

5 Varian, Hal, “Intermediate Microeconomics: A Modekpproach”, ¥ Edition, W.W. Norton & Company,
December, 2005, pp. 255-256. “Another way to mesathe impact of a price change in monetary tesms ask
how much money would have to be taken away fronttmsumebeforethe price change to leave him as well off
as he would bafterthe price change. This is called #rguivalent variation in income since it is the income
change that is equivalent to the price changeringef the change in utility.” (emphasis in origin

6 Consumers own all production processes and iridadty virtue of owning stock in them.

*" Note that NERA, for convenience, is assuming knktructure for illustration purposes. Whil¢eahative
structures might change the mechanism the ultimed@omic impacts would not be significantly diffiete

“8 Direct resource income from developing naturalrgasurces has been decomposed into capital indabw,
income, and taxes.
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Figure 22: Expected Scenario Change in Alaska GSPompared to Baseline (2010$ Billions)
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3. Aggregate Consumption

Aggregate consumption measures the total spendinggpods and services in the economy.
Higher aggregate spending or consumption resultorg a policy suggests higher economic
activity and more purchasing power for the consgméiigure 23 shows the Expected scenario
results where consumption increases over time @ugteased benefits from the LNG export
revenue and increased economic activity within Rdas
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Figure 23: Expected Scenario Change in Alaska Consiption Compared to Baseline (2010$
Billions)
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4. Aggregate Investment

Investment in the economy occurs to replace oldtalagnd increase the stock of capital in place
(net investment). In this study, additional invesht takes place to finance the AKLNG project
through the construction of export facilities ahd pipeline that will transport natural gas
resources from the NS to the export facilitiesvelstment in new natural gas production capacity
is also required over time as NS production moves fthe established Prudhoe Bay area into
Point Thompson and other new areas. Net investmekiaiska is measured as the increase in
the total stock of productive capital in Alaska,igrhin the scenario includes the value of the gas
treating plant, the pipeline, the liquefaction pland structures, machinery, and equipment put
in place in other industries and in NS natural fgzlds.

Figure 24 shows that net investment in Alaskaghéi in the Expected scenario than in the
Baseline in all years, due to construction of thd NG project as well as expansion of other
industrial sectors due to the greater availabditg lower price of natural gas in the scenario.
Financing for this total investment mostly comesira national pool of investment capital, with
a proportional share of investment from Alaska.oUgh most of the equipment to be installed in
the pipeline and liquefaction facility and used donstruction and for NS exploration and
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production will be manufactured in the Lower-48roother countries, when installed in Alaska
it becomes part of the capital stock located indta¢ée and is counted as investment in the State.
The timing of the changes in investment from thedliae seen in Figure 24 reflect the timing of
the AKLNG project itself with the largest increaseen during years of construction in 2018,
2023, and 2028.

Alaska is able to attract more investment fromrtést of the U.S. in the Expected scenario
relative to the Baseline because of its lower ratgas prices as well as the opportunity
presented by the AKLNG project, and this inflowimfestment leads to Alaska having greater
economic growth in the scenario than in the Baselifhis greater economic growth and the
greater amount of outside investment allow Alaskanacrease their consumption and hence be
better off than in the Baseline.

Figure 24: Expected Scenario Change in Capital iRlace in Alaska Compared to Baseline (2010$
Billions)
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5. Natural Gas Export Revenues

As a result of higher levels of natural gas expdi$G export revenues offer an additional
source of income to the economy. The average ammraase in revenues from LNG exports
ranges from about $10 billion to almost $21 billi@®10$) for Alaska as seen in Figure 25.
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Figure 25: Expected Scenario Average Annual AlaskeNG Export Revenues (2010$ Billions)
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6. Trade Impacts

The development of the infrastructure to export LN&, the export facility and connecting
pipelines) and the exporting of LNG contributehe tncreasing LNG export revenues shown
above, but trade in other goods and services depmmtiow prices and costs in Alaska change
relative to its competitors. The development of NBural gas resources lowers the cost of
natural gas in Alaska which lowers the cost of Atasgoods dependent on natural gas
consumption. However, with the construction of NG facility and associated pipelines, wage
rates and capital costs increase in Alaska theswacosts of production.

Overall, we see an increase in net foreign exgota Alaska as a result of LNG exports from
baseline levels. This results in a large increéagke foreign current account balance. However,
on the domestic side, to support higher domestis@mption, as a result of higher income
levels, Alaska imports more from the Lower-48. @& whole, the increase in export revenues
from LNG exports dominates any decrease in revefitagsimports of other goods and services
from the rest of the U.S. and results in signiftaamprovement in the terms of trade position for
Alaska. In net, the improvement in the currentoact balance for Alaska is between $10 and
$20 billion.
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If we only look at net exports of goods and serviercluding LNG, Alaska’s net foreign exports
are still higher. This suggests that Alaska peeferimport from the Lower-48 and export to the
international market to take advantage of the lomatural gas prices.

7. Sectoral Output Changes for Some Key Economic Secto

The effect of changes in natural gas prices onrecp&ar sector depend on the sector’s natural
gas intensity and how easily the natural gas uséeasubstituted with other factors of
production and intermediate goods and serviceenduic sectors such as the ELE, EIS, and
MAN are dependent on natural gas as a fuel antharefore particularly impacted by changes
in natural gas price. Another potentially sigrafint benefit of the lower natural gas prices in
Alaska is the possibility of attracting new devetggnt such as chemicals or mining to the state
or restarting mothballed chemicals facilities. Auhally, natural gas producers and sellers will
benefit from natural gas export prices and incréasgput. These varying impacts will shift
income patterns between economic sectors. Thalbediect on the economy depends on the
degree to which the economy adjusts by fuel swiighintroducing new technologies, and the
stimulus of new investment.

Figure 26 illustrates how the range of impacts estaral output varies considerably by sector.
The ELE and SRV sectoral output changes are tgesain the Expected scenario. The ELE,
being the most dependent on natural gas and thaldedo most easily switch from other fuel
inputs to natural gas, sees the largest changgasinsage — up by almost 13% in 2048. The
SRV sector sees output gains starting early ortaltiee increased economic demand from the
start of the pipeline project construction and @ases as much as 4% by 2048 due to lower
natural gas prices as compared to the Baselin®.a&dl MAN see similar patterns of sectoral
growth in the expected scenario as SRV althoughdiightly smaller degree with maximum
output increases of 2% and 3%, respectively. Abdlity of NS natural gas and sustained lower
natural gas prices allow the industrial base taegpand maintain a higher growth path into the
future in Alaska.
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Figure 26: Expected Scenario Changes in Output foKey Alaska Economic Sectors Compared to
Baseline (%)
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8. Wage Rates

Sectoral output, discussed in the previous sectianslates directly into changes in factors of
production for a given sector. In general, if theeput of a sector increases so do the inputs
associated with the production of this sector’sdgoand services. An increase in natural gas
output leads to more wage income in the naturakgasr as domestic production increases. In
the short run, industries are able to adjust tangha in demand for output by increasing
employment if the sector expands or by reducingleympent if the sector contracts.

As shown in the previous section, the productiolowafer cost natural gas lowers delivered
natural gas prices and causes production cos&sldskan industries, hence making Alaska
businesses more competitive. The net result ieased output across key sectors. Because the
Alaskan economy is supported by a small labor niarvkage rates in Alaska could potentially
increase significantly if it were to meet the iresed demand for labor to support pipeline
construction, oil and natural gas production, arml@ased industrial output with only Alaskan
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residents? Instead, the demand for labor which results igevate increases attracts workers
from other states to move to Alaska, either temqilgrar permanently. The supply of out-of-
state labor in meeting the increased labor demardaska for the Expected scenario helps
moderate the increase in wage rates, particularlge early years when the pipeline and LNG
facility are constructed. Toward the end of thpakhorizon, the increase in wage rates flattens
due to smaller increase in labor demand, relatvibe Baseline, as a result of the labor market
anticipating the end of the LNG export period amel commensurate boon to economic activity.

Figure 27 shows the change in total Alaska wagefmatthe Expected scenario as compared to

the Baseline. Overall wage income increases isemilors commensurate with the increase in
wage rates.

