DECLARATION OF YOLANDA ANDERSEN

|, Yolanda Andersen, declare as follows:

1. Iam the Director of Member Services at the Sierra Club. [ have had this
position for more than 22 years.

2. In that role, I manage all aspects of the Sierra Club’s customer service
functions related to members, including maintaining an accurate list of
members and managing the organization’s member databases.

3. The Sierra Club is a non-profit membership organization incorporated
under the laws of the State of California.

4. The Sierra Club’s mission is to explore, enjoy and protect the wild places
of the Earth; to practice and promote the responsible use of the Earth’s
resources and ecosystems; to educate and enlist humanity to protect
and restore the quality of the natural and human environment; and to
use all lawful means to carry out these objectives.

5. The Sierra Club’s Natural Gas Reform campaign is focused on reducing
the amount and impacts of natural gas extraction, including preventing
the export of unconventional natural gas without a full analysis of the

environmental and public interest effects of such export.



6. When an individual becomes a member of the Sierra Club, his or her
current residential address is recorded in our membership database.
The database entry reflecting the member’s residential address is
verified or updated as needed.

7. The Sierra Club currently has 583,913 members in the United States,
and 2,755 members in Louisiana. These members have a strong interest
in protecting human health and the environment from the effects of

natural gas extraction and export.

I declare under penalty of perjury under the laws of the United States of
America that the foregoing is true and correct. Executed in San Francisco,

California on January 30, 2013.

Yola@g}a Andersen
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Thank you Chairman Bingaman, Ranking Member Murkowski, and members of the Committee;
| appreciate the opportunity to be here today to discuss the Department of Energy’s (DOE)

program regulating the export of natural gas, including liquefied natural gas (LNG).

DOE’s Statutory Authority

DOE’s authority to regulate the export of natural gas arises under section 3 of the Natural Gas
Act, 15 USC 717b, and section 301(b) of the DOE Organization Act, 42 USC 7151. That
authority is vested in the Secretary of Energy and has been delegated to the Assistant Secretary

for Fossil Energy.



Section 3(a) of the Natural Gas Act sets forth the standard for review of most LNG export

applications:

— [N]o person shall export any natural gas from the United States to a foreign
country or import any natural gas from a foreign country without first having
secured an order of the [Secretary of Energy] authorizing it to do so. The
[Secretary] shall issue such order upon application, unless after opportunity for
hearing, [he] finds that the proposed exportation or importation will not be
consistent with the public interest. The [Secretary] may by [the Secretary’s] order
grant such application, in whole or part, with such modification and upon such

terms and conditions as the [Secretary] may find necessary or appropriate.

Section 3(a) thus creates a rebuttable presumption that a proposed export of natural gas is in the
public interest, and requires DOE to grant an export application unless DOE finds that the record
in the proceeding of the application overcomes that presumption. Section 3(a) also authorizes
DOE to attach terms or conditions to the order that the Secretary finds are necessary or

appropriate to protect the public interest.

In the Energy Policy Act of 1992 (EPAct 92), Congress introduced a new section 3(c) to the
Natural Gas Act. Section 3(c) created a different standard of review for applications to export
natural gas, including LNG, to those countries with which the United States has in effect a free
trade agreement requiring the national treatment for trade in natural gas. Section 3(c) requires
such applications to be deemed consistent with the public interest, and requires such applications

to be granted without modification or delay.



There are currently 15 countries with which the United States has in place free trade agreements

that require national treatment for trade in natural gas. These 15 countries include:

— Australia, Bahrain, Canada, Chile, Dominican Republic, El Salvador, Guatemala,

Honduras, Jordan, Mexico, Morocco, Nicaragua, Oman, Peru, and Singapore.

There also are two countries—Israel and Costa Rica—that have free trade agreements with the
United States that do not require national treatment for trade in natural gas. Additionally, there
are three more countries—South Korea, Colombia, and Panama—that have negotiated free trade
agreements with the United States. While these three free trade agreements have recently been
ratified by the U.S. Senate, the agreements have not yet taken effect. However, as negotiated,
the agreements require national treatment for trade in natural gas, which will have the effect of
bringing applications to export LNG to those three countries under section 3(c) of the Natural

Gas Act.

Because applications under section 3(c) must be granted without modification or delay and are
deemed to be in the public interest, DOE does not conduct a public interest analysis of those
applications and cannot condition them by the insertion of terms which otherwise might be

considered necessary or appropriate.

For applications requesting authority to export LNG to countries that do not have free trade

agreements requiring national treatment for trade in natural gas, DOE conducts a full public



interest review. A wide range of criteria are considered as part of DOE’s public interest review

process, including:

— Domestic need for the natural gas proposed for export

— Adequacy of domestic natural gas supply

— U.S. energy security

— Impact on the U.S. economy (GDP), consumers, and industry

— Jobs creation

— U.S. balance of trade

— International considerations

— Environmental considerations

— Consistency with DOE’s long-standing policy of promoting competition in the
marketplace through free negotiation of trade arrangements

— Other issues raised by commenters and/or interveners deemed relevant to the

proceeding

DOE’s review of applications to export LNG to non-free trade agreement countries is conducted
through a publicly transparent process. Upon receipt of an application, DOE issues a notice of
the application in the Federal Register, posts the application and all subsequent pleadings and
orders in the proceeding on its website, and invites interested persons to participate in the
proceeding by intervening and/or filing comments or protests. Section 3(a) applicants are
typically given an opportunity to respond to any such comments or protests and, after

consideration of the evidence that has been introduced into the record, DOE issues an order



either granting the application as requested, granting with additional terms or conditions, or

denying the application.

Under the Natural Gas Act, DOE’s orders are subject to a rehearing process that can be initiated
by any party to a proceeding seeking to challenge DOE’s determinations. Court review is

available as well after the rehearing process is exhausted.

Recent Developments in LNG Exports

Over the last several years, domestic natural gas production has increased significantly, primarily
due to the development of improved drilling technologies, including the ability to produce
natural gas trapped in shale gas geologic formations. The most recent data and analysis prepared
by the Energy Information Administration (EI1A) within DOE shows an increasing volume of
shale gas production. Specifically, EIA indicates that domestic gross gas production from shale
increased to 3.4 trillion cubic feet (Tcf) in 2009, compared to 2.3 Tcf in 2008.* Further, in the
Annual Energy Outlook 2011 (AEO 2011), EIA projected that, by 2015, annual dry shale gas
production will increase to 7.2 Tcf and, by 2035, to 12.2 Tcf. Natural gas prices have declined
and imports of LNG have significantly declined. Recently, the domestic price of natural gas at
the Henry Hub for November 2011 delivery was $3.60 per million Btu.? International prices of
LNG are significantly higher. Due in part to these changing market economics, DOE has begun
to receive a growing number of applications to export domestically produced lower-48 natural

gas to overseas markets in the form of LNG.

L EIA, Natural Gas Gross Withdrawals and Production, Release Date: October 29, 2011
http://www.eia.gov/dnav/ng/ng_prod_sum_dcu_NUS_a.htm
% The November 2011 contract price as of October 24, 2011, was $3.60 per million Btu.
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Insofar as these applications have involved exports to free trade agreement countries, they are by
statute, deemed consistent with the public interest and DOE is required to grant them without
modification or delay. To the extent the applications involve non-free trade agreement countries,
as | have indicated above, DOE conducts a thorough public interest analysis and attaches terms

and conditions which are necessary or appropriate to protect the public interest.

Sabine Pass Liquefaction, LLC

DOE received the first application for long-term (greater than 2 years) authority to export LNG
produced in the lower-48 States to non-free trade agreement countries on September 7, 2010,
from Sabine Pass Liquefaction, LLC (Sabine Pass), a subsidiary of Cheniere Energy, Inc. This
followed on DOE’s earlier issuance of authority to Sabine Pass to export a like volume of natural
gas to free trade agreement countries on September 7, 2010. A notice of the non-free trade
agreement export application was published in the Federal Register and the public was provided

60 days to intervene and/or protest the application.

Sabine Pass’ non-free trade agreement export application sought authority to export the
equivalent of up to 2.2 billion cubic feet per day (Bcf/d) of natural gas, equivalent to about 3.3
percent of current domestic consumption. In its application, Sabine Pass pointed to several
economic and public benefits likely to follow on a grant of the requested authorization,

including:

— Creation of several thousand temporary and permanent jobs, both through direct and

indirect job formation; and



— Improvement in U.S. balance of payments valued at approximately $6.7 billion from

LNG exports and the impact of increased production of natural gas liquids.

Additionally, Sabine Pass addressed the question of the domestic need for the gas to be exported;
the volume of domestic supplies; and the likely impact of the proposed exports on natural gas
prices. To this end, it included with its application several economic and technical reports
indicating that any increase in natural gas prices from the proposed exports would be relatively

modest and not detrimental to domestic energy security.

Sabine Pass’s application was opposed by the Industrial Energy Consumers of America and the
American Public Gas Association. Those groups challenged Sabine Pass’ claims of economic
benefits and no detrimental impact on domestic energy security. However, neither opponent of

the application introduced economic or technical studies to support their allegations.

DOE closely analyzed the evidence introduced by the applicant and by those opposing the
application. Mindful of the statutory presumption favoring a grant of the application, the agency

found that:

— The studies introduced by applicant indicated LNG exports will result in a modest
projected increase in domestic market price for natural gas, which reflects the increasing

marginal costs of domestic production; and

— The public record supported the conclusion that the requested authorization will yield
tangible benefits to the public whereas the allegations of negative impacts submitted by

interveners opposing the application were not substantiated on the record. In particular,



the interveners failed to offer any rebuttal studies of natural gas supply, demand and/or
price analysis to support their claim the application was not consistent with the public

interest.

Following a review of the record in this proceeding, DOE concluded that the opponents of the
application had not demonstrated that a grant of the requested authorization would be
inconsistent with the public interest, and DOE granted the requested authorization subject to

several terms and conditions.

Pending LNG Export Applications

As indicated above, applicants are increasingly seeking authorization from DOE to export
domestic supplies of natural gas as LNG to higher priced overseas markets. The Natural Gas Act
favors granting applications to export to non-free trade agreement countries unless it can be
demonstrated that a proposed export is inconsistent with the public interest. In the case of
exports of LNG to free trade agreement countries that require national treatment for trade in

natural gas, DOE is without any authority to deny, condition, or otherwise limit such exports.

Mindful of the growing interest in exporting domestically produced LNG, DOE recognized in
the Sabine Pass order that the cumulative impact of Sabine Pass and additional future LNG
export authorizations could pose a threat to the public interest. DOE stated that it would monitor

the cumulative impact and take such action as necessary in future orders.

DOE presently has before it four long-term applications to export lower-48 domestically

produced LNG to countries with which the United States does not have a free trade agreement



that requires national treatment for trade in natural gas. The volumes of LNG that could be
authorized for export in these non-free trade agreement applications, including the 2.2 Bcf/d
authorized for export in Sabine Pass, would total 6.6 Bcf/d, which represents 10 percent of total
current domestic natural gas daily consumption in the United States. Consistent with the Natural
Gas Act, DOE already has granted authorization from these five facilities to export this same

volume to free trade agreement countries.

In order to address the potential cumulative impact of a grant of the pending applications, DOE
has commissioned two studies: one by the EIA and the other by a private contractor. Taken
together, these studies will address the impacts of additional natural gas exports on domestic
energy consumption, production, and prices, as well as the cumulative impact on the U.S.
economy, including the effect on gross domestic product, jobs creation, and balance of trade,
among other factors. We anticipate that these studies will be completed in the first quarter of
calendar year 2012. In this regard, we are mindful of the need for prompt action in each of the
proceedings before us. However, we believe that a sound evidentiary record is essential in order
to proceed to a decision and that the studies being undertaken are important elements of such a

record.

Conclusion

I am happy to answer any questions that you may have.



Group Name Population Status Lead Office Recovery Plan Name Recovery Plan Stage
Birds Brown pelican (Pelecanus except U.S. Atlantic coast, FL, |Recovery Ventura Fish And Wildlife Office

Birds Piping Plover (Charadrius except Great Lakes watershed |Threatened Office Of The Regional Director [Great Lakes & Northern Great |Final

Birds Piping Plover (Charadrius except Great Lakes watershed |Threatened Office Of The Regional Director [Piping Plover Atlantic Coast Final Revision 1
Birds Sprague's pipit (Anthus Candidate North Dakota Ecological

Fishes Gulf sturgeon (Acipenser Entire Threatened Panama City Ecological Gulf Sturgeon Final

Fishes Pallid sturgeon (Scaphirhynchus [Entire Endangered Yellowstone River Coordinator |Pallid Sturgeon Final

Mammals West Indian Manatee Entire Endangered North Florida Ecological Florida Manatee Recovery Plan, [Final Revision 3
Mammals West Indian Manatee Entire Endangered North Florida Ecological Recovery Plan Puerto Rican Final

Mammals Louisiana black bear (Ursus Entire Threatened Louisiana Ecological Services |Louisiana Black Bear Final

Reptiles Hawksbill sea turtle Entire Endangered North Florida Ecological Recovery Plan for the Hawksbill [Final Revision 1
Reptiles Hawksbill sea turtle Entire Endangered North Florida Ecological Recovery Plan for U.S. Pacific _[Final Revision 1
Reptiles Leatherback sea turtle Entire Endangered North Florida Ecological Recovery Plan for U.S. Pacific _[Final Revision 1
Reptiles Leatherback sea turtle Entire Endangered North Florida Ecological Recovery Plan for Leatherback [Final Revision 1
Reptiles Kemp's ridley sea turtle Entire Endangered Corpus Christi Ecological Bi-National Recovery Plan for  [Final Revision 2
Reptiles Green sea turtle (Chelonia except where endangered Threatened North Florida Ecological Recovery Plan for U.S. Final Revision 1
Reptiles Green sea turtle (Chelonia except where endangered Threatened North Florida Ecological Recovery Plan for U.S. Pacific [Final Revision 1
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Ociober 29, 2012

The Honorable Kimberly D. Bose, Secretary
Federal Energy Regulatory Commission

888 First Street, NE, Room 1A

Washington, DC 20426

Re:  ScopiNG COMMENTS — The Jordan Cove Energy Project LP and the Pacific Connector Gas

Pipeline Notice of Intent to Prepare an Environmental Impact Statement. EPA Region 10 Project
Number: 12-0042-FRC and 12-0049-AFS. FERC Docket Nos. PF12-7-000 and PF12-17-000.

Dear Secretary Bose:

The U.S. Environmental Protection Agency (EPA) would like to provide detailed scoping comments in
response to the Federal Energy Regulatory Commission's (FERC’s) August 13, 2012 Notice of Intent
(NOI) to prepare an Environmental Impact Statement (EIS) for the Jordan Cove Energy Project and
Pacific Connector Gas Pipeline. With these comments we are also responding to the September 21, 2012
NOI to prepare an EIS issued by the Forest Service and BLM for Right of Way grants and land use
amendments related to the Pacific Connector Gas Pipeline. These comments were prepared in
accordance with our authorities pursuant to the National Environmental Policy Act (NEPA), Section 309
of the Clean Air Act, the Clean Water Act, and our responsibilities as a Cooperating Agency. We
appreciate the opportunity for early involvement at this step of the NEPA process.

The Clean Air Act Section 309 directs the EPA to review and comment in writing on the environmental
impacts resulting from certain proposed actions of other federal agencies and the adequacy of the Draft
EIS in meeting the procedural and public disclosure requirements in accordance with NEPA. Please see
the EPA’s review criteria for rating Draft EISs at the EPA web site:
(http://www.epa.gov/compliance/nepa/comments/ratings.html). Our review authorities under Section
309 are independent of our responsibilities as a Cooperating Agency for this EIS.

The FERC’s NOI describes Jordan Cove’s proposal to construct and operate an LNG export terminal on
the North Spit of Coos Bay. The terminal would have the capacity to produce approximately six million
metric tons per annum of LNG (equivalent to 0.9 billion cubic feet per day [Bcf/d] of natural gas).
Facilities would include:

7.3 mile long waterway in Coos Bay for about 80 LNG carriers per year;

0.3 mile long access channel and marine berth;

A cryogenic transfer pipeline;

Two 160,000 cubic meter LNG storage tanks;

Four liquefaction trains (each with a capacity of 1.5 million metric tons per annum);

Two feed gas and dehydration trains with a combined throughput of 1Bcf/d of natural gas; and
A 350 megawatt South Dunes power plant.




The attendant Pacific Connector pipeline would be 36 inches in diameter and about 230 miles long,
extending from interconnections with other interstate pipelines near Malin, Oregon to the Jordan Cove
LNG terminal at Coos Bay. The pipeline would have a design capacity of 0.9 Bcef/d of natural gas.
Related facilities include:

e Two meter stations at the interconnections with the existing Gas Transmission Northwest and
Ruby pipelines near Malin, Oregon;

e A 23,000 horsepower compressor station adjacent to the GTN and Ruby meter stations;

e A meter station at the interconnection with the existing Williams Northwest Pipeline system near
Myrtle Creek, Oregon; and

¢ A meter station at the Jordan Cove terminal.

The enclosed scoping comments were prepared based on our review of the NOIs referenced above and
the draft Resource Reports 1 and 10. Our comments reflect a broad range of issues that we believe to be
significant and warrant treatment in the EIS. Among these issues is the range of alternatives. We
encourage the FERC to consider a broad range of reasonable alternatives in the EIS that are capable of
meeting the project’s purpose and need and we look forward to continued discussions on this matter. For
example, we would be interested in discussing whether an intertie with the Williams pipeline could be
considered as a reasonable alternative and examined in the EIS. We also recommend expanding the
scope of analysis to capture the non-jurisdictional South Dunes power plant as well as indirect effects
related to gas drilling and combustion.

As a Cooperating Agency, we look forward to continued communication with your office throughout the
development of the EIS, and we are available to work with FERC to review and comment on
preliminary sections of the document. If you have any questions regarding our scoping comments,
please do not hesitate to contact me at (206) 553-1601 or by electronic mail at

reichgott.christine @epa.gov, or you may contact Teresa Kubo of my staff in the Oregon Operations
Office at (503) 326-2859 or by electronic mail at kubo.teresa@epa.gov. We look forward to our
continued coordination and involvement in this project.

Sincerely, ,

Christine B. Reichgott, Manager
Environmental Review and Sediment Management Unit

Enclosure




U.S. Environmental Protection Agency
Detailed Scoping Comments to Address the Federal Energy Regulatory Commission’s
Notice of Intent to Prepare an Environmental Impact Statement
for the Jordan Cove Energy Project and Pacific Connector Gas Pipeline
FERC Docket Nos. PF12-7-000 and PF12-17-000

Purpose and Need

The EIS should include a clear and concise statement of the underlying purpose and need for the
proposed project, consistent with the implementing regulations for NEPA (see 40 CFR 1502.13). In
presenting the purpose and need for the project, the EIS should reflect not only the FERC’s purpose, but
also the broader public interest and need.

In supporting the statement of purpose and need, we recommend discussing the proposed project in the
context of the larger energy market, including existing export capacity and export capacity under
application to the Department of Energy, and clearly describe how the need for the proposed action has
been determined.

Alternatives Analysis

NEPA requires evaluation of reasonable alternatives, including those that may not be within the
jurisdiction of the lead agency'. A robust range of alternatives will include options for avoiding
significant environmental impacts. The EIS should “rigorously explore and objectively evaluate all
reasonable alternatives™ by developing a screening process. The screening process should rate each
alternative against a set of pre-determined criteria. Each alternative should then be analyzed for its level
of impact on a resource (e.g. no effect, negligible effect, minor effect, major effect, significant effect).
Only the alternative that effectively meets or best meets all of the screening criteria should be
recommended as the preferred alternative. The EIS should provide a clear discussion of the reasons for
the elimination of alternatives which are not evaluated in detail.

We appreciate that Resource Report 10 for the Pacific Connector Pipeline Project (Section 10.4)
evaluates system alternatives for the pipeline route. In the EIS we would like to see a more rigorous
exploration of those alternatives. The basis for conclusions reached in Section 10.4.4 is not clear.
Specifically, it is not clear how it was determined that an intertie with the Williams pipeline would result
in prohibitive costs, associated rates, and environmental impacts. Because such a route would be
significantly shorter than the currently proposed route, we recommend that the EIS give this route
alternative additional consideration.

Non-Jurisdictional Facilities _

In Section 1.9.2 of Resource Report 1, it is determined that as a non-jurisdictional facility, the South
Dunes Power Plant does not need to be included in the DEIS. This assertion is based on the Report’s
interpretation of FERC’s NEPA regulations at 18 CFR § 380.12(c)(2)(ii). Per those regulations, four
factors are applied to determine the need for FERC to do an environmental review of project-related
non-jurisdictional facilities. These factors include:

' 40 CFR 1502.14(c)
%40 CFR 1502.14(a)




1. Whether or not the regulated activity comprises “merely a link” in a corridor type project (such
as a transportation or ufility transmission project);

2. Whether there are aspects of the non-jurisdictional facility in the immediate vicinity of the
regulated activity which affect the location and configuration of the regulated activity;

3. The extent to which the entire project will be within the FERC’s jurisdiction; and

4. The extent of cumulative federal control and responsibility.

Resource Report 1 considers each of these factors and finds that FERC environmental review is not
warranted. We believe the Resource Report’s interpretation of these criteria to be overly narrow. In
particular, because the South Dunes Power Plant and the Jordan Cove Export Facility are interdependent
and interconnected, we believe the power plant inherently affects the location of the export facility.
Without the power supplied by the power plant, the export facility cannot be built; and without the
export facility, there is no need for the power plant to be built.

In addition, CEQ NEPA regulations at 40 CFR 1508.25(a)(1) address connected actions, and clearly call
for actions to be considered within the scope of an EIS if they “cannot or will not proceed unless other
actions are taken previously or simultaneously” or “ are interdependent parts of a larger action and
depend on the larger action for their justification™. It is clear from Resource Report 1 that the Power
Plant is being constructed for the purpose of supporting the Project. The Power Plant is not being
constructed for a purpose independent from the Project. On the contrary, it is being constructed
specifically to support the power needs of the Project.

Section 40 C.F.R. 1508.25(a)(3) states that two actions should be evaluated in a single EIS when they
are “similar actions, which when viewed with other reasonably foreseeable or proposed agency actions
have similarities that provide a basis for evaluating their environmental consequences together, such as
common timing and geography.” The Power Plant will be built in a timeframe that will coincide with
the Project’s power needs. The Power Plant is specifically sited in proximity to the Project so that it can
operate in conjunction with the Project. Because the South Dunes Power Plan and the Jordan Cove
Export Facility are interdependent and interconnected, the locations of the two were selected to enhance
the effectiveness of their co-operation. Therefore, we recommend that the FERC include the South
Dunes Power Plant within the scope of the EIS.

Environmental Consequences

According to 40 CFR Part 1502.1, an Environmental Impact Statement, “...shall provide full and fair
discussion of significant environmental impacts and shall inform decision makers and the public of the
reasonable alternatives which would avoid or minimize adverse impacts or enhance the quality of the
environment.” In order to facilitate a full and fair discussion on significant environmental issues, we
encourage the FERC to establish thresholds of significance for each resource of concern, and to analyze
environmental consequences in a clear, repeatable manner. For each action, a series of questions should
be considered: 1) What is the action? 2) What is the intensity or extent of impacts? 3) Based on
identified thresholds, is that significant? If an impact of the action is significant, then the EIS must
contain appropriate mitigation measures.

? 40 CFR 1508.25(a)(1)(ii) and (iii)




Water Quality

In order to adequately address water quality issues, the EPA recommends the EIS identify water bodies
likely to be impacted by the project, the nature of the potential impacts, and the specific discharges and
pollutants likely to impact those waters (addressing both Section 402 and 404 discharges and potential
impairments to water quality standards). We also recommend the EIS disclose information regarding |
relevant Total Maximum Daily Load allocations, the water bodies to which they apply, water quality |
standards and pollutants of concern.

Clean Water Act Section 303(d) listed waters should not be further degraded. If additional pollutant
loading is predicted to occur to a 303(d) listed stream as a result of a project, the EIS should include
measures to control existing sources of pollution to offset pollutant additions.

Consider implementing watershed or aquatic habitat restoration activities to compensate for past impacts
to water resources, particularly in watersheds with 303(d) listed waters where development may have
contributed to impairments through past channelization, riverine or floodplain encroachments, sediment
delivery during construction, and other activities that may have affected channel stability, water quality,
aquatic habitat, and designated waterbody uses. Provisions for antidegradation of water quality apply to
water bodies where water quality standards are presently being met. We recommend the EIS describe
how antidegradation provisions would be met.

Hydrostatic Test Water

Hydrostatic testing of pipelines and tanks will be required to verify their integrity. We recommend that
the EIS identify the water sources and withdrawal rates that would be required for hydrostatic testing.
We recommend that the EIS identify and describe the location of these water sources (surface areas,
depth, volumes, withdrawal rates, and project requirements). For each water source, we recommend that
the EIS discuss the presence of any anadromous and/or resident fish species, including a discussion of
any direct and cumulative impacts to fisheries resources. In addition, we recommend that the locations
of discharge to land and/or surface waters, and discharge methods be specified in the EIS. Emphasis
should be placed on minimizing interbasin transfers of water to the maximum extent practicable in order
to minimize the risk of mobilizing invasive species. We recommend that the EIS describe the mitigation
measures and control devices that would be implemented to minimize environmental impacts.

Source Water Protection

Public drinking water supplies and/or their source areas often exist in many watersheds. Source water
areas may exist within watersheds where the pipeline and associated facilities would be located. Source
waters are streams, rivers, lakes, springs, and aquifers used as supply for drinking water. Source water
areas are delineated and mapped by the states for each federally-regulated public water system. The
1996 amendments to the Safe Drinking Water Act require federal agencies to protect sources of drinking
water for communities. As a result, state agencies have been delegated responsibility to conduct source
water assessments and provide a database of information about the watersheds and aquifers that supply
public water systems.

Since construction, operation, and maintenance of a buried natural gas pipeline may impact sources of
drinking water, the EPA recommends that the FERC work with the Oregon Department of
Environmental Quality to identify source water protection areas. Typical databases contain information
about the watersheds and aquifer recharge areas, the most sensitive zones within those areas, and the
numbers and types of potential contaminant sources for each system. We recommend that the EIS
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identify source water protection areas within the project area, activities (e.g., trenching and excavation,
water withdrawal, etc.) that could potentially affect source water areas, potential contaminants that may
result from the proposed project and mitigation measures that would be taken to protect the source water
protection areas.

Wetlands and Aquatic Habitats

In the EIS, we recommend describing aquatic habitats in the affected environment (e.g., habitat type,
plant and animal species, functional values, and integrity) and the environmental consequences of the
proposed alternatives on these resources. Impacts to aquatic resources should be evaluated in terms of
the areal (acreage) or linear extent to be impacted and by the functions they perform.

The proposed activities will require a Clean Water Act Section 404 permit from the Army Corps of
Engineers. For wetlands and other special aquatic sites, the Section 404(b) (1) guidelines establish a
presumption that upland alternatives are available for non-water dependent activities. The 404(b)(1)
guidelines require that impacts to aquatic resources be (1) avoided, (2) minimized, and (3) mitigated, in
that sequence. We recommend the EIS discuss in detail how planning efforts (and alternative selection)
conform with Section 404(b)(1) guidelines sequencing and criteria. In other words, we request the FERC
show that impacts to wetlands and other special aquatic sites have been avoided to the maximum extent
practicable. The EPA also recommends the EIS discuss alternatives that would avoid wetlands and
aquatic resource impacts from fill placement, water impoundment, construction, and other activities
before proceeding to minimization/ mitigation measures.

The EPA recommends the EIS describe all waters of the U.S. that could be affected by the project
alternatives, and include maps that clearly identify all waters within the project area. We also request the
document include data on acreages and channel lengths, habitat types, values, and functions of these
waters. As discussed above, projects affecting waters of the U.S. may need to comply with CWA
Section 404 requirements. If project alternatives involve discharge of dredged or fill material into waters
of the U.S., the EIS should include information regarding alternatives to avoid the discharges or how
potential impacts caused by the discharges would be minimized and mitigated. This mitigation
discussion would include the following elements:

acreage and habitat type of waters of the U.S. that would be created or restored;

water sources to maintain the mitigation area;

re-vegetation plans, including the numbers and age of each species to be planted, as well as special
techniques that may be necessary for planting;

* maintenance and monitoring plans, including performance standards to determine mitigation
success;

size and location of mitigation zones;

mitigation banking and/or in licu fees where appropriate;

parties that would be ultimately responsible for the plan's success; and
contingency plans that would be enacted if the original plan fails.

Where possible, mitigation should be implemented in advance of the impacts to avoid habitat losses due
to the lag time between the occurrence of the impact and successful mitigation,



Water Body Crossing

As noted in Section 1.6.4 of Resource Report 1, the PCGP Project would affect 383 waterbodies. We
appreciate the effort that the FERC and the proponent have made in the past to establish appropriate
water body crossing procedures. We encourage the FERC to build upon these efforts through the use of
risk screening tools that have been developed since the FEIS for the Jordan Cove LNG Export Facility
was finalized. Specifically, we encourage the use of 1) a Project Screening Risk Matrix to evaluate the
potential risks posed by the project to species or habitat, and to prioritize reviews; 2) a Project
Information Checklist to evaluate whether all the necessary information is available to facilitate critical
and thorough project evaluation; and 3) the River Restoration Assessment Tool, which can promote
consistent and comprehensive project planning and review. These tools are available at
www.restorationreview.com.

Maintenance Dredging

Resource Report 1 (Section 1.1.2.2) states that maintenance dredging requirements have been revised
based on new modeling. The new estimate is that approximately 37,700 cubic yards would need to be
dredged for maintenance at year 1. At year 10 that volume would be expected to decrease to 34,600
cubic yards. This is a substantial reduction from estimates of maintenance dredging included in the FEIS
for the Jordan Cove Import Facility. We continue to request the inclusion of an analysis supporting the
assertion that the capacity of the EPA’s Ocean Disposal Site F would be unaffected by the addition of
maintenance dredging material over the next 20 years in the EIS. In order for the EPA to concur with the
issuance of a Section 103 permit, this will need to be clearly demonstrated.

In addition, we encourage the development of a Maintenance Dredging Plan in consultation with the
U.S. Army Corps of Engineers and the EPA. That plan, including disposal, should be consistent with the
site management and monitoring plan and reviewed and approved as part of the Section 103 permit
process.

Air Quality

The EPA recommends the EIS provide a detailed discussion of ambient air conditions (baseline or
existing conditions), National Ambient Air Quality Standards, criteria pollutant nonattainment areas, and
potential air quality impacts of the proposed project (including cumulative and indirect impacts). Such
an evaluation is necessary to assure compliance with State and Federal air quality regulations, and to
disclose the potential impacts from temporary or cumulative degradation of air quality. The EPA
recommends the EIS describe and estimate air emissions from potential construction, operation, and
maintenance activities, including emissions associated with LNG carriers at berth. The analysis should
also include assumptions used regarding the types of fuel burned and/or the ability for carriers to utilize
dockside power (i.e. cold ironing). Emissions at berth are of particular relevance because the deep draft
LNG carriers would be required to remain docked between high tides. We also recommend proposing
mitigation measures in the EIS to address identified emissions impacts.

Fugitive Dust Emissions

Fugitive dust may contain smali airborne particles that have the potential to adversely affect human
health and the environment. The EPA defines fugitive dust as "particulate matter that is generated or
emitted from open air operations (emissions that do not pass through a stack or a vent}". The most

. common forms of particulate matter (PM) are known as PM o and PM; 5 (particulate matter size less than
10 and 2.5 microns, respectively).




Sources of fugitive dust from this project may include unpaved gravel roads and facility pads, and
clearing and construction sites. Effects of fugitive dust to the natural environment may include visibility
reduction and haze, surface water impacts, impacts to wetlands, and reduction in plant growth. Fugitive
dust may pose a human health risk due to chronic exposure in areas with vulnerable populations, such as
infants and the elderly. The EPA recommends the EIS evaluate the magnitude and significance of
fugitive dust emissions resulting from this project and potential impacts on human health.

We also recommend that a Dust Control Plan be developed and included as an appendix to the EIS. This
plan should include provisions for monitoring fugitive dust during construction and operations, and
implementing measures to reduce fugitive dust emissions, such as wetting the source material, installing
barriers to prevent dust from leaving the source area, and halting operations during high wind events.
We recommend that the EIS identify mitigation measures to avoid and minimize potential adverse
impacts to the natural and human environment.

Biological Resources, Habitat and Wildlife

The EPA recommends the EIS identify all petitioned and listed threatened and endangered species under
the Endangered Species Act, as well as critical habitat that might occur within the project area. We also
recommend the EIS identify and quantify which species or critical habitat might be directly, indirectly,
or cumulatively affected by each alternative and mitigate impacts to those species. The EPA
recommends that the FERC continue to work with the U.S. Fish and Wildlife Service and the National
Marine Fisheries Service. The EPA also recommends that the FERC continue to coordinate with the
Oregon Department of Fish and Wildlife to ensure that State sensitive species are adequately addressed
within the analysis and that current and consistent surveying, monitoring, and reporting protocols are
applied in protection and mitigation efforts.

The EPA recommends the EIS also identify species listed under the Marine Mammal Protection Act.
Marine barge/vessel traffic may result in potential conflicts with threatened and/or endangered marine
mammals and their migration patterns and routes. We also recommend that the EIS describe the
barge/vessel traffic schedule, patterns and marine transportation routes, as well as the migration period,
patterns, and routes of potentially affected marine mammals. The direct, indirect and cumulative impacts
from barge/vessel traffic on marine mammals, threatened and endangered species, critical habitats, and
subsistence resources should be analyzed in the EIS.

Land Use Impacts

Land use impacts would include, but not be limited to, disturbance of existing land uses within
construction work areas during construction and creation of permanent right-of-ways for construction,
operations, and maintenance of the pipeline and above ground facilities. The EPA recommends the EIS
document all land cover and uses within the project corridor, impacts by the project to the land cover
and uses, and mitigation measures that would be implemented to reduce the impacts.

The primary impact of construction on forests and other open land use types would be the removal of
trees, shrubs, and other vegetation. Although these can be regenerated or replanted, their re-
establishment can take up to 20 years or more, making the construction impacts to these resources long
term and in some cases permanent. The impact on forest land use, for example, in the permanent right-
of-way areas would be a permanent change to open land. We recommend the EIS describe the impacts
to forest and open land use types, indicate if the impacts would be permanent or temporary, and state




measures that would be taken to compensate landowners for loss of their resources because of the
project.

If the project would cross sensitive areas then the EIS should specify the areas, indicate impacts to the
areas, and document any easement conditions for use of the areas, including mitigation measures.

Invasive Species

The establishment of invasive nuisance species has become an issue of environmental and economic
significance. The EPA recommends consideration of impacts associated with invasive nuisance species
consistent with E.Q. 13112 Invasive Species. In particular, construction activities associated with buried
pipelines which disturb the ground may expose areas and could facilitate propagation of invasive
spectes. Mitigation, monitoring and control measures should be identified and implemented to manage
establishment of invasive species throughout the entire pipeline corridor right-of-way. We recommend
that the EIS include a project design feature that calls for the development of an invasive species
management plan to monitor and control noxious weeds, and to utilize native plants for restoration of
disturbed areas after construction.

If pesticides and herbicides will be applied during construction, operation, and maintenance of the
project, we recommend that the EIS address any potential toxic hazards related to the application of the
chemicals, and describe what actions will be taken to assure that impacts by toxic substances released to
the environment will be minimized.

Ballast water from barges/vessels is a major source of introducing non-native species into the marine
ecosystems where they would not otherwise be present. Non-native species can adversely impact the
economy, the environment, or cause harm to human health. Impacts may include reduction of
biodiversity of species inhabiting coastal waters from competition between non-native and native
species for food and resources. We recommend that the EIS discuss potential impacts from non-native
invasive species associated with ballast water and identify mitigation measures to minimize adverse
impacts to the marine environment and human health.

Hazardous Materials/Hazardous Waste/Solid Waste

The EPA recommends EIS address potential direct, indirect, and cumulative impacts of hazardous waste
from construction and operation of the proposed project. The document should identify projected
hazardous waste types and volumes, and expected storage, disposal, and management plans. It should
identify any hazardous materials sites within the project’s study area and evaluate whether those sites
would impact the project in any way.

Seismic and Other Risks

Construction and operation of the proposed facility and pipeline may cause or be affected by increased
seismicity (earthquake activity) in tectonically active zones. We recommend that the EIS identify
potentially active and inactive fault zones where the proposed pipeline may cross. This analysis should
discuss the potential for seismic risk and how this risk will be evaluated, monitored, and managed. A
map depicting these geologic faults should be included in the EIS. The construction of the proposed
project must use appropriate seismic design and construction standards and practices. Ground movement
on these faults can cause a pipeline to rupture, resulting in discharge of gas and subsequent explosion.
Particular attention should be paid to areas where the pipeline may cross areas with high population




densities. Mitigation measures should be identified in the EIS to minimize effects on the pipeline due to
seismic activities.

Blasting Activities

During project construction, blasting may be required in certain areas along the pipeline route corridor
and adjacent facilities, resulting in increased noise and related effects to local residents, and disruption
and displacement of bird and wildlife species. We recommend that the EIS discuss where blasting in the
project area would be required, blasting methods that would be used, and how blasting effects would be
controlled and mitigated. Noise levels in the project area should be quantified and the effects of blasting
to the public and to wildlife should also be evaluated in the EIS. We recommend that a Blasting
Management Plan be developed and the environmental impacts evaluated in the EIS.

National Historic Preservation Act

Consultation for tribal cultural resources is required under Section 106 of the National Historic
Preservation Act (NHPA). Historic properties under the NHPA are properties that are included in the
National Register of Historic Places or that meet the criteria for the National Register. Section 106 of the
NHPA requires a federal agency, upon determining that activities under its control could affect historic
properties, consult with the appropriate State Historic Preservation Officer /Tribal Historic Preservation
Officer. Under NEPA, any impacts to tribal, cultural, or other treaty resources must be discussed and
mitigated. Section 106 of the NHPA requires that federal agencies consider the effects of their actions
on cultural resources, following regulation in 36 CFR 800.

Environmental Justice and Impacted Communities

In compliance with NEPA and with Executive Order (EOQ) 12898 on Environmental Justice, actions
should be taken to conduct adequate public outreach and participation that ensures the public and Native
American tribes understand the possible impacts to their communities and trust resources.

EO 12898 requires each Federal agency to identify and address disproportionately high and adverse
human health or environmental effects of its programs, policies, and activities on minority populations,
low-income populations, and Native American tribes.” The EPA also considers children, the disabled,
the elderly, and those of limited English proficiency to be potential Environmental Justice communities
due to their unique vulnerabilities.

According to the Council on Environmental Quality, when determining whether environmental effects
are disproportionately high and adverse, agencies should consider the following factors: >

e Whether environmental effects are or may be having an adverse impact on minority populations,
low-income populations, or Indian tribes that appreciably exceeds or is likely to appreciably exceed
those on the general population or other appropriate comparison group

»  Whether the disproportionate impacts occur or would occur in a minority population, low-income
population, or Indian tribe affected by cumulative or multiple adverse exposures from environmental
hazards

* EO 12898: Federal Actions to Address Environmental Justice in Minority Populations and Low-income Populations.
February 11, 1994,
3 hitpe/leeq.hss.doe.
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Socioeconomic Impacts

Council on Environmental Quality Regulations at 40 CFR 1500-1508 state that the "human
environment” is to be "interpreted comprehensively” to include "the natural and physical environment
and the relationship of people with that environment" (40 CFR 1508.14). Consistent with this direction,
agencies need to assess not only "direct” effects, but also "aesthetic, historic, cultural, economic, social,
or health” effects, "whether direct, indirect, or cumulative” (40 CFR 1508.8).

Social impact assessment variables point to measurable change in human population, communities, and
social relationships resulting from a development project or policy change. We suggest that the EIS
analyze the following social variables:

Population Characteristics

Community and Institutional Structures
Political and Social Resources
Individual and Family Changes
Community Resources

* & & & »

Impacts to these social variables should be considered for each stage of the project (development,
construction, operation, decommissioning), With regard to the construction and operation phase of the
project, we recommend the analysis give consideration to how marine traffic might change, and how this
may affect commercial or recreational use on the bay and travel over the bar.

Greenhouse Gas (GHG) Emissions

On February 18, 2010, the CEQ issued draft guidance to Federal Agencies on analyzing the effects of
Greenhouse Gas (GHG) emissions and climate change when describing the environmental effects of a
proposed agency action in accordance with NEPA®,

CEQ’s draft guidance defines GHG emissions in accordance with Section 19(i) of E.Q. 13514 Federal
Leadership in Environment, Energy, and Economic Performance (October 5, 2009) to include carbon
dioxide (CO,), methane (CHy), nitrous oxide (N.O), hydrofluorcarbon (HFCs), perfluorcarbon (PFCs),
and sulfurhexafluoride (SFs). Because CO; is the reference gas for climate change based on their
potential to absorb heat in the atmosphere, measures of non-CO; GHGs should be reflected as CO»-
equivalent (CO»-e) values.

The EPA supports evaluation and disclosure of GHG emissions and climate change effects resulting
from the proposed project during all project phases, including (1) pre-construction (e.g., transportation,
mobilization, and staging), (2) construction, (3) operation, (4) maintenance, and (5) decommissioning.
We recommend that the GHG emission accounting/inventory include each proposed stationary source
(e.g., power plant, liquefaction facility, compressor and metering stations, etc.) and mobile emission
source (e.g., heavy equipment, supply barges, rail transports, etc.). We also recommend that the EIS
establish reasonable spatial and temporal boundaries for this analysis, and that the EIS quantify and
disclose the expected annual direct and indirect GHG emissions for the proposed action. In the analysis
of direct effects, we recommend that the EIS quantify cumulative emissions over the life of the project,
discuss measures to reduce GHG emissions, including consideration of reasonable alternatives

t”See http:/iceq.hss.doe.gov/current_developments/new ceq nepa guidance.html
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We recommend that the EIS consider mitigation measures and reasonable alternatives to reduce action-
related GHG emissions, and include a discussion of cumulative effects of GHG emissions related to the
proposed action, We recommend that this discussion focus on an assessment of annual and cumulative
emissions of the proposed action and the difference in emissions associated with the alternatives.

In addition, greenhouse gas emission sources in the petroleum and natural gas industry are required to
report GHG emissions under 4OCFR Part 98 (subpart W), the Greenhouse Gas Reporting Program.
Consistent with draft CEQ guidance’, we recommend that this information be included in the EIS for
consideration by decision makers and the public. Please see

http.//www .epa.gov/climatechange/emissions/ghgrulemaking.html.

Climate Change

Scientific evidence supports the concern that continued increases in greenhouse gas emissions resulting
from human activities will contribute to climate change. Global warming is caused by emissions of
carbon dioxide and other heat-trapping gases. On December 7, 2009, the EPA determined that emissions
of GHGs contribute to air pollution that “endangers public health and welfare” within the meaning of the
Clean Air Act. Higher temperatures and increased winter rainfall will be accompanied by a reduction in
snow pack, earlier snowmelts, and increased runoff. Some of the impacts, such as reduced groundwater
discharge, and more frequent and severe drought conditions, may impact the proposed projects. The
EPA recommends the EIS consider how climate change could potentially influence the proposed project,
specifically within sensitive areas, and assess how the projected impacts could be exacerbated by
climate change.

Coordination with Tribal Governments

Executive Order 13175, Consultation and Coordination with Indian Tribal Governments (November 6,
2000), was issued in order to establish regular and meaningful consultation and collaboration with tribal
officials in the development of federal policies that have tribal implications, and to strengthen the United
States government-to-government relationships with Indian tribes. The EIS should describe the process
and outcome of government-to-government consultation between the FERC and tribal governments
within the project area, issues that were raised, and how those issues were addressed in the selection of
the proposed alternative.

Indirect Impacts

Per CEQ regulations at CFR 1508.8(b), the indirect effects analysis “may include growth inducing
effects and other effects related to induced changes in the pattern of land use, population density or
growth rate, and related effects on air and water and other natural systems, including ecosystems.”

The 2012 report from the Energy Information Administration’ states that, “natural gas markets in the
United States balance in response fo increased natural gas exports largely through increased natural gas
production.” That report goes on to say that about three-quarters of that increase production would be
from shale resources. We believe it is appropriate to consider available information about the extent to
which drilling activity might be stimulated by the construction of an LNG export facility on the west
coast, and any potential environmental effects associated with that drilling expansion.

’ Energy Information Administration, Effects of Increased Natural Gas Exports on Domestic Energy Markets, 6 (January
2012) available at http://www.eia.gov/analysis/requests/fe/pdfife_Ing.pdf
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Cumulative Impacts

The cumulative impacts analysis should identify how resources, ecosystems, and communities in the
vicinity of the project have already been, or will be affected by past, present, or future activities in the
project area. These resources should be characterized in terms of their response to change and capacity
to withstand stresses. Trends data should be used to establish a baseline for the affected resources, to
evaluate the significance of historical degradation, and to predict the environmental effects of the project
components.

For the cumulative impacts assessment, we recommend focusing on resources of concern or resources
that are “at risk” and /or are significantly impacted by the proposed project, before mitigation. For this
project, the FERC should conduct a thorough assessment of the cumulative impacts to aquatic and
biological resources (including plover habitat), air quality, and commercial and recreational use of the
bay. We believe the EIS should consider the Oregon Gateway Marine Terminal Complex as described
by the Port of Coos Bay (http://www.portofcoosbay.com/orgate.htm} as reasonably foreseeable for the
purposes of cumulative effects analysis. We recognize that uncertainty about future development of the
North Spit remains, but we believe the stated aspirations of the Port and the Oregon Department of State
Lands’ 2011 issuance of a removal-fill permit for the development of an access channel and multi-
purpose vessel slip provide sufficient reason for including the marine terminal complex. in the effects
analysis.

The EPA also recommends the EIS delineate appropriate geographic boundaries, including natural
ecological boundaries, whenever possible, and should evaluate the time period of the project’s effects.
For instance, for a discussion of cumulative wetland impacts, a natural geographic boundary such as a
watershed or sub-watershed could be identified. The time period, or temporal boundary, could be
defined as from 1972 (when the Clean Water Act established section 404) to the present.

Please refer to CEQ’s “Considering Cumulative Effects Under the National Environmental Policy Act™®
and the EPA’s “Consideration of Cumulative Impacts in EPA Review of NEPA Documents™® for
assistance with identifying appropriate boundaries and identifying appropnate past, present, and
reasonably foreseeable future projects to include in the analysis.

Mitigation and Monitoring

On February 18, 2010, CEQ issued draft guidance on the Appropriate Use of Mitigation and Monitoring.
This guidance seeks to enable agencies to create successful mitigation planning and implementation
procedures with robust public involvement and monitoring programs .

We recommend that the EIS include a discussion and analysis of proposed mitigation measures and
compensatory mitigation under CWA §404. The EIS should identify the type of activities which would
require mitigation measures either during construction, operation, and maintenance phases of this
project. To the extent possible, mitigation goals and measureable performance standards should be
identified in the EIS to reduce impacts to a particular level or adopted to achieve an environmentally
preferable outcome.

® hitp://ceq.hss.doe.gov/nepal/ccenepa/ccenepa.htm
® http://www.epa.gov/icompliance/resources/policies/nepa/cumulative.pdf
% hitp://ceq.hss.doe.gov/current_developments/docs/Mitigation_and_Monitoring_Guidance_14Jan2011.pdf
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Mitigation measures could include best management practices and options for avoiding and minimizing
impacts to important aquatic habitats and to compensate for the unavoidable impacts. Compensatory
mitigation options could include mitigation banks, in-lieu fee, preservation, applicant proposed
mitigation, etc. and should be consistent with the Compensatory Mitigation for Losses of Aquatic
Resources, Final Rule (33 CFR Parts 325 and 332 and 40 CFR Part 230). A mitigation plan should be
developed in compliance with 40 CFR Part 230 Subpart J 230.94, and included in the EIS.

An environmental monitoring program should be designed to assess both impacts from the project and
that mitigation measures being implemented are effective. We recommend the EIS identify clear
monitoring goals and objectives, such as what parameters are to be monitored, where and when
monitoring will take place, who will be responsible, how the information will be evaluated, what actions
(contingencies, triggers, adaptive management, corrective actions, etc.) will be taken based on the
information. Furthermore, we recommend the EIS discuss public participation, and how the public can
get information on mitigation effectiveness and monitoring results.
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Dear Secretary Bose:

The U.S. Environmental Protection Agency (EPA), Region III Office, has conducted a
review of the above Notice in conjunction with our responsibilities under the National

Envu'omnental Policy Act (NEPA), the Clean Water Act (CWA) and Section 309 of the Clean

Air Act, As part of the FERC pre-filing process of SOllCltlng public and agency comments for
development of the EA, EPA offers the following scopmg comments.

The NOI describes Dominion’s proposal to add an LNG export terminal to its existing LNG
import terminal on the Chesapeake Bay in Lusby, Maryland. ‘The new terminal would have

capacity to process and export up to 750 million standard cubic feet of natural gas per day (0.75
billion cubic feet/day). Facilities would include:

Natural gas fired turbines to drive the main refrigerant compressors;
One or two LNG drive trains and new processing facilities;
29,000 to 34,000 additional horsepower compression at its existing Loudon County, VA

Compressor Station and/or its existing Pleasant Valley (Fairfax County, VA)
Compressor Station;

Additional on-site power generation
Minor modifications to the existing off-shore pier;
Use of nearby properties and possible relocatlon of admxmstratlve functions

The Project would not include new LNG storage tanks or an increase in the size and/or
frequency of LNG marine traffic currently authorized for the Cove Point LNG Terminal.
The NEPA document should include a clear and robust justification of the underlying purpose
and need for the proposed project. In order for the project to move forward, FERC would need
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to issue a certificate of “public convenience and necessity”. We recommend discussing the
proposal in the context of the broader energy market, including existing and proposed LNG
export capacity, describing the factors involved in determining public convenience and necessity
for this facility.

EPA recommends assessing the cumulative environmental effects resulting from
implementation of the proposed project, when combined with other past, present and reasonably
foreseeable future actions, regardless of whether these actions are energy related or not, or
whether or not FERC has jurisdiction over them. We recommend focusing on resources or
communities of concern, or resources “at risk™ which could be cumulatively impacted by all of
the above actions. Please refer to the Council on Environmental Quality (CEQ) guidance on
“Considering Cumulative Effects Under the National Environmental Policy Act”, and EPA’s
“Consideration of Cumulative Impacts in EPA Review of NEPA Documents” for further
assistance in identifying appropriate spatial and temporal boundaries for this analysis.

We also recommend expanding the scope of analysis to include indirect effects related to
gas drilling and combustion, A 2012 report (http://www.eia. gov/analysis/requests/fe/) from the
Energy Information Administration (EIA) states that, “natural gas markets in the United States
balance in response to increased natural gas exports largely through increased natural gas
production.” That report also indicated that about three-quarters of that increase production
would be from shale resources and that domestic natural gas prices could rise by more than 50%
if permitted to be exported. We believe it is appropriate to consider the extent to which
implementation of the proposed project, combined with implementation of other similar facilities
nationally, could increase the demand for domestic natural gas extraction and increase domestic
natural gas prices. As part of this assessment, please discuss the extent to which implementation
of the proposed project would create a demand for construction of new gas pipelines or
expansion of existing pipelines, in order to accommodate the increased volumes of gas supplied
to the Cove Point and other facilities. '

In the air impact analysis for the Cove Point Project, we recommend considering the
direct, temporary emissions from construction of all facilities, as well as permanent air emission
impacts from facility operations, including all compressor stations and any vessel traffic related
to LNG exports. Additionally, indirect and reasonably foreseeable cumulative impacts from
past, present and future actions, when added to the incremental impacts of the Project proposed
should be evaluated. These other actions should include FERC jurisdictional facilities and
energy generating and transporting-related facilities, as well as actions or facilities which might
have air emissions which could impact the same air receptors as the Project, including
downstream combustion.

Please note whether construction or operation of the Project would involve any
discharges to Waters of the United States, and whether it would affect the Chesapeake Bay Total
Maximum Daily Load (TMDL) or any related Watershed Implementation Plans (WIPs).
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As part of any environmental documentation, please include evaluation of the Project’s
direct and indirect impacts on the nearby Chesapeake Bay fisheries and fishermen (both
recreational and commercial). Will any additional dredging of waterways be required to
accommodate the vessels exporting LNG? What biosecurity controls and protocols will be
instituted to prevent introduction of invasive species due to ballast water releases? Please
include a discussion of how the Project will comply with the Magnuson-Stevens Fishery
Conservation and Management Act, as amended by the Sustainable Fisheries Act of 1966 (PL
04-267)(Essential Fish Habitat).

Please express the volume of natural gas proposed to be exported in terms that the
average reader can more easily understand. For example, in addition to indicating that the
Project would be capable of processing an average of 750 million standard cubic feet of natural
gas per day, also express that figure as an equivalent number of average homes this amount of
gas could heat, or how many tankers, and of what size, this amount of gas would fill. Also,
please calculate how many production wells, on average, would need to be drilled in order to
produce this amount of gas.

The NOI states that the Project would not increase the size and/or frequency of LNG
marine traffic currently authorized for the Cove Point LNG Terminal. Please discuss in the
NEPA document whether this would be accomplished by reducing the volume of LNG imports
to match the volume of proposed exports, or by employing some other approach.

Please indicate the number, location, size and capacity of the network of bidirectional
pipelines from which the proposed Project would or could receive natural gas, and also indicate
whether any of those pipelines would need 1o be expanded or modified in order to provide the
volumes of gas anticipated.

Please indicate whether any aspect of the Project would trigger any requirements for
hazardous waste management under the Resource Conservation and Recovery Act (RCRA) or
other Federal statutes involving management of such waste,

The proposed Dominion Cove Point facility represents one of sixteen (16) applications
currently pending before the U.S. Department of Energy (DOE) for approval to export LNG to
countries which do not have Free Trade Agreements (FTA) with the United States. At this time,
it appears that only one facility has been initially granted full approval (Sabine Pass in Cameron
Parish, Louisiana). Although we are aware of the DOE national study in progress on the
cumulative economic impacts of allowing natural gas exports, EPA believes that the Cove Point
NEPA process represents an opportunity for FERC and DOE to jointly and thoroughly consider
the indirect and cumulative environmental impacts of exporting LNG from Cove Point. The
environmental study of the Cove Point Project should be a comprehensive and robust evaluation
of potential impacts, which may require a higher level analysis particularly in consideration of
the potential for significant cumulative impacts and the level of community interest.
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Thank you for the opportunity to comment on this Notice. EPA welcomes the
opportunity to discuss these topics by phone or in-person, at your convenience. If you have any
questions concerning these comments, please contact Mr. Thomas Slenkamp of this Office at
(215) 814-2750.

7 Associate Difector
ce of Environmental Programs
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This report was prepared by the U.S. Energy Information Administration (EIA), the statistical and
analytical agency within the U.S. Department of Energy. By law, EIA’s data, analyses, and forecasts are
independent of approval by any other officer or employee of the United States Government. The views

in this report therefore should not be construed as representing those of the U.S. Department of Energy
or other Federal agencies.




Contacts

The Office of Energy Analysis prepared this report under the guidance of John Conti, Assistant
Administrator for Energy Analysis. General questions concerning the report can be directed to Michael
Schaal (michael.schaal@eia.gov, 202/586-5590), Director, Office of Petroleum, Natural Gas and Biofuels
Analysis; and Angelina LaRose, Team Lead, Natural Gas Markets Team (angelina.larose@eia.gov,

202/586-6135).

Technical information concerning the content of the report may be obtained from Joe Benneche
(joseph.benneche@eia.qgov, 202/586-6132).
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Preface

The U.S. Energy Information Administration (EIA) is the statistical and analytical agency within the U.S.
Department of Energy. EIA collects, analyzes, and disseminates independent and impartial energy
information to promote sound policymaking, efficient markets, and public understanding of energy and
its interaction with the economy and the environment. By law, EIA’s data, analyses, and forecasts are
independent of approval by any other officer or employee of the U.S. Government. The views in this

report, therefore, should not be construed as representing those of the Department of Energy or other
Federal agencies.

The projections in this report are not statements of what will happen but of what might happen, given
the assumptions and methodologies used. The Reference case in this report is a business-as-usual trend
estimate, reflecting known technology and technological and demographic trends, and current laws and
regulations. Thus, it provides a policy-neutral starting point that can be used to analyze policy initiatives.
EIA does not propose, advocate, or speculate on future legislative and regulatory changes.
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Introduction

This report responds to an August 2011 request from the Department of Energy’s Office of Fossil Energy
(DOE/FE) for an analysis of “the impact of increased domestic natural gas demand, as exports.”
Appendix A provides a copy of the DOE/FE request letter. Specifically, DOE/FE asked the U.S. Energy
Information Administration (EIA) to assess how specified scenarios of increased natural gas exports
could affect domestic energy markets, focusing on consumption, production, and prices.

DOE/FE provided four scenarios of export-related increases in natural gas demand (Figure 1) to be
considered:

e 6 billion cubic feet per day (Bcf/d), phased in at a rate of 1 Bcf/d per year (low/slow scenario),
e 6 Bcf/d phased in at a rate of 3 Bcf/d per year (low/rapid scenario),

e 12 Bcf/d phased in at a rate of 1 Bcf/d per year (high/slow scenario), and

e 12 Bcf/d phased in at a rate of 3 Bcf/d per year (high/rapid scenario).

Total marketed natural gas production in 2011 was about 66 Bcf/d. The two ultimate levels of increased
natural gas demand due to additional exports in the DOE/FE scenarios represent roughly 9 percent or 18
percent of current production.

DOE/FE requested that EIA consider the four scenarios of increased natural gas exports in the context of
four cases from the EIA’s 2011 Annual Energy Outlook (AEO2011) that reflect varying perspectives on
the domestic natural gas supply situation and the growth rate of the U.S. economy. These are:

e the AEO2011 Reference case,

e the High Shale Estimated Ultimate Recovery (EUR) case (reflecting more optimistic assumptions
about domestic natural gas supply prospects, with the EUR per shale gas well for new, undrilled
wells assumed to be 50 percent higher than in the Reference case),

e the Low Shale EUR case (reflecting less optimistic assumptions about domestic natural gas
supply prospects, with the EUR per shale gas well for new, undrilled wells assumed to be 50
percent lower than in the Reference case), and

e the High Economic Growth case (assuming the U.S. gross domestic product will grow at an
average annual rate of 3.2 percent from 2009 to 2035, compared to 2.7 percent in the
Reference case, which increases domestic energy demand).

DOE/FE requested this study as one input to their assessment of the potential impact of current and
possible future applications to export domestically produced natural gas. Under Section 3 of the Natural
Gas Act (NGA) (15 U.S.C. § 717b), DOE must evaluate applications to import and export natural gas and
liquefied natural gas (LNG) to or from the United States. The NGA requires DOE to grant a permit unless
it finds that such action is not consistent with the public interest. As a practical matter, the need for DOE
to make a public interest judgment applies only to trade involving countries that have not entered into a
free trade agreement (FTA) with the United States requiring the national treatment for trade in natural
gas and LNG. The NGA provides that applications involving imports from or exports to an FTA country
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are deemed to be in the public interest and shall be granted without modification or delay. Key
countries with FTAs include Canada and Mexico, which engage in significant natural gas trade with the
United States via pipeline. A FTA with South Korea, currently the world’s second largest importer of LNG,
which does not currently receive domestically produced natural gas from the United States, has been
ratified by both the U.S. and South Korean legislatures, but had not yet entered into force as of the
writing of this report.

Figure 1. Four scenarios of increased natural gas exports specified in the analysis request
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Source: U.S. Energy Information Administration based on DOE Office of Fossil Energy request letter

Analysis approach

EIA used the AEO2011 Reference case issued in April 2011 as the starting point for its analysis and made
several changes to the model to accommodate increased exports. EIA exogenously specified additional
natural gas exports from the United States in the National Energy Modeling System (NEMS), as the
current version of NEMS does not generate an endogenous projection of LNG exports. EIA assigned
these additional exports to the West South Central Census Division.! Any additional natural gas
consumed during the liquefaction process is counted within the total additional export volumes
specified in the DOE/FE scenarios. Therefore the net volumes of LNG produced for export are roughly 10
percent below the gross volumes considered in each export scenario.

Other changes in modeled flows of gas into and out of the lower-48 United States were necessary to
analyze the increased export scenarios. U.S. natural gas exports to Canada and U.S. natural gas imports
from Mexico are exogenously specified in all of the AEO2011 cases. U.S. imports of natural gas from

' This effectively assumes that incremental LNG exports would be shipped out of the Gulf Coast States of Texas or
Louisiana.
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Canada are endogenously set in the model and continue to be so for this study. However, U.S. natural
gas exports to Mexico and U.S. LNG imports that are normally determined endogenously within the
model were set to the levels projected in the associated AEO2011 cases for this study. Additionally, EIA
assumed that an Alaska pipeline, which would transport Alaskan produced natural gas into the lower-48
United States, would not be built during the forecast period in any of the cases in order to isolate the
lower-48 United States supply response. Due to this restriction, both the AE02011 High Economic
Growth and Low Shale EUR cases were rerun, as those cases had the Alaska pipeline entering service
during the projection period in the published AE02011.

Caveats regarding interpretation of the analysis results

EIA recognizes that projections of energy markets over a 25-year period are highly uncertain and subject
to many events that cannot be foreseen, such as supply disruptions, policy changes, and technological
breakthroughs. This is particularly true in projecting the effects of exporting significant natural gas
volumes from the United States due to the following factors:

e NEMS is not a world energy model and does not address the interaction between the potential
for additional U.S. natural gas exports and developments in world natural gas markets.

e Global natural gas markets are not integrated and their nature could change substantially in
response to significant changes in natural gas trading patterns. Future opportunities to
profitably export natural gas from the United States depend on the future of global natural gas
markets, the inclusion of relevant terms in specific contracts to export natural gas, as well as on
the assumptions in the various cases analyzed.

e Macroeconomic results have not been included in the analysis because the links between the
energy and macroeconomic modules in NEMS do not include energy exports.

e NEMS domestic focus makes it unable to account for all interactions between energy prices and
supply/demand in energy-intensive industries that are globally competitive. Most of the
domestic industrial activity impacts in NEMS are due to changes in the composition of final
demands rather than changes in energy prices. Given its domestic focus, NEMS does not
account for the impact of energy price changes on the global utilization pattern for existing
capacity or the siting of new capacity inside or outside of the United States in energy-intensive
industries.

Representation of natural gas markets

Unlike the oil market, current natural gas markets are not integrated globally. In today’s markets,
natural gas prices span a range from $0.75 per million British thermal units (MMBtu) in Saudi Arabia to
S4 per MMBtu in the United States and $16 per MMBtu in Asian markets that rely on LNG imports.
Prices in European markets, which reflect a mix of spot prices and contract prices with some indexation
to oil, fall between U.S and Asian prices. Spot market prices at the U.K. National Balancing Point
averaged $9.21 per MMBtu during November 2011.

Liquefaction projects typically take four or more years to permit and build and are planned to run for at
least 20 years. As a result, expectations of future competitive conditions over the lifetime of a project
play a critical role in investment decisions. The current large disparity in natural gas prices across major
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world regions, a major driver of U.S. producers’ interest in possible liquefaction projects to increase
natural gas exports, is likely to narrow as natural gas markets become more globally integrated. Key
guestions remain regarding how quickly convergence might occur and to what extent it will involve all or
only some global regions. In particular, it is unclear how far converged prices may reflect purely “gas on
gas” competition, a continuing relationship between natural gas and oil prices as in Asia (and to a lesser
extent in Europe), or some intermediate outcome. As an example of the dynamic quality of global gas
markets, recent regulatory changes combined with abundant supplies and muted demands appear to
have put pressure on Europe’s oil-linked contract gas prices.

U.S. market conditions are also quite variable, as monthly average Henry Hub spot prices have ranged
from over $12 to under $3 per MMBtu over the past five years. Furthermore, while projected Henry Hub
prices in the AEO2011 Reference case reach $7.07 per MMBtu in 2035, in the High and Low Shale EUR
cases prices in 2035 range from $5.35 per MMBtu to $9.26 per MMBtu.? For purposes of this study, the
scenarios of additional exports posited by DOE/FE in their request do not vary across the different
baseline cases that are considered. In reality, given available prices in export markets, lower or higher
U.S. natural gas prices would tend to make any given volume of additional exports more or less likely.

The prospects for U.S. LNG exports depend greatly on the cost-competitiveness of liquefaction projects
in the United States relative to those at other locations. The investment to add liquefaction capacity to
an existing regasification terminal in the United States is significant, typically several times the original
cost of a regasification-only terminal. However, the ability to make use of existing infrastructure,
including natural gas processing plants, pipelines, and storage and loading facilities means that U.S.
regasification terminals can reduce costs relative to those that would be incurred by a “greenfield” LNG
facility. Many of the currently proposed LNG supply projects elsewhere in the world are integrated
standalone projects that would produce, liquefy, and export stranded natural gas. These projects would
require much more new infrastructure, entailing not only the construction of the liquefaction plant from
the ground up, but also storage, loading, and production facilities, as well pipelines and natural gas
processing facilities.

While the additional infrastructure for integrated standalone projects adds considerably to their cost,
such projects can be sited at locations where they can make use of inexpensive or stranded natural gas
resources that would have minimal value independent of the project. Also, while these projects may
require processing facilities to remove impurities and liquids from the gas, the value of the separated
liquids can improve the overall project economics. On the other hand, liquefaction projects proposed for
the lower-48 United States plan to use pipeline gas drawn from the largest and most liquid natural gas
market in the world. Natural gas in the U.S. pipeline system has a much greater inherent value than
stranded natural gas, and most of the valuable natural gas liquids have already been removed.

Future exports of U.S. LNG depend on other factors as well. Potential buyers may place additional value
on the greater diversity of supply that North American liquefaction projects provide. Also, the degree of
regulatory and other risks are much lower for projects proposed in countries like the United States,

2 Al prices in this report are in 2009 dollars unless otherwise noted. For the Low Shale EUR case used in this study
the Henry Hub price in 2035 is $9.75 per MMBLtu, slightly higher than in the AEO2011 case with the Alaska pipeline
projected to be built towards the end of the projection period.
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Canada, and Australia than for those proposed in countries like Iran, Venezuela, and Nigeria. However,
due to relatively high shipping costs, LNG from the United States may have an added cost disadvantage
in competing against countries closer to key markets, such as in Asia. Finally, LNG projects in the United
States would frequently compete not just against other LNG projects, but against other natural gas
supply projects aimed at similar markets, such as pipeline projects from traditional natural gas sources
or projects to develop shale gas in Asia or Europe.

Macroeconomic considerations related to energy exports and global competition in energy-intensive
industries

Macroeconomic results have not been included in the analysis because energy exports are not explicitly
represented in the NEMS macroeconomic module. ®> The macroeconomic module takes energy prices,
energy production, and energy consumption as inputs (or assumptions) from NEMS energy modules.
The macroeconomic module then calculates economic drivers that are passed back as inputs to the
NEMS energy modules. Each energy module in NEMS uses different economic inputs; however these
economic concepts are encompassed by U.S. gross domestic product (GDP), a summary measure
describing the value of goods and services produced in the economy.*

The net exports component of GDP in the macroeconomic module, however, does not specifically
account for energy exports. As a result, increases in energy exports generated in the NEMS energy
modules are not reflected as increases in net exports of goods and services in the macroeconomic
module. This results in an underestimation of GDP, all else equal. The components of GDP are
calculated based on this underestimated amount as well, and do not reflect the increases in energy
exports. This is particularly important in the industrial sector, where the value of its output will not
reflect the increased energy exports either.

The value of output in the domestic industrial sector in NEMS depends in general on both domestic and
global demand for its products, and on the price of inputs. Differences in these factors between
countries will also influence where available production capacity is utilized and where new production
capacity is built in globally competitive industries. For energy-intensive industries, the price of energy is
particularly important to utilization decisions for existing plants and siting decisions for new ones. Given
its domestic focus, however, NEMS does not account for the impact of energy price changes on global
utilization pattern of existing capacity or the siting of new capacity inside or outside of the United States
in energy-intensive industries. Capturing these linkages requires an international model of the particular
industry in question, paired with a global macroeconomic model.

* In the macroeconomic model, energy exports are used in two places: estimating exports of industrial supplies and
materials and estimating energy’s impact on the overall production of the economy. To assess their impact on
overall production, energy exports are included in the residual between energy supply (domestic production plus
imports) and energy demand. This residual also includes changes in inventory.

* GDP is defined as the sum of consumption, investment, government expenditure and net exports (equal to
exports minus imports).
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Summary of Results

Increased natural gas exports lead to higher domestic natural gas prices, increased domestic natural gas
production, reduced domestic natural gas consumption, and increased natural gas imports from Canada
via pipeline.

Impacts overview
e Increased natural gas exports lead to increased natural gas prices. Larger export levels lead to
larger domestic price increases, while rapid increases in export levels lead to large initial price
increases that moderate somewhat in a few years. Slower increases in export levels lead to
more gradual price increases but eventually produce higher average prices during the decade
between 2025 and 2035.

e Natural gas markets in the United States balance in response to increased natural gas exports
largely through increased natural gas production. Increased natural gas production satisfies
about 60 to 70 percent of the increase in natural gas exports, with a minor additional
contribution from increased imports from Canada. Across most cases, about three-quarters of
this increased production is from shale sources.

o The remaining portion is supplied by natural gas that would have been consumed
domestically if not for the higher prices. The electric power sector accounts for the majority of
the decrease in delivered natural gas. Due to higher prices, the electric power sector primarily
shifts to coal-fired generation, and secondarily to renewable sources, though there is some
decrease in total generation due to the higher price of natural gas. There is also a small
reduction in natural gas use in all sectors from efficiency improvements and conservation.

e Even while consuming less, on average, consumers will see an increase in their natural gas and
electricity expenditures. On average, from 2015 to 2035, natural gas bills paid by end-use
consumers in the residential, commercial, and industrial sectors combined increase 3 to 9
percent over a comparable baseline case with no exports, depending on the export scenario and
case, while increases in electricity bills paid by end-use customers range from 1 to 3 percent. In
the rapid growth cases, the increase is notably greater in the early years relative to the later
years. The slower export growth cases tend to show natural gas bills increasing more towards
the end of the projection period.