Figure 27: Expected Scenario Change in Alaska Wagdeate Compared to Baseline (%)
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C. U.S. Energy Market Impacts

This section discusses the impacts on the U.Sggmearkets as a result of implementing the
AKLNG project scenarios against a Baseline withemuf LNG exports from Alaska. Because

*9 Our initial analysis suggested that the indigeriabsr supply is insufficient to support the amiiied demand for
labor in the Expected and the High scenario.
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Alaska represents a small share of the U.S. econdnayges in Alaska’s economy generally
have only a small effect on the rest of the U.&e ®nly exception is in the energy markets,
where Alaska’s production of energy accounts foraglest share of U.S. outpth.

As a result of Alaska developing the NS and expgr@.93 Tcf of natural gas per year after
2025, total U.S. exports of LNG are approximately Ocf higher than in the Baseline. The
reduction in Lower-48 natural gas exports as coegbéw the Baseline leads to additional
supplies for domestic consumption and hence a texiuin the average U.S. wellhead natural
gas price, even though Lower-48 exports do increasethe model horizon. One way to view
this impact on Lower-48 LNG exports is to consitteam being delayed in time rather than
permanently displaced €., the curve of export volumes is shifted to théatigr forward into
time). Under the Expected scenario, the avera§e Wellhead price in 2048 is $9.58/MMBtu
compared to $9.68/MMBtu in the Baseline, a 1% daecliThe AKLNG project thereby lowers
average wellhead prices for the U.S. as a wholhe AKLNG project results in increased
levels of U.S. LNG exports as a whole and lower.W&ural gas prices.

Figure 28: Expected Scenario U.S. Projected Wellad Natural Gas Price (2010$/MMBtu)
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%0 According to the U.S. Bureau of Economic Analygiskan GSP was about 0.30% of the U.S. GDP ir2201
According to the EIA, Alaska’s share of total UeBergy production was about 2.1% in 2011.
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D. U.S. Macroeconomic Impacts

This section discusses macroeconomic impacts &UtB. as a whole as a result of
implementing the AKLNG project in the Expected saém against a Baseline without any LNG
exports from Alaska. We used economic measurdsasigvelfare, aggregate consumption, and
GDP to estimate the impact of the scenarios.

1. Welfare

Expansion of natural gas exports changes the pfigeods and services purchased by U.S.
consumers. In addition, it also alters the incoevel of the consumers through increased wealth
transfers in the form of tolling charges on LNG entp. These economic effects change the
well-being of consumers as measured by equivalematon in income. The equivalent

variation measures the monetary impact that isvadgnt to the change in consumers’ utility

from the price changes and provides an accuratsureaf the impacts of a policy on
consumers.

We report the change in welfare relative to thedBas in Figure 29. A positive change in
welfare means that the policy improves welfare ftbmperspective of the consumer. The
Expected scenario is welfare-improving for U.S.saaners. Under the Expected scenatrio,
consumers receive additional income from two saurdérst, the LNG exports provide
additional export revenues, and second, consumeosave owners of the liquefaction plants,
receive take-or-pay tolling charges for the amaintNG exports’® Although the Expected
scenario does have a positive welfare impact ottlBe as a whole, it should be noted that the
magnitude of the impact is very small.

*! The financial arrangement assumption for the Lod&t-NG exports is based on the NERA 2012 study. We
assume that the LNG tolling fee was based on arretiucapital to the developer and financing ofdstment is
assumed to originate from U.S. sources. The LN@#bprice received includes a tolling fee pluss&lmarkup
over Henry Hub price.
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Figure 29: Expected Scenario Change in U.S. WelfartCompared to Baseline (%)
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2. GDP

GDP is another economic metric that is often useglvaluate the effectiveness of a policy; it
measures the level of total economic activity thia short and medium run, the GDP impacts are
positive as the U.S. economy benefits from capitedstment in the LNG-related infrastructure,
export revenues, taxes, and additional wealth feams the form of tolling charges. In the long
run, GDP impacts remain positive but become shgéhaller due to a feedback employment
effect from Alaska to the rest of the Lower-48.eTrieduction in labor demand in Alaska towards
the end of the exporting period (primarily reducaemand on out-of-state workers) mitigates
the decrease in labor supply in the Lower-48 aedtess a downward pressure on the Lower-48
wage rates. This small reduction in Lower-48 weades therefore reduces the labor income and
taxes on labor income components of U.S. GDP agmideof the export horizon. As a whole it
should be noted that while the GDP impact of theLNK project in the U.S. is positive it is

very small in magnitude relative to the size of Wiele U.S. economy, less than 0.05% on
average.
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Figure 30: Expected Scenario Change in U.S. GDP @mpared to Baseline (2010$ Billions)
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3. Aggregate Consumption

Aggregate consumption measures the total spendirggpods and services in the economy.
Figure 31 shows that aggregate consumption in tBe idcreases steadily throughout the
Expected scenario. Consumption rises more quihér the AKLNG project is completed
because more saving is require to support lowel$enf capital investment demand.
Additionally, increases in income from export renes can go toward supporting higher levels
of consumption.
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Figure 31: Expected Scenario Change in U.S. Consyion Compared to Baseline (2010$ Billions)
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4. Balance of Trade

The AKLNG project would provide access to low cH§ natural gas supplies and allow the
U.S. to produce LNG at a globally competitive pride other words, LNG exports provide the
U.S. with a means to obtain international goodssardices with fewer resources. Therefore,
the value of U.S. net exports increases becaugeohcrease in revenues from LNG exports.
The large surplus in the current account balan@dadka as a result of the AKLNG project is a
primary driver in the increase in net exports whiesults in an improvement in the U.S. balance
of trade.

E. U.S. Emissions Impacts

The overall change in U.S. carbon dioxide C@missions in the Expected scenario relative to
the Baseline is minimal but slightly lower in thleng run. The increase in economic activity as a
result of greater availability of lower cost nalugas supplies is offset, in aggregate, by the
lower carbon intensity of natural gas as a fuel gared to its alternatives. The fuel substitution
effect occurs at a domestic level in terms of d-tma@as fuel switching in the electric sector due
to the lower natural gas prices in the U.S. The& switching results in reductions in electric
sector emissions of NQ SO, Hg, and CQ@. Given the large portion of total U.S. emissiofhs
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these types accounted for by the electric sedterfuel switching effect drives reductions in
these emissions from the U.S. as a whole.

Figure 32: Expected Scenario Change in U.S. G&missions Compared to Baseline (%)
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V. SUMMARY OF U.S. ECONOMIC IMPACTS

This section provides a summary of implicationsrf@croeconomic impacts, environmental
impacts, and national security impacts of produciatyral gas and exporting much of it in the
form of LNG from Alaska.

A. DOE Guidelines and Prior LNG Export Applications Approvals

The need to consider “public interest” when authiog exportation of natural gas is stated in the
NGA:

...no person shall export any natural gas from thé&édhStates to a foreign country or import
any natural gas from a foreign country without filaving secured an order of the Commission
authorizing it to do so. The Commission shalléssuch order upon application, unless, after
opportunity for hearing, it finds that the proposexportation or importation will not be
consistent with the public interest?..

In practice, DOE considers the previous excerpinfay the creation of a “rebuttable
presumption” favoring the exportation of naturas g It furthermore allows the public to
participate in the process as “interveners” thatage evidence, if any, that the application is
inconsistent with the public interest.

In order to preclude any assertion that propos@o®s are inconsistent with the public interest,
permit applicants typically include supporting argents and evidence along the following DOE
suggested criterid"

Domestic demand for the natural gas to be exported,;

Adequacy of domestic natural gas supply;

U.S. energy security;

Impact on the U.S. economy, including impact on dstic natural gas prices;
International considerations; and

L T o

Environmental considerations.

As part of the analysis of domestic need for exgith and adequacy of domestic supply,
applicants typically evaluate changes to naturalggaces and compare the total volume of
natural gas available for production (both researas recoverable resources) during the

215 U.S.C. § 717b.
*3 panhandle Producers and Royalty Owners Associati&RA, 822 F. 2d 1105, 1111 (D.C. Cir. 1987).

*“DOE’s Program Regulating Liquefied Natural GagBst Applications,” Office of Fossil Energy. Avable at:
http://energy.qov/fe/articles/doe-s-program-rednttiquefied-natural-gas-export-applications
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specified exportation period to the analogous @é&ias demand. It is not uncommon for these
analyses to incorporate more than one natural gasudd/supply scenario in order to reflect
possible outcomes from other potential paths theketanay take.