Natural gas prices

Wellhead natural gas prices in the baseline cases (no additional exports)

EIA projects that U.S. natural gas prices are projected to rise over the long run, even before considering
the possibility of additional exports (Figure 2). The projected price increase varies considerably,
depending on the assumptions one makes about future gas supplies and economic growth. Under the
Reference case, domestic wellhead prices rise by about 57 percent between 2010 and 2035. But
different assumptions produce different results. Under the more optimistic resource assumptions of the
High Shale EUR case, prices actually fall at first and rise by only 36 percent by 2035. In contrast, under
the more pessimistic resource assumptions of the Low Shale EUR case, prices nearly double by 2035.

U.S. Energy Information Administration | Effects of Increased Natural Gas Exports on Domestic Energy Markets 6



While natural gas prices rise across all four baseline cases (no additional exports) considered in this
report, it should be noted that natural gas prices in all of the cases are far lower than the price of crude
oil when considered on an energy-equivalent basis. Projected natural gas prices in 2020 range from
$3.46 to $6.37 per thousand cubic feet (Mcf) across the four baseline cases, which roughly corresponds
to an oil price range of $20 to $36 per barrel in energy-equivalent terms. In 2030, projected baseline
natural gas prices range from $4.47 to $8.23 per Mcf in the four baseline cases, which roughly
corresponds to an oil price range of $25 to $47 per barrel in energy-equivalent terms.

Figure 2. Natural gas wellhead prices in the baseline cases (no additional exports)
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Source: U.S. Energy Information Administration, National Energy Modeling System

Export scenarios—relationship between wellhead and delivered natural gas prices

Increases in natural gas prices at the wellhead translate to similar absolute increases in delivered prices
to customers under all export scenarios and baseline cases. However, delivered prices include
transportation charges (for most customers) and distribution charges (especially for residential and
commercial customers). These charges change to much less of a degree than the wellhead price does
under different export scenarios. As a result, the percentage change in prices that industrial and electric
customers pay tends to be somewhat lower than the change in the wellhead price. The percentage
change in prices that residential and commercial customers pay is significantly lower. Summary statistics
on delivered prices are provided in Appendix B. More detailed results on delivered prices and other
report results can be found in the standard NEMS output tables that are posted online.
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Export scenarios — wellhead price changes under the Reference case.
Increased exports of natural gas lead to increased wellhead prices in all cases and scenarios. The basic
pattern is evident in considering how prices would change under the Reference case (Figure 3):

The pattern of price increases reflects both the ultimate level of exports and the rate at which
increased exports are phased in. In the low/slow scenario (which phases in 6 Bcf/d of exports

over six years), wellhead price impacts peak at about 14% ($0.70/Mcf) in 2022. However, the

wellhead price differential falls below 10 percent by about 2026.

In contrast, rapid increases in export levels lead to large initial price increases that would
moderate somewhat in a few years. In the high/rapid scenario (which phases in 12 Bcf/d of
exports over four years), wellhead prices are about 36 percent higher ($1.58/Mcf) in 2018 than
in the no-additional-exports scenario. But the differential falls below 20 percent by about 2026.
The sharp projected price increases during the phase-in period reflect what would be needed to
balance the market through changes in production, consumption, and import levels in a
compressed timeframe.

Slower increases in export levels lead to more gradual price increases but eventually produce
higher average prices, especially during the decade between 2025 and 2035. The differential
between wellhead prices in the high/slow scenario and the no-additional-exports scenario peaks
in 2026 at about 28 percent ($1.53/Mcf), and prices remain higher than in the high/rapid
scenario. The lower prices in the early years of the scenarios with slow export growth leads to
more domestic investment in additional natural gas burning equipment, which increases
demand somewhat in later years, relative to rapid export growth scenarios.

Figure 3. Natural gas wellhead price difference from AEO2011 Reference case with different additional
export levels imposed
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Source: U.S. Energy Information Administration, National Energy Modeling System
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Export scenarios—wellhead price changes under alternative baseline cases

The effect of increasing exports on natural gas prices varies somewhat under alternative baseline case
assumptions about resource availability and economic growth. However, the basic patterns remain the
same: higher export levels would lead to higher prices, rapid increases in exports would lead to sharp
price increases, and slower export increases would lead to slower but more lasting price increases. But
the relative size of the price increases changes with changing assumptions (Figure 4).

Figure 4. Natural gas wellhead price difference from indicated baseline case (no additional exports)
with different additional export levels imposed
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In particular, with more pessimistic assumptions about the Nation’s natural gas resource base (the Low
Shale EUR case), wellhead prices in all export scenarios initially increase more in percentage terms over
the baseline case (no additional exports) than occurs under Reference case conditions. For example, in
the Low Shale EUR case the rapid introduction of 12 Bcf/d of exports results in a 54 percent ($3.23/Mcf)
increase in the wellhead price in 2018; whereas under Reference case conditions with the same export
scenario the price increases in 2018 by only 36 percent ($1.58/Mcf).> But the percentage price increase
falls in later years under the Low Shale EUR case, even below the price response under Reference case
conditions. Under Low Shale EUR conditions, the addition of exports ultimately results in wellhead prices
exceeding the $9 per Mcf threshold, with this occurring as early as 2018 in the high/rapid scenario.

The percentage rise in prices for the low EUR case also represents a larger absolute price increase because it is
calculated on the higher baseline price under the same pessimistic resource assumptions.
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More robust economic growth shows a similar pattern — higher initial percentage price increases and
lower percentage increases in later years. On the other hand, with more optimistic resource
assumptions (the High Shale EUR case), the percentage price rise would be slightly smaller than under
Reference case conditions, and result in wellhead prices never exceeding the $6 per Mcf threshold.

Natural gas supply and consumption

In the AEO2011 Reference case, total domestic natural gas production grows from 22.4 trillion cubic feet
(Tcf) in 2015 to 26.3 Tcf in 2035, averaging 24.2 Tcf for the 2015-2035 period. U.S. net imports of
natural gas decline from 11 percent of total supply in 2015 to 1 percent in 2035, with lower net imports
from Canada and higher net exports to Mexico. The industrial sector consumes an average of 8.1 Tcf of
natural gas (34.2% of delivered volumes) between 2015 and 2035, with 7.1 Tcf, 4.8 Tcf, and 3.6 Tcf
consumed in the electric power, residential, and commercial sectors respectively.

Under the scenarios specified for this analysis, increased natural gas exports lead to higher domestic
natural gas prices, which lead to reduced domestic consumption, and increased domestic production
and pipeline imports from Canada (Figure 5). Lower domestic consumption dampens the degree to
which supplies must increase to satisfy the additional natural gas exports. Accordingly, in order to
accommodate the increased exports in each of the four export scenarios, the mix of production,
consumption, and imports changes relative to the associated baseline case. In all of the export scenarios
across all four baseline cases, a majority of the additional natural gas needed for export is provided by
increased domestic production, with a minor contribution from increased pipeline imports from Canada.
The remaining portion of the increased export volumes is offset by decreases in consumption resulting
from the higher prices associated with the increased exports.

The absolute value of the sum of changes in consumption (delivered volumes), production, and imports
(represented by the total bar in Figure 5) approximately® equals the average change in exports. Under
Reference case conditions, about 63 percent, on average, of the increase in exports in each of the four
scenarios is accounted for by increased production, with most of the remainder from decreased
consumption from 2015 to 2035. The percentage of exports accounted for by increased production is
slightly lower in the earlier years and slightly higher in the later years. While this same basic relationship
between added exports and increased production is similar under the other cases, the percentage of
added exports accounted for by increased production is somewhat less under a Low Shale EUR
environment and more under a High Economic Growth environment.

The figure displays the changes in delivered volumes of natural gas to residential, commercial, industrial, vehicle
transportation, and electric generation customers. There are also some minor differences in natural gas used for
lease, plant, and pipeline fuel use which are not included.
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Figure 5. Average change in annual natural gas delivered, produced, and imported from AE02011
Reference case with different additional export levels imposed
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One seeming anomaly that can be seen in Figure 5 is in the 2025 to 2035 timeframe: the decrease in
consumption is somewhat lower in the rapid export penetration relative to the slow export penetration
scenarios. This is largely attributed to slightly lower prices in the later years of the rapid export
penetration scenarios relative to the slow penetration scenarios.

Supply

Increases in natural gas production that contribute to additional natural gas exports from the relative
baseline scenario come predominately from shale sources. On average, across all cases and export
scenarios, the shares of the increase in total domestic production coming from shale gas, tight gas,
coalbed, and other sources are 72 percent, 13 percent, 8 percent, and 7 percent, respectively. Most of
the export scenarios are also accompanied by a slight increase in pipeline imports from Canada. Under
the Low Shale EUR case (which just applies to domestic shale), imports from Canada contribute to a
greater degree than in other cases.

Consumption by sector

In general, greater export levels lead to higher domestic prices and larger decreases in consumption,
although the price and consumption differences across the scenarios narrow in the later part of the
projection period.

Electric power generation

In the AEO2011 Reference case, electric power generation averages 4,692 billion kilowatthours (bkWh)
over the 2015-2035 period. Natural gas generation averages 23 percent of total power generation,
increasing from 1,000 bkWh in 2015 to 1,288 bkWh in 2035. Coal, nuclear, and renewables provide an
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average of 43 percent, 19 percent, and 14 percent of generation, respectively, with a minimal
contribution from liquids.

In scenarios with increased natural gas exports, most of the decrease in natural gas consumption occurs
in the electric power sector (Figure 5). Most of the tradeoff in electric generators’ natural gas use is
between natural gas and coal, especially in the early years (Figure 6), when there is excess coal-fired
capacity to allow for additional generation. Over the projection period, excess coal capacity
progressively declines, along with the degree by which coal-fired generation can be increased in
response to higher natural gas prices.” Increased coal-fired generation accounts for about 65 percent of
the decrease in natural gas-fired generation under Reference case conditions.

The increased use of coal for power generation results in an average increase in coal production from
2015 to 2035 over Reference case levels of between 2 and 4 percent across export scenarios.
Accordingly, coal prices also increase slightly which, along with higher gas prices, drive up electricity
prices. The resulting increase in electricity prices reduces total electricity demand, also offsetting some
of the drop in natural gas-fired generation. The decline in total electricity demand tends to be less in the
earlier years.

In addition, small increases in renewable generation contribute to reduced natural gas-fired generation.
Relatively speaking, the role of renewables is greater in a higher-gas-price environment (i.e., the Low
Shale EUR case), when they can more successfully compete with coal, and in a higher-generation
environment (i.e., the High Economic Growth case), particularly in the later years.

Industrial sector

Reductions in industrial natural gas consumption in scenarios with increased natural gas exports tend to
grow over time. In general, higher gas prices earlier in the projection period in these scenarios provide
some disincentive for natural gas-fired equipment purchases (such as natural gas-fired combined heat
and power (CHP) capacity) by industrial consumers, which has a lasting impact on their projected use of
natural gas.

" The degree to which coal might be used in lieu of natural gas depends on what regulations are in-place that might
restrict coal use. These scenarios reflect current laws and regulations in place at the time the AE02011 was
produced.
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Figure 6. Average change in annual electric generation from AEO2011 Reference case with different
additional export levels imposed
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Source: U.S. Energy Information Administration, National Energy Modeling System

Note: Nucleargeneration levels do not change in the Reference case scenarios.
As noted in the discussion of caveats in the first section of this report, the NEMS model does not
explicitly address the linkage between energy prices and the supply/demand of industrial commodities
in global industries. To the extent that the location of production is very sensitive to changes in natural
gas prices, industrial natural gas demand would be more responsive than shown in this analysis.

Other sectors

Natural gas consumption in the other sectors (residential, commercial, and compressed natural gas
vehicles) also decreases in response to the higher gas prices associated with increased exports, although
less significantly than in the electric and industrial sectors. Even so, under Reference case conditions
residential and commercial consumption decreases from 1 to 2 percent and from 2 to 3 percent,
respectively, across the export scenarios, on average from 2015 to 2035. Their use of electricity also
declines marginally in response to higher electricity prices. In response to higher natural gas and
electricity prices, residential and commercial customers directly cut back their energy usage and/or
purchase more efficient equipment.

Exports to Canada and Mexico

If exports to Canada and Mexico were allowed to vary under these additional export scenarios, they
would likely respond similarly to domestic consumption and decrease in response to higher natural gas
prices.
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End-use energy expenditures

The AEO2011 Reference case projects annual average end-use energy expenditures of $1,490 billion
over the 2015-2035 period. Of that, $975 billion per year is spent on liquids, $368 billion on electricity
bills, $140 billion on natural gas bills, and $7 billion on coal expenditures.

From an end-user perspective in the scenarios with additional gas exports, consumers will consume less
and pay more on both their natural gas and electricity bill, and generally a little less for liquid fuels
(Figure 7). Under Reference case conditions, increased end-use expenditures on natural gas as a result
of additional exports average about 56 percent of the total additional expenditures for natural gas and
electricity combined. For example, under Reference case conditions in the low/slow scenario, end-use
consumers together are expected to increase their total energy expenditures by $9 billion per year, or
0.6 percent on average from 2015 to 2035. Under the high/rapid scenarios, consumed total energy
expenditures increase by $20 billion per year, or 1.4 percent on average, between 2015 and 2035.

Figure 7. Average change in annual end-use energy expenditures from AEO2011 Reference case as a
result of additional natural gas exports

Export scenarios
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Natural gas expenditures

As discussed earlier, given the lower consumption levels in response to the higher prices from increased
exports, the percentage change in the dollars expended by customers for natural gas is less than the
percentage change in the delivered prices. In general, the relative pattern of total end-use expenditures
across time, export scenarios, and cases, is similar to the relative pattern shown in the wellhead prices in
Figures 3 and 4. The higher export volume scenarios result in greater increases in expenditures, while
those with rapid export penetration show increases peaking earlier and at higher levels than their slow
export penetration counterpart, which show bills increasing more towards the end of the projection
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period. Under Reference case conditions, the greatest single year increase in total end-use consumer
bills is 16 percent, while the lowest single year increase is less than 1 percent. In all but three export
scenarios and cases, the higher average increase over the comparable baseline scenario in natural gas
bills paid by end-use consumers occurred during the early years. The greatest percentage increase in
end-use expenditures over the comparable baseline level in a single year (26 percent) occurs in the
high/rapid scenario under the Low Shale EUR case.

On average between 2015 and 2035, total U.S. end-use natural gas expenditures as a result of added
exports, under Reference case conditions, increase between $6 billion to $13 billion (between 3 to 9
percent), depending on the export scenario. The Low Shale EUR case shows the greatest average annual
increase in end-use natural gas expenditures over the same time period, with increases over the
baseline (no additional exports) scenario ranging from $7 billion to $15 billion.

At the sector level, since the natural gas commodity charge represents significantly different portions of
each natural gas consuming sector’s bill, the degree to which each sector is projected to see their total
bill change with added exports varies significantly (Table 1). Natural gas expenditures increase at the
highest percentages in the industrial sector, where low transmission and distribution charges constitute
a relatively small part of the delivered natural gas price.

Table 1. Change in natural gas expenditures by end use consumers from AEO2011 Reference case with
different additional export levels imposed

Maximum Minimum

Average Average Average Annual Annual

Sector Scenario 2015-2025 2025-2035 2015-2035 Change Change
Residential low/slow 3.2% 3.3% 3.2% 4.7% 0.5%
Residential low/rapid 4.2% 2.9% 3.6% 5.4% 2.2%
Residential high/slow 4.4% 7.1% 5.6% 8.9% 0.9%
Residential high/rapid 8.3% 5.7% 7.0% 10.9% 2.5%
Commercial low/slow 3.2% 3.2% 3.2% 4.8% 0.6%
Commercial low/rapid 4.3% 2.7% 3.5% 5.8% 2.0%
Commercial  high/slow 4.6% 6.9% 5.6% 8.9% 0.9%
Commercial  high/rapid 8.3% 5.4% 6.9% 11.4% 2.7%
Industrial low/slow 7.2% 5.8% 6.4% 11.1% 1.2%
Industrial low/rapid 9.4% 4.6% 7.1% 14.0% 3.5%
Industrial high/slow 10.2% 14.7% 12.2% 19.3% 2.0%
Industrial high/rapid 18.7% 10.4% 14.6% 26.9% 5.2%

Source: U.S. Energy Information Administration, National Energy Modeling System

The results in Table 1 do not reflect changes in natural gas expenditures in the electric power sector. The
projected overall decrease in natural gas use by generators is significant enough to result in a decrease
in natural gas expenditures for that sector, largely during 2015-2025. However, electric generators will
see an increase in their overall costs of power generation that will be reflected in higher electricity bills
for consumers.

U.S. Energy Information Administration | Effects of Increased Natural Gas Exports on Domestic Energy Markets 15



Electricity expenditures

On average across the projection period, electricity prices under Reference case conditions increase by
between 0.14 and 0.29 cents per kilowatthour (kWh) (between 2 and 3 percent) when gas exports are
added. The greatest increase in the electricity price occurs in 2019 under the Low Shale EUR case for the
high export/rapid growth export scenario, with an increase of 0.85 cents per kWh (9 percent).

Similar to natural gas, higher electricity prices due to the increased exports reduce end-use consumption
making the percentage change in end-use electricity expenditures less than the percentage change in
delivered electricity prices; additionally, the percentage increase in end-use electricity expenditures will
be lower for the residential and commercial sectors and higher for the industrial sector. Under
Reference case conditions, the greatest single year increase in total end-use consumer electricity bills is
4 percent, while the lowest single year increase is negligible. The greatest percentage increase in end-
use electricity expenditures over the comparable baseline level in a single year (7 percent) occurs in the
high/rapid scenario under the Low Shale EUR case.

On average between 2015 and 2035, total U.S. end-use electricity expenditures as a result of added
exports, under Reference case conditions, increase between $5 billion to $10 billion (between 1 to 3
percent), depending on the export scenario. The High Macroeconomic Growth case shows the greatest
average annual increase in natural gas expenditures over the same time period, with increases over the
baseline (no additional exports) scenario ranging from $6 billion to $12 billion.

Natural gas producer revenues

Total additional natural gas revenues to producers from exports increase on an average annual basis
from 2015 to 2035 between $14 billion and $32 billion over the AEO2011 Reference case, depending on
the export scenario (Figure 8). These revenues largely come from the added exports defining the
scenarios, as well as other exports to Canada and Mexico in the model that see higher prices under the
additional export scenarios, even though the volumes are assumed not to vary. Revenues associated
with the added exports reflect dollars spent to purchase and move the natural gas to the export facility,
but do not include any revenues associated with the liquefaction and shipping process. The Low Shale
EUR case shows the greatest average annual increase in revenues over the 2015 to 2035 time period,
with revenues ranging from over $19 billion to $43 billion, due to the relatively high natural gas
wellhead prices in that case. These figures represent increased revenues, not profits. A large portion of
the additional export revenues will cover the increased costs associated with supplying the increased
level of production required when natural gas exports are increased, such as for equipment (e.g., drilling
rigs) and labor. In contrast, the additional revenues resulting from the higher price of natural gas that
would have been produced and sold to largely domestic customers even in the absence of the additional
exports posited in the analysis scenarios would preponderantly reflect increased profits for producers
and resource owners.
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Figure 8. Average annual increase in domestic natural gas export revenues from indicated baseline
case (no additional exports) with different additional export levels imposed, 2015-2035
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Source: U.S. Energy Information Administration, National Energy Modeling System

Impacts beyond the natural gas industry

While the natural gas industry would be directly impacted by increased exports, there are indirect
impacts on other energy sectors. The electric generation industry shows the largest impact, followed by
the coal industry.

As discussed earlier, higher natural gas prices lead electric generators to burn more coal and less natural
gas. Coal producers benefit from the increased coal demand. On average, from 2015 to 2035, coal
minemouth prices, production, and revenues increase by at most 1.1, 5.5, and 6.2 percent, respectively,
across the increased export scenarios applied to all cases.

Domestic petroleum production in the form of lease condensate and natural gas plant liquids also rises
due to increased natural gas drilling. For example, under Reference case conditions, in the scenario with
the greatest overall response (high/rapid exports), total domestic energy production is 4.13 quadrillion
British thermal units (Btu) per year (4.7 percent), which is greater on average from 2015 to 2035 than in
the baseline scenario, while total domestic energy consumption is only 0.12 quadrillion Btu (0.1 percent)
lower.

Effects on non-energy sectors, other than impacts on their energy expenditures, are generally beyond
the scope of this report for reasons described previously.

Total energy use and energy-related carbon dioxide emissions

Annual primary energy consumption in the AEO2011 Reference case, measured in Btu, averages 108
quadrillion Btu between 2015 and 2035, with a growth rate of 0.6 percent. Cumulative carbon dioxide
(CO,) emissions total 125,000 million metric tons for that twenty-year period.
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The changes in overall energy consumption across scenarios and cases are largely reflective of what
occurs in the electric power sector. While additional exports result in decreased natural gas
consumption, changes in overall energy consumption are relatively minor as much of the decrease in
natural gas consumption is replaced with increased coal consumption (Figure 9). In fact, in some of the
earlier years total energy consumption increases with added exports since directly replacing natural gas
with coal in electricity generation requires more Btu, as the heat rates (Btu per kWh) for coal generators
exceed those for natural gas generators.

On average from 2015 to 2035 under Reference case conditions, decreased natural gas consumption as
a result of added exports are countered proportionately by increased coal consumption (72 percent),
increased liquid fuel consumption (8 percent), other increased consumption, such as from renewable
generation sources (9 percent), and decreases in total consumption (11 percent). In the earlier years,
the amount of natural gas to coal switching is greater, and coal plays a more dominant role in replacing
the decreased levels of natural gas consumption, which also tend to be greater in the earlier years.
Switching from natural gas to coal is less significant in later years, partially as a result of a greater
proportion of switching into renewable generation. As a result decreased natural gas consumption from
added exports more directly results in decreased total energy consumption via the end-use consumer
cutting back energy use in response to higher prices. This basic pattern similarly occurs under the Low
Shale EUR and High Economic Growth cases — less switching from natural gas into coal and more into
renewable than under Reference case conditions, as well as greater decreases in total energy
consumption as a result of added exports.

Figure 9. Average annual change from indicated baseline case (no additional exports) in total primary
energy consumed with different additional export levels imposed, 2015-2035
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Note: Other includes renewable and nuclear generation.

While lower domestic natural gas deliveries resulting from added exports reduce natural gas related CO,
emissions, the increased use of coal in the electric sector generally results in a net increase in overall
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CO, emissions. The exceptions occur in environments when renewables are better able to compete
against natural gas and coal. However, when also accounting for emissions related to natural gas used in
the liquefaction process, additional exports increase CO, levels under all cases and export scenarios,
particularly in the earlier years of the projection period. Table 2 displays the cumulative CO, emissions
levels from 2015 to 2035 in all cases and scenarios, with the change relative to the associated baseline
case.

Table 2. Cumulative CO, emissions from 2015 to 2035 associated with additional natural gas export
levels imposed (million metric tons CO, and percentage)

no added
Case exports low/slow low/rapid high/slow high/rapid
Reference
Cumulative carbon dioxide emissions 125,056 125,699 125,707 126,038 126,283
Change from baseline 643 651 982 1,227
Percentage change from baseline 0.5% 0.5% 0.8% 1.0%

High Shale EUR

Cumulative carbon dioxide emissions 124,230 124,888 124,883 125,531 125,817

Change from baseline 658 653 1,301 1,587
Percentage change from baseline 0.5% 0.5% 1.0% 1.3%

Low Shale EUR

Cumulative carbon dioxide emissions 125,162 125,606 125,556 125,497 125,670

Change from baseline 444 394 335 508
Percentage change from baseline 0.4% 0.3% 0.3% 0.4%

High Economic Growth

Cumulative carbon dioxide emissions 131,675 131,862 132,016 131,957 132,095

Change from baseline 187 341 282 420
Percentage change from baseline 0.1% 0.3% 0.2% 0.3%

Source: U.S. Energy Information Administration, National Energy Modeling System, with emissions related to
natural gas assumed to be consumed in the liquefaction process included.
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Appendix A. Request Letter

Department of Energy
Washington, DC 20585

August 15, 2011
MEMORANDURM
TO: HOWARD K. GRUENSPECHT
ACTING ADMINISTRATOR
EMERGY INFORMATION ADMINISTRATIO
FROM: CHARLES D, MCCONNMNELL
CHIEF OPERATING OFFICER
OFFICE OF FOSSIL EMERGY
SUBJECT: ACTION: Request for ElA to Perform a Domestic Natural Gas

Export Case Study

ISSUE: The Department of Energy’s (DOE) Office of Fossil Energy {FE) must determine
whether exports of liquefied natural gas {LNG) to non-free trade agreement countries
are not inconsistent with the public interest. An independent case study analysis of the
impact of increased domestic natural gas demand, as exports, under different
incremental demand scenarios, performed by the Energy Information Administration
{E1&) will be useful to assist DOE/FE in making future public interest determinations,

BACKGROUND: DOE/FE has been delegated the statutory responsibility under section 3
of the Natural Gas Act (NGA) {15 T1.5.C. § 717b] to evaluate and approve or deny
applications to import and export natural gas and liquefied natural gas to or from the
United States, Applications to DOE/FE to export natural gas and LNG to non-free trade
agreement countries are reviewed under section 3{a) of the NGA, under which FE must
determine if the proposed export arrangements meet the public interest requirements

of section 3 of the NGA.

To-date, DOE/FE has received applications for authority to export domestically
produced LNG by vessel from three proposed liguefaction facilities, one application to
export LNG by IS0 containers on cargo carriers, and additional applications could be
submitted by others in the future. Applications submitted to DOE/FE total 5.6 billion
cubic feet per day (Bef/day) of natural gas to be exported from the United States, equal
to over & percent of U.5. natural gas consumption in 2015 compared to the EIA
reference case projection of 68.8 Bef/day in 205"

Studies and analyses submitted with, and in support of, LMG export applications to
DOESFE evaluated the impact ENG exports could have on domestic natural gas supply,

LElA Annual Energy Dutioak 2011 (AED2011)
@ Printed with oy ink on recycled paper
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demand and market prices. It would be helpful in DOE/FE reviews of these applications,
and ather potential applications, to understand the implications of additional natural
gas demand {as exports) on domestic energy consumption, production, and prices under
different scenarios.

Understanding that the domestic natural gas market is sensitive to a number of factors,
including those highlighted on page 37 of the AEQ2011, we request that EIA include
sensitivity cases to explore some of these uncertainties, using the modeling analysis
presented in the AEQ2011 as a starting point. The results of this study will be beneficial
to DOE/FE by providing an independent assessment of how increased natural gas
exports could affect domestic markets, and could be used in making future public
interest determinations. The specific request of the study is provided in the
attachment. We would like to receive the study, along with an analysis and
commentary of the results by October 2011, and recognize that the study may be made
available on EIA's website,

We are available to further discuss the study with your staff as they begin the study to
clarify any issues associated with this request as needed.

RECOMMENDATION: That you approve this request,

APPROVE: DISAPPROVE: DATE:

ATTACHMENTS:
Impact of Higher Demand for U.S. Natural Gas on Domestic Energy Markets

Background: (15 U.5.C. § 717h)
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Impact of Higher Demand for U.5. Natural Gas on Domestic Energy Markets

The Office of Fossil Energy (FE) requests the Energy Information Administration {EIA) to
evaluate the impact of increased natural gas demand, reflecting possible exports of U.5. natural
gas, on domestic enargy markets using the modeling analysis presented in the Annual Energy
Cutlook 2011 (AEO2011) as a starting point. In discussions with ElA we learned that EIA's
Mational Energy Modeling System is not designed to capture the impact of increased export-
driven demand for natural gas on economy-wide economic indicators such as gross domestic
product and employment, and that it does not include a representation of global natural gas
markets. Therefare, EIA should focus its analysis on the implications of additional natural gas
demand on domestic energy consumption, production, and prices.

The study should address scenarios reflecting export-related increases in natural gas demand of
between 6 billion cubic feet per day (Bcf/d) and 12 Bef/d that are phased in at rates of between
1 Beffd per year and 3 Bef/d per year starting in 2015, Understanding that the domestic natural
gas market Is sensitive to a number of factors, Including those highlighted on page 37 of the
AFEQ2011, we request that EI1A include sensitivity cases to explore some of these uncertainties,
We are particularly interested in sensitivity cases relating to alternative recovery economics for
shale gas resources, as in the AED2011 Low and High Shole EUR cases, and a sensitivity case
with increased baseline natural gas demand as in the AEO2011 High Economic Growth case.

The study report should review and synthesize the results abtained in the modeling work and
include, as needed, discussions of context, caveats, issues and limitations that are relevant to
the study. Please include tables or figures that summarize impacts on annual domestic natural
gas prices, domestic natural gas production and consumption levels, domestic expenditures for
natural gas and other relevant fuels, and revenues associated with the incremental export
demand for natural gas. The standard AEQ 2011 reporting tables should also be provided, with
the exception of tables reporting information that EIA considers to be spurious or misleading
given the limitations of its modeling tools in addressing the study guestions,

We would like to receive the completed analysis by October 2011 and recognize that EIA may
post the study on its website after providing it to us.

Thank you for your attention to this request. Please do not hesitate to contact me
{Charles D. McConnell) or John Anderson at 6-0521, if you have any questions.
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Zouroe: http:// uacode.house.gov/download/pla/15C158. tut

=CITE=
15 USC Sec, T17h LLADTS201]

-EXPCITE-
TITLE 15 = COMMERCE AND TRRDE
CHAPTER 15B - WATURAL GAS

—-HEAD-
Sec. 717b. Exportation or importation of natural gas; LHG terminals

=3TATUTE=

ta) Mandatory awvthorization order

After six months from June 21, 1%38, no person shall export any
natural gas from the Pnited States to a foreign country or import
any natural gas from a foreign country without first having secured
an order of the Commission authorizing it te do go. The Commissicn
zhall issue such order upon application, unless, after opportunity
for hearing, it finds that the propoesed exportation or importatien
will not be conaistent with the public interest. The Commission may
by 1les order grant such application, in whele or In part, with such
modification and upon such terms and conditions as the Commission
may find necessary or approprlate, and may Lrom Cime to time, after
cpportunity for hearing, and for good cawuse shown, make such
supplemental order in the premises as it may find necessary or
appropriate.
() Frese trade agreements

with respect to natural gas which is imported inte the United
States from a nation with which there iz in affect a free trade
agreement requiring national treatment Lor trade in natural gas,
and with respect to liguefied natural gas -
{1} the importation of such natural gas shall ke trested as a
"first male"™ within the meaning of section 3301{21) of this
title; and
[2} the Commisaion shall not, on the basis of national origin,
treat any such imported natural gas on an unjust, unreascnable,
unduly discriminatory, or preferential basis.
(o) Expedited application and approval process

For purposes of subsection {(a) of this section, the importation
of the natural gas referred to in subsection (b] of this =section,
ar the exportation of natural gas to a nation with which there is
in effect a free trade agreement requiring naticnal treatment for
trade in natural gas, shall be deesmed to be consistent with the
public interest, and applications for such importation or
exportation shall be granted without modification or delay.
{d) Construction with aother laws

Except az apecifically provided in this chapter, nothing in this
chapter affects the rights of States under -

{1} the Coastal Econe Management Aot of 1972 (16 U.5.C. 1451 et
Seg. )

{2) the Clean Air Act (42 F.5.8. 7401 et seq.)s or

{3) the Federal Water Pollution Control Act {33 0.5.C. 1251 et
s2g.) . :

{e] LNG terminals
{1} The Commission shall hawve the exclusive avthority to approve
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or deny an applicatien for the siting, construction, expanszion, or
cperation of an LNG terminal. Except as specifically provided in
this chapter, nothing in this chapter is intended to affect
otherwise applicable law related to any Federal agency's
autherities or responsibilities related to LHG terminals.

(2] Upon the filing of any application to site, construck,
egpand, or operate an LNG terminal, the Commission shall =

(A} set the matter for hearing;

(B} giwe reasonable notice of the hearing to 2ll interested
persons, Including the State commission of the State in which the
LME terminal iz located and, if not the same, the Governor=
appeinted State agency described in section 717Tb-1 of this
kitle;

[C} decide the matter in accordance with this subsection; and

{D} imsue or deny the approprlate order accordingly.

{3) (A} Except as provided in subparagraph (B)], the Commlssion may
approva an application described in paragraph (21, in whole or
part, with such modifications and upon such terms and conditions as
the Commission find {!1) necessary or appropriate.

[B} Before January 1, 2015, the Commigzsion shall not -

{1} deny an application solely on thes basis that the applicant
proposes to use the LNG terminal exclusively or partially for gas
that the applicant or an affiliate of the applicant will supply
to the facility; or

{ii) eonditicn an order oo -

(I} a requirement that the LHG terminal offer service to
customers other than the applicant, or any affiliate of the
applicant, securing the ordar;

(LI} any regulation of the rates, charges, terms, or
conditions of service of the LMGE terminal: or

[ITI) a requirement Lo file with the Commiszsion schedules or
contracts rolated to the rates, charges, terma, or conditions
of service of the LNG terminal.

(C) subparagraph (B) shall cease to have effect on January 1,
2030,

(4) Bn order issued for an LMG terminal that aslso offers sarvice
to customers on an open access basis shall not result in
sibsidization of expansion capacity by existing customers,
degradation of service to existing customers, or undos
digerimination agalnskt existing customers as to their terma or
conditiona of service at the facility, as all of those terms are
defined by the Commiszicn.

(f) Military installations
(1) In this subsection, the term "military installation™ =
{A) means a bass, samp, post, range, station, yard, center, or
homepert facility for any ship or other activity under the

Jurisdiction of the Department of Defense, including any leased

facility, that iz located within a State, the District of

Columbia, or any territory of the United States; and

{B} dees not include any facility used primarily for civil
works, riwvers and harbors projects, eor flcood control projects, as
determined by the Secratary of Defense.

(2} The Commission shall enter inte & memorandum of understanding
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with the Secretary of Defense for the purpose of ensuring that the
Commisslion coordipate and consult [!2) with the Secretary of
Dafense on the siting, construction, expansicn, or operation of
liguefied natural gas facilities that may affect an active military
installation.

{3) The Commissicn shall cbtain the concurrence of the Secretary
of Defense before authorizing the siting, construction, expansion,
or operation of liquefied natural gas facilities affecting the
training or activities of an active military installaticn.

—SOURCE-
{June 21, 1%38, <h. 356, Sec. 3, 52 Stat. 822y Fub. L. 102-488,
title II, Sec. 201, Oct. 24, 1992, 106 Stat. ZBE66; Pub. L. 109-58,
title IIX, Sec. 311{c), RAug. &, 2005, 119 Stat. 685.)

—-REFTEXT-
REFEREHCES IN TEXT

The Coastal Zone Management RAeot of 1972, referred to in subsec.
{d} (1}, is title IIT of Pub. L. 89=454 as added by Fub. L. 92=583,
Oet, 27, 1972, 86 Stat. 1280, as amended, which is classified
generally to chapter 33 {Sec. 1451 et seq.) of Title 1&,
Conservation. For complete classificatien of this Aot to the Cede,
sae Short Title note get out under section 1451 of Title 16 and
Tables.

The Clean Air Ack, refarred to in subsec. (d] (2), is act July 14,
1355, ch. 260, 6% Stat. 322, as amended, which 1s classified
generally ko chapter 85 (Sec. 7401 et seg.} of Title 42, The Public
Health and Welfare. For complete clasgificaticn of this Act to the
Code, see Short Title note set out under section 7401 of Title 42
and Tables.

The Federal Water Pollution Control Act, referred to in subsec.
() (3), is act June 30, 1948, ch. 758, as amended generally by Pub.
L. 32-500, 8Sec. 2, Oct. 18, 1872, 86 &tat. Bl4, which is classified
ganerally to chapter 26 (Sec. 1251 et seq.) of Title 33, HNavigation
and Mavigable Waters. For complete classification of this Act to
the Code, sees Short Title note set out under section 1251 of Title

33 and Tables.

=MISCl=
AMENDMENTS

2005 = Pub. L. 109=58, Sec. 311l(c) [1}, ingerted "; LHG terminals"
after "pnatural gas"™ in saction catchline,

Subgecs. (dy te (f). Pub. L. 109=38, Sec. 311(c) (2), added
subsacs. {d} to [f}.

1992 = Pub. L. 102=4836 designated existing provisions as subsec.
[z} and added subsecs. {b] and (c).

-TRANS-
TRANSFER COF FUMCTIONS
Enforcement functions of Secretary or other official in
Department of Energy and Commission, Commissioners, or ather
official in Federal Energy Regulatory Commission related to
cempliance with authorizations for impertation of natural gas from
Albherta ag pre-deliveries of Alaskan gas igsued under thiz section
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with respect to pre=construction, construction, and initial
operation of transportation aystem for Canadian and Alaskan natural
gas eransferred to the Federal Inspector, Office of Federal
Inspector for Alaska Natural Gas Transportation System, until first
anniversary of date of initial oparation of Alaska Matural Gas
Transportation System, see BReorg. Plan No. 1 of 1979, Secs. 102{d),
203ta), 44 F.R. 33683, 33868, 893 Stat. 1373, 1374, effective July
1, 197%, set out under zection T1l89= of thisz title. Qffice of
Faderal Inspector for the Alaska Matural Gas Transportation System
abkolished and functlons and authority vested in Inspector
tran=ferred to Secretary of Energy by section 3012(b) of Pub. L.
102=-486, set out as an Abollitlion of Office of Paderal ITnspector
note under section T1%e of this title. Functions and authorify
vasted in Becretary of Energy subseguently transferred to Federal
Coordinator for Alaska Natwral Gas Transgportation Projects by
section T20d{f} of this title.

DELEGATICON OF FUOMCTIONS
Functions of President respecting certain facllities constructed
and maintained on United States borders delegated to Secretary of
3tate, see Ex. Ord. Ho. 11423, Aung. 16, 19%68, 33 F.E. 11741, set
out a2 a4 note under section 301 of Title 3, The President.

-EXEC-

EX. ORD. WO, 10485. PERFORMANCE OF FOMCTIONS RESPECTING ELECTRIC
POWER AND WATURAL GAS FACILITIES LOCATED QN TWITED STATES BORDERS
Ex. Ord. NHe. 10485, Sepk. 3, 1553, 18 FP.R. 5397, as amended by

Ex. Ord. Heo. 12038, Feb. 3, 1978, 43 F.R. 4357, provided:

Section 1. (a) The Secretary of Enargy is hereby designated and
empowared to perform the following-described functions:

{1} To receive all applications for permits for the construction,
ogperation, maintenance, or connection, at the bordersz of the United
Stataes, of facilities for the transmission of electric anergy
betwzen the United 3tates and a foreign country.

[2) To receive all applications for permits for the construction,
aperation, maintenance, or connectlon, at the borders of the United
States, of facilities for the exportation or importation of natural
gas to or from a forelgn country.

{3} Upon finding the issuance of the permit to be congistent with
the public interest, and, after cbtaining the favorable
recommendaticna of the Secretary of State and the Secretary of
Defense thereson, to issue to the applicant,; as appropriate; a
permit for such construction, operation, maintenance, or
connection. The Secretary of Energy shall have thae power to attach
to the igzuance of the permif{ and to the exercize of the rights
granted thereunder such conditicns as the publie interast may in
its judgment require,

(b) In any case wherein the Secretary of Enargy, tha Bacretary of
State;, and the Secretary of Defense cannot agree as to whether or
not a permit should be issued, the Secretary of Energy shall submit
to the President for approval or disapproval the application for a
permit with the respective views of the Secretary of Energy, the
Secretary of State and the Secratary of Defense.

Saec. 2. [Deleted.]

Sec, 3. The Secretary of Eneargy 1s authorized to issue such rulsas
and regqulations, and to prescribe such procedures, as it may from
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Cime Lo time deom necessary or desirable for the esxercise of the
authority delegated to it by this order.

Ssc. 4. All Presidential Permita heretofore issusd pursuant to
Executive Ovder No. 8202 of July 13, 1339, and in force at the time
of the issuance of this crder, and all permits issued hereunder,
shall remain in full force and effect until modified or revoked by
the PFrasident dr by the Secretary of Energy.

Sec. 5. Executive Order Mo. 8202 of July 13, 1%3%, iz hersby

revaked.

—-FOOTHOTE-
('L} S0 in original. Probably should be "finds"™.

(12} S0 in original. Probably should ke "zoordinates and

consults®.

—End-
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Table B1. U.S. Annual Average Values from 2015 to 2025

Reference High Shale EUR Low Shale EUR High Macroeconomic Growth
low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/
baseline slow rapid slow rapid baseline slow rapid slow rapid baseline slow rapid slow rapid baseline slow rapid slow rapid
NATURAL GAS VOLUMES (Tcf)

Net Exports (1.90) (0.29) 0.11 0.17 1.74 (1.32) 0.32 0.70 0.79 2.35 (2.72) (1.17) (0.88) (0.73) 0.66 (2.00) (0.38) 0.01 0.07 1.64
gross imports 3.62 3.70 3.70 3.74 3.76 3.19 3.25 3.26 3.27 331 4.27 4.42 4.53 4.48 4.68 3.70 3.78 3.79 3.82 3.85
gross exports 1.72 3.41 3.81 3.91 5.50 1.87 3.56 3.96 4.06 5.65 1.56 3.25 3.65 3.75 5.34 1.70 3.39 3.79 3.89 5.49

Dry Production 23.27 24.15 24.37 24.42 25.33 26.24 27.28 27.51 27.57 28.41 19.80 20.72 20.78 20.99 21.83 23.85 24.90 25.10 25.22 26.20
shale gas 8.34 8.96 9.17 9.13 9.90 11.90 12.66 12.87 12.89 13.64 3.88 4.42 4.63 4.53 5.22 8.73 9.49 9.70 9.69 10.51
other 14.93 15.18 15.20 15.29 15.43 14.34 14.61 14.65 14.68 14.77 15.91 16.30 16.15 16.45 16.62 15.12 15.41 15.39 15.53 15.70

Delivered Volumes (1) 23.34 22.57 22.38 22.37 21.68 25.58 2494 24.79 24.75 24.00 20.82 20.13 19.90 19.94 19.35 23.99 23.37 23.17 23.22 22.60
electric generators 6.81 6.25 6.16 6.11 5.67 8.35 7.94 7.88 7.80 7.30 5.07 4.66 4.55 4.54 4.23 6.99 6.63 6.53 6.54 6.21
industrial 8.14 8.01 7.95 7.98 7.83 8.55 8.40 8.34 8.37 8.19 7.74 7.58 7.51 7.56 7.38 8.50 8.34 8.27 8.30 8.12
residential 4.83 4.80 4.79 4.79 4.75 4.94 4.92 4.90 491 4.87 4.68 4.63 4.61 4.62 4.57 4.90 4.86 4.85 4.85 4.81
commercial 3.48 3.44 3.42 3.42 3.37 3.65 3.61 3.59 3.60 3.55 3.27 3.20 3.17 3.18 3.11 3.52 3.46 3.45 3.45 3.39

NATURAL GAS END-USE PRICES (2009$/Mcf)
residential 11.19 11.63 11.77 11.81 12.33 9.92 10.24 10.37 10.36 10.72 13.23 14.05 14.27 14.42 15.10 11.56 12.09 12.21 12.29 12.87
commercial 9.23 9.66 9.79 9.83 10.34 7.97 8.28 8.40 8.39 8.74 11.27 12.09 12.31 12.46 13.16 9.60 10.12 10.24 10.31 10.88
industrial 5.59 6.10 6.25 6.32 6.91 4.41 4.80 4.95 4.94 5.41 7.50 8.40 8.62 8.83 9.59 5.89 6.49 6.63 6.73 7.41
OTHER PRICES

Natural Gas Wellhead Price (2009$/Mcf) 4.70 5.17 5.30 5.37 591 3.56 3.90 4.02 4.03 4.42 6.52 7.41 7.63 7.84 8.64 4.99 5.54 5.66 5.77 6.39

Henry Hub Price (2009$/MMBtu) 5.17 5.69 5.83 5.91 6.51 3.92 4.29 4.43 4.43 4.87 7.18 8.16 8.41 8.64 9.51 5.49 6.10 6.23 6.35 7.04

Coal Minemouth Price (2009$/short-ton) 32.67 32.76 32.89 32.89 32.89 32.33 32.69 32.52 32.59 32.77 3291 33.15 33.10 32.97 33.04 33.23 33.18 33.06 33.33 33.28

End-Use Electricity Price (2009 cents/KWh) 8.85 8.98 9.00 9.02 9.17 8.56 8.62 8.67 8.64 8.70 9.44 9.64 9.71 9.78 9.97 9.08 9.26 9.27 9.32 9.46

NATURAL GAS REVENUES (B 20095)

Export Revenues (2) 9.47 20.64 23.25 25.10 37.74 7.51 16.01 18.17 19.27 28.89 12.83 29.03 32.72 36.09 53.91 10.04 22,11 24.82 26.97 40.81

Domestic Supply Revenues (3) 160.19 175.25 179.33 181.70 199.21 147.33 159.55 163.65 164.23 177.50 177.88 201.92 206.65 213.21 236.34 171.34 190.13 193.88 197.79 218.78
production revenues (4) 109.53 125.29 129.41 132.23 150.47 93.68 106.70 111.00 111.90 126.30 129.24 154.00 158.75 165.84 189.27 119.39 138.71 142.53 146.83 168.64
delivery revenues (5) 50.65 49.97 49.92 49.46 48.74 53.65 52.85 52.65 52.33 51.20 48.64 47.92 47.91 47.37 47.07 51.94 51.41 51.36 50.96 50.14

Import Revenues (6) 17.44 19.22 19.72 19.92 21.97 12.09 13.35 13.86 13.83 15.35 28.00 31.62 33.03 33.32 36.58 18.96 21.07 21.66 21.94 24.19

END-USE ENERGY EXPENDITURES (B 2009$) 1,398.11 1,409.25 1,410.59 1,414.03 1,424.75 1,368.25 1,375.50 1,377.65 1,379.69 1,386.87 1,448.36 1,465.24 1,469.02 1,473.83 1,482.50 1,485.34 1,498.28 1,499.67 1,504.03 1,514.65

liquids 913.43 914.55 913.66 915.34 915.15 908.98 909.65 908.67 911.23 911.57 920.92 921.56 921.21 920.98 916.83 971.80 971.63 971.22 972.09 970.98

natural gas 128.00 133.77 135.27 136.30 142.58 113.26 117.51 119.11 119.24 123.94 151.16 161.03 163.24 165.90 173.42 136.49 143.47 144.71 146.37 153.61

electricity 349.77 354.03 354.76 355.46 360.10 339.21 341.51 343.06 342.39 344.53 369.28 375.68 377.60 379.98 385.31 369.58 375.70 376.28 378.08 382.59

coal 6.90 6.91 6.91 6.93 6.92 6.80 6.82 6.81 6.83 6.83 6.99 6.98 6.97 6.97 6.94 7.47 7.49 7.46 7.49 7.46

END-USE ENERGY CONSUMPTION (quadrillion
Btu) 67.88 67.68 67.59 67.67 67.37 68.58 68.40 68.28 68.37 68.11 66.93 66.63 66.49 66.54 66.20 70.23 70.02 69.89 69.98 69.64

liquids 36.71 36.74 36.74 36.78 36.78 36.67 36.71 36.71 36.74 36.75 36.71 36.72 36.71 36.74 36.73 38.13 38.18 38.16 38.20 38.20

natural gas 16.04 15.85 15.76 15.81 15.55 16.76 16.55 16.45 16.49 16.23 15.22 14.97 14.86 14.91 14.65 16.49 16.26 16.16 16.21 15.92

electricity 13.44 13.41 13.41 13.41 13.37 13.48 13.47 13.46 13.48 13.47 13.32 13.26 13.24 13.22 13.16 13.84 13.81 13.80 13.79 13.75

coal 1.68 1.68 1.68 1.68 1.67 1.67 1.67 1.67 1.67 1.67 1.68 1.68 1.68 1.68 1.67 1.77 1.77 1.77 1.77 1.76

ELECTRIC GENERATION (billion kWh) 4,456.38  4,441.98 4,437.47 4,441.10 4,422.62 | 4,492.78 4,484.65 4,477.63 4,48335 4,471.75 | 4,391.20 4,369.32 4,360.19 4,356.29 4,329.07 | 4,594.62 4,577.41 4,572.19 4,572.39  4,552.42

coal 1,921.25 1,982.85 1,995.33  1,999.09 2,044.09 | 1,756.51 1,808.90 1,813.78 1,828.74 1,885.58 | 2,093.76  2,132.35 2,13449  2,123.82  2,139.82 | 2,004.09 2,036.83 2,052.54 2,043.09 2,073.78

gas 999.19 918.42 902.15 898.01 829.83 1,232.25 1,170.15 1,158.31 1,147.99 1,070.38 733.83 671.33 653.23 655.42 608.52 1,036.47 978.19 959.84 964.71 909.63

nuclear 866.34 866.34 866.34 866.34 866.34 850.50 850.50 850.50 851.17 855.05 866.34 866.34 866.34 866.34 866.34 866.34 866.34 866.34 866.34 866.34

renewables 610.16 614.27 613.17 617.16 621.29 593.01 594.47 595.24 594.57 599.35 636.27 638.25 645.09 648.70 651.89 626.90 634.74 632.26 636.59 641.06

other 59.43 60.11 60.48 60.50 61.08 60.51 60.63 59.80 60.87 61.39 61.00 61.04 61.03 62.00 62.50 60.83 61.30 61.21 61.65 61.61

PRIMARY ENERGY (quadrillion Btu)

Consumption 104.89 104.90 104.87 104.98 104.91 105.24 105.25 105.14 105.32 105.27 104.34 104.16 104.07 104.06 103.75 108.35 108.31 108.25 108.36 108.12

Imports 28.62 28.75 28.72 28.78 28.90 27.69 27.73 27.77 27.87 27.94 29.78 29.83 29.92 29.98 30.08 30.06 30.22 30.21 30.24 30.28

Exports 7.06 8.76 9.15 9.26 10.86 7.20 8.92 9.32 9.43 11.03 6.85 8.54 8.93 9.01 10.60 7.10 8.80 9.20 9.30 10.90

Production 83.14 84.73 85.12 85.28 86.71 84.63 86.34 86.60 86.79 88.26 81.15 82.63 82.84 82.86 84.05 85.16 86.66 87.01 87.18 88.52

ENERGY RELATED CO, EMISSIONS (including
liquefaction)(million metric tons) 5,793.73 583223 583767 584639 5869.62 | 575436 5,787.50 5,787.31 5,804.76 5,833.35| 5,832.09 585323 584694 584158 584335 | 6,017.09 6,037.23 6,043.12 6,043.12  6,055.08




Table B2. Differential from Base in U.S. Average Annual Values from 2015 to 2025 when Exports are Added

Reference High Shale EUR Low Shale EUR High Macroeconomic Growth
low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/
slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid
NATURAL GAS VOLUMES (Tcf)

Net Exports 1.61 2.00 2.07 3.64 1.64 2.02 211 3.67 1.55 1.84 1.99 3.38 1.62 2.01 2.07 3.64
gross imports 0.08 0.09 0.12 0.15 0.05 0.07 0.08 0.12 0.14 0.25 0.20 0.41 0.07 0.08 0.12 0.14
gross exports 1.69 2.09 2.19 3.78 1.69 2.09 2.19 3.78 1.69 2.09 2.19 3.78 1.69 2.09 2.19 3.78

Dry Production 0.87 1.09 1.15 2.05 1.04 1.28 133 217 0.92 0.98 1.19 2.04 1.05 1.24 1.37 235
shale gas 0.62 0.82 0.79 1.55 0.77 0.97 0.99 1.74 0.53 0.75 0.65 1.33 0.76 0.97 0.96 1.78
other 0.25 0.27 0.36 0.50 0.27 0.31 0.34 0.43 0.39 0.24 0.54 0.71 0.29 0.27 0.41 0.57

Delivered Volumes (1) (0.77) (0.95) (0.97) (1.66) (0.64) (0.80) (0.84) (1.59) (0.69) (0.91) (0.88) (1.46) (0.62) (0.82) (0.77) (1.39)
electric generators (0.57) (0.66) (0.71) (1.15) (0.42) (0.47) (0.55) (1.05) (0.41) (0.52) (0.53) (0.84) (0.36) (0.46) (0.45) (0.78)
industrial (0.13) (0.19) (0.16) (0.32) (0.15) (0.22) (0.19) (0.36) (0.15) (0.23) (0.18) (0.35) (0.16) (0.23) (0.20) (0.38)
residential (0.03) (0.04) (0.04) (0.08) (0.03) (0.04) (0.04) (0.07) (0.05) (0.07) (0.07) (0.11) (0.04) (0.05) (0.05) (0.09)
commercial (0.05) (0.06) (0.06) (0.11) (0.04) (0.06) (0.05) (0.10) (0.07) (0.09) (0.09) (0.15) (0.05) (0.07) (0.07) (0.13)

NATURAL GAS END-USE PRICES (2009$/Mcf)
residential 0.44 0.58 0.62 1.14 0.32 0.45 0.44 0.80 0.81 1.03 1.18 1.87 0.53 0.65 0.72 131
commercial 0.43 0.57 0.61 1.12 0.31 0.43 0.42 0.76 0.82 1.04 1.19 1.89 0.52 0.64 0.71 1.28
industrial 0.51 0.66 0.73 132 0.39 0.54 0.54 1.00 0.90 1.13 133 2.09 0.61 0.74 0.85 1.52
OTHER PRICES

Natural Gas Wellhead Price (2009$/Mcf) 0.47 0.60 0.68 1.21 0.33 0.46 0.47 0.86 0.88 1.11 1.32 211 0.55 0.67 0.77 1.40

Henry Hub Price (2009$/MMBtu) 0.52 0.66 0.74 134 0.37 0.51 0.51 0.95 0.97 1.22 1.46 233 0.60 0.74 0.85 154

Coal Minemouth Price (2009$/short-ton) 0.09 0.21 0.22 0.22 0.36 0.19 0.26 0.44 0.24 0.19 0.06 0.13 (0.05) (0.17) 0.11 0.06

End-Use Electricity Price (2009 cents/KWh) 0.13 0.15 0.17 0.31 0.06 0.11 0.08 0.14 0.20 0.27 0.34 0.53 0.17 0.19 0.24 0.38

NATURAL GAS REVENUES (B 20095)

Export Revenues (2) 11.17 13.77 15.63 28.26 8.50 10.65 11.75 21.38 16.20 19.89 23.25 41.08 12.07 14.79 16.93 30.78

Domestic Supply Revenues (3) 15.07 19.14 21.51 39.02 12.22 16.32 16.91 30.17 24.04 28.77 35.33 58.46 18.79 22.55 26.46 47.44
production revenues (4) 15.75 19.88 22.70 40.93 13.02 17.31 18.22 32.62 24.76 29.51 36.60 60.03 19.32 23.13 27.44 49.24
delivery revenues (5) (0.68) (0.74) (1.19) (1.91) (0.80) (0.99) (1.32) (2.45) (0.72) (0.74) (1.28) (1.58) (0.53) (0.59) (0.98) (1.80)

Import Revenues (6) 1.78 2.28 2.48 4.53 1.26 1.77 1.74 3.26 3.62 5.03 5.32 8.58 212 2.70 2.99 5.24

END-USE ENERGY EXPENDITURES (B 2009$) 11.15 12.49 15.92 26.65 7.26 9.40 11.44 18.63 16.89 20.67 25.47 34.14 12.94 14.33 18.69 29.31

liquids 1.12 0.22 1.91 1.72 0.68 (0.30) 2.26 2.60 0.64 0.29 0.05 (4.09) (0.18) (0.59) 0.29 (0.82)

natural gas 5.76 7.26 8.30 14.58 4.26 5.85 5.98 10.68 9.86 12.07 14.73 22.25 6.98 8.22 9.88 17.12

electricity 4.26 4.99 5.69 10.32 231 3.85 3.18 5.32 6.39 8.31 10.70 16.02 6.12 6.70 8.50 13.01

coal 0.01 0.01 0.03 0.02 0.02 0.00 0.03 0.03 (0.00) (0.01) (0.01) (0.04) 0.02 (0.01) 0.02 (0.00)

END-USE ENERGY CONSUMPTION (quadrillion
Btu) (0.20) (0.29) (0.21) (0.50) (0.18) (0.30) (0.21) (0.47) (0.30) (0.44) (0.38) (0.73) (0.22) (0.34) (0.26) (0.60)

liquids 0.03 0.03 0.06 0.06 0.04 0.04 0.07 0.08 0.01 (0.00) 0.03 0.02 0.05 0.03 0.07 0.07

natural gas (0.19) (0.28) (0.23) (0.49) (0.22) (0.32) (0.27) (0.53) (0.25) (0.36) (0.31) (0.57) (0.24) (0.34) (0.28) (0.57)

electricity (0.03) (0.04) (0.04) (0.08) (0.00) (0.02) (0.00) (0.01) (0.06) (0.08) (0.09) (0.16) (0.03) (0.04) (0.05) (0.09)

coal (0.00) (0.00) 0.00 (0.00) (0.00) (0.00) 0.00 (0.00) (0.00) (0.01) (0.00) (0.01) (0.00) (0.00) 0.00 (0.01)

ELECTRIC GENERATION (billion kWh) (14.39) (18.91) (15.27) (33.75) (8.13) (15.15) (9.43) (21.02) (21.89) (31.02) (34.92) (62.13) (17.21) (22.43) (22.23) (42.20)

coal 61.59 74.07 77.84 122.84 52.39 57.26 72.23 129.07 38.59 40.73 30.06 46.06 32.74 48.46 39.01 69.70

gas (80.76) (97.03)  (101.17)  (169.36) (62.10) (73.94) (84.25)  (161.86) (62.50) (80.59) (78.41)  (125.31) (58.28) (76.63) (71.76)  (126.84)

nuclear - - - - 0.00 0.00 0.67 455 (0.00) - - (0.00) - - - -

renewables 4.10 3.00 7.00 11.12 1.46 2.24 1.57 6.35 1.98 8.82 12.43 15.61 7.85 5.36 9.70 14.17

other 0.67 1.04 1.07 1.64 0.11 (0.71) 0.36 0.88 0.04 0.03 1.00 1.50 0.47 0.38 0.82 0.78

PRIMARY ENERGY (quadrillion Btu)

Consumption 0.02 (0.02) 0.09 0.02 0.01 (0.09) 0.08 0.03 (0.18) (0.27) (0.28) (0.59) (0.03) (0.10) 0.01 (0.23)

Imports 0.13 0.10 0.16 0.28 0.04 0.08 0.18 0.26 0.05 0.14 0.20 0.30 0.16 0.15 0.18 0.22

Exports 1.70 2.09 2.20 3.79 1.72 212 2.23 3.83 1.69 2.08 2.16 3.75 1.70 2.10 2.20 3.80

Production 1.59 1.98 2.14 3.58 1.71 1.96 2.16 3.63 1.47 1.69 1.71 2.90 1.50 1.85 2.02 3.36

ENERGY RELATED CO, EMISSIONS (including
liquefaction)(million metric tons) 38.50 43.94 52.67 75.90 33.14 32.94 50.39 78.99 21.14 14.85 9.48 11.26 20.14 26.03 26.03 37.99




Table B3. U.S. Annual Average Values from 2025 to 2035

Reference High Shale EUR Low Shale EUR High Macroeconomic Growth
low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/
baseline slow rapid slow rapid baseline slow rapid slow rapid baseline slow rapid slow rapid baseline slow rapid slow rapid
NATURAL GAS VOLUMES (Tcf)

Net Exports (0.71) 1.48 1.48 3.52 3,57 0.10 2.16 2.15 4.19 4.20 (2.09) (0.21) (0.33) 1.83 1.76 (0.88) 1.29 1.29 3.21 3.38
gross imports 2.98 2.99 2.98 3.10 3.09 247 2.60 2.61 2.73 2.75 3.99 4.30 4.42 4.41 4.52 3.09 311 311 3.35 3.21
gross exports 2.28 4.47 4.47 6.62 6.66 2.57 4.76 4.76 6.91 6.95 1.90 4.09 4.09 6.25 6.28 221 4.40 4.40 6.56 6.59

Dry Production 25.07 26.58 26.66 28.08 28.23 28.73 30.16 30.21 31.50 31.51 20.98 22.22 22.24 23.61 23.89 26.84 28.59 28.55 29.99 30.31
shale gas 10.96 12.08 12.10 13.10 13.27 15.51 16.70 16.75 17.75 17.74 5.22 6.06 6.13 6.78 6.97 12.19 13.49 13.47 14.49 14.75
other 14.12 14.49 14.56 14.98 14.96 13.21 13.46 13.47 13.75 13.77 15.76 16.16 16.11 16.83 16.91 14.65 15.10 15.08 15.50 15.56

Delivered Volumes (1) 23.96 23.22 23.29 22.60 22.70 26.63 25.94 26.00 25.19 25.19 21.41 20.69 20.82 19.97 20.27 25.80 25.29 25.26 24.72 24.85
electric generators 7.27 6.87 6.95 6.56 6.66 8.89 8.55 8.65 8.11 8.20 5.78 5.28 5.41 4.82 5.08 8.21 8.04 8.03 7.77 7.93
industrial 8.06 7.82 7.81 7.62 7.60 8.68 8.45 8.42 8.25 8.16 7.47 7.34 7.32 7.20 7.19 8.68 8.43 8.40 8.22 8.18
residential 4.82 4.78 4.78 4.73 4.74 4.95 491 491 4.88 4.88 4.64 4.61 4.61 4.56 4.58 5.01 4.97 4.97 4.93 4.94
commercial 3.68 3.62 3.62 3.56 3.57 3.91 3.85 3.85 3.80 3.80 3.40 3.36 3.37 3.29 3.32 3.75 3.70 3.71 3.66 3.66

NATURAL GAS END-USE PRICES (2009$/Mcf)
residential 12.90 13.45 13.39 14.05 13.85 11.31 11.66 11.68 12.10 11.98 15.49 15.96 15.83 16.76 16.27 13.70 14.13 14.06 14.67 14.51
commercial 10.61 11.15 11.09 11.73 11.54 9.01 9.34 9.36 9.75 9.63 13.24 13.71 13.58 14.53 14.02 11.39 11.80 11.73 12.32 12.15
industrial 6.82 7.43 7.36 8.26 7.98 5.39 5.86 5.88 6.46 6.32 9.30 9.79 9.66 10.69 10.09 7.50 8.05 7.96 8.82 8.59
OTHER PRICES

Natural Gas Wellhead Price (2009$/Mcf) 5.88 6.42 6.35 7.14 6.88 4.45 4.82 4.83 531 5.17 8.25 8.77 8.68 9.69 9.10 6.52 6.98 6.90 7.67 7.43

Henry Hub Price (2009$/MMBtu) 6.47 7.06 6.99 7.86 7.58 4.90 5.30 531 5.85 5.69 9.08 9.66 9.56 10.67 10.02 7.18 7.68 7.60 8.45 8.18

Coal Minemouth Price (2009$/short-ton) 33.46 33.51 33.43 33.68 33.43 33.20 33.45 33.21 33.42 33.25 33.77 34.11 33.89 33.76 33.85 34.30 34.01 33.95 33.99 34.16

End-Use Electricity Price (2009 cents/KWh) 9.02 9.17 9.15 9.36 9.28 8.57 8.65 8.67 8.75 8.69 9.86 9.98 9.94 10.25 10.06 9.50 9.67 9.63 9.90 9.78

NATURAL GAS REVENUES (B 20095)

Export Revenues (2) 12.81 29.82 29.50 50.58 48.98 10.46 23.42 23.49 38.88 38.06 17.38 39.57 38.98 66.69 62.90 14.21 32.48 32.11 54.16 52.87

Domestic Supply Revenues (3) 199.45 221.98 220.95 249.66 244.39 184.30 200.41 201.19 220.08 216.08 22271 243.85 242.19 276.77 266.61 230.96 254.64 252.33 282.66 278.95
production revenues (4) 147.54 170.77 169.47 200.63 194.52 128.09 145.41 146.06 167.45 162.93 173.25 194.92 193.13 228.66 217.47 175.63 199.91 197.44 230.19 225.48
delivery revenues (5) 51.91 51.21 51.48 49.03 49.87 56.21 55.00 55.13 52.63 53.14 49.47 48.94 49.06 48.11 49.13 55.33 54.74 54.89 52.47 53.47

Import Revenues (6) 18.06 19.89 19.65 22.97 22.09 11.69 13.64 13.75 16.04 15.80 33.87 37.50 37.30 41.19 39.73 20.96 22.75 22.52 26.35 24.99

END-USE ENERGY EXPENDITURES (B 2009$) 1,582.70 1,589.93 1,589.52 1,602.94 1,596.44 1,543.37 1,552.01 1,553.43 1,559.62 1,552.40 1,648.34 1,658.55 1,651.04 1,673.64 1,651.53 1,766.94 1,773.78 1,770.57 1,786.74 1,777.53

liquids 1,036.91 1,032.47 1,033.91 1,030.97 1,030.61 | 1,032.78 1,033.84 1,03444 1,031.39 1,028.44 | 1,04439 1,046.22 1,041.53 1,044.12 1,034.65| 1,156.40 1,151.96 1,151.22  1,149.05 1,147.03

natural gas 152.47 158.71 157.65 166.94 163.18 136.00 140.12 140.18 146.00 143.37 180.36 184.84 183.01 194.25 187.01 172.16 177.27 175.86 185.15 181.63

electricity 386.65 392.12 391.36 398.45 396.09 368.01 371.51 372.27 375.68 374.08 416.91 420.84 419.85 428.68 423.29 430.75 436.99 435.94 445.06 441.40

coal 6.67 6.62 6.61 6.59 6.56 6.57 6.54 6.53 6.54 6.51 6.68 6.64 6.65 6.59 6.58 7.63 7.55 7.54 7.48 7.46

END-USE ENERGY CONSUMPTION (quadrillion
Btu) 70.29 69.92 69.90 69.59 69.57 71.26 70.89 70.87 70.66 70.61 68.84 68.56 68.64 68.25 68.43 74.98 74.60 74.59 74.25 74.26

liquids 37.85 37.84 37.82 37.84 37.83 37.75 37.74 37.75 37.81 37.80 37.74 37.71 37.77 37.73 37.81 40.67 40.66 40.65 40.64 40.64

natural gas 16.26 15.95 15.94 15.69 15.66 17.32 16.97 16.93 16.66 16.58 15.13 14.92 14.92 14.71 14.73 17.13 16.83 16.81 16.58 16.53

electricity 14.59 14.55 14.56 14.48 14.52 14.61 14.62 14.62 14.61 14.66 14.39 14.35 14.38 14.25 14.32 15.43 15.39 15.41 15.31 15.37

coal 1.59 1.58 1.58 1.57 1.57 1.58 1.57 1.57 1.57 1.57 1.58 1.57 1.57 1.56 1.56 1.74 1.73 1.73 1.72 1.72

ELECTRIC GENERATION (billion kWh) 4,926.27 4,899.77 4,902.00 4,877.85 4,883.87 | 4,985.61 4,970.39 4,968.96 4,955.47 4,962.16 | 4,805.29 4,785.02 4,792.39  4,749.29 4,771.60 | 521896 5,192.01 5,194.85 5,161.80 5,172.17

coal 2,142.71  2,177.86  2,173.08  2,205.23  2,199.91 | 1,965.65 2,017.08 2,010.40 2,076.04 2,072.01 | 2,250.96  2,299.95 2,288.43  2,318.37 2,307.93 | 2,230.53  2,234.24 2,247.81 2,248.95 2,243.60

gas 1,143.09 1,075.44 1,084.20 1,020.61 1,029.93 1,418.58 1,349.39 1,356.51 1,272.85 1,275.05 878.08 797.50 812.65 731.17 762.84 | 1,317.28 1,273.98 1,266.15 1,220.40  1,234.87

nuclear 876.67 876.67 876.67 876.67 876.67 858.29 858.29 858.29 858.29 863.83 876.67 878.22 878.27 879.99 878.26 876.67 877.25 876.67 877.38 876.67

renewables 702.87 707.59 705.79 711.29 713.75 681.48 683.24 681.93 685.54 688.71 734.07 743.56 747.72 752.68 756.76 730.61 742.46 740.48 748.18 750.94

other 60.93 62.21 62.25 64.05 63.60 61.62 62.40 61.82 62.74 62.56 65.51 65.81 65.32 67.09 65.81 63.87 64.07 63.73 66.89 66.09

PRIMARY ENERGY (quadrillion Btu)

Consumption 111.05 110.88 110.85 110.69 110.76 111.50 111.37 111.37 111.45 111.46 109.71 109.57 109.69 109.18 109.59 117.72 117.47 117.54 117.22 117.23

Imports 27.93 27.63 27.67 27.60 27.46 26.80 26.78 26.86 27.04 26.99 29.22 29.38 29.42 29.45 29.40 30.26 30.04 29.97 30.09 29.72

Exports 7.91 10.13 10.13 12.29 12.32 8.18 10.39 10.40 12.58 12.62 7.54 9.74 9.72 11.88 11.94 7.97 10.17 10.18 12.32 12.36

Production 90.96 93.37 93.26 95.38 95.65 92.89 95.05 94.99 97.21 97.27 87.86 89.79 89.86 91.50 92.04 95.31 97.52 97.67 99.38 99.80

ENERGY RELATED CO, EMISSIONS (including
liquefaction)(million metric tons) 6,114.82 6,136.49 6,131.49 6,155.61 6,152.88 | 6,074.00 6,103.94 6,102.31 6,151.52 6,146.61 | 6,084.64 6,103.94 6,106.49 6,104.89 6,120.61 | 6,521.09 6,517.76 6,525.31  6,521.52  6,520.16




Table B4. Differential from Base in U.S. Average Annual Values from 2025 to 2035 when Exports are Added

Reference High Shale EUR Low Shale EUR High Macroeconomic Growth
low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/
slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid
NATURAL GAS VOLUMES (Tcf)

Net Exports 218 2.19 4.23 4.28 2.06 2.05 4.09 4.10 1.88 1.76 3.93 3.85 217 217 4.09 4.26
gross imports 0.01 0.00 0.12 0.10 0.13 0.14 0.26 0.28 0.31 0.43 0.42 0.53 0.02 0.02 0.26 0.12
gross exports 2.19 2.19 4.35 4.38 2.19 2.19 4.35 4.38 2.19 2.19 4.35 4.38 2.19 2.19 4.35 4.38

Dry Production 151 1.59 3.00 3.15 1.43 1.49 2.77 2.78 1.24 1.25 2.62 2.90 1.74 1.71 3.15 3.47
shale gas 1.13 1.15 2.14 231 1.18 1.23 2.24 2.23 0.84 0.91 1.55 1.75 1.29 1.28 2.30 2.56
other 0.38 0.44 0.86 0.84 0.25 0.25 0.53 0.55 0.40 0.35 1.07 1.16 0.45 0.43 0.85 0.91