To address the U.S. energy security criteria, appts sometimes blend in arguments for
adequate supply and international environmentasidenations. They frequently support the
assertion made in MIT’s 2010 “The Future of Nat@alks” claiming that LNG exports
“encourage the development of an efficient andgraeed global gas market with transparency
and diversity of supply® Additionally, applicants will note that increagiglobal access to
natural gas, a fuel that burns cleaner than coallowill aid in slowing global climate change.
Lastly, arguments for improvement in balance afié¢rand trade relations with destination
countries, promoting the intent of the National &stgnitiative, and consistency with U.S.
obligations under the General Agreement on Taaiffd Trade (GATT) are made to complete the
analysis of U.S. international conceffis.

B. U.S. Economic Impacts

In this section we briefly summarize the result®wf analysis for the U.S. As discussed in the
preceding sections, the impacts of the AKLNG pro@tthe U.S. economy are positive in all
metrics and the magnitude of the impacts is reditismall. Figure 33 shows the percentage
change in the Expected scenario relative to thelBesof several key metrics we have
previously analyzed.

5 MIT Energy Initiative,The Future of Natural Gap. 14 (2010), available at:
http://mitei.mit.edu/system/files/NaturalGas_Repudt

*5 Hufbauer, Gary Clyde, “LNG Exports: An Opportunfoy America,” January 24, 2013. Available at:
http://www.piie.com/blogs/realtime/?p=3315
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Figure 33: Summary of U.S. Natural Gas and Macroaamomic Impacts in Expected Scenario
Compared to Baseline

2013 2018 2023 2028 2033 2038 20438 2048
Wellhead Natural Gas 0 o 0 o o 0 o
Price (%) - 0.5% 0.4% -0.6% -0.8% -0.9% -1.0 -1.2%
Welfare (%) 0.02% 0.02% 0.02% 0.02% 0.02% 0.03% 0.02% 0.03%
GDP (%) 0.01% 0.03% 0.05% 0.06% 0.06% 0.06% 0.06% 0.05%
Consumption (%) 0.02% 0.02% 0.02% 0.02% 0.03% 0.03% 0.03% 0.03%
CO; Emissions (%) 0.02% 0.06% 0.02% 0.01% 0.00%  -0.02% -0.02% -0.01%

1. U.S. Natural Gas Market Impacts

Development of the AKLNG project would affect Urgtural gas markets in the following

ways. First, supplies of domestic natural gas @antrease because of the increased resource
development in NS. The increase in supply wouldnadly lead to a decline in domestic natural
gas prices since there would be more natural gasirees available for consumption. The lower
prices would result in a slight rebound effect véhekS. natural gas demand in the Expected
scenario exceeds that of the Baseline scenarithatdhcrease in demand would have an
upward pressure on natural gas prices, but notgimtmuoffset the decrease in natural gas prices
due to increased supply. The net result is higha&ural gas demand and consumption but lower
natural gas prices in the U.S. in the Expectedaaen

2. U.S. Macroeconomic Impacts

As for broader macroeconomic impacts, the changiee.S. across all key macroeconomic
metrics — GDP, consumption, and welfare — fromBhseline levels is positive.

The AKLNG project would provide access to low cH§ natural gas supplies and allow the
U.S. to produce LNG at a globally competitive pride other words, LNG exports provide the
U.S. with a means to obtain international goodssardices with fewer resources. Therefore,
the value of U.S. net exports increases becaugeoncrease in revenues from LNG exports.
The large surplus in the current account balanedasdka as a result of the AKLNG project is a
primary driver in the increase in net exports whiesults in an improvement in the U.S. balance
of trade.
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C. Environmental Impacts

The development of the AKLNG project leads to défg impacts which have competing effects
on emissions. Increased natural gas suppliestiedower natural gas prices which lead to:

» Higher economic growth driving higher demand fotunal gas and an increase in
emissions; and

» Fuel switching from non-gas fuels to natural gastipularly in the electric sector, which
decreases emissions of £@Q,, NOx, and Hg in the long term.

On balance for the U.S., emissions decline indhng4run, but changes in total U.S. emissions
are small at approximately -0.01%.

D. Energy Security

Energy security has a number of dimensions: assarahsupply, low and stable energy prices,
and freedom of action in foreign policy are clagssties addressed in the case of crude oil and
refined products. Although the debate has oftemldeamed in terms of energy independence,
until recently policies and planning for oil se¢ur@ssumed that the U.S. would continue to be
an importer and affected negatively by supply skakd price increases for imported oil. Since
crude oil is traded in a global and liquid markstysical supply security has not been a real
issue. Private inventories of crude oil and rafipeoducts have covered any delays in cargo
arrivals, and the Strategic Petroleum Reserve steeatly to address longer delays.

Thus oil security came to be focused on reduciedikelihood and magnitude of the oil supply
disruptions that could trigger price shocks, anthtweasing the resilience of the U.S. economy
to those shocks. The most direct measure of ttenpal magnitude of supply shocks is the
share of the world’s oil being produced in vulnéeatr unstable regions, originally in the
Persian Gulf but now increasingly in certain La&imerica countries. Thus questions about how
reduction in U.S. oil imports, whether through e&sed production or reduced demand, would
enhance supply security came down to modeling atvreduction translated into a smaller
share of world supply coming from vulnerable ortabge regions.

What was a concern about how dependence on oilrisipimited freedom of action in foreign
policy has been amplified by concern that oil rexenare propping up regimes that deny their
people basic human rights and economic developordrging funneled by state or private
recipients into support of terrorist groups.

Since the U.S. was never a major importer of nagaa except from Canada, the issue of energy
security has not been as well developed aboutalajas markets. Starting with the basic

criteria of supply assurance, low and stable pyiaed foreign policy benefits, it is possible to
develop some metrics of how natural gas exportsaffact energy security.
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» Supply Assurance Exporting natural gas requires several investsdrdt are
irreversible in the short run: deliverability oftneal gas from wellhead to terminal to
support exports, and capacity to liquefy and expbrom the point of view of U.S. price
stability and assured supplies, the production @@pthat is supplying export markets is
in effect spare capacity that can be diverted toekiic uses. The larger and more liquid
the global natural gas market is, the more effedins spare capacity will be. It is not
necessary that DOE be prepared to revoke expertdes to ensure this, because as long
as exporters are purchasing natural gas in thenspdtet or under contracts indexed to
the U.S. market, U.S. consumers will be able tonaitlral gas away from exporters if a
domestic shortage were to occur.

* Price Stability: Although mostly outside the scope of this stialpumber of experts on
global commodity markets have concluded that beomnected to a global LNG market
will serve to reduce natural gas price volatilitfistorically, U.S. natural gas prices have
been much more volatile than world oil prices,sat even if a global LNG market
became linked in some way to oil prices, having.waural gas prices linked to the
global LNG market would reduce volatility. Moreover, to the extent that shocks to the
global market and shocks to the U.S. market areowelated, U.S. volatility would be
reduced by the greater size of the market. Finakport capacity is likely to be fully
utilized. Under these conditions, shocks to thédvoatural gas market and even global
LNG price spikes will not be transmitted to the Unfarket, though they would benefit
those holding firm export capacity contracts. Té&son is that exports will be limited by
liquefaction capacity, and once that limit is reagthhere can be no further increase in
exports and therefore no additional demand for ba®ural gas. As a result the U.S.
price will be unaffected by increases in globatesi as long as terminals are at
capacity®

* Foreign Policy. Natural gas exports can have clear foreign pdienefits: reducing
dependence of other countries on exports from cmsnthat are not allies of the U.S.
will reduce the influence of those countries onbécies of potentially friendly
countries importing U.S. LNG. Removing restricgamm exports will also signal the
U.S. commitment to WTO and GATT principles, to sofigree market regimes in other
countries, and make it easier to press other cesriy remove export restrictions that are
damaging to U.S. industr.

" Medlock, Kenneth B., “LNG, Globalization, and Rriwolatility: Understanding the Paradigm Shift,zpared
for the American Clean Skies Foundation. Availadaténttp://www.cleanskies.org/wp-
content/uploads/2011/08/LNGMarketGlobalization| migadf.

*8 The only case in which an unexpected increaséoimegjprices could affect U.S. prices is if glopaices had
fallen so low relative to expectations that theeswxcess capacity at some terminal. Even ircdss, U.S. prices
would not move directly with world prices but onlp to a level consistent with U.S. terminals baisgd at
capacity. Once terminals are at capacity, the 13.8isconnected from any further increase in dlpaes.

¥ Hufbauer, Gary Clyde, “LNG Exports: An Opportunfoy America,” January 24, 2013. Available at:
http://www.piie.com/blogs/realtime/?p=3315

NERA Economic Consulting 52



APPENDIX A. HIGH LNG EXPORT SCENARIO

In this appendix we discuss some results from tigh lcenario with a 40 year export horizon,
natural gas supply resource of 109 Tcf, and higleenand induced primarily by a faster growing
economy in Alaska. The economic impacts are gdga@nsistent with the results from the
Expected scenario with two exceptions:

1. The impact of not constructing Susitna; and
2. The impact of an extended LNG export horizon inskia

Due to the generally consistent nature of the tesalthe High scenario, we focus our discussion
in the following sections on differences in impaektive to the Expected scenario impacts
presented in the main body of the report.

A. Alaska Energy Market Impacts

This section discusses the High scenario impacth@Alaska energy markets as a result of
implementing the AKLNG project compared to a Basehvithout any LNG exports from
Alaska, as well as the Expected scenario.

1. Natural Gas Market Impacts

Impacts on natural gas prices in Alaska under tigl Hcenario are similar to those in the
Expected scenario. This similarity occurs desfhieeincreased demand primarily caused by the
increased natural gas resource assumption bubatsuse of the relatively low resource cost of
NS natural gas supplies for the Alaska market. NBewvellhead price plus the cost of pipeline
transportation in the High scenario ranges fronm¢p&0.05/MMBtu lower to $0.14/MMBtu
greater than in the Expected scenario. The poogparisons can be seen in Figure 34. ltis
interesting to note that by the end of the exportzon in 2058 the Alaska market price of
natural gas essentially converges with the NS wallhprice plus pipeline transportation
charges. This shows the impact of resource depléti Cook Inlet and that NS natural gas
becomes a larger share of supplies to Alaska nmaarket

The decreases in natural gas prices relative tB#seline seen in the High scenario, along with
the increased demand assumptions, result in angrearter increase in natural gas consumption.
The greatest expansion in natural gas use occting iBELE due to the need to replace the
generation of Susitna that is not constructed enHigh scenario. Figure 36 shows that the total
natural gas produced over the modeling horizon mexeeceds the NS and Cook Inlet resource
constraints assumed in this analysis (as spedifi&kction III.E above).
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Figure 34: High Supply and High Demand Scenario Adska Natural Gas Market Prices
(2010$/MMBtu)
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Note: NERA adopted the net-forward pricing to bb&h a baseline market price path for modeling
economic impact and benefits. The market priceMEZRA estimated is subject to uncertainties
influenced by many factors and claims no knowledighe ultimate negotiated market price. The model
estimates overall net benefits regardless of havefits and costs are distributed across varioususeds
and consumers.
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Figure 35: High Scenario Average Alaska Natural Ga Demand by Sector (Bcf/yry’

Sector 2013 | 2018| 2023 2028 2033 2088 2043 2048 2053 :.o%’m“'a“"?l
otal (Tcf)
Electricity 36 39 52 59 65 73 80 96 106 116 3.6
Commercial 23 23 28 31 34 38 41 49 56 64 1.9
Residential 22 24 35 38 40 44 47 52 54 6 2.1
Manufacturing 7 6 17 30 42 47 44 51 58 65 1.8
Government 5 4 4 5 5 5 5 5 6 6 0.3
Energy-Intensive 5 5 13 25 40 46 44 52 61 72 1.8
Trucking
Transportation 0 0 0 0 1 3 5 9 15 23 0.3
Other Transportation 0 0 0 0 0 2 2 5 8 14 0.2

Upstream Lease andl

Operations Fu&? 255 | 255| 255| 255 258 255 255 285 255 255 12.8
Sectoral Total 353 | 357 | 403| 443 482 513 524 573 619 675 24.7
Total Change from

9 0 0 48 80 | 114| 137, 141 183 221 267 12.6

Baseline

Figure 36: High Scenario Average Alaska Natural Ga Production by Source (Tcf/yr)

Source 2013| 2018| 2023 2028 2033 2088 2043 2048 2053 :.ogé’m“'at"’%
otal (Tcf)
NS 026| 026 1.200 1.46 152 156 161 166 171 176 516
Cook Inlet 0.09| 0.10| 008 008 006 005 001 0p1 o001 Qo1 5 2
Total 035| 036 1.28) 154 158 1.61 162 1p7 172 177 766

% The items and totals in this table exclude feeslayal fuel/shrinkage requirements.
®1 Cumulative totals may not equal the sum of alryehue to differences in rounding.

%2 Upstream lease operations fuel estimate is avetaf@se for years 2007 through 2011 based ondataA.
Available at:http://www.eia.gov/dnav/ng/ng_cons_sum_dcu_SAK ma.ht

83 Cumulative totals may not equal the sum of alryehue to differences in rounding.
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2. Electricity Market Impacts

Without the construction of Susitna, there is atreély large, but not unexpected, jump in the
reliance on natural gas-fired generation in the HiLEhe High scenario (Figure 37). This is due
to the need to make up for the lack of generatiowided by Susitna in both the Baseline and
Expected Scenatrio.

Figure 37: High Scenario Share of Alaska Electrity Generation from Natural Gas (%)
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An increase in delivered electricity prices relatto the Baseline is also seen in this scenatrio,
particularly in 2023. Again, this is due to thelaf the generation provided by Susitna in the
Baseline and Expected scenarios requiring moreticani®n of natural gas-fired electricity
generation which has a higher marginal cost of ggiwa than hydroelectric generation. Even
given the early year increases in delivered el@tyrprices, overall prices drop significantly over
time and are in line with the reductions in eleaxtyi prices seen in the Expected scenario by
2038.

NERA Economic Consulting 56



Figure 38: High Scenario Change in Alaska DelivekElectricity Price Compared to Baseline, by
Sector (%)
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B. Alaska Macroeconomic Impacts

This section discusses the overall macroecononpaats for the High scenario as a result of
incorporating the implementation of the AKLNG prcj@and comparing the results against the
Baseline scenario, which assumes no LNG exporis fkaska, as well as the Expected
scenario.

1. Welfare

The positive impacts in consumer welfare relatovéhe Baseline seen in the Expected scenario
extend to the High scenario in approximately egeivamagnitudes over equivalent periods of
the export horizon. The greatest difference Iethe extended modeling horizon for the High
scenario which includes an extended period of LXQoes.

2. Gross Regional Product

Like welfare, the positive GSP impacts seen inHigh scenario, relative to the Baseline, are
similar to those in the Expected scenario over amaige period of time but are even greater
further out in the horizon due to the extendedqukaf LNG exports (Figure 39). The steadily
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increasing GSP impacts are driven by the increasists of natural gas and therefore the
increasing LNG export revenues over time.