Delivered Volumes (1) (0.75) (0.67) (1.36) (1.26) (0.69) (0.63) (1.43) (1.43) (0.72) (0.59) (1.44) (1.13) (0.51) (0.54) (1.08) (0.95)
electric generators (0.40) (0.32) (0.71) (0.61) (0.35) (0.25) (0.79) (0.70) (0.50) (0.37) (0.96) (0.69) (0.17) (0.19) (0.45) (0.28)
industrial (0.24) (0.25) (0.44) (0.46) (0.24) (0.27) (0.43) (0.53) (0.13) (0.15) (0.27) (0.28) (0.25) (0.27) (0.46) (0.49)
residential (0.04) (0.04) (0.08) (0.08) (0.03) (0.03) (0.07) (0.06) (0.03) (0.03) (0.08) (0.06) (0.04) (0.03) (0.07) (0.07)
commercial (0.06) (0.06) (0.12) (0.11) (0.05) (0.06) (0.11) (0.10) (0.05) (0.04) (0.11) (0.08) (0.05) (0.04) (0.10) (0.09)

NATURAL GAS END-USE PRICES (2009$/Mcf)
residential 0.55 0.48 1.15 0.95 0.35 0.37 0.79 0.67 0.46 0.33 1.27 0.78 0.43 0.35 0.97 0.81
commercial 0.54 0.48 1.12 0.92 0.33 0.34 0.73 0.61 0.47 0.34 1.29 0.78 0.41 0.34 0.93 0.76
industrial 0.62 0.54 1.44 1.16 0.46 0.48 1.07 0.92 0.49 0.36 1.39 0.78 0.55 0.46 132 1.09
OTHER PRICES

Natural Gas Wellhead Price (2009$/Mcf) 0.54 0.47 1.27 1.01 0.36 0.38 0.86 0.71 0.52 0.43 1.44 0.85 0.45 0.38 1.15 0.90

Henry Hub Price (2009$/MMBtu) 0.60 0.52 1.39 111 0.40 0.41 0.95 0.79 0.57 0.47 1.59 0.94 0.50 0.42 1.26 1.00

Coal Minemouth Price (2009$/short-ton) 0.05 (0.03) 0.22 (0.03) 0.25 0.01 0.22 0.05 0.34 0.12 (0.01) 0.08 (0.29) (0.35) (0.30) (0.14)

End-Use Electricity Price (2009 cents/KWh) 0.16 0.13 0.35 0.27 0.08 0.10 0.18 0.12 0.12 0.08 0.38 0.20 0.17 0.13 0.40 0.28

NATURAL GAS REVENUES (B 20095)

Export Revenues (2) 17.01 16.69 37.77 36.17 12.96 13.03 28.42 27.60 22.19 21.60 49.31 45.52 18.27 17.90 39.95 38.66

Domestic Supply Revenues (3) 22.53 21.50 50.21 44.94 16.11 16.89 35.77 31.78 21.14 19.48 54.05 43.89 23.68 21.37 51.70 47.99
production revenues (4) 23.23 21.93 53.09 46.98 17.31 17.97 39.36 34.84 21.67 19.88 55.41 44.23 24.28 21.81 54.56 49.85
delivery revenues (5) (0.71) (0.44) (2.88) (2.04) (1.21) (1.08) (3.58) (3.06) (0.53) (0.40) (1.36) (0.33) (0.60) (0.44) (2.86) (1.87)

Import Revenues (6) 1.82 1.59 491 4.02 1.95 2.06 4.35 4.11 3.63 3.43 7.32 5.87 1.79 1.56 5.39 4.03

END-USE ENERGY EXPENDITURES (B 2009$) 7.22 6.81 20.24 13.73 8.64 10.06 16.25 9.03 10.21 271 25.31 3.19 6.84 3.63 19.81 10.59

liquids (4.45) (3.01) (5.94) (6.31) 1.05 1.66 (1.39) (4.32) 1.83 (2.86) (0.27) (9.74) (4.43) (5.17) (7.39) (9.37)

natural gas 6.25 5.18 14.47 10.71 4.12 4.18 10.00 7.37 4.49 2.65 13.90 6.65 5.12 3.70 12.99 9.47

electricity 5.47 4.71 11.80 9.44 3.50 4.26 7.68 6.07 3.94 2.94 11.78 6.39 6.24 5.19 14.31 10.65

coal (0.05) (0.07) (0.08) (0.11) (0.03) (0.04) (0.03) (0.06) (0.04) (0.03) (0.09) (0.11) (0.08) (0.09) (0.15) (0.16)

END-USE ENERGY CONSUMPTION (quadrillion
Btu) (0.37) (0.38) (0.70) (0.71) (0.37) (0.39) (0.60) (0.65) (0.28) (0.20) (0.60) (0.42) (0.38) (0.39) (0.73) (0.72)

liquids (0.00) (0.02) (0.01) (0.02) (0.01) 0.00 0.06 0.06 (0.03) 0.03 (0.01) 0.07 (0.02) (0.03) (0.03) (0.03)

natural gas (0.31) (0.32) (0.57) (0.60) (0.35) (0.39) (0.65) (0.74) (0.21) (0.21) (0.42) (0.40) (0.30) (0.32) (0.54) (0.60)

electricity (0.04) (0.03) (0.11) (0.07) 0.00 0.01 (0.00) 0.04 (0.04) (0.01) (0.14) (0.07) (0.05) (0.02) (0.13) (0.07)

coal (0.01) (0.01) (0.02) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) (0.01) (0.01) (0.02) (0.03)

ELECTRIC GENERATION (billion kWh) (26.50) (24.27) (48.42) (42.40) (15.22) (16.66) (30.14) (23.45) (20.26) (12.90) (55.99) (33.69) (26.95) (24.11) (57.15) (46.78)

coal 35.15 30.37 62.53 57.20 51.43 44.76 110.39 106.36 48.98 37.46 67.41 56.97 3.71 17.28 18.42 13.07

gas (67.65) (58.89)  (122.48)  (113.16) (69.19) (62.06)  (145.72)  (143.53) (80.58) (65.43)  (146.91)  (115.24) (43.30) (51.13) (96.88) (82.41)

nuclear - (0.00) - - 0.00 0.00 0.00 5.55 1.54 1.60 3.32 1.59 0.58 0.00 0.71 0.00

renewables 4.72 292 8.41 10.87 1.76 0.46 4.07 7.23 9.49 13.65 18.61 22.69 11.85 9.87 17.57 20.33

other 1.28 133 3.12 2.68 0.77 0.19 1.12 0.94 0.30 (0.19) 1.58 0.31 0.20 (0.13) 3.02 222

PRIMARY ENERGY (quadrillion Btu)

Consumption (0.16) (0.20) (0.35) (0.29) (0.13) (0.13) (0.05) (0.04) (0.13) (0.02) (0.53) (0.12) (0.25) (0.18) (0.50) (0.49)

Imports (0.30) (0.26) (0.33) (0.47) (0.03) 0.05 0.23 0.19 0.16 0.20 0.23 0.18 (0.22) (0.30) (0.17) (0.54)

Exports 221 221 4.37 4.41 221 222 4.40 4.43 2.20 2.19 4.35 4.41 2.20 221 4.35 4.39

Production 241 2.30 4.42 4.69 2.16 2.10 4.32 4.38 193 2.00 3.65 4.18 2.20 2.36 4.07 4.49

ENERGY RELATED CO, EMISSIONS (including
liquefaction)(million metric tons) 21.67 16.67 40.79 38.07 29.94 28.31 77.52 72.61 19.31 21.85 20.25 35.98 (3.33) 4.21 0.43 (0.93)




Table B5. U.S. Annual Average Values from 2015 to 2035

Reference High Shale EUR Low Shale EUR High Macroeconomic Growth
low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/
baseline slow rapid slow rapid baseline slow rapid slow rapid baseline slow rapid slow rapid baseline slow rapid slow rapid
NATURAL GAS VOLUMES (Tcf)

Net Exports (1.31) 0.57 0.78 1.81 2.63 (0.63) 1.21 1.41 2.44 3.24 (2.40) (0.70) (0.60) 0.52 1.21 (1.45) 0.44 0.64 1.60 2.49
gross imports 331 3.35 3.35 3.42 3.43 2.84 2.94 2.95 3.01 3.04 4.13 4.36 4.46 4.44 4.59 3.40 3.45 3.45 3.59 3.53
gross exports 2.00 3.93 4.13 5.23 6.06 222 4.15 4.35 5.45 6.28 1.73 3.66 3.86 4.96 5.79 1.95 3.88 4.09 5.19 6.02

Dry Production 24.18 25.37 25.52 26.24 26.78 27.48 28.71 28.86 29.52 29.95 20.40 21.47 21.51 22.28 22.86 25.37 26.75 26.83 27.60 28.26
shale gas 9.65 10.51 10.63 11.10 11.56 13.70 14.67 14.79 15.30 15.67 4.56 5.23 5.37 5.64 6.08 10.47 11.48 11.58 12.08 12.62
other 14.54 14.85 14.89 15.15 15.21 13.78 14.04 14.06 14.22 14.28 15.84 16.24 16.14 16.64 16.78 14.90 15.27 15.25 15.53 15.65

Delivered Volumes (1) 23.67 2291 22.85 22.52 22.20 26.12 25.46 25.41 25.00 24.61 21.12 20.42 20.36 19.97 19.81 24.92 24.35 24.23 24.01 23.75
electric generators 7.06 6.58 6.57 6.36 6.18 8.64 8.26 8.28 7.98 7.77 5.44 4.97 4.98 4.69 4.66 7.63 7.36 7.29 7.18 7.09
industrial 8.10 7.92 7.88 7.81 7.72 8.62 8.42 8.38 8.31 8.18 7.60 7.46 7.42 7.38 7.29 8.59 8.39 8.34 8.27 8.16
residential 4.82 4.79 4.78 4.76 4.75 4.94 491 491 4.89 4.88 4.66 4.62 4.61 4.59 4.57 4.95 4.92 491 4.90 4.87
commercial 3.58 3.53 3.52 3.49 3.47 3.78 3.73 3.72 3.70 3.68 3.34 3.28 3.27 3.24 3.22 3.64 3.59 3.58 3.56 3.53

NATURAL GAS END-USE PRICES (2009$/Mcf)
residential 12.04 12.53 12.57 12.91 13.08 10.61 10.95 11.02 11.22 11.35 14.35 14.98 15.06 15.55 15.69 12.63 13.10 13.13 13.45 13.68
commercial 9.91 10.39 10.44 10.76 10.93 8.49 8.80 8.88 9.06 9.18 12.24 12.88 12.95 13.46 13.60 10.49 10.95 10.98 11.29 11.50
industrial 6.20 6.76 6.80 7.26 7.44 4.90 5.32 5.41 5.69 5.86 8.38 9.07 9.15 9.71 9.84 6.69 7.26 7.29 7.75 7.99
OTHER PRICES

Natural Gas Wellhead Price (2009$/Mcf) 5.28 5.78 5.82 6.23 6.39 4.01 4.35 4.42 4.66 4.79 7.37 8.06 8.16 8.71 8.87 5.75 6.25 6.28 6.69 6.90

Henry Hub Price (2009$/MMBtu) 5.81 6.36 6.41 6.86 7.03 4.41 4.79 4.87 5.12 5.27 8.12 8.88 8.98 9.60 9.77 6.33 6.88 6.91 7.36 7.60

Coal Minemouth Price (2009$/short-ton) 33.06 33.12 33.15 33.29 33.18 32.77 33.07 32.87 32.99 33.00 33.34 33.64 33.50 33.38 33.46 33.74 33.60 33.52 33.66 33.72

End-Use Electricity Price (2009 cents/KWh) 8.94 9.08 9.08 9.19 9.22 8.56 8.63 8.67 8.70 8.70 9.65 9.81 9.83 10.00 10.02 9.29 9.46 9.45 9.60 9.62

NATURAL GAS REVENUES (B 20095)

Export Revenues (2) 11.13 25.11 26.34 37.49 43.23 8.98 19.64 20.80 28.85 33.39 15.07 34.12 35.85 50.80 58.30 12.11 27.19 28.43 40.19 46.69

Domestic Supply Revenues (3) 179.79 198.43 200.12 215.08 221.64 165.83 179.88 182.38 191.82 196.70 200.15 222.46 224.55 243.87 251.43 201.24 222.30 223.13 239.62 248.66
production revenues (4) 128.46 147.79 149.40 165.76 172.31 110.87 125.92 128.47 139.27 144.50 151.06 173.98 176.05 196.01 203.32 147.54 169.19 169.97 187.82 196.82
delivery revenues (5) 51.32 50.64 50.72 49.32 49.33 54.96 53.96 53.92 52.55 52.21 49.09 48.48 48.50 47.86 48.12 53.70 53.12 53.16 51.79 51.84

Import Revenues (6) 17.77 19.53 19.69 21.37 22.03 11.92 13.52 13.84 14.94 15.61 30.84 34.49 35.15 37.10 38.16 19.97 21.90 22.09 24.07 24.58

END-USE ENERGY EXPENDITURES (B 2009$) 1,489.93 1,499.04 1,499.79 1,507.51 1,510.31 1,455.15 1,463.17 1,465.18 1,469.08 1,469.35 1,547.09 1,561.08 1,559.57 1,572.52 1,567.30 1,625.45 1,635.66 1,634.71 1,644.67 1,646.03

liquids 974.71 973.09 973.49 972.64 972.64 970.30 971.23 971.23 970.91 969.68 981.60 983.31 980.57 982.05 975.74 | 1,063.35 1,061.47 1,060.75 1,060.30 1,058.97

natural gas 140.16 146.09 146.41 151.27 152.79 124.61 128.76 129.62 132.45 133.62 165.55 172.70 173.21 179.55 180.30 154.27 160.27 160.24 165.41 167.51

electricity 368.28 373.10 373.13 376.85 378.14 353.56 356.51 357.67 359.05 359.38 393.11 398.26 398.98 404.14 404.50 400.29 406.41 406.21 411.48 412.09

coal 6.78 6.76 6.75 6.75 6.74 6.68 6.68 6.67 6.68 6.67 6.83 6.81 6.81 6.78 6.76 7.54 7.51 7.50 7.48 7.46

END-USE ENERGY CONSUMPTION (quadrillion
Btu) 69.09 68.81 68.75 68.64 68.49 69.93 69.65 69.59 69.52 69.37 67.90 67.61 67.58 67.42 67.33 72.62 72.33 72.26 72.14 71.97

liquids 37.29 37.30 37.29 3731 3731 37.21 37.23 37.24 37.28 37.28 37.24 37.23 37.25 37.25 37.28 39.42 39.43 39.42 39.43 39.44

natural gas 16.15 15.90 15.85 15.76 15.61 17.04 16.76 16.69 16.58 16.41 15.18 14.95 14.89 14.82 14.69 16.81 16.55 16.49 16.41 16.23

electricity 14.02 13.98 13.98 13.95 13.95 14.05 14.05 14.04 14.04 14.06 13.85 13.81 13.81 13.74 13.74 14.64 14.60 14.61 14.55 14.56

coal 1.63 1.63 1.63 1.63 1.62 1.62 1.62 1.62 1.62 1.62 1.63 1.62 1.62 1.62 1.61 1.76 1.75 1.75 1.74 1.74

ELECTRIC GENERATION (billion kWh) 4,691.78 4,671.70 4,670.36  4,660.47 4,654.31 | 4,740.10 4,728.42 4,724.32  4,720.03 4,717.90 | 4,599.04 4,578.46 4,576.69 4,554.90 4,551.26 | 4,907.86 4,886.10 4,884.89  4,868.85  4,864.09

coal 2,030.24 2,078.96  2,083.33  2,100.15 2,121.75| 1,860.54 1,912.06 1,912.09 1,949.35 1,977.66 | 2,171.63  2,216.91  2,212.07 2,221.68  2,224.94 | 2,114.85 2,134.13  2,149.63  2,144.11 2,158.39

gas 1,074.40 1,000.10 995.54 963.40 932.18 1,328.06 1,262.83 1,259.57 1,215.21 1,175.80 808.02 735.39 733.01 695.09 685.68 1,181.25 1,129.59 1,115.49 1,096.96 1,074.83

nuclear 871.23 871.23 871.23 871.23 871.23 854.18 854.18 854.18 854.53 859.21 871.23 872.04 872.07 872.97 872.07 871.23 871.54 871.23 871.61 871.23

renewables 655.74 660.26 658.89 663.43 666.81 636.24 637.87 637.72 639.17 643.29 684.94 690.77 696.38 700.70 704.42 678.14 688.13 686.04 691.94 695.77

other 60.17 61.15 61.37 62.26 62.34 61.08 61.49 60.76 61.77 61.93 63.21 63.35 63.16 64.47 64.16 62.38 62.71 62.50 64.24 63.86

PRIMARY ENERGY (quadrillion Btu)

Consumption 107.97 107.90 107.87 107.85 107.85 108.38 108.31 108.27 108.38 108.37 107.04 106.89 106.89 106.66 106.70 113.05 112.91 112.92 112.81 112.71

Imports 28.28 28.20 28.21 28.18 28.19 27.27 27.28 27.34 27.47 27.49 29.50 29.62 29.68 29.71 29.75 30.17 30.14 30.09 30.17 30.02

Exports 7.48 9.43 9.63 10.73 11.57 7.69 9.64 9.86 10.96 11.81 7.19 9.12 9.32 10.41 11.25 7.53 9.47 9.68 10.77 11.61

Production 87.04 89.04 89.18 90.30 91.17 88.73 90.66 90.77 91.94 92.73 84.52 86.20 86.35 87.18 88.04 90.24 92.09 92.35 93.26 94.16

ENERGY RELATED CO, EMISSIONS (including
liquefaction)(million metric tons) 5,955.05 5,985.66 5,986.04 6,001.82 6,013.46 | 5,915.71 5,947.04 5,946.80 5,977.68 5,991.27 | 5,960.10 5,981.23 5,978.85 5,976.06 5,984.27 | 6,270.24 6,279.14 6,286.47 6,283.68  6,290.23



Table B6. Differential from Base in U.S. Average Annual Values from 2015 to 2035 when Exports are Added

Reference High Shale EUR Low Shale EUR High Macroeconomic Growth
low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/ low/ low/ high/ high/
slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid slow rapid
NATURAL GAS VOLUMES (Tcf)

Net Exports 1.89 2.10 3.12 3.95 1.84 2.03 3.06 3.87 1.70 1.81 292 3.61 1.89 2.09 3.05 3.94
gross imports 0.04 0.04 0.11 0.12 0.09 0.10 0.17 0.20 0.23 0.33 0.31 0.46 0.04 0.05 0.19 0.13
gross exports 1.93 2.14 3.23 4.07 1.93 2.14 3.23 4.07 1.93 2.14 3.23 4.07 1.93 2.14 3.23 4.07

Dry Production 1.18 133 2.06 2.59 1.23 1.38 2.04 247 1.06 111 1.88 245 1.38 1.46 223 2.89
shale gas 0.86 0.98 1.45 1.91 0.97 1.09 1.60 1.97 0.67 0.81 1.08 1.52 1.01 1.11 1.61 2.15
other 0.32 0.35 0.61 0.68 0.26 0.28 0.44 0.50 0.40 0.30 0.80 0.93 0.37 0.35 0.62 0.74

Delivered Volumes (1) (0.76) (0.82) (1.15) (1.47) (0.66) (0.71) (1.12) (1.51) (0.71) (0.77) (1.15) (1.31) (0.57) (0.69) (0.91) (1.17)
electric generators (0.48) (0.49) (0.70) (0.88) (0.38) (0.36) (0.66) (0.87) (0.46) (0.46) (0.75) (0.78) (0.27) (0.32) (0.45) (0.54)
industrial (0.18) (0.22) (0.29) (0.38) (0.19) (0.24) (0.31) (0.44) (0.14) (0.19) (0.22) (0.32) (0.20) (0.25) (0.32) (0.43)
residential (0.04) (0.04) (0.06) (0.08) (0.03) (0.04) (0.05) (0.06) (0.04) (0.05) (0.07) (0.09) (0.04) (0.04) (0.06) (0.08)
commercial (0.05) (0.06) (0.09) (0.11) (0.05) (0.06) (0.08) (0.10) (0.06) (0.07) (0.10) (0.12) (0.05) (0.06) (0.08) (0.11)

NATURAL GAS END-USE PRICES (2009$/Mcf)
residential 0.49 0.53 0.87 1.04 0.33 0.41 0.60 0.73 0.64 0.71 1.20 134 0.47 0.50 0.82 1.05
commercial 0.48 0.52 0.84 1.02 0.31 0.39 0.57 0.69 0.64 0.71 1.22 1.35 0.46 0.49 0.80 1.02
industrial 0.56 0.60 1.07 1.24 0.42 0.51 0.79 0.96 0.69 0.77 133 1.46 0.57 0.60 1.06 1.30
OTHER PRICES

Natural Gas Wellhead Price (2009$/Mcf) 0.50 0.54 0.95 1.11 0.34 0.42 0.65 0.79 0.69 0.79 1.34 1.50 0.50 0.52 0.94 1.15

Henry Hub Price (2009$/MMBtu) 0.55 0.59 1.05 1.22 0.38 0.46 0.72 0.87 0.77 0.87 1.48 1.65 0.55 0.58 1.03 1.26

Coal Minemouth Price (2009$/short-ton) 0.06 0.09 0.22 0.12 0.30 0.11 0.22 0.24 0.29 0.16 0.04 0.12 (0.14) (0.22) (0.08) (0.02)

End-Use Electricity Price (2009 cents/KWh) 0.14 0.14 0.25 0.29 0.07 0.10 0.13 0.13 0.16 0.18 0.35 0.37 0.17 0.16 0.31 0.33

NATURAL GAS REVENUES (B 20095)

Export Revenues (2) 13.99 15.22 26.36 32.10 10.66 11.82 19.87 24.41 19.05 20.78 35.73 43.23 15.08 16.32 28.08 34.57

Domestic Supply Revenues (3) 18.64 20.34 35.29 41.85 14.05 16.55 25.99 30.88 22.30 24.39 43.72 51.28 21.06 21.88 38.37 47.42
production revenues (4) 19.33 20.94 37.29 43.84 15.05 17.60 28.40 33.63 22.92 24.98 44.95 52.25 21.64 22.43 40.28 49.28
delivery revenues (5) (0.69) (0.60) (2.00) (1.99) (1.00) (1.04) (2.41) (2.75) (0.61) (0.59) (1.23) (0.97) (0.58) (0.54) (1.91) (1.86)

Import Revenues (6) 1.76 1.93 3.60 4.26 1.60 1.92 3.02 3.69 3.65 431 6.26 7.31 1.93 212 4.11 4.61

END-USE ENERGY EXPENDITURES (B 2009$) 9.11 9.86 17.59 20.39 8.02 10.03 13.93 14.19 13.98 12.47 25.42 20.21 10.22 9.26 19.22 20.58

liquids (1.63) (1.22) (2.07) (2.07) 0.92 0.92 0.61 (0.62) 1.70 (1.04) 0.45 (5.86) (1.88) (2.60) (3.05) (4.38)

natural gas 5.94 6.26 11.12 12.63 4.15 5.01 7.84 9.01 7.15 7.66 14.00 14.75 6.00 5.98 11.14 13.24

electricity 4.82 4.86 8.57 9.87 2.95 4.11 5.49 5.82 5.15 5.87 11.03 11.39 6.12 5.92 11.19 11.80

coal (0.02) (0.03) (0.03) (0.04) (0.01) (0.02) (0.00) (0.02) (0.02) (0.02) (0.05) (0.07) (0.03) (0.04) (0.06) (0.08)

END-USE ENERGY CONSUMPTION (quadrillion
Btu) (0.28) (0.34) (0.45) (0.60) (0.27) (0.34) (0.41) (0.55) (0.29) (0.32) (0.48) (0.57) (0.30) (0.36) (0.49) (0.65)

liquids 0.01 0.00 0.03 0.03 0.02 0.02 0.06 0.07 (0.01) 0.02 0.01 0.04 0.02 0.00 0.02 0.02

natural gas (0.25) (0.30) (0.40) (0.54) (0.28) (0.35) (0.46) (0.63) (0.23) (0.29) (0.36) (0.49) (0.27) (0.33) (0.41) (0.58)

electricity (0.04) (0.03) (0.07) (0.07) (0.00) (0.00) (0.00) 0.02 (0.05) (0.05) (0.11) (0.11) (0.04) (0.03) (0.09) (0.08)

coal (0.00) (0.01) (0.01) (0.01) (0.00) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.02)

ELECTRIC GENERATION (billion kWh) (20.08) (21.43) (31.31) (37.47) (11.67) (15.77) (20.07) (22.20) (20.58) (22.35) (44.13) (47.78) (21.76) (22.98) (39.01) (43.78)

coal 48.72 53.09 69.91 91.51 51.52 51.55 88.82 117.12 45.28 40.44 50.04 53.31 19.28 34.78 29.25 43.53

gas (74.30) (78.86)  (111.00)  (142.22) (65.24) (68.49)  (112.86)  (152.26) (72.63) (75.01)  (112.93)  (122.34) (51.66) (65.76) (84.29)  (106.42)

nuclear - (0.00) - - 0.00 0.00 0.35 5.02 0.81 0.84 1.74 0.83 0.30 0.00 0.37 0.00

renewables 4.52 3.15 7.69 11.07 1.63 1.48 2.94 7.06 5.84 11.44 15.76 19.48 9.99 7.89 13.80 17.63

other 0.98 1.20 2.09 217 0.41 (0.32) 0.69 0.86 0.13 (0.06) 1.25 0.94 0.33 0.11 1.86 1.48

PRIMARY ENERGY (quadrillion Btu)

Consumption (0.07) (0.10) (0.12) (0.12) (0.06) (0.11) 0.01 (0.00) (0.15) (0.15) (0.38) (0.34) (0.13) (0.13) (0.24) (0.34)

Imports (0.09) (0.08) (0.10) (0.10) 0.01 0.07 0.20 0.22 0.12 0.18 0.21 0.25 (0.03) (0.07) 0.00 (0.15)

Exports 1.94 2.15 3.25 4.09 1.96 217 3.28 4.12 1.93 213 3.22 4.06 1.94 2.15 3.24 4.08

Production 2.00 2.14 3.26 4.13 193 2.03 3.20 4.00 1.68 1.83 2.66 3.52 1.85 211 3.02 3.92

ENERGY RELATED CO, EMISSIONS (including
liquefaction)(million metric tons) 30.62 30.99 46.77 58.42 31.33 31.09 61.96 75.56 21.14 18.75 15.96 24.18 8.90 16.23 13.44 19.99




FOOTNOTES

(1) total includes components below plus deliveries to the transportation sector

(2) export volumes added for this study times the Henry Hub price plus an assumed transport fee to the liquefaction facility of 20 cents per Mcf, plus sum of all other
export volumes (i.e., to Canada and Mexico) times the associated price at the border

(3) represents producer revenues at the wellhead plus other revenues extracted before final gas delivery.

(4) dry gas production times average wellhead or first-purchase price

(5) represented revenues extracted as gas moves from the first-purchase wellhead price to final delivery

(6) import volumes times the associated price at the border

Projections: EIA, Annual Energy Outlook 2011 National Energy Modeling system runs ref2011.d020911a, rflexslw.d090911a, rflexrpd.d090911a, rfhexslw.d090911a,
rfhesrpd.d090911a, hshleur.d020911a, helexslw.d090911a, helexrpd.d090911a, hehexslw.d090911a, hehexrpd.d090911a, feleur.d090811a, lelexslw.d090911a,
lelexrpd.d090911a, lehexslw.d090911a, lehexrpd.d090911a, fehdem.d090811a, hmlexslw.d090911a, hmlexrpd.d090911a, hmhexslw.d090911a, hmhexrpd.d090911a
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Executive Summary

The United States faces a critical decision about whether to export natural gas following
the rapid expansion of domestic production in recent years. The Department of Energy has
already approved one export application and is currently considering eight others. If these
applications are approved and the companies export at full capacity, the United States could soon
be exporting more than 20 percent of current consumption. The Energy Information
Administration has estimated that exporting even less natural gas than what is currently under
consideration could raise domestic prices 24 to 54 percent, which would substantially increase
energy bills for American consumers and could potentially have catastrophic impacts on U.S.
manufacturing.

In a February 24" |etter to Massachusetts Congressman Edward J. Markey, Department
of Energy (DOE) official Christopher Smith made clear that no additional export permitswill be
approved by the Department at least until an additional evaluation of the macroeconomic impact
of these prospective exports is completed and reviewed by DOE this spring.* This decision
represents an important deliberative step that ensures deeper consideration will be given to the
ramifications of energy exporting.

In examining energy markets and the impacts of higher natural gas prices, the House
Natural Resources Democratic Staff found that:

e Unlikethe oil market, natural gas prices are not determined on a globa market. Natural
gas pricesin Europe and Asiaare 3 to 7 times higher than in the United States. This
provides the American economy with a competitive advantage in the manufacture of
energy-intensive goods.

e From 2000 to 2008, the price of natural gas rose more than 400 percent, and was a major
contributor to the U.S. manufacturing sector losing 3.7 million jobs. While larger
macroeconomic forces were also at work during this period, it is clear that the cost of
natural gasfor industries like steel, plastics, chemicals, paper, glass, fertilizer, cement,
and refining is avery significant determinant in whether facilities are sited domestically
or overseas. Keeping American natural gas resources in America and keeping prices low
will support amore diversified domestic economy and provide greater domestic job
benefits than pursuing an export strategy.

e Keeping natural gas resources at home will allow greater amounts of natural gasto be
used in the domestic electric power and transportation sectors. Greater natural gas
utilization in these sectors could lead directly to a 1.2 million barrel per day reductionin

"Included as an appendix to this report.



foreign oil imports and a9 percent reduction in coal consumption by 2035, which would
measurably enhance America’ s national, economic, and environmental security.

Legidation introduced by Rep. Markey would prevent companies from exporting natural
gas extracted from public lands (H.R. 4025) and would place a moratorium on the Federal
Energy Regulatory Commission approving the siting and development of LNG export terminals
before 2025, except under special circumstances (H.R. 4024).



Background

On June 10, 2003, the Chairman of the Federal Reserve Board, Alan Greenspan, testified
before the House Energy and Commerce Committee that rising natural gas prices were harming
domestic manufacturers and that large numbers of liquefied natural gas (LNG) terminals were
needed to import more natural gas and stabilize prices. He said:

The updrift and volatility of the spot price for gas have put significant segments of the
North American gas-using industry in a weakened competitive position. ... The perceived
tightening of long-term demand-supply balances is beginning to price some industrial
demand out of the market. ...Access to world natural gas supplies will require a major
expansion of LNG terminal import capacity. ...As the technology of LNG liquefaction and
shipping has improved, and as safety considerations have lessened, a major expansion of
U.S. import capability appears to be under way. These movements bode well for
widespread natural gas availability in North America in the years ahead.?

Chairman Greenspan was half right. Since natural gasis both the primary fuel source for
the industria sector and a primary feedstock for the production of plastics, chemicals, fertilizers,
and many other products, low-price natural gasis essential to our industrial competitiveness. The
increase in natural gas prices of more than 400 percent between 2000 and 2008 significantly
undermined American industrial competitiveness and was a major factor in the loss of 3.7
million manufacturing jobs during that time.®

But Chairman Greenspan turned out to be wrong about our need to import large amounts
of LNG. Subsequent discoveries of domestic shale gas deposits and advances in horizontal
drilling and hydraulic fracturing techniques, have led to expanded domestic gas reserves and
production and the lowest well-head prices” in 10 years. Of the nearly 50 LNG import terminals
that have been certified for construction,” only 12 facilities were ultimately built.® And of this
6.95 trillion cubic feet (Tcf) of LNG import capacity, only 0.35 Tcf of natural gas was actually

2 Testimony of Alan Greenspan, Chairman, Federal Reserve, before the House Committee on Energy and
Commerce, June 10, 2003, available at
http://www.federalreserve.gov/boarddocs/testimony/2003/20030610/default.htm

3 Testimony of Rich Wells, Vice President Energy, The Dow Chemical Company, before the House Select Committee
on Energy Independence and Global Warming, July 30, 2008, available at
http://globalwarming.house.gov/files/HRG/FullTranscripts/110-46_2008-07-30.pdf

* The well-head price is the price charged by the producer for petroleum or natural gas without transportation
costs. See http://www.merriam-webster.com/dictionary/wellhead+price#

> Testimony of Kenneth B. Medlock llI, Rice University, before the Senate Committee on Energy and Natural
Resources, Nov. 8, 2011, available at http://energy.senate.gov/public/ files/MedlockTestimony110811.pdf.

® Federal Energy Regulatory Commission, North American LNG Import Terminals — Existing, January 10, 2012,
available at http://ferc.gov/industries/gas/indus-act/Ing/LNG-existing.pdf
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imported in 2011, a utilization rate of 5 percent.” Several of these import terminals are now
mothballed entirely and their owners are looking to turn them into LNG export terminals. &

The Natural Gas Market Today

Natural gas production in the United States reached a historical high in November 2011,
when producers withdrew an average of 82.7 billion cubic feet per day, 18 percent higher than
five years earlier.® This expansion in domestic natural gas supplies has led to areduction in
domestic prices. Even while consumption of natural gas has been increasing, the average
wellhead price has stayed below $5 per million cubic feet (Mcf) for more than two years. Shale
gas now accounts for more than athird of total U.S. gas resources.™® The Energy Information
Administration (EIA) estimates that shale gas will provide 49 percent of total U.S. natural gas
supply by 2035, up from 23 percent in 2010.** Net imports now represent 10 percent of total
U.S. consumption, the lowest proportion since 1993, and this share is expected to continue to
shrink.

Unlike oil, natural gas prices are not set on a global market. Natural gas cannot currently
be moved cheaply in volumes great enough to efficiently link low-cost producing regions with
high-demand regions. With massive deployment of expensive infrastructure—international
natural gas pipelines, specia cryogenic LNG tankers, liquefaction equi pment—regional natural
prices would converge to aglobal price in the same way that global oil prices have emerged.
However, like the oil market, a global natural gas market could be manipulated by nations,
national companies, and cartels in the same way that the Organization of Petroleum Exporting
Countries (OPEC) now manipulates the global oil market.

Regional variation in natural gas pricesis considerable, as seen in Figure 1. For example,
natural gas prices are six to seven times higher in Asiathan they are in the United States. Prices
are more than three times higher throughout most of Europe. The regional nature of the natural
gas market clearly benefits American consumers and businesses.

’ Federal Energy Regulatory Commission, North American LNG Import Terminals — Existing, January 10, 2012,
available at http://ferc.gov/industries/gas/indus-act/Ing/LNG-existing.pdf; Energy Information Administration, U.S.
Natural Gas Imports by Country, available at http://www.eia.gov/dnav/ng/ng _move impc sl a.htm

8 Energy Information Administration, U.S. Natural Gas Imports by Point of Entry, available at
http://www.eia.gov/dnav/ng/ng move poel a EPGO IML Mmcf a.htm

? Energy Information Administration, Monthly Natural Gas Gross Production Report, February, 2012, available at
http://www.eia.gov/oil gas/natural gas/data publications/eia914/eia914.html

%ys. Geological Survey, Total Oil and Gas Resources, available at
http://certmapper.cr.usgs.gov/data/noga00/natl/tabular/2011/2011 FINAL TABLE.xls

" Energy Information Administration, Annual Energy Outlook 2012, available at http://www.eia.doe.qov/oiaf/aeo/
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Figure 1. Natural Gas Prices around the World
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The Department of Energy Considers Export Per mits

Export Applications Pour In

Asaresult of high domestic natural gas production and higher pricesin foreign markets,
several companies have submitted applications to the Department of Energy over the past year
seeking permits to export domestically produced natural gas. Most of these applications are
planning to use LNG terminals that were originaly built for importing. Existing terminals can be
seen in Figure 2.