Figure 39: High Scenario Change in Alaska GSP Congped to Baseline (2010$ Billions)
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3. Aggregate Consumption

The path of increased consumption in the High stemtosely follows that of Expected
scenario with the amount of the increase leveliffigoavards the end of the extended LNG
export horizon. The primary driver in the flattegiof consumption increases in the High
scenario is the greater increases in the Alaskaralagas prices over the 2048 through 2058
period. The higher prices raises the cost of gooddaska, leading to a lower rate of
consumption growth while still allowing GSP to cionte increasing due to the ever increasing
LNG export revenues.
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Figure 40: High Scenario Change in Alaska Consumjfin Compared to Baseline (2010$ Billions)
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4. Aggregate Investment

As with welfare and GSP, the change in aggregatesiment follows a similar path in the
Expected and High scenarios over the time horiZadheoExpected scenario. Alaska continues
to attract more investment from the rest of the.lth$he High scenario relative to the Baseline
because of its lower natural gas prices as weh@®pportunity presented by the AKLNG
project. Additionally, the higher economic growtste in the High scenario contributes to even
higher aggregate investment than in the Expectedasm and this inflow of investment leads to
Alaska having greater economic growth than in eithe Baseline or Expected scenario.
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Figure 41: High Scenario Change in Capital in Plae in Alaska Compared to Baseline (2010$
Billions)
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5. Natural Gas Export Revenues

By design, the Expected and High scenarios expersame amount of natural gas over the
horizon of the Expected scenario, but the High aderassumes natural gas exports continue for
another ten years, hence the export revenues freriligh scenario continue. The revenues
continue to increase over time because world nlagasaprices increase faster than Alaska’s
wellhead price.
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Figure 42: High Scenario Average Annual Alaska LNGExport Revenues (2010$ Billions)
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6. Trade Impacts

Trade impacts are essentially that same in the Blighario as in the Expected scenario.
Overall, we see an increase in net foreign exgorta Alaska as a result of LNG exports from
baseline levels. This results in a large incréagke foreign current account balance.

7. Sectoral Output Changes for Some Key Economic Secto

The biggest differences sectoral output changéseirdigh scenario compared to the Expected
scenario occur in the ELE. The SRV, MAN, and HISlaow very similar, but slightly higher,
changes in output relative to the Baseline whenpaoed with the changes in the Expected
scenario. The greater increase in ELE outputenHigh scenario is primarily a result of the
higher economic growth rate assumption which draiggificantly greater electricity demand in
the state, particularly starting in 2033. By 204t last model year comparable amongst all
three model runs, electricity generation in thetHsgenario is 13.1 TWh compared to 10.2 TWh
in the Expected scenario and 9 TWH in the Baselifi@s represents a demand for electricity in
the High scenario which is 28% and 45% greater thdine Expected scenario and the Baseline
respectively.
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Figure 43: High Scenario Changes in Output for KeyAlaska Economic Sectors Compared to
Baseline (%)
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8. Wage Rates

The increase in wage rates in the High scenariergdig follows the increases seen in the
Expected scenario with two differences. Firstifrihe period through 2043, the level of the
wage rate increase is slightly lower than in thedtted scenario due to slightly higher
electricity and natural gas prices in the High scencreating a small downward pressure on
labor demand and therefore wage rates. Second,Z028 through the end of the longer LNG
export horizon in 2058, the greater rate of ecoragnowth in Alaska assumed in the High
scenario and the increased cost of out-of-stater labthis point in the modeling horizon
combine to drive wage rate and labor demand inesetishigher levels than seen in the
Expected scenario.
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Figure 44: High Scenario Change in Alaska Wage RatCompared to Baseline (%)
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C. U.S. Energy Market Impacts

Alaskan exports of natural gas have a minimal ihpamatural gas prices in the rest of the U.S.
This relationship is true under both the Expectedl ldigh scenarios. The percentage change in
natural gas prices from the Baseline to the Higinado is nearly constant over time.
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Figure 45: High Scenario U.S. Projected Wellhead &tural Gas Price (2010$/MMBtu)
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D. U.S. Macroeconomic Impacts

As with the natural gas prices, the impacts ofAR&NG project on the rest of the country’s
welfare, GDPegtc, is quite small, and the changes in the High stemtosely track those of the
Expected scenario throughout the scenario’s horizditer the time in which the Expected
scenario is no longer analyzed, the High scenaes $o0 exhibit fairly similar macroeconomic
impacts. Across all of the following metrics, théerence in impacts of the AKLNG project on
the U.S. under both the Expected and High scenaripssitive and, on average over the
modeling horizon, smaller than 0.05%.

1. Welfare

The change in welfare in the U.S. in the High scena virtually identical to the change in
welfare in the Expected scenario. This changesstipe but also very small, never exceeding
0.1% in a given modeling year.
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Figure 46: High Scenario Change in U.S. Welfare Gopared to Baseline (%)
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2. GDP

Increases in U.S. GDP generally follow the samé&pain the High scenario as in the Expected
scenario with the exception of 2048 onward. Wlietbe Expected scenario we saw a tapering
of GDP growth in 2048, we do not see the same itmpabe High scenario due to the
differences in wage rates in 2048 and onward. tOuke High scenario’s higher economic
growth rate assumption in Alaska as well as thgdomperiod of LNG exports, we do not see the
same reduction in Alaskan labor demand which fek lnato the Lower-48 and created a
downward force on overall U.S. wage rates. Insthacdigher levels of sustained labor demand
and increased wage rates drive continued growtdbior income and overall U.S. GDP over the
High scenario modeling horizon. It should be ndteat, much like in the Expected scenario,
while the GDP impact in the U.S. is positive, isig8l very small and smaller than 0.05% on
average over the modeling horizon.
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Figure 47: High Scenario Change in U.S. GDP Compad to Baseline (2010$ Billions)
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3. Aggregate Consumption

The pattern of consumption increases in the Higimaigo follows almost exactly along the lines
of the increases in the Expected scenario. Ovecalhomic impacts are slightly more positive
across the U.S., and the LNG export horizon iséortigan in the Expected scenario, but
otherwise the pattern is very similar.

NERA Economic Consulting 66



Figure 48: High Scenario Change in U.S. ConsumptinCompared to Baseline (2010$ Billions)
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4, Balance of Trade

The impacts on balance of trade in the High scerae also almost exactly the same as in the
Expected scenario. The large surplus in the cuarerount balance of Alaska as a result of the
AKLNG project is a primary driver in the increaseriet exports which results in an
improvement in the U.S. balance of trade.

E. U.S. Emissions Impacts

The change in CQemissions for the U.S. in the High scenario reéato the Baseline is similar
to what we see in the Expected case with lessdlaB% move in either direction in any given
model year. Higher near term emissions due tostmrent-driven GDP growth are balanced by
lower emissions in the long run due to extendedraagas supplies.
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Figure 49: High Scenario Change in U.S. COEmissions Compared to Baseline (%)
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APPENDIX B. ADDITIONAL N gwERA MODEL DETAILS
1. Overview of Macroeconomic Model

The N.wERA macroeconomic model is a forward-looking dymra@GE model of the United
States. The model simulates all economic intesastin the U.S. economy, including those
among industry, households, and the governmeng bEnchmark year economic interactions
are based on the IMPLAN 2008 database, which imdudgional detail on economic
interactions among 440 different economic sectditsee macroeconomic and energy forecasts
that are used to project the benchmark year gaingdrd are calibrated to the most recent AEO
produced by the EIA. Because the model is cakdor&b an internally-consistent energy
forecast, the use of the model is particularly weited to analyze economic and energy policies
and environmental regulations.

The N.,ERA model incorporates EIA energy quantities anergy prices into the IMPLAN
Social Accounting Matrices. This approach, whiels been developed by the NERA team,
results in a balanced energy-economy dataset #sainkernally-consistent energy benchmark
data as well as IMPLAN-consistent economic values.

The macroeconomic model incorporates all produdixtors and final demanders of the
economy and is linked through terms of trade. dfifiects of policies are transmitted throughout
the economy as all sectors and agents in the egporespond until the economy reaches
equilibrium. The ability of the model to track #eeeffects and substitution possibilities across
sectors and regions makes it a unique tool foryaired policies such as those involving energy
and environmental regulations. These generalibguiin substitution effects, however, are not
fully captured in a partial equilibrium frameworkwithin an input-output modeling framework.
The smooth production and consumption functionsleyeg in this general equilibrium model
enable gradual substitution of inputs in responselative price changes thus avoiding all-or-
nothing solutions.

Business investment decisions are informed by éupadicies and outlook. The forward-looking
characteristic of the model enables businesses@mlmers to determine the optimal savings
and investment levels while anticipating futureigels with perfect foresight. The alternative
approach on savings and investment decisionsasdome agents in the model are myopic, and
thus have no expectations for the future. Though Bpproaches are equally unrealistic to a
certain extent, the latter approach can lead theeirto produce inconsistent or incorrect impacts
from an announced future policy.

A CGE modeling tool such as the /ERA macroeconomic model can analyze scenarios or
policies that call for large shocks outside of dnital observation. Econometric models are
unsuitable for policies that impose large impa&saduse these models’ production and
consumption functions remain invariant under thiicgo In addition, econometric models
assume that the future path depends on the pastienpe and therefore fail to capture how the
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economy might respond under a different and nevir@mment. For example, an econometric
model cannot represent changes in fuel efficienagsponse to increases in energy prices.
However, the N,ERA macroeconomic model can consistently capturgadupolicy changes that
envisage having large effects.

The N.,ERA macroeconomic model is also a unique tool ¢thatiterate over sequential policies
to generate consistent equilibrium solutions stgrirom an internally consistent equilibrium
baseline forecast (such as the AEO reference caseg.ability of the model is particularly
helpful to decompose macroeconomic effects of iildial policies. For example, if one desires
to perform economic analysis of a policy that inlda multiple regulations, the;fERA

modeling framework can be used as a tool to layenie regulation at a time to determine the
incremental effects of each policy.

2. Model Scope
a. Regional Aggregation

The standard NERA macroeconomic model includes 11 regions: NYNEwW York and New
England), MAAC (Mid-Atlantic Coast), UPMW (Upper Biivest), SEST (Southeast), FLST
(Florida), MSVL (Mississippi Valley), MAPP (Mid-Anreca), TXOL (Texas, Oklahoma and
Louisiana), AZMT (Arizona and Mountain states), QACalifornia) and (PNWS) Pacific
Northwest®™* The aggregate model regions are built up fronbthe).S. states’ and the District
of Columbia’s economic data. The model is flexibl®ugh to create other regional
specifications, depending upon the need of theeptojThe 11 N,ERA macroeconomic model
regions and the states within eachfRA region are shown in Figub®.

For this study, the state of Alaska is broken atd its own region in order to model state-
specific impacts and the relationship of Alaskawtite Lower-48. The Alaska region is
disaggregated from the PNWS region where it residése standard NERA database. For the
sake of avoiding unnecessary modeling complicajivesaggregated the regions of the Lower-
48 and Hawaii into six regions, for a total of sevegions modeled in )ERA.

% Hawaii and Alaska are also included in the PNWgare by default.
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Figure 50: Standard N.,ERA Macroeconomic Model Regions
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b. Sectoral Aggregation

The N.,ERA model includes 12 sectors: five energy sedtetE, coal, natural gas, crude oll,
and refined petroleum products) and seven non-grsargiors (SRV, MAN, and EIS, and
agriculture, commercial transportation excludingcking, trucking, and motor vehicles). These
sectors are aggregated up from the 440 IMPLAN sgctbhe model has the flexibility to
represent sectors at different levels of aggregatio

C. Natural Gas and Oil Markets

There are great uncertainties about how the U t8ralagas market will evolve, and the JERA
modeling system is designed explicitly to addrégskiey factors affecting future natural gas
supply and prices. One of the major uncertainsiese availability of shale gas in the United
States. To account for this uncertainty and thessquent effect it could have on international
markets, the N\ERA modeling system includes two supply curvedfd. natural gas:

» Conventional natural gas — represents current alagias production by model region.
» Shale gas represents the potential supply thatlamrhe from shale by model region.
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By including each type of natural gas, it is polestb incorporate expert judgments and
sensitivity analyses about the extent of shalergserves, the cost of shale gas production and
how it will change as drilling moves to new areag, impacts of environmental regulations and
access restrictions on supply and cost. By comyidifferent possibilities, the model can
represent a diverse range of scenarios that leadifférent possible natural gas price
trajectories.

The natural gas module also accounts for foreigroms and U.S. exports of natural gas, by
using a supply (demand) curve for U.S. imports ¢etg) that represents how the global LNG
market price would react to changes in U.S. impaortsxports. This makes it possible to
provide a consistent analysis of the connectiowéeh U.S. import levels, export policy, and the
domestic price of natural gas.

Natural gas supply conditions will change over tiamel the model accounts for depletion of
each of the two sources of natural gas by adjustiagvailable level of the natural gas resource
over time. This capability makes it possible teastigate the kinds of assumptions about future
shale gas resources and costs that are requiraditdain stable prices or lead to rising prices.

The N.,ERA model represents the domestic and internatiom@le oil and refined petroleum
markets. The international markets are represedntdlt supply curves with exogenously
specified prices. Because crude oil is treateal lm@mogeneous good, the international price for
crude oil sets the U.S. price for crude oil. la Baseline, we first calibrate the /JERA model

to match the desired forecast for crude oil prieeg, the price in EIA’s latest AEO forecast).
For the scenario, we adjust the price of crudénaiesponse to the change in U.S. demand for
crude oil. For example, if we assume a Baseliaedimits the recent agreement on CAFE
standards between the President and auto manwgacthen a scenario, which analyzed the
impacts of this policy, would need to account fog effects of this policy on international crude
oil markets and hence on domestic oil prices. Altertainly the new CAFE standards will
lead to lower levels of oil consumption and hermedr levels of demand for crude oil. To
capture the effect of lower U.S. demand for intdomeal crude oil on international crude oil
prices (and hence on U.S. domestic crude oil pricke N.,ERA model uses an international oil
supply curve based on the EIA’s alternate foreaastier different oil prices. For example, if
the EIA’s scenarios imply a 10% drop in U.S. dembemrctrude oil would lead to a 1% drop in
international crude oil prices, then we would uss €lasticity in conjunction with the drop in
U.S. crude oil demand to set the internationalepotcrude oil for the CAFE scenario run. This
updating, however, is part of the iterative proasshe macroeconomic and electric sector
models iterate to a global equilibrium solution.

d. Model Features — How LNG export is modeled

There are many uncertainties in the outlook of ratyas supply. To address this, the model has
parameters and structural features to calibrateréifit natural gas supply outlooks. The natural
gas supply curve in the Baseline is consistent thi¢hAEO natural gas price and supply quantity
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by region over time. The shape of the natural Bupyrve in the model is determined by the
natural gas resource supply elasticity and therabtjas resource availability. The model is able
to calibrate to either an optimistic or a pessimisatural gas supply curve by adjusting the
supply elasticity and resource. For a given suppdgticity, the availability of the resource in

the model determines the natural gas price. Atcaingd resource supply will result in a higher
equilibrium price. Hence, the model is able tgé&drto a desired exogenous natural gas price
path.

Consumption of electricity as a transportation ftalld also affect the natural gas market. The
NewERA model is able to simulate impacts on the supply disposition of transportation fuels
(petroleum-based, biofuels, and electricity) alant responses to consumer driving behavior.
Personal driving, or personal transportation sesjics represented in the model by vehicle miles
traveled, which takes vehicle capital, transpastatuels and other driving expenditures as
inputs. The model chooses among changes in corgmgd transportation fuels, changes in
vehicle fuel efficiency and changes in the ovdealkl of travel in response to changes in the
transportation fuel prices.

Along with alternative transportation fuels, thedebalso includes different vehicle choices that
consumers can employ in response to changes mehprices. The model includes different
types of Electrified Vehicles: Plug-in-Hybrid EleictVehicles and Battery Electric Vehicles.

e. Model Outputs

As with other CGE models, the.;NERA macroeconomic model outputs include demand and
supply of all goods and services, prices of all smdities, and terms of trade effects (including
changes in imports and exports). The model outpistsinclude GDP (or GSP), consumption,
investment, cost of living or burden on consumans] changes in “job equivalents” based on
labor wage income.

3. Electric Sector Model in N.,ERA Modeling System

The electric sector model that is part of thg BRA modeling system is a bottom-up model of
the electric and coal sectors. The model is g4dyinamic model that includes perfect foresight.
Thus, all decisions within the model are based ommizing present value costs over the entire
time horizon of the model. The model minimizesserd value costs while meeting all specified
constraints, most significant of which are demarehk demand, emissions limits, transmission
limits, RPS regulations, fuel availability and nbuild limits. The model set-up is intended to
mimic (as much as is possible within a model) ghygraach that electric sector investors use to
make decisions. In determining the least cost otktt satisfying all these constraints, the
model endogenously decides:

* What investments to undertaked, addition of retrofits, build new capacity, repowe
unit, add fuel switching capacity, or retire units)
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* How to operate each modeled umitg, when and how much to operate units, which
fuels to burn) and what is the optimal generatiox; eind

* How demand will respond. The model thus assesgeisade-offs between the amount
of demand-side management (DSM) to undertake antétlel of electricity usage.