Figure 2. Existing North American LNG Terminals

'

O oo |

Neptune LNG
Northeast

. Existing Terminals — U.S. ) 1 Gateway
|:| Existing Terminals — non U.S. .

| Golden Pass || Lake Charles | .

Enargia Coata Azul ||:| AL Rl ."I' Gulf LNG Clean Energy |

Gulf Gateway . j
Freeport LNG a ',

Source: U.S. Department of Energy. Available at:
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DOE has already approved a plan from a Cheniere Energy subsidiary, Sabine Pass
Liquefaction, to export LNG through aterminal originally built for importing the fuel. This
export facility, which is still at least four years away from becoming operational, has booked
major deals to export American natural gas to Indian and Korean markets and, in total, has long-
term agreementsin place to export 89 percent of its approved capacity.'? DOE is now
considering eight other LNG export applications. If al nine export applications are approved and
this export capacity is fully utilized, the companies would export an amount equal to 20.6
percent of current U.S. consumption, according to data provided by DOE to Democratic staff on
the House Natural Resources Committee.

After the Sabine Pass approval in May of 2011 and the subsequent rush of new
applicants, DOE commissioned the EIA and a private contractor to undertake separate studies on
the cumulative impacts of pending natural gas export applications. DOE has since committed to
withhold approval of the pending export applications until these studies are completed. EIA
released its study in January, finding that domestic natural gas prices could rise more than 50
percent if exports take off (see summary below). The second study is scheduled to be completed
this spring.

2 Edward Klump, Korea Gas to Buy U.S. LNG as Gas Slump Attracts Asian Importers, available at
http://www.bloomberg.com/news/2012-01-30/cheniere-agrees-to-sabine-pass-export-deal-with-korea-gas-1-
.html
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Roles and Authorities

Section 3(a) of the Natural Gas Act of 1938 defines the process for DOE'’ s reviews of
most LNG export applications. In particular, the Secretary of Energy must approve an export
application “unless after opportunity for hearing, [the Secretary] finds that the proposed
exportation... will not be consistent with the public interest.” Thus, thereis “arebuttable
presumption that a proposed export of natural gasisin the public interest,” according to DOE.
This presumption must be overcome for DOE to deny an export application. For export
approvals, DOE may also attach terms or conditions that it considers necessary to protect the
public interest.

The Energy Policy Act of 1992 amended the Natural Gas Act to further [imit DOE’s
ability to deny natural gas export applications. Specifically, DOE must approve applications to
export natural gasto the 15 countries that have free trade agreements (FTAS) with the United
States covering natural gas.*® Such applications are automatically deemed in the public interest,
and DOE cannot add any terms or conditions to approvals.

In addition to DOE authorization to export LNG, companies must receive authorization
from the Federal Energy Regulatory Commission (FERC) for the actual siting and devel opment
of LNG projects, as specified under Section 3 of the Natural Gas Act.** FERC is also the lead
agency responsible for the preparation of the analysis and decisions required under National
Environmental Policy Act for the approval of new facilities, including tanker operation, marine
facilities, and terminal construction and operation, environmental and cultural impacts.™

The Energy Information Administration Study

If DOE approves the pending applications and exports rise as expected, domestic natural
gas prices could increase 24 to 54 percent, depending on recoverable shale resources and how
quickly exports are ramped up, according to the EIA’s January report.'® About three-quarters of
the increased natural gas production needed to satisfy such export demand would come from
shale sources, according to an EIA export scenario. That would require a dramatic expansion of
hydraulic fracturing, or “fracking,” which is necessary to access these resources.

Higher prices are also expected to substantially reduce U.S. demand for natural gas.
Around 30 to 40 percent of natural gas export demand would be met through reduced domestic
consumption, not increased production, according to EIA. Consequently, EIA projects that dirty

3 These countries are Australia, Bahrain, Canada, Chile, Dominican Republic, El Salvador, Guatemala, Honduras,
Jordan, Mexico, Morocco, Nicaragua, Oman, Peru, and Singapore. Three other countries, South Korea, Colombia,
and Panama, will soon join this club when their Senate-ratified trade agreements take effect.

“15U.5.C.§717

1 Interagency Agreement Among the FERC et al. Available at: www.ferc.gov/legal/maj-ord-reg/mou/mou-24.pdf

16 Energy Information Administration, Effect of Increase Natural Gas Exports on Domestic Energy Markets, available
at http://www.eia.gov/analysis/requests/fe/pdf/fe_Ing.pdf
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coal -fired power generation will rise in the United States to make up for the expected declinein
natural gas-fired electricity generation.

Energy Department Responds to Markey Letter

Rep. Markey, Ranking Member on the House Natural Resources Committee, wrote to
Energy Secretary Steven Chu in January asking about the consequences of exporting greater
amounts of natural gas, including the consequences for prices, manufacturing and economic
growth, energy security, and the environment.

Deputy Assistant Secretary Christopher Smith responded on behalf of Secretary Chu.
This response, delivered February 24™, noted that DOE has already approved the export of 10.93
billion cubic feet of natura gas per day (Bcf/d) to countries with free trade agreements with the
United States.'” The EIA report looked at export scenarios associated with the approval of
additional exports to counties without free trade agreements. The second report by the private
contractor is still being completed, but Smith wrote that it would provide important information
about the macroeconomic consequences resulting from EIA’s export scenarios, including:

e Conseguences for domestic energy consumption, production, and prices;
e Effects on gross domestic product, job creation, and balance of trade; and
e Impacts on U.S. manufacturers, especially energy intensive industries.

Smith made clear that DOE would not approve the pending export applications until this
study is finished and DOE has considered the findings. “We are mindful of the need for prompt
action in each of the non-FTA LNG export proceedings before us,” Smith wrote. “We are
equally mindful that a sound evidentiary record is essential to reach areasoned decision in these
proceedings. As such, DOE will not issue afinal order addressing the pending applications to
export LNG to non-FTA countries until the full study has been completed and the Department
has had an opportunity to review the results.”

Economic Ramifications of Exporting

The United States currently enjoys affordable natural gas that benefits consumers and
also provides us with a competitive advantage that is felt up and down the U.S. economy.
Affordable natural gas keeps energy prices low for consumers that rely on natural gas for
heating, cooking, and electricity. Increasing those energy costs on American consumers and
businesses by exporting would have a direct impact on their disposable income and reduce their
purchasing power.

Industrial and manufacturing facilities are the largest consumers of natural gasin the
United States—ahead of the electricity, commercial, and residential sectors—and would be
especially hard hit. These facilities may require natural gas not only as a primary energy source

" DOE now has pending or approved permits for exports to FTA countries totaling 12.51 Bfc/d. DOE LNG docket
available at: http://fossil.energy.gov/programs/gasregulation/LNG Summary Table 2-29-12 2.pdf
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but also useit as a physical input into product. In some sectors, like fertilizers and chemicals,
natural gas can constitute 80 to 90 percent of the cost of production. For businesses like these,
the cost of energy may be the number one determining factor in whether to site production in the
United States and employ American workers or whether to move production oversess.

In the past, high natural gas prices have had a disastrous effect on U.S. manufacturing.
From 2000 to 2008, the price of natural gas rose more than 400 percent, and was a major
contributor to the U.S. manufacturing sector losing 3.7 million jobs.*® Other variables were
certainly relevant to this undermining of manufacturing competitiveness as well, including the
2001 recession in the global trend of moving manufacturing to countries with lower labor costs.
However, for energy intensive industries—like aluminum, steel, plastics, chemicals, paper, glass,
fertilizer, food processing, cement, and refining—the cost of energy is afar greater share of
production costs than labor and a more significant determinant in facility siting.

The experiences of some specific energy-intensive industries below illustrate the dangers
that natural gas exporting could have on sectors of the U.S. economy.

Fertilizer Industry

An important use of natural gasis as afeedstock in fertilizer production. In this process,
natural gasis used to produce ammonia, which has a high nitrogen content, and the ammonia
becomes the primary component of nitrogen fertilizers. It takes 33,500 cubic feet of natural gas
to manufacture 1 ton of anhydrous anmoniafertilizer.’® As aresult, natural gas can account for
up to 90 percent of the cost to produce ammonia fertilizer.?

The fertilizer sector isthe largest industrial consumer of natural gasin the United States,
consuming 60 percent of U.S. industrial demand.?* The period between 2000 and 2006 was a
devastating one for the U.S. fertilizer industry, as seen in Figure 3. Domestic ammoniafertilizer
production declined 44 percent, and more than athird of all U.S. fertilizer production capacity
shuttered. At the same time, imports skyrocketed 115 percent.?

® Dow Jones Industrial Average Basic Chart, Yahoo! Finance, available at
http://finance.yahoo.com/q/bc?s=%5EDJI1&t=my&|=on&z=1&q=1&c=;

* Eddie Fu nderberg, Why are Natural Gas Prices So High?, available at
http://www.noble.org/ag/soils/nitrogenprices/index.htm

*° Domestic Nitrogen Fertilizer Production Depends on Natural Gas Availability and Prices, U.S. General Accounting
Office, GA)-03-1148, September 2003.

*! Robert Pirog, Specialist in Energy Economics, Congressional Research Service, Industrial Demand and the
Changing Natural Gas Market February 10, 2011, available at
http://www.crs.gov/pages/Reports.aspx?PRODCODE=R41628&Source=author

22Wen-yuan Huang, USDA, Impact of Rising Natural Gas Prices on U.S. Ammonia Supply, available at
http://www.ers.usda.gov/publications/wrs0702/wrs0702.pdf
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Figure: 3. U.S. AmmoniaPlant Closures Increase as Natural Gas Prices Rise
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The harm to the U.S. economy and domestic jobs was not limited to merely the fertilizer
industry. The cost of buying fertilizer to farmers rose 130 percent between 2000 and 2006, from
$227 per ton to $521. Farmers get especially squeezed with higher fertilizer costs because they
are often times unable to pass along higher fertilizer costs in what they charge for their
commodity crops. According to the U.S. Department of Agriculture, “With lower crop prices,
high fertilizer prices would place downward pressure on farmers' net returns. Farms with higher
than average fertilizer costs, a greater need to use fertilizers on the crops they grow, and/or a
limited ability to either move away from fertilizer-intensive crops or substitute other inputs will
be especially vulnerable if fertilizer pricesincrease once again.” %

23 Wen-yuan Huang, USDA, Recent Volatility in U.S. Fertilizer Prices, available at
http://www.ers.usda.gov/AmberWaves/March09/Features/FertilizerPrices.htm
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With U.S. natural gas prices at 10-year lows, fertilizer production is coming back to the
United States, albeit slowly. Over the past two years, severa facilities have returned to
production and a series of large expansions are under consideration:**

e Oklahoma-based LSB Industries reopened its Pryor, Oklahoma ammoniafacility in 2009
and two smaller units at Pryor will restart soon as well.

e Orascom Construction has purchased and reopened alarge ammonia plant in Beaumont,
Texas. The company announced earlier this year that “Low natural gas pricesinthe U.S.
were adeciding factor in the company's decision to acquire and rehabilitate the plant.”

e PCS Corporation isin the process of reopening its large plant in Geismar, Louisiana with
an online target in the third quarter this year. It is also considering expansions at its Lima,
Ohio and Augusta, Georgia plants.

e CF Industries has reopened portions of its giant Donaldsonville, Louisiana, facility in the
past two years and has purchased an additional facility. The company announced last year
that it plansto invest $1 billion to $1.5 billion over the next four years to expand its
production capacity for ammonia and other products.

For farmers waiting to see adrop in fertilizer prices, this new domestic production cannot
come online fast enough. Even though U.S. natural gas prices have falen to 10-year lows,
fertilizer prices remain high because the United States now imports more than half of its
fertilizer. Imported fertilizer comes from regions which do not have the low natural gas prices
that the United Statesis currently enjoying, increasing the prices for farmers.?

Chemicals and Plastics Industry

Chemical manufacturers rely on natural gas for 58 percent of their fuel and natural gas
liquids for 58 percent of their feedstock.?® Natural gas constitutes upwards of 80 percent of the
total cost to produce plastic.?” The high natural gas prices the U.S. chemical and plastics industry
faced throughout much of the last decade significantly eroded the U.S. chemicalsindustry’s
competitive position. As detailed in Figure 4, the U.S. chemical industry was essentially wiped
out as an export sector between 1997 and 2006, as net exports fell from $16.8 billion annually to
$218 million. Of the largest 120 chemical plants being built around the world in 2005, exactly
one was located in the United States. According to the U.S. Commerce Department, “The

24 Stephanie Seay, Platts, Low gas costs may not be enough to spur large fertilizer expansion, available at
http://www.platts.com/RSSFeedDetailedNews/RSSFeed/NaturalGas/3915346

* Jonathan Knutson, Agweek, Will tile drainage pay off?, available at
http://www.agweek.com/event/article/id/19564/

¢ American Chemistry Council, Guide to the Business of Chemistry, 2005.

%’ powerPoint presentation “Manufacturing Competitiveness and Jobs Depend Upon Affordable and Reliable
Electricity and Natural Gas,” Industrial Energy Consumers of America, February 2012.
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increase in U.S. natural gas prices has helped reduce and even eliminate in some recent years the
United States’ trade surplusin bulk chemicals.” %

Figure 4. U.S. Trade Balance for Chemicals (not including pharmaceuticals)
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Source: U.S. Department of Commerce, Energy Policy and U.S. Industry Competitiveness. Available at:
http://ita.doc.gov/td/energy/energy%20use%20by%20industry.pdf

Appearing before the Select Committee on Energy Independence and Global Warming in
2008, the Dow Chemical Company’s Vice President for Energy, Rich Wells, testified to the
difficulties that the domestic chemical industry was facing. Dow had shut down dozens of
uncompetitive U.S. plantsin the previous decade as natural gas prices had skyrocketed. They
were investing preferentialy in the Middle East and other parts of the world where energy costs
were lower. Wells explained that it was cheaper for chemical companies to move their
manufacturing to where energy is cheap than to move cheap energy to their manufacturing.?

Once again, like the fertilizer sector, low domestic natural gas prices are driving a
resurgence in the domestic chemical industry. According to the American Chemistry Council, “A
new competitive advantage has already emerged for U.S. petrochemical producers.” *° Dow has

*® Rachel Halpern, International Trade Administration, Energy Policy and U.S. Industry Competitiveness, available at
http://ita.doc.gov/td/energy/energy%20use%20by%20industry.pdf

*® Rich Wells, Vice President Energy, The Dow Chemical Company
http://globalwarming.house.gov/files/HRG/FullTranscripts/110-46 2008-07-30.pdf

% American Chemistry Council, Shale Gas and New Petrochemicals Investment: Benefits for the Economy, Jobs,
and US Manufacturing, March, 2011, available at http://www.americanchemistry.com/ACC-Shale-Report
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announced it will increase key chemical processing capability along the Gulf Coast by 20 to 30
percent over the next two to three years. The American Chemistry Council estimates that if
natural gas-based feedstock prices stay low and supply expands, the U.S. chemical industry is
projected to invest $49 billion in new plants and equipment in the United States in the coming
years and spur the creation of more than 400,000 jobs across the U.S. economy. Such
investments would generate $44 billion in new federal, state, and local tax revenue over the next
decade.®" Low-priced natural gasis the key to unlocking these economic benefits.

Steel Industry

The domestic stedl sector’s fuel reliance is split mostly between natural gas, electricity,
and coal-derived coke, and the sector’ s natural gas consumption makes up 4 percent of U.S.
industria natural gas use.* The steel industry is highly energy-intensive with very tight margins,
and small changes in energy prices can have a significant impact on the cost of downstream
manufactured goods like automobiles, construction equipment, and wind turbines. Recycled steel
is especially energy intensive, and energy can account for 25 percent or more of the cost of
production.®

Integrated steelmakers, which produce steel from raw iron ore, use natural gas as the
primary energy source for the reheating and rolling procedures at the end of the steelmaking
process. Recent low natural gas prices have allowed companies to replace costly and dirty coal-
derived coke with natural gas, which has become a far more cost-effective way of melting iron
ore. U.S. Steel estimates that with natural gas prices around what they are today, substituting
natural gas for coal-derived coke translates to savings of $7 per ton of steel.** A $1 per million
BTU increase in the price of natural gas would increase costs by more than $100 million for U.S.
Steel, based on current gas usage and steel production levels.

Another American steel producer, Nucor, has utilized low natural gas prices to build new
“direct reduced iron” facilities,® which combine natural gas with iron ore pelletsto create a
steady feedstock for the company’s electric arc furnaces. Thisis a growing technology that now
accounts for more than 60 percent of steel production in the United States. Low natural gas
prices are critical to operating these types of facilities. Seven years ago, as U.S. natural gas prices

*d.

32 American Iron and Steel Institute, 2010 Annual Statistical Report, Table 37

** powerPoint presentation “Manufacturing Competitiveness and Jobs Depend Upon Affordable and Reliable
Electricity and Natural Gas,” Industrial Energy Consumers of America, February 2012.

#us. Steel, second quarter conference call, July 26, 2011, available at http://seekingalpha.com/article/282049-
united-states-steel-s-ceo-discusses-q2-2011-results-earnings-call-jul-26-2011-transcript

* Nucor press release, March 7, 2011, available at http://www.nucor.com/investor/news/releases/?rid=1536511
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were much higher than today, Nucor relocated afacility to Trinidad in order to take advantage of
“alow cost supply of natural gas.” *®

Conclusion

If we keep natural gas here at home, and keep prices low, we will accelerate the transition
away from coal and foreign oil, making U.S. energy consumption not only cheaper, but cleaner
and more secure.

Natural gas could eventually overtake coal as America’s primary source of electricity. In
just the last six years, coal’ s share of the U.S. electricity market has dropped from 50 percent to
43 percent, with natural gas displacing most of this production, along with wind. At the same
time, buses and commercial fleet vehicles, which consume large amounts of fuel, are
increasingly powered by natural gasinstead of gasoline. “Replacing 3.5 million of these heavy
vehicles with natural gas vehicles by 2035 would save more than 1.2 million barrels of oil per
day compared to business as usual, which is more than we imported from either Venezuela or
Saudi Arabiain 2009,” according to areport by the Center for American Progress.*’

Using more natural gas for electricity and transportation is expected to drive up U.S.
demand by 18 percent by 2035 under current policies and commitments, “causing coal demand
to drop by around 9% and oil demand by around 6%,” according to the International Energy
Agency.* This transition away from coal and foreign oil, however, could be slowed or
jeopardized if we undermine our affordable domestic natural gas supply by exporting it to
foreign markets.

To address these concerns Rep. Ed Markey has introduced two billsto stop natural gas
from being exported. H.R. 4025 would prevent oil and gas companies from exporting natural gas
extracted from public lands, and H.R. 4024 would place a moratorium on the Federal Energy
Regulatory Commission approving the siting and development of LNG export terminals until
2025, except under special circumstances. Markey also offered a floor amendment to H.R. 3408,
the so-called PIONEERS Act, that would have stopped the exporting of natural gas extracted
from the public lands and waters opened up by the bill. That amendment failed by avote of 173
to 254.

Instead of starting with a presumption in favor of exports, they should be evaluated
against the following goals for American energy policy:

1. Keep energy affordable for American consumers;
2. Grow U.S. manufacturing and support its competitive position in the global economy;
3. Reduce America's dependence on foreign oil; and

3 Nucor press release, January 16, 2007, available at http://www.nucor.com/investor/news/releases/?rid=950793
% Center for American Progress, American Fuel: Developing Natural Gas for Heavy Vehicles, available at
http://www.eia.gov/analysis/requests/fe/pdf/fe Ing.pdf

*% International Energy Agency, Are We Entering a Golden Age of Gas?, World Energy Outlook 2011, page 22,
available at http://www.iea.org/weo/docs/we02011/WEQ2011 GoldenAgeofGasReport.pdf.
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4. Reduce dangerous environmenta pollution.

These goals are now being advanced because natural gas supplies are abundant; prices
are cheaper here than abroad; and natural gas is becoming more economical than dirtier coal and
imported oil. If we keep natural gas here, these benefits will continue. If we export it abroad, we
will undermine each goal.
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Department of Energy
Washington, DC 20585

February 24, 2012

The Honorable Edward J. Markey
Ranking Member

Committee on Natural Resources
United States House of Representatives
2108 Rayburn House Office Building
Washington, DC 20515

Dear Representative Markey:

This is in response to your letter of January 4, 2012 concerning exports of domestically
produced liquefied natural gas (LNG) and the Department of Energy’s (DOE) regulation
of those exports. Secretary Chu asked me to respond on behalf of the Department.

DOE’s Statutory Authority

DOE'’s authority over exports of natural gas, including LNG, arises under section 3 of the
Natural Gas Act (NGA), 15 USC 717b, and section 301(b) of the DOE Organization Act,
42 USC 7151. An amendment of section 3 in the Energy Policy Act of 1992 (EPAct 92)
resulted in two different sets of standards and procedures for processing applications to
export LNG from the United States, including (1) standards and procedures for the export
of LNG to countries with which the United States has not entered into a free trade
agreement (FTA); and (2) standards and procedures for the export of LNG to countries
with which the United States has entered into an FTA providing for national treatment for
trade in natural gas.

FTA Export Applications

In EPAct 92, Congress amended section 3(c) to the Natural Gas Act. At that time,
Congress’s attention was focused on North American trade, not on the potential impact of
the amendment on United States trade with other countries overseas. Section 3(c), as
amended, created a different standard of review for applications to export natural gas,
including LNG, to those countries with which the United States has in effect an FTA
requiring national treatment for trade in natural gas. The amended section 3(c) requires
such applications to be deemed consistent with the public interest, and granted without
modification or delay. DOE does not have the authority to impose conditions on the
resulting authorizations. The result is a bifurcated regulatory regime over which DOE
has only partial control or influence.
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Non-FTA Export Applications

Applications that seek authority to export LNG to non-FTA countries and all pleadings
and orders in each related proceeding are posted on DOE’s website where they can be
viewed by the public. Upon receipt of an application, DOE issues a notice in the
Federal Register inviting interested persons to participate and to submit argument and
evidence to support their positions. After consideration of the entire record, including
evidence of the environmental impact of the proposed exports, DOE issues an order
supported by substantial evidence and reasoned decision-making either granting the
application in whole or in part or denying the application.

NGA Section 3(a) requires DOE to grant a request to export LNG to non-FTA countries
unless, after opportunity for hearing, DOE finds that the proposed export will not be
consistent with the public interest. Section 3(a) thus creates a rebuttable presumption that
a proposed export is in the public interest. This means that the burden is on those that
oppose the application to show that it would not be consistent with the public interest.'

Section 3(a) also authorizes DOE to attach terms and conditions to non-FTA export
authorizations to protect the public interest. In Sabine Pass Liquefaction, LLC, DOE/FE
Order No. 2961 (May 20, 2011) (copy enclosed), our first order authorizing exports of
lower-48 domestically produced LNG to non-FTA countries, we inserted 18 ordering
paragraphs containing numerous conditions and limitations to ensure that the public
interest will not be harmed by the planned exports. These terms and conditions are
determined on a case by case basis, but the terms and conditions applied in Sabine Pass
are indicative of the range of factors likely to be addressed in future such orders.

To assist in our review of the pending non-FTA export applications, DOE has
commissioned a two-part study by the Energy Information Administration (EIA) and a
private contractor to assess the cumulative impacts of LNG exports on a number of
domestic economic factors. This effort is further described below.

Pending LNG Export Applications

An increasing number of applicants are seeking authorization from DOE to export
domestic supplies of natural gas as LNG to higher-priced overseas markets. DOE
presently has before it seven long-term applications to export lower-48 domestically-
produced LNG to countries with which the United States does not have an FTA that
requires national treatment for trade in natural gas. The volume of LNG requested for
export authorization in these seven applications, plus the 2.2 billion cubic feet per day
(Bcf/d) already authorized for export in Sabine Pass, total 12.51 Bcef/d of natural gas.

" If this statutory presumption were repealed, the burden would fall on the applicant to support a
claim that the proposed authorization was in the public interest. The statutory presumption in
section 3(a) was enacted in 1938 at a time when the technology did not exist either to liquefy
natural gas and to ship it around the world or to produce natural gas by means of enhanced
production technologies such as horizontal drilling and hydraulic fracturing.



Consistent with the NGA, DOE already has granted authorization to export 10.93 Bef/d
to FTA countries. The volume authorized for export in these FTA proceedings is
generally duplicative of and not in addition to the volume proposed for export in the
seven pending non-FTA export applications. Also, the foreign countries with currently
effective FTAs do not, in general, have the ability to receive substantial quantities of
LNG from seagoing vessels.

You inquired about the domestic impact of authorizing the above-stated volume of
natural gas for export. Like Sabine Pass, the potential impact of most of these
authorizations would not be imminent because the proposed exports are not planned to
commence for a number of years. Also, not all authorized exports will necessarily occur
because it takes years to build LNG export facilities and numerous regulatory and
financial obstacles must be cleared before a project is completed.” Nonetheless,
cognizant of the need to review the potential impact of each of the pending applications
on the assumption that each project is completed, DOE has commissioned a two-part
independent study, described below.

DOE’s Independent Study

DOE recognized in Sabine Pass that the cumulative impact of Sabine Pass and additional
future LNG export authorizations could affect the public interest. To address this issue,
DOE commissioned a two-part study. The first part, a case study conducted by the EIA,
primarily evaluated the potential impact of natural gas exports on domestic natural gas
supply, demand, and market prices under four scenarios of export growth rates/ultimate
level of exports using EIA’s National Energy Modeling System (NEMS). Each scenario
was evaluated against four cases from EIA’s Annual Energy Outlook 2011, which include
varying natural gas resource assumptions and economic growth rates, for a total of 16
cases. The cases present various potential export scenarios within a wide range of
probabilities. We note that NEMS is not a world energy model, and does not address the
interaction between the potential for additional U.S. natural gas exports and
developments in world natural gas markets. EIA has completed the first part of the study,
and the report is available on its website.” The second part of the case study will be

* In addition to DOE approval, regulatory approval must also be obtained from the Federal Energy
Regulatory Commission (FERC) authorizing the siting, construction, and operation of an LNG export
terminal. Other agencies, such as the U.S. Coast Guard, may also review aspects of the planned export
operation. With respect to building the complex liquefaction facility, several hurdles also must be cleared
in the area of project financing, securing long-term agreements to market the LNG, and negotiating with a
limited number of global engineering companies that have the expertise and capability to build these types
of facilities. Multiple proposals to export LNG would not necessarily, by themselves, correlate to a high
volume of actual LNG exports. Five U.S. LNG import terminals were built in the mid/late-2000’s; these
five terminals were only a small percentage of the total number of terminals originally proposed for
construction.

* http://www.eia.gov/analysis/requests/fe/



conducted by a private contractor, and will primarily evaluate the macroeconomic impact
of these sixteen hypothetical cases.

When completed, the study will provide certain insights about (1) the potential impact of
additional natural gas exports on domestic energy consumption, production, and prices;
(2) the cumulative impact on the U.S. economy, including the effect on gross domestic
product, job creation, balance of trade; and (3) the impact on the U.S. manufacturing
sector (especially energy-intensive manufacturing industries). A copy of the tasking
document from DOE’s Office of Fossil Energy to EIA is included as an enclosure to this
letter. General guidance given to the private contractor is also included as an enclosure to
this letter.

We anticipate the study will be completed by this spring. We are mindful of the need for
prompt action in each of the non-FTA LNG export proceedings before us. We are
equally mindful that a sound evidentiary record is essential to reach a reasoned decision
in these proceedings. As such, DOE will not issue a final order addressing the pending
applications to export LNG to non-FTA countries until the full study has been completed
and the Department has had an opportunity to review the results.* I want to emphasize
that no decision has been made whether to approve, limit, phase-in, or deny the presently
pending or any future proposed export authorizations. Until the study is completed,
reviewed, and evaluated, it would be premature for DOE to speculate on what actions we
might take or the potential impacts and effects of the pending applications on many of the
issues raised in your letter.

Existing LNG Export Authorizations

You asked whether DOE would ever withdraw approvals of any previously-granted LNG
export authorizations, particularly in the event of a price spike in domestic prices of
natural gas. As we observed in Sabine Pass, DOE’s authority to issue supplemental
orders modifying previous authorizations is contained in NGA section 3(a) and this
authority may only be exercised after opportunity for hearing and for good cause shown.
DOE does not, however, intend to use this authority as a price maintenance mechanism.
Moreover, DOE takes very seriously the good-faith investment-backed expectations of
private parties subject to its regulatory jurisdiction. Accordingly, DOE would be
reluctant to withdraw or modify a previously-granted authorization, except in the event of
extraordinary circumstances. To date, DOE has not had occasion to exercise this
authority.

Loss of Natural Gas into the Atmosphere

You also asked whether exporting natural gas will encourage development of production
that releases natural gas into the atmosphere before technologies that prevent or reduce
those releases become available.

“The results of the two part study will have no bearing on future DOE actions on applications to export
LNG to FTA countries under NGA section 3(c).



Increased use of natural gas, using responsible production and transportation practices,
will benefit the environment. Most estimates indicate that the production and use of
natural gas has a lower greenhouse gas (GHG) footprint than coal or oil, the predominant
alternate fuels. Therefore, insofar as natural gas offsets the consumption of coal or oil,
the expanded use of natural gas will tend to reduce GHG emissions.

If you have any additional questions, please feel free to contact me or Mr. Christopher
Davis, Deputy Assistant Secretary for House Affairs, at (202) 586-5450.

Sincerely,

A3 —

Christopher A. Smith
Deputy Assistant Secretary
Office of Oil and Natural Gas

Enclosures
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To suspend approval of liquefied natural gas export terminals, and for other
purposes.

IN THE HOUSE OF REPRESENTATIVES

FEBRUARY 14, 2012

Mr. MARKEY introduced the following bill; which was referred to the
Committee on Energy and Commerce

A BILL

To suspend approval of liquefied natural gas export
terminals, and for other purposes.

—

Be it enacted by the Senate and House of Representa-
tives of the United States of America 1n Congress assembled,
SECTION 1. SHORT TITLE.

This Act may be cited as the “North America Nat-
ural Gas Security and Consumer Protection Act”.

SEC. 2. SUSPENSION OF APPROVAL OF LNG EXPORT TERMI-
NALS.

(a) SUSPENSION.—Before January 1, 2025, the Fed-
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eral Energy Regulatory Commission may not approve any
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application under section 3 of the Natural Gas Act (15

U.S.C. 717b)—

(1) for the siting, construction, expansion, or
operation of an LNG terminal that will be used to
receive, unload, load, store, transport, gasify, liquefy,
or process natural gas to be exported to a foreign
country from the United States; or

(2) to amend an existing authorization of the
Commission in order to modify an existing author-
ized facility to an LNG terminal that will be used
to receive, unload, load, store, transport, gasify, liq-
uefy, or process natural gas to be exported to a for-
eign country from the United States.

(b) ExEMPTIONS.—Subsection (a) shall not a apply
with respect to any application described in subsection (a)
if the natural gas that would be exported as a result of
the approval of such application is exported solely to meet
a requirement imposed pursuant to section 203 of the
International Emergency Economic Powers Act (50
U.S.C. 1702), section 5(b) of the Trading with the Enemy
Act (50 U.S.C. App. 5(b)), or part B of title IT of the
Energy Policy and Conservation Act (42 U.S.C. 6271-
6276).

(¢) DEFINITION OF LNG TERMINAL.—In this Act,

the term “LNG terminal” has the meaning given such

*HR 4024 IH
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1 term in section 2(11) of the Natural Gas Act (15 U.S.C.
2 T17a(11)).

*HR 4024 TH
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To provide that the Secretary of the Interior may accept bids on any new

To
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oll and gas leases of Federal lands (including submerged lands) only
from bidders certifying that all natural gas produced pursuant to such
leases shall be offered for sale only in the United States, and for other
purposes.

IN THE HOUSE OF REPRESENTATIVES
FEBRUARY 14, 2012

. MARKEY (for himself and Mr. HOLT) introduced the following bill; which

was referred to the Committee on Natural Resources

A BILL

provide that the Secretary of the Interior may accept
bids on any new ol and gas leases of Federal lands
(including submerged lands) only from bidders certifying
that all natural gas produced pursuant to such leases
shall be offered for sale only in the United States, and
for other purposes.

Be it enacted by the Senate and House of Representa-
tives of the United States of America in Congress assembled,
SECTION 1. SHORT TITLE.

This Act may be cited as the “Keep American Nat-

ural Gas Here Act”.
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SEC. 2. NO FOREIGN SALES OF NATURAL GAS PRODUCED

ON FEDERAL LANDS.

The Secretary of the Interior may accept bids on any
new oil and gas leases of Federal lands (including sub-
merged lands) under the Mineral Leasing Act (30 U.S.C.
181 et seq.) or the Outer Continental Shelf Lands Act
(43 U.S.C. 1331 et seq.) only from bidders certifying that
all natural gas produced pursuant to such leases shall be
offered for sale only in the United States.

SEC. 3. NO FOREIGN SALES OF NATURAL GAS TRANS-
PORTED OVER FEDERAL PIPELINE RIGHTS-
OF-WAY.

Section 28(a) of the Mineral Leasing Act (30 U.S.C.
185(a)) is amended—

(1) by inserting ‘(1) after “(a)”’; and
(2) by adding at the end the following:

“(2) A new right-of-way for a natural gas pipeline
may not be granted under this section unless the applicant
for the right-of-way certifies that all natural gas that is
transported via such pipeline shall be offered for sale only

in the United States.”’.

*HR 4025 IH
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Scenario Naming Convention

The following is the naming convention used for all the scenarios. Lists of all the possible U.S.,
international, U.S. LNG export, and quota rent cases are shown below.