Each unit in the model has certain actions thedft undertake. For example, all units can retire
(first year of retirement may be specified to prawetirements in the near term that likely
cannot be accommodated). Any known actions sugheasied retirements or planned retrofits
(for existing units) or new units under construeta@an be specified as forced actions. Coal units
have more potential actions than other types dsunifhese include retrofits to reduce emissions
of SO,, NOx, Hg, and CQ (we are also currently exploring representing E@issions and
technologies that can reduce HCI). Coal unitsataa switch the type of coal that they burn.

Most of the coal units’ actions would be in respots environmental limits that can be added to
the model. These include emission caps (fos, By, Hg, and CQ) that can be applied at the
national, regional, state or unit level. We casoapecify allowance prices for emissions,
emission rates (especially for toxics such as Hit@Gl) or heat rate levels that must be met.

Existing policies that are part of the model induditle IV for SQ, the final cross state air
pollution rule (CSAPR) for S@and NQ (annual and seasonal), Regional Greenhouse Gas
Initiative for CG, in the Northeast, AB32 for GOn California and all existing state renewable
portfolio standards.

Just as with investment decisions, the operatiaaoh unit in a given year depends on the
policies in placed.g, unit-level standards), electricity demand, andraping costs, especially
energy prices. The model accounts for all theselitions in deciding when and how much to
operate each unit. The model also considers sysieoperational issues such as
environmental regulations, limits on the shareerigration from intermittent resources,
transmission limits, and operational reserve margguirements in addition to annual reserve
margin constraints.

To meet increasing electricity demand and resergim requirements over time, the electric
sector must build new generation. Future envirantaleegulations and forecasted energy
prices influence which technologies to build. Emample, if a national RPS policy is to come
online, then some share of new generation capaditpeed to come from renewable power. If
on the other hand, there is a policy to addresssams, then it might elicit a response to retrofit
existing fossil-fired units with pollution contregéchnology or enhance existing coal-fired units
to burn different types of coals, biomass, or ratgas. Policies calling for improved heat rates
may lead to capital expenditure on repowering exgstinits. All of these policies will also

likely affect retirement decisions. TheJERA electric sector model captures endogenously all
these different types of decisions.
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The model currently contains 32 U.S. regions (an@anadian regions), although we are
currently looking into adding Alaska and Hawaiireesv regions and splitting some existing
regions. Figure 51 shows the U.S. regions.

Figure 51: N.,ERA Electric Sector Model — U.S. Regions

." —
b 4
HAWI ' ‘

The electric sector model is fully flexible in theodel horizon and the years for which it solves.
To remain consistent with the macroeconomic modedlta analyze long-term effects, the model
is usually set up to solve out to 2050 in five-yeiane steps.

a. Generator Representation

Each of the more than 17,000 electric generating imthe United States is represented in the
model. Coal units are subject to more decisioriseérmodel than any other type of generator.
These include choosing among different coal typeg&sting in different pollution control
equipment and/or being forced to retire. As slmtyer coal units (greater than 200 MW) are
individually represented in the model and small@tsuare aggregated based on region, size, and
existing controls. The smaller coal units can &lsondividually broken out within a region, but
this will increase the problem size and possibbywstiown the run time. All other types of units
are included in different regional aggregates basetheir operating characteristics. Again,

there is considerable flexibility to break out aduhal units if that becomes more important to do
SO.
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The model includes the following existing genergtiachnologies:

» coal (including IGCC) * pumped storage hydroelectric
* natural gas combined cycle e biomass

* natural gas combustion turbine * geothermal

» gas/oil steam e landfill gas

» oil combustion turbine * municipal solid waste

* nuclear e solar photovoltaic

* wind (on-shore) * solar thermal

» hydroelectric (run-of-river and
dispatchable)

New technologies in addition to the existing omedude advanced coal with carbon capture and
storage (CCS) and off-shore wind. Cumulative amtbial addition rates can be specified to
reflect real world constraints.

b. Electricity Demand

Electricity demand within the model is representedload duration curves. These curves are
created based on sorting the hourly demand fogiamevithin a season and then aggregating
together hours into a load block. The model culydras four seasons and a total of 25 load
blocks (ten in the summer and five each in wirdpring, and fall). Four seasons are used to
better capture the difference between hydroelegiieration in the spring and fall. Peak
demand is also included and is used with reservginsato determine capacity prices within the
model.

Because the electric sector model is a non-lineagram and it is integrated with the
macroeconomic model, electricity demand can resportianges in model inputs. This
response differs from that of a standard lineagmm that must maintain demand at a fixed
level. Furthermore, the electric sector model'sided constraint allows demand to be satisfied
either through electricity production or demandesmanagement programs. Therefore, in the
face of a policy such as a nationwide cap on GH@sons, the model can choose among
meeting demand as forecasted, meeting a lower ¢tévd#gmand (which results in lower values
of consumer wellbeing), or implementing DSM progsanThe model represents DSM programs
through upward sloping supply curves for displaelettricity demand. These curves can be
calibrated to the client’s views on the cost andilability of various DSM programs. The
resources required for the DSM programs are passtb@ macroeconomic model just like other
resource requirements for the electric sector.
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C. Coal Representation

The steam coal sector is represented within thetredesector model of the )NERA modeling
system. Similar to the flexibility of the electsector model to aggregate individual units
however we choose, we enjoy great flexibility iteséing the number of coal types that we want
to include in the model and how they can be mappeaadividual coal generators. We also have
the ability to model different scenarios for comperts and/or non-electric coal demand, each of
which would have an impact on the price of coalthar electric sector.

The model currently includes 22 steam c§als:

» 3 Central Appalachian coals — differentiated by, 8@ntent;

* 5 Northern Appalachian coals — differentiated by, 8@ntent;

* 1 Southern Appalachian coal;

» 3 lllinois Basin coals — differentiated by $€ontent;

* 1 Arizona/New Mexico bituminous coal,

* 1 Montana bituminous coal,

* 2 Rockies coals — 1 in Colorado and 1 in Utah;

» 3 Powder River Basin (PRB) coals — 2 in Wyoming &nd Montana;

» 2 Lignite coals — one in the Gulf and one in th&@as; and

» 1 Import coal — not represented with a supply cubwg instead represented with a price
premium relative to a specified coal (Central Apyghian coal).

Existing coal units each have an initial coal spediand, if they have burned any PRB coal, a
maximum percentage of PRB coal that the unit can.bWnits can switch to burn more PRB
coal than they currently burn, but would incur gita cost and heat rate and capacity penalties
in order to make the switch. Further, units carigwto burning other coals if the coal can be
delivered to the unit. In the near term, the maadel limit this switching to reflect the coal
market realities that would likely limit a good die& switching in the first few years of an
analysis.

Coal use in the non-electric sectors and for esgeran exogenous input to the model, although
it can be changed in each scenario. Non-eleabat use is a small share of total coal and likely
to not grow. The much greater uncertainty is ttarooal exports, particularly if domestic coal
demand is flat or declining. While export demasdurrently driven by factors that are not part
of the N\wERA modeling system, we can still develop coal ekxpoenarios. For example, if we

% Metallurgical coals are represented in the ma@wemic model using a top-down approach. We hadesbane
preliminary discussions about improving the repnéstion of metallurgical coals, but do not anti¢gthat such a
change would happen in the next several months.
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have a low natural gas price scenario with stmei@nmental regulations that lead to significant
coal retirements and hence declining domestic co@umption, we might want to include
higher exports of thermal coal than in a scenartbaut any new environmental limits and with
relatively high natural gas prices.

The model utilizes coal supply curves, which paingith inputs for non-electric demand, export
demand and endogenously-determined electric séetoand produces coal prices for each coal
available in the model. The supply curves inclpdees at each step of the curve, along with
annual production levels and total reserves aptloe step. Demand in prior years depletes the
total reserves going forward, which generally wdelad to higher prices if total reserves at a
price step are fully depleted.

There is a complete coal transportation matrix iithe model that maps each generating unit to
the coals that can be delivered to it, and assagnensportation cost for each of the deliverable
coals. This matrix accounts for costs associatéit tive different modes of transportation that
may be used to deliver the coal, along with théadise that the coal must travel. We have also
had some initial discussions about including blegdacilities that may be used by generators as
coal blending becomes more prevalent, but may ffieudt for some units that lack the space
needed for multiple coal piles. If this is impartathen this is a feature that we would add.