Generic Naming Convention:
U.S. Case_International Case U.S. LNG Export Case Quota Rent Case

U.S. Cases: International Cases:

USREF US Reference case INTREF International Reference case

HEUR High Shale EUR D International Demand Shock

LEUR Low Shale EUR SD International Supply/Demand Shock
U.S. LNG Export Cases

NX No-Export Capacity LS  Low/Slow HS  High/Slow

LSS Low/Slowest LR  Low/Rapid HR  High/Rapid

NC No-Export Constraint

Quota Rent Cases:

HEUR_SD LSS QR

HEUR_SD_HR_QR

N.wEra Baselines:

US High Shale EUR with International Supply/Demand Shock at Low/Slowest export
levels with quota rent

US High Shale EUR with International Supply/Demand Shock at High/Rapid export
levels with quota rent

Bau REF No LNG export expansion case consistent with AEO 2011 Reference case
Bau HEUR No LNG export expansion case consistent with AEO 2011 High Shale EUR case
Bau LEUR No LNG export expansion case consistent with AEO 2011 Low Shale EUR case

Scenarios Analyzed by N.,Era

USREF D LSS  US Reference case with International Demand Shock and lower than Low/Slowest export
levels
USREF D LS US Reference case with International Demand Shock and lower than Low/Slow export levels
USREF D LR US Reference case with International Demand Shock and lower than Low/Rapid export levels
USREF _SD LS  US Reference case with International Supply/Demand Shock at Low/Slow export levels
USREF _SD LR  US Reference case with International Supply/Demand Shock at Low/Rapid export levels
USREF _SD HS  US Reference case with International Supply/Demand Shock and lower than High/Slow export
levels
USREF SD HR  US Reference case with International Supply/Demand Shock and lower than High/Rapid
export levels
USREF SD NC  US Reference case with International Supply/Demand Shock and No Constraint on exports
HEUR_D_NC US High Shale EUR with International Demand Shock and No Constraint on exports
HEUR SD LSS  US High Shale EUR with International Supply/Demand Shock at Low/Slowest export levels
HEUR SD LS US High Shale EUR with International Supply/Demand Shock at Low/Slow export levels
HEUR SD LR US High Shale EUR with International Supply/Demand Shock at Low/Rapid export levels
HEUR SD HS US High Shale EUR with International Supply/Demand Shock at High/Slow export levels
HEUR SD HR  US High Shale EUR with International Supply/Demand Shock at High/Rapid export levels
HEUR SD NC US High Shale EUR with International Supply/Demand Shock and No Constraint on exports
LEUR SD LSS  US Low Shale EUR with International Supply/Demand Shock at Low/Slowest export levels
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EXECUTIVE SUMMARY

Approach

At the request of the U.S. Department of Energy, Office of Fossil Energy (“DOE/FE”), NERA
Economic Consulting assessed the potential macroeconomic impact of liquefied natural gas
(“LNG”) exports using its energy-economy model (the “N.wERA” model). NERA built on the
earlier U.S. Energy Information Administration (“EIA”) study requested by DOE/FE by
calibrating its U.S. natural gas supply model to the results of the study by EIA. The EIA study
was limited to the relationship between export levels and domestic prices without considering
whether or not those quantities of exports could be sold at high enough world prices to support
the calculated domestic prices. The EIA study did not evaluate macroeconomic impacts.

NERA'’s Global Natural Gas Model (“GNGM”) was used to estimate expected levels of U.S.
LNG exports under several scenarios for global natural gas supply and demand.

NERA’s NewERA energy-economy model was used to determine the U.S. macroeconomic
impacts resulting from those LNG exports.

Key Findings

This report contains an analysis of the impact of exports of LNG on the U.S. economy under a
wide range of different assumptions about levels of exports, global market conditions, and the
cost of producing natural gas in the U.S. These assumptions were combined first into a set of
scenarios that explored the range of fundamental factors driving natural gas supply and demand.
These market scenarios ranged from relatively normal conditions to stress cases with high costs
of producing natural gas in the U.S. and exceptionally large demand for U.S. LNG exports in
world markets. The economic impacts of different limits on LNG exports were examined under
each of the market scenarios. Export limits were set at levels that ranged from zero to unlimited
in each of the scenarios.

Across all these scenarios, the U.S. was projected to gain net economic benefits from allowing
LNG exports. Moreover, for every one of the market scenarios examined, net economic benefits
increased as the level of LNG exports increased. In particular, scenarios with unlimited exports
always had higher net economic benefits than corresponding cases with limited exports.

In all of these cases, benefits that come from export expansion more than outweigh the losses
from reduced capital and wage income to U.S. consumers, and hence LNG exports have net
economic benefits in spite of higher domestic natural gas prices. This is exactly the outcome that
economic theory describes when barriers to trade are removed.

Net benefits to the U.S. would be highest if the U.S. becomes able to produce large quantities of
gas from shale at low cost, if world demand for natural gas increases rapidly, and if LNG
supplies from other regions are limited. If the promise of shale gas is not fulfilled and costs of
producing gas in the U.S. rise substantially, or if there are ample supplies of LNG from other
regions to satisfy world demand, the U.S. would not export LNG. Under these conditions,
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allowing exports of LNG would cause no change in natural gas prices and do no harm to the
overall economy.

U.S. natural gas prices increase when the U.S. exports LNG. But the global market limits how
high U.S. natural gas prices can rise under pressure of LNG exports because importers will not
purchase U.S. exports if U.S. wellhead price rises above the cost of competing supplies. In
particular, the U.S. natural gas price does not become linked to oil prices in any of the cases
examined.

Natural gas price changes attributable to LNG exports remain in a relatively narrow range across
the entire range of scenarios. Natural gas price increases at the time LNG exports could begin
range from zero to $0.33 (2010$/Mcf). The largest price increases that would be observed after
5 more years of potentially growing exports could range from $0.22 to $1.11 (2010$/Mcf). The
higher end of the range is reached only under conditions of ample U.S. supplies and low
domestic natural gas prices, with smaller price increases when U.S. supplies are more costly and
domestic prices higher.

How increased LNG exports will affect different socioeconomic groups will depend on their
income sources. Like other trade measures, LNG exports will cause shifts in industrial output
and employment and in sources of income. Overall, both total labor compensation and income
from investment are projected to decline, and income to owners of natural gas resources will
increase. Different socioeconomic groups depend on different sources of income, though
through retirement savings an increasingly large number of workers share in the benefits of
higher income to natural resource companies whose shares they own. Nevertheless, impacts will
not be positive for all groups in the economy. Households with income solely from wages or
government transfers, in particular, might not participate in these benefits.

Serious competitive impacts are likely to be confined to narrow segments of industry. About
10% of U.S. manufacturing, measured by value of shipments, has both energy expenditures
greater than 5% of the value of its output and serious exposure to foreign competition.
Employment in industries with these characteristics is about one-half of one percent of total U.S.
employment.

LNG exports are not likely to affect the overall level of employment in the U.S. There will be
some shifts in the number of workers across industries, with those industries associated with
natural gas production and exports attracting workers away from other industries. In no scenario
is the shift in employment out of any industry projected to be larger than normal rates of turnover
of employees in those industries.
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l. SUMMARY
A. What NERA Was Asked to Do

NERA Economic Consulting was asked by the DOE/FE to use its N.w ERA model to evaluate the
macroeconomic impact of LNG exports. NERA’s analysis follows on from the study of impacts
of LNG exports on U.S. natural gas prices performed by the U.S. EIA “Effect of Increased
Natural Gas Exports on Domestic Energy Markets,” hereafter referred to as the “EIA Study.”
NERA'’s analysis addressed the same 16 scenarios for LNG exports analyzed by EIA. These
scenarios incorporated different assumptions about U.S. natural gas supply and demand and
different export levels as specified by DOE/FE:

e U.S. scenarios: Reference, High Demand, High Natural Gas Resource, and Low Natural
Gas Resource cases.

e U.S. LNG export levels reflecting either slow or rapid increases to limits of
0 Low Level: 6 billion cubic feet per day
0 High Level: 12 billion cubic feet per day

DOE also asked NERA to examine a lower export level, with capacity rising at a slower rate to 6
billion cubic feet per day and cases with no export constraints.

The EIA study was confined to effects of specified levels of exports on natural gas prices within
the U.S. EIA was not asked to estimate the price that foreign purchasers would be willing to pay
for the specified quantities of exports. The EIA study, in other words, was limited to the
relationship between export levels and domestic prices without, for example, considering
whether or not those quantities of exports could be sold at high enough world prices to support
the calculated domestic prices. Thus before carrying out its macroeconomic analysis, NERA had
to estimate the export or world prices at which various quantities of U.S. LNG exports could be
sold on the world market. This proved quite important in that NERA concluded that in many
cases, the world natural gas market would not accept the full amount of exports assumed in the

EIA scenarios at export prices high enough to cover the U.S. wellhead domestic prices calculated
by the EIA.

To evaluate the feasibility of exporting the specified quantities of natural gas, NERA developed
additional scenarios for global natural gas supply and demand, yielding a total of 63 scenarios
when the global and U.S. scenarios were combined. NERA then used the GNGM to estimate the
market-determined export price that would be received by exporters of natural gas from the
United States in the combined scenarios.

NERA selected 13 of these scenarios that spanned the range of economic impacts from all the
scenarios for discussion in this report and eliminated scenarios that had essentially identical

2 Available at: www.eia.gov/analysis/requests/fe/.
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outcomes for LNG exports and prices.” These scenarios are described in Figure 1. NERA then
analyzed impacts on the U.S. economy of these levels of exports and the resulting changes in the
U.S. trade balance and in natural gas prices, supply, and demand.

Figure 1: Feasible Scenarios Analyzed in the Macroeconomic Model

u.S.

Market Reference High Shale EUR Low Shale EUR
Outlook

Int’l Supply/ Supply/ Demand Supply/

Demand Demand

Market Demand Shock Demand Shock Demand Shock
(@]7]1[0]0] 2 Shock Shock Shock

Scenario Name

Low/Slow USREF D LS USREF _SD_LS HEUR SD_LS
Low/Rapid USREF D LR USREF_SD_LR HEUR _SD_LR
High/Slow USREF _SD_HS HEUR_SD_HS
High/Rapid USREF_SD_HR HEUR_SD_HR
Low/
USREF D LSS HEUR_SD_LSS LEUR SD LSS
Slowest - = - = - =

Scenarios in italics use DOE/FE defined export volumes.
Scenarios in bold use NERA determined export volumes.
Results for all cases are provided in Appendix C.

The three scenarios chosen for the U.S. resource outlook were the EIA Reference cases, based on
the Annual Energy Outlook (“AEQ”) 2011, and two cases assuming different levels of estimated
ultimate recovery (“EUR”) from new gas shale development. Outcomes of the EIA high demand
case fell between the high and low EUR cases and therefore would not have changed the range
of results. The three different international outlooks were a reference case, based on the EIA
International Energy Outlook (“IEO”) 2011, a Demand Shock case with increased worldwide
natural gas demand caused by shutdowns of some nuclear capacity, and a Supply/Demand Shock
case which added to the Demand Shock a supply shock that assumed key LNG exporting regions
did not increase their exports above current levels.

NERA concluded that in many cases the world natural gas market would not accept the full
amount of exports specified by FE in the EIA scenarios at prices high enough to cover the U.S.
wellhead price projected by EIA. In particular, NERA found that there would be no U.S. exports
in the International Reference case with U.S. Reference case conditions. In the U.S. Reference
case with an International Demand Shock, exports were projected but in quantities below any of
the export limits. In these cases, NERA replaced the export levels specified by DOE/FE and
prices estimated by EIA with lower levels of exports (and, a fortiori prices) estimated by GNGM

> The scenarios not presented in this report had nearly identical macroeconomic impacts to those that are included,

so that the number of scenarios discussed could be reduced to make the exposition clearer and less duplicative.
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that are indicated in bold black in Figure 1. For sensitivity analysis, NERA also examined cases
projecting zero exports and also cases with no limit placed on exports.

B. Key Assumptions

All the scenarios were derived from the AEO 2011, and incorporated the assumptions about
energy and environmental policies, baseline coal, oil and natural gas prices, economic and
energy demand growth, and technology availability and cost in the corresponding AEO cases.

The global LNG market was treated as a largely competitive market with one dominant supplier,
Qatar, whose decisions about exports were assumed to be fixed no matter what the level of U.S.
exports. U.S. exports compete with those from the other suppliers, who are assumed to behave
as competitors and adjust their exports in light of the price they are offered. In this market, LNG
exports from the U.S. necessarily lower the price received by U.S. exporters below levels that
might be calculated based on current prices or prices projected without U.S exports, and in
particular U.S. natural gas prices do not become linked to world oil prices.

It is outside the scope of this study to analyze alternative responses by other LNG suppliers in
order to determine what would be in their best economic interest or how they might behave
strategically to maximize their gains. This would require a different kind of model that addresses
imperfect competition in global LNG markets and could explain the apparent ability of some
large exporters to charge some importing countries at prices higher than the cost of production
plus transportation.

Key assumptions in analyzing U.S. economic impacts were as follows: prices for natural gas
used for LNG production were based on the U.S. wellhead price plus a percentage markup, the
LNG tolling fee was based on a return of capital to the developer, and financing of investment
was assumed to originate from U.S. sources. In order to remain consistent with the EIA analysis,
the N, ERA model was calibrated to give the same results for natural gas prices as EIA at the
same levels of LNG exports so that the parameters governing natural gas supply and demand in
NowERA were consistent with EIA’s NEMS model.

Results are reported in 5-year intervals starting in 2015. These calendar years should not be
interpreted literally but represent intervals after exports begin. Thus if the U.S. does not begin
LNG exports until 2016 or later, one year should be added to the dates for each year that exports
commence after 2015.

Like other general equilibrium models, N.w ERA is a model of long run economic growth such
that in any given year, prices, employment, or economic activity might fluctuate above or below
projected levels. It is used in this study not to give unconditional forecasts of natural gas prices,
but to indicate how, under different conditions, different decisions about levels of exports would
affect the performance of the economy. In this kind of comparison, computable general
equilibrium models generally give consistent and robust results.

Consistent with its equilibrium nature, Ney ERA does not address questions of how rapidly the
economy will recover from the recession and generally assumes that aggregate unemployment
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rates remain the same in all cases. As is discussed below, Ne ERA does estimate changes in
worker compensation in total and by industry that can serve as an indicator of pressure on labor
markets and displacement of workers due to some industries growing more quickly and others
less quickly than assumed in the baseline.

C. Key Results
1. Impacts of LNG Exports on U.S. Natural Gas Prices

In its analysis of global markets, NERA found that the U.S. would only be able to market LNG
successfully with higher global demand or lower U.S. costs of production than in the Reference
cases. The market limits how high U.S. natural gas prices can rise under pressure of LNG
exports because importers will not purchase U.S. exports if the U.S. wellhead price rises above
the cost of competing supplies. In particular, the U.S. natural gas price does not become linked
to oil prices in any of the cases examined.

2. Macroeconomic Impacts of LNG Exports are Positive in All Cases

In all of the scenarios analyzed in this study, NERA found that the U.S. would experience net
economic benefits from increased LNG exports.* Only three of the cases analyzed with the
global model had U.S. exports greater than the 12Bcf/d maximum exports allowed in the cases
analyzed by EIA. These were the USREF SD, the HEUR D and the HEUR SD cases. NERA
estimated economic impacts for these three cases with no constraint on exports, and found that
even with exports reaching levels greater than 12 Bcef/d and associated higher prices than in the
constrained cases, there were net economic benefits from allowing unlimited exports in all cases.

Across the scenarios, U.S. economic welfare consistently increases as the volume of natural gas
exports increased. This includes scenarios in which there are unlimited exports. The reason for
this is that even though domestic natural gas prices are pulled up by LNG exports, the value of
those exports also rises so that there is a net gain for the U.S. economy measured by a broad
metric of economic welfare (Figure 2) or by more common measures such as real household
income or real GDP. Although there are costs to consumers of higher energy prices and lower
consumption and producers incur higher costs to supply the additional natural gas for export,
these costs are more than offset by increases in export revenues along with a wealth transfer from
overseas received in the form of payments for liquefaction services. The net result is an increase
in U.S. households’ real income and welfare.’

Net benefits to the U.S. economy could be larger if U.S. businesses were to take more of a
merchant role. Based on business models now being proposed, this study assumes that foreign

* NERA did not run the EIA High Growth case because the results would be similar to the REF case.

°  In this report, the measure of welfare is technically known as the “equivalent variation” and it is the amount of

income that a household would be willing to give up in the case without LNG exports in order to achieve the
benefits of LNG exports. It is measured in present value terms, and therefore captures in a single number
benefits and costs that might vary year by year over the period.
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purchasers take title to LNG when it is loaded at a United States port, so that any profits that
could be made by transporting and selling in importing countries accrue to foreign entities. In
the cases where exports are constrained to maximum permitted levels, this business model
sacrifices additional value from LNG exports that could accrue to the United States.

Figure 2: Percentage Change in Welfare (%)°
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3. Sources of Income Would Shift

At the same time that LNG exports create higher income in total in the U.S., they shift the
composition of income so that both wage income and income from capital investment are
reduced. Our measure of total income is GDP measured from the income side, that is, by adding
up income from labor, capital and natural resources and adjusting for taxes and transfers.
Expansion of LNG exports has two major effects on income: it raises energy costs and, in the
process, depresses both real wages and the return on capital in all other industries, but it also
creates two additional sources of income. First, additional income comes in the form of higher
export revenues and wealth transfers from incremental LNG exports at higher prices paid by
overseas purchasers. Second, U.S. households also benefit from higher natural gas resource
income or rents. These benefits distinctly differentiate market-driven expansion of LNG exports
from actions that only raise domestic prices without creating additional sources of income. The
benefits that come from export expansion more than outweigh the losses from reduced capital
and wage income to U.S. consumers, and hence LNG exports have net economic benefits in spite

®  Welfare is calculated as a single number that represents in present value terms the amount that households are

made better (worse) off over the entire time horizon from 2015 to 2035.
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of higher natural gas prices. This is exactly the outcome that economic theory describes when
barriers to trade are removed.

Figure 3 illustrates these shifts in income components for the USREF_SD HR scenario, though
the pattern is the same in all. First, Figure 3 shows that GDP increases in all years in this case, as
it does in other cases (see Appendix C). Labor and investment income are reduced by about $10
billion in 2015 and $45 billion in 2030, offset by increases in resource income to natural gas
producers and property owners and by net transfers that represent that improvement in the U.S.
trade balance due to exporting a more valuable product (natural gas). Note that these are positive
but, on the scale of the entire economy, very small net effects.

Figure 3: Change in Income Components and Total GDP in USREF_SD_HR (Billions of 2010%)
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4. Some Groups and Industries Will Experience Negative Effects of LNG Exports

Different socioeconomic groups depend on different sources of income, though through
retirement savings an increasingly large number of workers will share in the benefits of higher
income to natural resource companies whose shares they own. Nevertheless, impacts will not be
positive for all groups in the economy. Households with income solely from wages or transfers,
in particular, will not participate in these benefits.

Higher natural gas prices in 2015 can also be expected to have negative effects on output and
employment, particularly in sectors that make intensive use of natural gas, while other sectors
not so affected could experience gains. There would clearly be greater activity and employment
in natural gas production and transportation and in construction of liquefaction facilities. Figure
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4 shows changes in total wage income for the natural gas sector and for other key sectors’ of the
economy in 2015. Overall, declines in output in other sectors are accompanied by similar
reductions in worker compensation in those sectors, indicating that there will be some shifting of
labor between different industries. However, even in the year of peak impacts the largest change
in wage income by industry is no more than 1%, and even if all of this decline were attributable
to lower employment relative to the baseline, no sector analyzed in this study would experience
reductions in employment more rapid than normal turnover. In fact, most of the changes in real
worker compensation are likely to take the form of lower than expected real wage growth, due to
the increase in natural gas prices relative to nominal wage growth.

Figure 4: Change in Total Wage Income by Industry in 2015 (%)
T oR | e [ELe | Gas| My [ wan ] OIL | SRY.
USREF SD LS  -0.12 -0.13 -0.06 0.88 -0.10 -0.08 0.01 0.00
USREF SD LR  -0.22 -0.28 -0.18 2.54 -024 -0.19 0.01 -0.04
USREF D LS -0.08 -0.10 -0.06 0.87 -0.08 -0.07 0.00 -0.01
USREF D LR -0.18 -0.23 -0.16 235 -021 -0.16 0.00 -0.05
USREF SD HS -0.15 -0.18 -0.06 0.88 -0.11 -0.10 0.01 0.00
USREF_SD HR -0.27 -0.33 -0.18 2.54 -0.26 -0.22 0.01 -0.03
USREF D LSS  -0.06 -0.07 -0.03 0.43 -0.05 -0.04 0.00 0.00
HEUR SD LS -0.10 -0.11 -0.05 0.71 -0.09 -0.07 0.01 0.00
HEUR SD LR -0.19 -0.23 -0.16 2.04 -0.22 -0.16 0.00 -0.04
HEUR SD HS -0.12 -0.14 -0.05 0.71 -0.09 -0.08 0.01 0.00
HEUR SD HR -0.25 -0.30 -0.16 2.05 -0.25 -0.20 0.01 -0.02
HEUR SD LSS  -0.06 -0.07 -0.02 0.35 -0.04 -0.04 0.00 0.00
LEUR SD LSS  -0.02 -0.02 0.00 0.00 0.00 -0.01 0.00 0.01

5. Peak Natural Gas Export Levels, Specified by DOE/FE for the EIA Study, and
Resulting Price Increases Are Not Likely

The export volumes selected by DOE/FE for the EIA Study define the maximum exports allowed
in each scenario for the NERA macroeconomic analysis. Based on its analysis of global natural
gas supply and demand under different assumptions, NERA projected achievable levels of
exports for each scenario. The NERA scenarios that find a lower level of exports than the limits
specified by DOE are shown in Figure 5. The cells in italics (red) indicate the years in which the

7 Other key sectors of the economy include: AGR — Agriculture, EIS-Energy Intensive Sectors, ELE-Electricity,

GAS-Natural gas, M_V-Motor Vehicle, MAN-Manufacturing, OIL-Refined Petroleum Products, and SRV-
Services.

NERA Economic Consulting



limit on exports is binding.® All scenarios hit the export limits in 2015 except the NERA export
volume case with Low/Rapid exports.

Figure 5: NERA Export Volumes (Tcf)

USREF D LS 0.37 0.98 1.43 1.1 2.19
USREF D LR 1.02 0.98 1.43 1.19 1.37
USREF_SD_HS 0.37 2.19 3.93 4.38 4.38
USREF_SD_HR 1.1 2.92 3.93 4.38 4.38
USREF D LSS 0.18 0.98 1.43 1.19 1.37

As seen in Figure 6, in no case does the U.S. wellhead price increase by more than $1.09/Mcf
due to market-determined levels of exports. Even in cases in which no limits were placed on
exports, competition between the U.S. and competing suppliers of LNG exports and buyer
resistance limits increases in both U.S. LNG exports and U.S. natural gas prices.

To match the characterization of U.S. supply and demand for natural gas in EIA’s NEMS model,
NERA calibrated its macroeconomic model so that for the same level of LNG exports as
assumed in the EIA Study, the NERA model reproduced the prices projected by EIA. Thus
natural gas price responses were similar in scenarios where NERA export volumes were at the
EIA export volumes. However, the current study determined that the high export limits were not
economic in the U.S. Reference case and that in these scenarios there would be lower exports
than assumed by EIA. Because the current study estimated lower export volumes than were
specified by FE for the EIA study, U.S. natural gas prices do not reach the highest levels
projected by EIA (see Figure 7).

¥ The U.S. LNG export capacity binds when the market equilibrium level of exports as determined by the model
exceeds the maximum LNG export capacity assumed in that scenario.
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Figure 6: Prices and Export Levels in Representative Scenarios for Year 2035

U.S. International Quota U.S VV_eIIhead U.S. Export Price Relative to
Scenarios Scenarios Scenarios Price (Tcf) Reference case
(20108/Mcf) (2010%/Mcf)

USREF INTREF NX $6.41

USREF INTREF NC $6.41 0 $0.00
USREF D HR $6.66 1.37 $0.25
USREF D NC $6.66 1.37 $0.25
USREF SD HR $7.24 4.38 $0.83
USREF SD NC $7.50 5.75 $1.09
HEUR INTREF NX $4.88

HEUR INTREF LR $5.16 2.19 $0.28
HEUR INTREF NC $5.31 3.38 $0.43
HEUR D NC $5.60 5.61 $0.72
HEUR SD LSS $5.16 2.19 $0.28
HEUR SD NC $5.97 8.39 $1.09
LEUR INTREF NX $8.70

LEUR INTREF NC $8.70 0 $0.00
LEUR D NC $8.70 0 $0.00
LEUR SD NC $8.86 0.52 $0.16

Figure 7: Comparison of EIA and NERA Maximum Wellhead Price Increases
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The reason is simple and implies no disagreement between this report and EIA's - the analysis of
world supply and demand indicates that at the highest wellhead prices estimated by EIA, world
demand for U.S. exports would fall far short of the levels of exports assumed in the EIA Study.

In none of the scenarios analyzed in this study do U.S. wellhead prices become linked to oil
prices in the sense of rising to oil price parity, even if the U.S. is exporting to regions where
natural gas prices are linked to oil. The reason is that costs of liquefaction, transportation, and
regasification keep U.S. prices well below those in importing regions.

6. Serious Competitive Impacts are Likely to be Confined to Narrow Segments of
Industry

About 10% of U.S. manufacturing, measured by value of shipments, has energy expenditures
greater than 5% of the value of its output and serious exposure to foreign competition.
Employment in industries with these characteristics is one-half of one percent of total U.S.
employment. These energy-intensive, trade-exposed industries for the most part process raw
natural resources into bulk commodities. Value added in these industries as a percentage of
value of shipments is about one-half of what it is in the remainder of manufacturing. In no
scenario are energy-intensive industries as a whole projected to have a loss in employment or
output greater than 1% in any year, which is less than normal rates of turnover of employees in
the relevant industries.

7. Even with Unlimited Exports, There Would Be Net Economic Benefits to the U.S.

NERA also estimated economic impacts associated with unlimited exports in cases in which
even the High, Rapid limits were binding. In these cases, both LNG exports and prices were
determined by global supply and demand. Even in these cases, U.S. natural gas prices did not
rise to oil parity or to levels observed in consuming regions, and net economic benefits to the
U.S. increased over the corresponding cases with limited exports.

To examine U.S. economic impacts under cases with even higher natural gas prices and levels of
exports than in the unlimited export cases, NERA also estimated economic impacts associated
with the highest levels of exports and U.S. natural gas prices in the EIA analysis, regardless of
whether or not those quantities could actually be sold at the assumed netback prices. The price
received for exports in these cases was calculated in the same way as in the cases based on
NERA’s GNGM, by adding the tolling fee plus a 15% markup over Henry Hub to the Henry Hub
price. Even with the highest prices estimated by EIA for these hypothetical cases, NERA found
that there would be net economic benefits to the U.S., and the benefits became larger, the higher
the level of exports. This is because the export revenues from sales to other countries at those
high prices more than offset the costs of freeing that gas up for export.

12
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I1.  INTRODUCTION

This section describes the issues that DOE/FE asked to be addressed in this study and then
describes the scope of both the EIA Study and the NERA analysis that make up the two-part
study commissioned by the DOE/FE.

A. Statement of the Problem
1. At What Price Can Various Quantities of LNG Exports be Sold?

An analysis of U.S. LNG export potential requires consideration of not only the impact of
additional demand on U.S. production costs, but also consideration of the price levels that would
make U.S. LNG economical in the world market. For the U.S. natural gas market, LNG exports
would represent an additional component of natural gas demand that must be met from U.S.
supplies. For the global market, U.S. LNG exports represent another component of supply that
must compete with supply from other regions of the world. As the demand for U.S. natural gas
increases, so will the cost of producing incremental volumes. But U.S. LNG exports will
compete with LNG produced from other regions of the world. At some U.S. price level, it will
become more economic for a region other than the U.S. to provide the next unit of natural gas to
meet global demand. A worldwide natural gas supply and demand model assists in determining
under what conditions and limits this pricing point is reached.

2. What are the Economic Impacts on the U.S. of LNG Exports?

U.S. LNG exports have positive impacts on some segments of the U.S. economy and negative
impacts on others. On the positive side, U.S. LNG exports provide an opportunity for natural gas
producers to realize additional profits by selling incremental volumes of natural gas. Exports of
natural gas will improve the U.S. balance of trade and result in a wealth transfer into the U.S.
Construction of the liquefaction facilities to produce LNG will require capital investment. If this
capital originates from sources outside the U.S., it will represent another form of wealth transfer
into the U.S. Households will benefit from the additional wealth transferred into the U.S. If
they, or their pensions, hold stock in natural gas producers, they will benefit from the increase in
the value of their investment.

On the negative side, producing incremental natural gas volumes will increase the marginal cost
of supply and therefore raise domestic natural gas prices and increase the value of natural gas in
general. Households will be negatively affected by having to pay higher prices for the natural
gas they use for heating and cooking. Domestic industries for which natural gas is a significant
component of their cost structure will experience increases in their cost of production, which will
adversely impact their competitive position in a global market and harm U.S. consumers who
purchase their goods.

Natural gas is also an important fuel for electricity generation, providing about 20% of the fuel
inputs to electricity generation. Moreover, in many regions and times of the year natural gas-
fired generation sets the price of electricity so that increases in natural gas prices can impact
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electricity prices. These price increases will also propagate through the economy and affect both
household energy bills and costs for businesses.

B. Scope of NERA and EIA Study

NERA Economic Consulting was asked by the U.S. DOE/FE to evaluate the macroeconomic
impact of LNG exports using a general equilibrium model of the U.S. economy with an emphasis
on the energy sector and natural gas in particular. NERA incorporated the U.S. EIA’s case study
output from the National Energy Modeling System (“NEMS”) into the natural gas production
module in its N ERA model by calibrating natural gas supply and cost curves in the N, ERA
macroeconomic model. NERA’s task was to use this model to evaluate the impact that LNG
exports could have on multiple economic factors, primarily U.S. gross domestic product
(“GDP”), employment, and real income. The complete statement of work is attached as
Appendix F.

1. EIA Study

The DOE/FE requested that the U.S. EIA perform an analysis of “the impact of increased
domestic natural gas demand, as exports.” Specifically, DOE/FE asked the EIA to assess how
specified scenarios of increased natural gas exports could affect domestic energy markets,
focusing on consumption, production, and prices.

DOE/FE requested that EIA analyze four scenarios of LNG export-related increases in natural
gas demand:

1. 6 billion cubic feet per day (Bcf/d), phased in at a rate of 1 Bef/d per year (Low/Slow
scenario);

2. 6 Bct/d phased in at a rate of 3 Bef/d per year (Low/Rapid scenario);

3. 12 Bef/d phased in at a rate of 1 Bef/d per year (High/Slow scenario); and

4. 12 Bcf/d phased in at a rate of 3 Bcf/d per year (High/Rapid scenario).
Total U.S. marketed natural gas production in 2011 was about 66 Bef/d. Additional LNG
exports at 6 Bcf/d represents roughly 9 percent of current production and 12 Bcef/d represents
roughly18 percent of current production.
DOE/FE requested that EIA analyze for each of the four LNG export scenarios four cases from
the EIA AEO 2011. These scenarios reflect different perspectives on the domestic natural gas

supply situation and the growth rate of the U.S. economy. These are:

1. The AEO 2011 Reference case;

° U.S. EIA, “Effects of Increased Natural Gas Exports on Domestic Energy Markets,” p. 20.
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2. The High Shale EUR case (reflecting more optimistic assumptions about domestic
natural gas supply prospects, with the EUR per shale gas well for new, undrilled wells
assumed to be 50 percent higher than in the Reference case);

3. The Low Shale EUR case (reflecting less optimistic assumptions about domestic natural
gas supply prospects, with the EUR per shale gas well for new, undrilled wells assumed
to be 50 percent lower than in the Reference case); and

4. The High Economic Growth case (assuming the U.S. gross domestic product will grow at
an average annual rate of 3.2 percent from 2009 to 2035, compared to 2.7 percent in the
Reference case, which increases domestic energy demand).

In January 2012, EIA released the results of its analysis in a report entitled “Effect of Increased
Natural Gas Exports on Domestic Energy Markets,” hereafter referred to as the “EIA Study”.

2. NERA Study

NERA relied on the EIA Study to characterize how U.S. natural gas supply, demand, and prices
would respond if the specified levels of LNG exports were achieved. However, the EIA study
was not intended to address the question of how large the demand for U.S. LNG exports would
be under different wellhead prices in the United States. That became the first question that
NERA had to answer: at what price could U.S. LNG exports be sold in the world market, and
how much would this price change as the amount of exports offered into the world market
increased?

NERA's analysis of global LNG markets leads to the conclusion that in many cases the world
market would not accept the full amount assumed in the EIA scenarios at prices high enough to
cover the U.S. wellhead price projected by EIA. In these cases, NERA replaced the export levels
and price impacts found in the EIA scenarios with lower levels of exports (and a fortiori prices)
estimated by the GNGM. These lower export levels were applied to the New ERA model to
generate macroeconomic impacts. In order to remain tied to the EIA analysis, the N ERA
model was calibrated to give the same natural gas price responses as EIA for the same
assumptions about the level of LNG exports. This was done by incorporating in Ne ERA the
same assumptions about how U.S. natural gas supply and demand would be affected by changes
in the U.S. natural gas wellhead price as implied by the NEMS model used in the EIA study.

C. Organization of the Report

This report begins by discussing what NERA was asked to do and the methodology followed by
NERA. This discussion of methodology includes the key assumptions made by NERA in its
analysis and a description of the models utilized. Then construction of scenarios for U.S. LNG
exports is described, followed by presentation of the results and a discussion of their economic
implications.
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I11. DESCRIPTION OF WORLDWIDE NATURAL GAS MARKETS AND
NERA’S ANALYTICAL MODELS

A. Natural Gas Market Description
1. Worldwide

The global natural gas market consists of a collection of distinctive regional markets. Each
regional market is characterized by its location, availability of indigenous resource, pipeline
infrastructure, accessibility to natural gas from other regions of the world, and its rate of growth
in natural gas demand. Some regions are connected to other regions by pipelines, others by LNG
facilities, and some operate relatively autonomously.

In general, a region will meet its natural gas demand first with indigenous production, second
with gas deliveries by pipelines connected to other regions, and third with LNG shipments. In
2010, natural gas consumption worldwide reached 113 Tcf. As shown in Figure 8, most natural
gas demand in a region is met by natural gas production in the same region. In 2010,
approximately 9.7 Tcf or almost 9% of demand was met by LNG.

Figure 8: Global Natural Gas Demand and Production (Tcf)

e csucion | Consumtion

Africa 7.80 3.90
Canada 6.10 3.30
China/India 4.60 5.70
C&S America 6.80 6.60
Europe 9.50 19.20
FSU 28.87 24.30
Korea/Japan 0.20 5.00
Middle East 16.30 12.50
Oceania 2.10 1.20
Sakhalin 0.43 0.00
Southeast Asia 9.30 7.40
U.S. 21.10 23.80
Total World 113.10 112.90

Some regions are rich in natural gas resources and others are experiencing rapid growth in
demand. The combination of these two characteristics determines whether the region operates as
a net importer or exporter of natural gas. The characteristics of a regional market also have an
impact on natural gas pricing mechanisms. The following describes the characteristics of the
regional natural gas markets considered in this report.
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We present our discussion in terms of regions because we have grouped countries into major
exporting, importing, and demand regions for our modeling purposes. For our analysis, we
grouped the world into 12 regions: U.S., Canada, Korea/Japan, China/India, Europe, Oceania,
Southeast Asia, Africa, Central and South America, former Soviet Union, Middle East and
Sakhalin. These regions are shown in Figure 9.

Figure 9: Regional Groupings for the Global Natural Gas Model
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Japan and Korea are countries that have little indigenous natural gas resource and no prospects
for gas pipelines connecting to other regions. Both countries depend almost entirely upon LNG
imports to meet their natural gas demand. As a result, both countries are very dependent upon
reliable sources of LNG. This is reflective in their contracting practices and willingness to have
LNG prices tied to petroleum prices (petroleum is a potential substitute for natural gas). This
dependence would become even more acute if Japan were to implement a policy to move away
from nuclear power generation and toward greater reliance on natural gas-fired generation.