4, Integrated N, ERA Model
a. General Approach

The N.,ERA modeling framework fully integrates the macm@amic model and the electric
sector model so that the final solution is a cdesisequilibrium for both models, and thus for
the entire U.S. economy.

To analyze any policy scenario, the system firttesofor a consistent baseline solution, and

then it iterates between the two models to findettpeilibrium solution for the scenario. For the
baseline, the electric sector model is solved tirster the desired forecasts for electricity
demand and energy prices. The equilibrium solypia@vides the baseline electricity prices,
demand, and supply by region as well as the consamef inputs — capital, labor, energy, and
materials — by the electric sector. These solutalnes are passed to the macroeconomic model.

After the electric sector model solves, the maavaemic model solves the baseline while
constraining the electric sector to replicate thletson from the electric sector model and
imposing the same energy price forecasts as thseito solve the electric sector baseline. In
addition to the energy price forecasts, the maaeaaic model’'s non-electric energy sectors
are calibrated to the desired exogenous foreeast EIA’s latest AEO forecast) for energy
consumption, energy production, and macroecononowttp. The macroeconomic model
solves for equilibrium prices and quantities inmalirkets subject to meeting the exogenous
forecasts.
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After solving the baseline, the integrated,BRA modeling system solves for the scenario. First
the electric sector model reads in the scenarimitieh (e.g, RPS levels, emission constraints,
MACT standards). The electric sector model thdwesofor the equilibrium level of electricity
demand, electricity supply, and inputs used byeleetric sectorife., capital, labor, energy,
emission permits). The electric sector model th@sses these equilibrium solution quantities to
the macroeconomic model. The modeling system ithposes on the macroeconomic model
the appropriate elements of the same policy as segbon the electric sector. Next, the
macroeconomic model solves for the equilibrium gsiand quantities in all markets, taking the
guantities pertaining to the electric sector aggexous inputs. The macroeconomic model then
passes to the electric sector model the followsaived for equilibrium prices):

» Electricity prices by region;

* Prices of non-coal fuels used by the electric sgetg, natural gas, oil, and biofuels);
and

* Prices of any permits that are tradable betweenameelectric and electric sectoesd,
carbon permits under a nationwide GHG cap-and-tpadgram).

The electric sector model then solves for the niewtec sector equilibrium taking the prices
from the macroeconomic model as exogenous inpthe. framework iterates between the two
models — prices being sent from the macroeconorigeirto the electric sector model and
guantities being sent from the electric sector mumthe macroeconomic model — until the
prices and quantities in the two models differ &sslthan a fraction of a percent.

b. Policy Analysis Capabilities

The N.wERA modeling system has the capability to evalaatenge of current and proposed
policies. Because the NERA team developed th&RA model, we are intimately familiar

with how the model responds to various constrantstherefore are able to logically and
effectively represent policies designed by reguatathin our model. That is for any policy,

we know exactly how to implement the real worldigiels so that the modeled policy affects the
economy in a similar manner to how the policy woattlually affect the economy.

As an example of policy capabilities, the ,ARA model can represent the following policies
and types of policies:

* Emission taxes or prices;

* Emission cap-and-trade programesy( Title IV or CSAPR);

* Renewable portfolio standards (state, regionaktional);

» Efficiency standards in electric and non-electdcters €.g, MACT, heat rate standards,
CAFE);

* Mandated construction of new builds or retrofits f@quirements to retrofit or retire);
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* Financial incentivesg(g, for renewables or for electric vehicles); and
* Low carbon fuel standards.

C. Advantages of an Integrated Modeling System

When modeling policies that will have significantpacts on the entire economy, one needs to
use a model that captures the effects of the palscy ripples through all sectors of the economy
and the feedback effects of these impacts on ptaotuand consumption decisions. Of further
desire is to use a model that also provides detaihe areas of the economy that are most
affected by the policies of interest.

Because of computational limitations and differenicethe goals, developing one single model
to perform both tasks is infeasible. Therefore,liest solution is to construct an integrated
modeling system. To this end we have brought tegetur top-down, macroeconomic model
and our bottom-up electric sector model. A maocpoemic, general equilibrium model can
account for the ripple and feedback effects of ecoyrwide policies, but because of
computational issues, these models are unablgtesent many specific sector interactions in
great detail. Therefore, these models are reféoed top-down models. Models that address
the impacts to one sector, or bottom-up modelswaiksuited to capture the details of the
policy impacts on this particular sector, but thesmlels cannot fully capture the feedback of the
impacts on the particular sector on the rest oettenomy and the impacts of the rest of the
economy on the particular sector.

By combining our electric sector and macroeconamiclels, we eliminated the shortcomings of
each and created our fully integrated/8RA model. The integrated framework combines a
technologically rich bottom-up model with a top-domacroeconomic model of the rest of the
economy to provide a consistent equilibrium.

The main benefit of this integrated framework iatttine electric sector can be modeled in great
detail as a bottom-up model. Electric technologvékin the bottom-up model can be well
represented according to engineering specificati@gh a consistent analysis would not be
possible in a partial equilibrium framework as @wld miss the feedback effects from rest of the
economy, hence a partial equilibrium model wouldvje distorted results.

The integrated modeling approach provides condigtére responses since all sectors of the
economy are modeled. For example, evaluating alagiais price response, which is consumed

in both the electric and non-electric sectors,us¢ gonsidering the changes in the electric sector
(under a partial equilibrium analysis) will loseetbhanges that happen to the non-electric sectors
thus providing an inaccurate response. Likewispleyng only a top-down model of the
economy would fail to correctly capture the coas-grade-off in the electricity sector.

NERA Economic Consulting 80



NERA

ECONOMIC CONSULTING

NERA Economic Consulting
1255 23rd Street NW
Washington, DC 20037

Tel: +1 202 466 3510

Fax: +1 202 466 3605
www.hera.com




	Insert from: "FINAL DM APP E.pdf"
	Scope of Investigation This  report documents  the  results  of  an
	Authority This  report was  prepared  at the  request
	EXECUTIVE SUMMARY
	SOURCES of INFORMATION
	Gas Reserves Estimates ADNR’s  2009  Annual   Report  served  as
	Gas Resources Estimates PGC’s   December   31,  2012,   publication

	RESERVES and RESOURCES AREAS
	Arctic Alaska
	Petroleum Province Overview The  Arctic   Alaska   Petroleum   Province
	Cook Inlet Overview Cook      Inlet         stretches    180    miles

	CONVENTIONAL RESERVES and RESOURCES
	Classifications The  estimated  reserves   were   classified
	Conventional Reserves This report  considered and analyzed  only
	Cook Inlet Producing Reserves
	Conventional Resources
	Alaska North Slope Resources
	Cook Inlet Resources
	Offshore Resources


	METHODOLOGY and ANALYSIS
	LNG Export Gas Supply Requirements Per   the   U.S.   Department   of    Energy
	Domestic and Upstream
	Gas Supply Requirement The      purpose      of      the      companion
	Gas Supply Case
	Deliverability Considerations The     Expected     Demand    requirement

	RESULTS and CONCLUSIONS
	REFERENCES
	APPENDIX A – SPE PRMS DEFINITIONS of RESERVES
	Definition of Reserves The    proved,    probable,    and    possible

	APPENDIX B – DEFINITIONS of RESOURCES
	PGC Definition of Resources PGC’s petroleum gas  resources estimates,
	SPE PRMS Definition and Classification of Resources
	Definition of Contingent Resources
	Definition of Prospective Resources


	APPENDIX C – PGC RESOURCES ESTIMATES for ALASKA
	APPENDIX D – ADNR/ADOG RESERVES and PUBLIC RESOURCES ESTIMATES for ALASKA
	APPENDIX E – HIGH SUPPLY/HIGH DEMAND SCENARIO (40+-YEAR EXPORT TERM)
	APPENDIX F – PGC RESOURCES ASSESSMENT PROCEDURES
	General Assessment Procedure PGC’s   basic    technique    for    assessing

	APPENDIX G – NORTH COOK INLET HISTORICAL GAS PRODUCTION