In contrast, China and India are countries that do have some indigenous natural gas resources,
but these resources alone are insufficient to meet their natural gas demand. Both countries are
situated such that additional natural gas pipelines from other regions of the world could possibly
be built to meet a part of their natural gas needs, but such projects face geopolitical challenges.
Natural gas demand in these countries is growing rapidly as a result of expanding economies,
improving wealth and a desire to use cleaner burning fuels. LNG will be an important
component of their natural gas supply portfolio. These countries demand more than they can
produce and the pricing mechanism for their LNG purchases reflects this.

Europe also has insufficient indigenous natural gas production to meet its natural gas demand. It
does, however, have extensive pipeline connections to both Africa and the Former Soviet Union
(“FSU”). Despite having a gap between production and consumption, Europe’s growth in
natural gas demand is modest. As a result, LNG is one of several options for meeting natural gas
demand. The competition among indigenous natural gas supplies, pipeline imports, and LNG
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imports has resulted in a market in which there is growing pressure to move away from
petroleum index pricing toward natural gas index pricing.

FSU is one of the world’s leading natural gas producers. It can easily accommodate its own
internal natural gas demand in part because of its slow demand growth. It has ample natural gas
supplies that it exports by pipeline (in most instances pipelines, if practical, are a more
economical method to transport natural gas than LNG) to Europe and could potentially export by
pipeline to China. FSU has subsidized pricing within its own region but has used its market
power to insist upon petroleum index pricing for its exports.

The Middle East (primarily Qatar and Iran) has access to vast natural gas resources, which are
inexpensive to produce. These resources are more than ample to supply a relatively small but
growing demand for natural gas in the Middle East. Since the Middle East is located relatively
far from other major natural gas demand regions (Asia and Europe), gas pipeline projects have
not materialized, although they have been discussed. LNG represents one attractive means for
Qatar to monetize its natural gas resource, and it has become the world’s largest LNG producer.
However, Qatar has decided to restrain its sales of LNG.

Southeast Asia and Australia are also regions with abundant low cost natural gas resources.

They can in the near term (Southeast Asia with its rapid economic growth will require increasing
natural gas volumes in the future) accommodate their domestic demand with additional volumes
to export. Given the vast distances and the isolation by water, pipeline projects that move natural
gas to primary Asian markets are not practical. As a result, LNG is a very attractive mean to
monetize their resource.

The combined market of Central and South America is relatively small for natural gas. The
region has managed to meet its demand with its own indigenous supplies. It has exported some
LNG to European markets. Central and South America has untapped natural gas resources that
could result in growing LNG exports.

The North American region has a large natural gas demand but has historically been able to
satisty its demand with indigenous resources. It has a small LNG import/export industry driven
by specific niche markets. Thus, it has mostly functioned as a semi-autonomous market,
separate from the rest of the world.

2. LNG Trade Patterns

LNG Trading patterns are determined by a number of criteria: short-term demand, availability of
supplies, and proximity of supply projects to markets. A significant portion of LNG is traded on
a long-term basis using dedicated supplies, transported with dedicated vessels to identified
markets. Other LNG cargoes are traded on an open market moving to the highest valued
customer. Southeast Asian and Australian suppliers often supply Asian markets, whereas
African suppliers most often serve Europe. Because of their relative location, Middle East
suppliers can and do ship to both Europe and Asia. Figure 10 lists 2010 LNG shipping totals
with the leftmost column representing the exporters and the top row representing the importing
regions.
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Figure 10: 2010 LNG Trade (Tcf)
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3. Basis Differentials

The basis'® between two different regional gas market hubs reflects the difference in the pricing
mechanism for each regional market. If pricing for both market hubs were set by the same
mechanism and there were no constraints in the transportation system, the basis would simply be
the cost of transportation between the two market hubs. Different pricing mechanisms, however,
set the price in each regional market, so the basis is often not set by transportation differences
alone. For example, the basis between natural gas prices in Japan and Europe’s natural gas
prices reflects the differences in natural gas supply sources for both markets. Japan depends
completely upon LNG as it source for natural gas and indexes the LNG price to crude. For
Europe, LNG is only one of several potential sources of supply for natural gas, others being
interregional pipelines and indigenous natural gas production. The pricing at the National
Balancing Point (“NBP”) reflects the competition for market share between these three sources.
Because of its limited LNG terminals for export or import, North America pricing at Henry Hub
has been for the most part set by competition between different North American supply sources
of natural gas and has been independent of pricing in Japan and Europe. If the marginal supply
source for natural gas in Europe and North America were to become LNG, then the pricing in the
two regions would be set by LNG transportation differences.

B. NERA’s Global Natural Gas Model

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

The model divides the world into the 12 regions described above. These regions are largely
adapted from the EIA IEO regional definitions, with some modifications to address the LNG-
intensive regions. The model’s international natural gas consumption and production projections
for these regions are based upon the EIA’s AEO and IEO 2011 Reference cases.

The supply of natural gas in each region is represented by a constant elasticity of substitution
(“CES”) supply curve. The demand curve for natural gas has a similar functional form as the
supply curve. As with the supply curves, the demand curve in each region is represented by a
CES function (Appendix A).

C. N..ERA Macroeconomic Model

NERA developed the N.,,ERA model to forecast the impact of policy, regulatory, and economic
factors on the energy sectors and the economy. When evaluating policies that have significant

"% The basis is the difference in price between two different natural gas market hubs.
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impacts on the entire economy, one needs to use a model that captures the effects as they ripple
through all sectors of the economy and the associated feedback effects. The version of the
NewERA model used for this analysis includes a macroeconomic model with all sectors of the
economy.

The macroeconomic model incorporates all production sectors, including liquefaction plants for
LNG exports, and final demand of the economy. The consequences are transmitted throughout
the economy as sectors respond until the economy reaches equilibrium. The production and
consumption functions employed in the model enable gradual substitution of inputs in response
to relative price changes, thus avoiding all-or-nothing solutions.

There are great uncertainties about how the U.S. natural gas market will evolve, and the N, ERA
model is designed explicitly to address the key factors affecting future natural gas demand,
supply, and prices. One of the major uncertainties is the availability of shale gas in the United
States. To account for this uncertainty and the subsequent effect it could have on the domestic
markets, the Ney ERA model includes resource supply curves for U.S. natural gas. The model
also accounts for foreign imports, in particular pipeline imports from Canada, and the potential
build-up of liquefaction plants for LNG exports. N.wERA also has a supply (demand) curve for
U.S. imports (exports) that represents how the global LNG market price would react to changes
in U.S. imports or exports. On a practical level, there are also other important uncertainties
about the ownership of LNG plants and how the LNG contracts will be formulated. These have
important consequences on how much revenue can be earned by the U.S. and hence overall
macroeconomic impacts. In the N.w ERA model it is possible to represent these variations in
domestic versus foreign ownership of assets and capture of export revenues to better understand
the issues.

U.S. wellhead natural gas prices are not precisely the same in the GNGM and the U.S. N, ERA
model. Supply curves in both models were calibrated to the EIA implicit supply curves, but the
GNGM has a more simplified representation of U.S. natural gas supply and demand than the
more detailed Ne ERA model so that the two models solve for slightly different prices with the
same levels of LNG exports. The differences are not material to any of the results in the study.

The NewERA model includes other energy markets. In particular, it represents the domestic and
international crude oil and refined petroleum markets.

We balance the international trade account in the Ne ERA model by constraining changes in the
current account deficit over the model horizon. The condition is that the net present value of the
foreign indebtedness over the model horizon remains at the benchmark year level. This prevents
distortions in economic effects that would result from perpetual increase in borrowing, but does
not overly constrain the model by requiring current account balance in each year.

This treatment of the current account deficit does not mean that there cannot be trade benefits
from LNG exports. Although trade will be in balance over time, the terms of trade shift in favor
of the U.S. because of LNG exports. That is, by exporting goods of greater value to overseas
customers, the U.S. is able to import larger quantities of goods than it would able to if the same
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domestic resources were devoted to producing exports of lesser value. Allowing high value
exports to proceed has a similar effect on terms of trade as would an increase in the world price
of existing exports or an increase in productivity in export industries. In all these cases, the U.S.
gains more imported goods in exchange for the same amount of effort being devoted to
production of goods for export. The opposite is also possible, in that a drop in the world price of
U.S. exports or a subsidy that promoted exports of lesser value would move terms of trade
against the U.S., in that with the same effort put into producing exports the U.S. would receive
less imports in exchange and terms of trade would move against the U.S. The fact that LNG will
be exported only if there is sufficient market demand ensures that terms of trade will improve if
LNG exports take place.

The Ne.wERA model outputs include demand and supply of all goods and services, prices of all
commodities, and terms of trade effects (including changes in imports and exports). The model
outputs also include gross regional product, consumption, investment, disposable income and
changes in income from labor, capital, and resources.
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IV. DESCRIPTION OF SCENARIOS

EIA’s analysis combined assumptions about levels of natural gas exports with assumptions about
uncertain factors that will drive U.S. natural gas supply and demand to create 16 scenarios. EIA’s
analysis did not and was not intended to address the question of whether these quantities could
be sold into world markets under the conditions assumed in each scenario. Since global demand
for LNG exports from the United States also depends on a number of uncertain factors, NERA
designed scenarios for global supply and demand to capture those uncertainties. The global
scenarios were based on different sets of assumptions about natural gas supply and demand
outside the United States. The combination of assumptions about maximum permitted levels of
exports, U.S. supply and demand conditions, and global supply and demand conditions yielded
63 distinct scenarios to be considered.

The full range of scenarios that we considered included the different combinations of
international supply and demand, availability of domestic natural gas, and LNG export
capabilities. The remainder of this section discusses this range of scenarios.

A. How Worldwide Scenarios and U.S. Scenarios Were Designed
1. World Outlooks

The International scenarios were designed to examine the role of U.S. LNG in the world market
(Figure 11). Before determining the macroeconomic impacts in the U.S., one must know the
circumstances under which U.S. LNG would be absorbed into the world market, the level of
exports that would be economic on the world market and the value (netback) of exported LNG in
the U.S. In order to accomplish this, several International scenarios were developed that allowed
for growing worldwide demand for natural gas and an increasing market for LNG. These were
of more interest to this study because the alternative of lower worldwide demand would mean
little or no U.S. LNG exports, which would have little or no impact on the U.S. economy.

Figure 11: International Scenarios

Planned Liquefaction

s | et | "oy ot
International Reference No No Yes
Demand Shock Yes No Yes
Supply/Demand Shock Yes Yes No
a. International Reference Case: A Plausible Baseline Forecast of Future Global

Demand and Supply

The International Reference case is intended to provide a plausible baseline forecast for global
natural gas demand, supply, and prices from today through the year 2035. The supply and
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demand volumes are based upon EIA IEO 2011 with countries aggregated to the regions in the
NERA Global Natural Gas Model. The regional natural gas pricing is intended to model the
pricing mechanisms in force in the regions today and their expected evolution in the future. Data
to develop these pricing forecasts were derived from both the EIA and the International Energy
Agency’s World Energy Outlook 2011 (“IEA WEO”).

Our specific assumptions for the global cases are described in Appendix A.
b. Uncertainties about Global Natural Gas Demand and Supply

To reflect some of the uncertainty in demand for U.S. LNG exports, we analyzed additional
scenarios that potentially increased U.S. LNG exports. Increasing rather than decreasing exports
is of more interest in this study because it is the greater level of LNG exports that would result in
larger impact on the U.S. economy. The two additional International scenarios increase either
world demand alone or increase world demand while simultaneously constraining the
development of some new LNG supply sources outside the U.S. Both scenarios would result in a
greater opportunity for U.S. LNG to be sold in the world market.

e The first additional scenario (“Demand Shock™) creates an example of increased demand
by assuming that Japan converts all its nuclear power generation to natural gas-fired
generation. This scenario creates additional demand for LNG in the already tight Asian
market. Because Japan lacks domestic natural gas resources, the incremental demand
could only be served by additional LNG volumes.

e The second scenario (“Supply/Demand Shock”™) is intended to test a boundary limit on
the international market for U.S. LNG exports. This scenario assumes that both Japan and
Korea convert their nuclear demand to natural gas and on the supply side it is assumed
that no new liquefaction projects that are currently in the planning stages will be built in
Oceania, Southeast Asia, or Africa. The precise quantitative shifts assumed in world
supply and demand are described in Appendix A.

Neither of these scenarios is intended to be a prediction of the future. Their apparent precision
(Asian market) is only there because differential transportation costs make it necessary to be
specific about where non-U.S. demand and supply are located in order to assess the potential
demand for U.S. natural gas. Many other, and possibly more likely, scenarios could be
constructed, and some would lead to higher and others to lower exports. The scenarios that we
modeled are intended as only one possible illustration of conditions that could create higher
demand for U.S. LNG exports.
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2. U.S. Scenarios Address Three Factors
a. Decisions about the Upper Limit on Exports

One of the primary purposes of this study is to evaluate the impacts of different levels of natural
gas exports. The levels of exports that are used in constructing the U.S. scenarios are the four
levels specified by the DOE/FE as part of EIA’s Study. In addition, the DOE requested that we
add one additional level of exports, “Slowest,” to address additional uncertainties about how
rapidly liquefaction capacity could be built that were not captured by the EIA analysis. Lastly,
we evaluated a No-Export constraint scenario, whereby we could determine the maximum
quantity of exports that would be demanded based purely on the economics of the natural gas
market and a No-Export capacity scenario to provide a point of comparison for impacts of LNG
exports.

b. Uncertainties about U.S. Natural Gas Demand and Supply

The advances in drilling technology that created the current shale gas boom are still sufficiently
recent that there remains significant uncertainty as to the long-term natural gas supply outlook
for the U.S. In addition to the uncertain geological resource, there are also other uncertainties
such as how much it will cost to extract the natural gas, and many regulatory uncertainties
including concerns about seismic activity, and impacts on water supplies that may lead to limits
on shale gas development.

On the demand side there has been a considerable shift to natural gas in the electric sector in
recent years as a result of the low natural gas prices. Looking into the future, there are expected
to be many retirements of existing coal-fired generators as a result of the low natural gas prices
and new EPA regulations encouraging natural gas use. As a result, most new baseload capacity
being added today is fueled with natural gas. Industrial demand for natural gas is also tied to
price levels. The current low prices have increased projected outputs from some natural gas-
intensive industries like chemicals manufacturing. The shift toward natural gas could be
accelerated by pending and possible future air, water, and waste regulations and climate change
policies. Thus, the potential exists for significant increases in natural gas demand across the U.S.
economy.

Combining uncertainties about the U.S. outlooks for natural gas supply and demand results in a
wide range of projections for the prices, at which natural gas may be available for export.

To reflect this uncertainty, the EIA, in its AEO 2011, included several sensitivity cases in
addition to its Reference Case. For natural gas supply, the two most significant are the Low
Shale EUR and High Shale EUR sensitivity cases. We also adopt these cases, in addition to the
Reference Case supply conditions, in evaluating the potential for exports of natural gas.
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B. Matrix of U.S. Scenarios

The full range of potential U.S. scenarios was constructed based on two factors: 1) U.S. supply
and 2) LNG export quotas. There are three different U.S. supply outlooks:"'

1. Reference (“USREF”): the AEO 2011 Reference case;

2. High Shale Estimated Ultimate Recovery (“HEUR”) case: reflecting more optimistic
assumptions about domestic natural gas supply prospects, with the EUR per shale gas
well for new, undrilled wells assumed to be 50 percent higher than in the Reference case;
and

3. Low Shale EUR case (“LEUR”): reflecting less optimistic assumptions about domestic
natural gas supply prospects, with the EUR per shale gas well for new, undrilled wells
assumed to be 50 percent lower than in the Reference case.'?

As for the LNG export quotas, we considered six different LNG export quota trajectories, all
starting in 2015:

1. Low/Slow (“LS”): 6 Bet/d, phased in at a rate of 1 Bef/d per year;

2. Low/Rapid (“LR”): 6 Bef/d phased in at a rate of 3 Bef/d per year;

3. High/Slow (“HS”): 12 Bcef/d phased in at a rate of 1 Bef/d per year;

4. High/Rapid (“HR”): 12 Bcf/d phased in at a rate of 3 Bcef/d per year;

5. Low/Slowest (“LSS”): 6 Bcf/d phased in at a rate of 0.5 Bcf/d per year; and

6. No-Export Constraint: No limits on U.S. LNG export capacity were set and therefore our
Global Natural Gas Model determined exports entirely based on the relative economics.

The combination of these two factors results in the matrix of 18 (3 supply forecasts for each of 6
export quota trajectories) potential U.S. scenarios in Figure 12.

We eliminate a fourth case, High Demand, run by EIA because the range of demand uncertainty is expected to
be within the range spanned by the three cases.

While the statement of work also described a supply outlook using EIA’s High Economic Growth case, we
found that the results would have been identical to those in the Reference case, and thus, we did not separately
analyze that case.
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Figure 12: Matrix of U.S. Scenarios

LNG Export LNG Export LNG Export
U.S. Suppl U.S. Suppl U.S. Suppl
HPRYY Capacity PPl Capacity PPy Capacity

Reference
Reference
Reference
Reference
Reference

Reference

Low/Slow
Low/Rapid
High/Slow
High/Rapid
Low/Slowest

Unlimited

High EUR
High EUR
High EUR
High EUR
High EUR
High EUR

Low/Slow
Low/Rapid
High/Slow
High/Rapid
Low/Slowest

Unlimited

Low EUR
Low EUR
Low EUR
Low EUR
Low EUR
Low EUR

Low/Slow
Low/Rapid
High/Slow
High/Rapid
Low/Slowest

Unlimited

In addition, we created a “No-Export Capacity” scenario for each of the three U.S. supply cases.

C. Matrix of Worldwide Natural Gas Scenarios

NERA used its Global Natural Gas Model to analyze international impacts resulting from

potential U.S. LNG exports. As shown in Figure 13, a matrix of scenarios combining the three
worldwide scenarios with three U.S. supply scenarios and the seven rates of U.S. LNG capacity
expansion resulted in a total of 63 different scenarios that were analyzed.

NERA Economic Consulting

27



Figure 13: Tree of All 63 Scenarios
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V. GLOBAL NATURAL GAS MODEL RESULTS
A.  NERA Worldwide Supply and Demand Baseline

NERA'’s Baseline is based upon EIA’s projected production and demand volumes from its 2011
IEO and AEO Reference cases with some modifications.

To develop a worldwide supply and consumption baseline, we first adjusted the IEO’s estimates
for production and consumption in the ten non-North American regions. Then we adjusted the
IEO projections for two North American regions. For the ten non-North American regions, we
computed the average of the IEO’s estimate for worldwide production and demand excluding
North American production, consumption and LNG imports. Then, we scaled the production in
each of these ten regions individually by the ratio of this average and the original production in
these ten regions. We used a similar methodology for determining demand in these ten regions.

Next, we calibrated both the U.S. imports from Canada and U.S. LNG imports. U.S. pipeline
imports from Canada varied for each of the three U.S. supply cases: AEO reference, High Shale
EUR, and Low Shale EUR. U.S. LNG imports were next calculated as the difference between
total U.S. imports less pipeline imports. This calculation was repeated for each U.S. supply case.
The calculated LNG imports are consistent with the official AEO numbers.

For LNG exporting regions, we checked that they had sufficient liquefaction capacity so that
their calibrated production was less than or equal to their demand plus their liquefaction and
inter-regional pipeline capacity. If not, we adjusted the region’s liquefaction capacity so that this
condition held with equality. For the Middle East, we imposed a limit on the level of 4.64 Tcf on
its LNG exports. Since its liquefaction capacity exceeds its export limit, the Middle East supply
must be less than or equal to its demand plus its LNG export limit. If this condition failed to
hold, we adjusted Middle East supply until Middle East supply equaled its demand plus its LNG
export limit.

In calibrating the FSU, NERA assumes that the recalibrated (as per the above adjustment made
to the IEO data) production is correct and any oversupply created by the calibration of supply
and demand is exported by pipeline.

For LNG importing regions, we checked to determine if, after performing the recalibration
described above, the demand in each importing region was less than the sum of their domestic
natural gas production, regasification capacity, and inter-regional pipeline capacity. In each
region where this condition failed, we expanded its regasification capacity until this condition
held with equality. Figure 14 reports the resulting natural gas productions to which we calibrated
each region in our GNGM. Figure 15 reports the resulting natural gas demand to which we
calibrated each region in our GNGM.
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Figure 14: Baseline Natural Gas Production (Tcf)
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Figure 15: Baseline Natural Gas Demand (Tcf)
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NERA developed a set of world natural gas price projections based upon a number of data
sources. The approach focuses on the wellhead price forecasts for net export regions and city
gate price forecasts for net import regions.

U.S. wellhead natural gas prices are not precisely the same in the global natural gas model and
the U.S. Ne.w ERA model. Supply curves in both models were calibrated to the EIA implicit
supply curves, but the GNGM has a more simplified representation of U.S. natural gas supply
and demand than the more detailed N. ERA model so that the two models solve for slightly
different prices with the same levels of LNG exports. The differences are not material to any of
the results in the study.

In natural gas-abundant regions like the Middle East and Africa, the wellhead price is assumed to
equal the natural gas development and lifting cost. City gate prices are estimated by adding a
transportation cost to the wellhead prices. In the major Asian demand markets, natural gas prices
are determined on a near oil-parity basis using crude oil price forecasts from IEA’s WEO 2011.
The resultant prices are highly consistent with the relevant historical pipeline import prices13
and LNG spot market prices as well as various oil and natural gas indices (i.e., JCC, WTI, Henry
Hub, AECO Hub indices, and UK National Balancing Point). U.S. wellhead and average city
gate prices are adopted from AEO 2012 Early Release. Canadian wellhead prices are projected
to initially be $0.35 less than the U.S. prices in the Reference case. The resulting city gate and
wellhead prices are presented in Figure 16 and Figure 17.

3 German BAFA natural gas import border price, Belgium Zeebrugge spot prices, TTF Natural Gas Futures
contracts, etc.
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Figure 16: Projected Wellhead Prices (2010$/MMBtu)
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Figure 17: Projected City Gate Prices (20103/MMBtu)
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After calibrating the GNGM to the above prices and quantities, we allowed the model to solve
for the least-cost method of transporting gas so that supplies and demands are met. Figure 18,
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Figure 19, and Figure 20 display the pipeline flows between model regions, LNG exports, and
LNG imports for all model years in the baseline.

Figure 18: Baseline Inter-Region Pipeline Flows (Tcf)

Africa Europe 1.53 1.68 1.41 0.94 0.88 0.87
Canada U.S. 2.33 2.33 1.40 0.74 0.64 0.04
FSU China/India 0.07 0.34 1.18 1.55 1.59 1.83
FSU Europe 4.55 5.88 7.21 9.22 10.38 10.84

Figure 19: Baseline LNG Exports (Tcf)

Africa 2.38 3.46 4.02 4.45 4.12 3.77
C&S America 0.37 0.66 0.50 0.19 0.16 0.06
Sakhalin 0.44 0.48 0.49 0.52 0.55 0.59
Middle East 4.10 4.64 4.64 4.64 4.64 4.64
Oceania 0.74 1.28 1.63 2.02 2.60 3.04

Southeast Asia 1.64 1.42 0.85 = = -

Figure 20: Baseline LNG Imports (Tcf)

China/India 1.02 2.58 2.52 3.21 3.69 3.48
Europe 3.58 3.99 4.02 2.82 2.57 2.98
Korea/Japan 4.80 5.00 5.05 5.21 5.43 5.48
U.S. 0.37 0.37 0.50 0.36 0.16 0.06

B. Behavior of Market Participants

In a market in which existing suppliers are collecting profits, the potential entry of a new
supplier creates an issue concerning how the existing suppliers should respond. Existing
suppliers have three general strategy options:

1. Existing suppliers can voluntarily reduce their own production, conceding market share
to the new entrant in order to maintain market prices.
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2. Existing suppliers can act as price takers, adjusting their volume of sales until prices
reach a new, lower equilibrium.

3. Existing suppliers can choose to produce at previously planned levels with the hope of
discouraging the new potential supplier from entering the market by driving prices below
levels acceptable to the new entrant.

How much the U.S. will be able to export, and at what price, depends critically on how other
LNG producers like Qatar that are low cost producers but currently limiting exports would react
to the appearance of a new competitor in the market. Our model of the world gas market is one
of a single dominant supplier, which has the largest shares of LNG exports and is thought to be
limiting output, and a competitive fringe whose production adjusts to market prices."* Our
calculation of U.S. benefits from trade assumes that the dominant supplier would not change its
plans for expanding production to counter U.S. entry into the market (strategy 3). Their
continued production would leave no room for U.S. exports until prices were driven down far
enough to stimulate sufficient additional demand to absorb economic exports from the U.S.
Since the competitive fringe does reduce output (strategy 2) as prices fall due to U.S. LNG
exports, there is an opportunity for the U.S. to enter the market but only by driving delivered
LNG prices in key markets below what they are today. Should these countries respond instead
by cutting production below planned levels to maintain prices, the U.S. could gain greater
benefits and a larger market share. If the dominant supplier chooses to cut prices, then exporting
LNG from the U.S. would become less attractive to investors.

Another consideration is the behavior of LNG consumers. At this point in time, countries like
Japan and Korea appear to be paying a substantial premium over the price required to obtain
supplies from regions that have not imposed limits on planned export capacity. At the same
time, those countries are clearly looking into arrangements in the United States that would
provide natural gas at a delivered cost substantially below prices they currently pay for LNG
deliveries. This could be because they view the U.S. as a uniquely secure source of supply, or it
could be that current high prices reported for imports into Japan and Korea are for contracts that
will expire and be replaced by more competitively priced supplies. If countries like Japan and
Korea became convinced that they could obtain secure supplies without long-term oil-based
pricing contracts, and ceased paying a premium over marginal cost, the entire price structure
could shift downward. Since the U.S. does not appear to be the world’s lowest cost supplier, this
could have serious consequences for the profitability of U.S. exports.

In this study, we address issues of exporter responses by assuming that there is a competitive
market with exogenously determined export limits chosen by each exporting region and
determined by their liquefaction capacity. This assumption allows us to explore different
scenarios for supply from the rest of the world when the U.S. begins to export. This is a middle

" We consider the dominant supplier to be Qatar, with a 31% share of the market in 2011, while also exercising
some production restraint.
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ground between assuming that the dominant producer will limit exports sufficiently to maintain
the current premium apparent in the prices paid in regions like Japan and Korea, or that dominant
exporters will remove production constraints because with U.S. entry their market shares fall to
levels that do not justify propping up prices for the entire market.

It is outside the scope of this study to analyze alternative responses by other LNG suppliers in
order to determine what would be in their best economic interest or how they might behave
strategically to maximize their gains. This would require a different kind of model that addresses
imperfect competition in global LNG markets and could explain the apparent ability of some
large exporters to set prices for some importing countries at prices higher than the cost of
production plus transportation.

C. Available LNG Liquefaction and Shipping Capacity

This analysis did not investigate the technical feasibility of building new liquefaction capacity in
a timely fashion to support the level of exports the model found optimal. In all cases, the GNGM
assumed no limits on either LNG liquefaction capacity additions outside the U.S. or world LNG
shipping capacity. The only LNG export capacity limits were placed on the U.S. and the Middle
East.

D.  The Effects of U.S. LNG Exports on Regional Natural Gas Markets

When the U.S. exports LNG, the worldwide and domestic natural gas markets are affected in the
following ways:

e The additional supplies from U.S. LNG exports cause a drop in city gate prices in the
importing regions;

e The lower prices lead to increased natural gas consumption in the importing regions;

e Relative to the baseline forecast, U.S. LNG exports displace some LNG exports from
other regions, which leads to lower production levels in many of the other exporting
regions;

e U.S. LNG exports displace FSU pipeline exports to Europe and China, which leads to
lower FSU production;

e Exporting regions with lower LNG or pipeline exports and hence lower production levels
experience a drop in wellhead and city gate prices because of the lower demand for their

gas;

e Natural gas production rises in the U.S. because there is additional demand for its gas;
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e Wellhead natural gas prices rise in the U.S. because of the increased demand, which leads
to higher city gate prices; and

e Higher U.S. prices cause a reduction in U.S. natural gas consumption.

Whether or not a region’s exports would be displaced by U.S. LNG exports depend on several
factors:

e The difference in delivered costs between an exporting region and the U.S.;
e The magnitude of the demand shock or increased demand; and
e The magnitude of the supply shock or reduction in world supply.

Because Africa and the Middle East are the lowest cost producers, U.S. LNG exports have the
smallest effect on their exports. Also, the Middle East’s exports are limited by our assumption
that Qatar continues to limit its exports of natural gas at its announced levels. Thus, there are
pent-up LNG exports, which mean that the Middle East can still export its same level of LNG
even with a decline in international gas prices.

Since the cost of exports is higher in some other regions, they are more vulnerable to having their
exports displaced by U.S. LNG exports. In the International Reference case, U.S. LNG exports
displace LNG exports from all regions to some extent in many of the years. U.S. exports also
cause reductions in inter-regional pipeline exports: FSU to Europe and China, as well as Africa
to Europe.

In comparing the International Reference case to the Demand Shock and Supply/Demand Shock
cases, we find that global LNG exports increase because the world demand for natural gas is
greater. Like other regions, U.S. LNG exports increase, which means that they displace a greater
number of exports. However, those regions that have some of their exports displaced still export
more natural gas under the Demand Shock and Supply/Demand Shock scenarios than under the
equivalent International Reference scenarios.

In the Supply/Demand Shock scenarios, Oceania, Southeast Asia, and Africa have their LNG
exports restricted. This restriction leads to these regions receiving a netback price in excess of
their wellhead prices. Thus, these regions have a margin that buffers them when the U.S. LNG
exports try to enter the market. These regions can lower their export price for LNG some while
still ensuring their netback price is greater than or equal to their wellhead price and maintain
their level of LNG exports at the level that existed before the U.S. entered the market. However,
Southeast Asia has a much smaller buffer than Oceania and Africa so when the U.S. enters the
market it effectively displaces much of Southeast Asia’s supply.

By 2030, demand for LNG becomes greater so low-cost producing regions such as Sakhalin and
the Middle East experience no decline in LNG exports when the U.S. LNG exports enter the
market.
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When the U.S. enters the global LNG market, each region’s supply, demand, wellhead price, and
city gate price for natural gas respond as expected. More precisely, importing regions increase
their demand for natural gas, and exporting regions either reduce or maintain their supply of
natural gas. The wellhead and city gate prices for natural gas decline in all importing regions
and remain the same in exporting regions except for in the U.S. and Canada, which are now able
to export LNG.

E. Under What Conditions Would the U.S. Export LNG?

In order to understand the economic impacts on the U.S. resulting from LNG exports, it is
necessary to understand the circumstances under which U.S. natural gas producers will find it
profitable to export LNG. To accomplish this, we used GNGM to run a series of scenarios for all
combinations of the three U.S. scenarios (Reference, High Shale EUR, and Low Shale EUR) and
three international scenarios (International Reference, Demand Shock, and Supply/Demand
Shock). In these runs, we varied the constraints on LNG export levels across seven settings (No-
Exports, Low/Slowest, Low/Slow, Low/Rapid, High/Slow, High/Rapid, and Unconstrained).
Based upon these 63 runs, we found the following:

e For the scenarios which combined the International Reference and U.S. Reference cases,
there were no U.S. LNG exports. In part, this is due to the fact that the EIA scenarios
upon which they are based assume that global natural gas demand is met by global
supplies without U.S. LNG exports. This outcome also implies that U.S. LNG exports
under a U.S. Reference scenario would not be lower cost than existing or planned sources
of LNG in other regions of the world and thus do not displace them.

e When there is additional growth in global natural gas demand beyond that of the
International Reference scenario, then the U.S. exports LNG to help meet this
incremental demand. The degree to which the U.S. exports LNG depends upon the
abundance and quality of the U.S. resource base.

e When the U.S. gas supplies are more abundant and lower cost than in the U.S. Reference
case, the U.S. can competitively export LNG either to meet incremental global demand or
to displace planned LNG supplies in other regions.

e Should the U.S. shale gas resource prove less abundant or cost effective, then U.S. LNG
exports will be minimal under the most optimistic global scenario (Supply/Demand
Shock).

In the next sections, we present the modeling results for each of the three U.S. cases that served
as the basis for arriving at these conclusions.

1. Findings for the U.S. Reference Scenario

This section reports the level of U.S. LNG exports under the 21 scenarios (includes no LNG
export scenario) that assume the U.S. Reference scenario. These scenarios consider different
international assumptions about international demand and supply of natural gas as well as
different assumptions about the U.S.’s ability to export LNG. Figure 21 reports the U.S.’s
maximum export capacity for each LNG export capacity scenario.
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Figure 21: U.S. LNG Export Capacity Limits (Tcf)

LNG Export

Capacity 2025

Scenarios
Low/Slowest 0.18 1.10 2.01 2.19 2.19
Low/Slow 0.37 2.19 2.19 2.19 2.19
Low/Rapid 1.10 2.19 2.19 2.19 2.19
High/Slow 0.37 2.19 4.02 4.38 4.38
High/Rapid 1.10 4.38 4.38 4.38 4.38
No Constraint N/A N/A N/A N/A N/A

Figure 22 reports the level of U.S. LNG exports. Viewing Figure 21and Figure 22, one can see
the effect of the LNG export capacity limits on restraining U.S. exports and the effect of these
limits under different assumptions about the International scenarios.

Figure 22: U.S. LNG Exports —-U.S. Reference (Tcf)
Bold numbers indicate that the U.S. LNG export limit is binding
LNG Export

Capacity 2035
Scenarios

U.S. International
Scenario Scenario

Low/Slowest 1.37

Low/Slow 0.37 0.98 1.43 1.19 1.37

B Low/Rapid 1.02 0.98 1.43 1.19 1.37
Shock High/Slow 0.37 0.98 1.43 1.19 1.37
High/Rapid 1.02 0.98 1.43 1.19 1.37

No Constraint 1.02 0.98 1.43 1.19 1.37

Low/Slowest  0.18 1.10 2.01 2.19 2.19
Low/Slow 0.37 2.19 2.19 2.19 2.19
Supply/ Low/Rapid  1.10 2.19 2.19 2.19 2.19
Demand
Shock High/Slow  0.37 2.19 3.93 438 438
High/Rapid 110  2.92 3.93 438 438

No Constraint 2.17 2.92 393 4.54 5.75

U.S. Reference

Figure 22 omits the International Reference Scenario because when there are no international
shocks that either raise world demand or lower world supply from baseline levels, then the U.S.
does not export LNG. However, the U.S. does export LNG when higher levels of world demand
are assumed and exports even greater amounts of LNG when both world demand increases and
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non-U.S. supply planned expansions are not built (units denoted as “under construction” are still
assumed to be built).

Under the Demand Shock scenario from 2020 onward, the economic level of U.S. LNG exports
do not reach export capacity limits. Therefore, the level of exports in the years 2020 through
2035 is the same for all LNG export capacity levels. Under Supply/Demand Shock scenario,
however, the LNG export capacity limits are often binding."”” The low U.S. LNG capacity export
limits are binding for all rates of expansion (Low/Slowest, Low/slow, and Low/Rapid) for all
years. For the high LNG export levels, some years are binding and some are not. Under the
Supply/Demand Shock scenarios, LNG exports are always greater than or equal to LNG exports
in the Demand Shock cases.

The U.S. LNG export capacity binds when the optimal level of exports as determined by the
model (see the rows denoted “No Constraint”) exceeds the LNG export capacity level. The
difference between the value of LNG exports in the “No Constraint” row and a particular case
with a LNG export capacity defines the quantity of exports that LNG export capacity prohibits
from coming onto the world market. The gre