THE MACROECONOMIC

IMPACT OF INCREASING
U.S. LNG EXPORTS

October 29, 2015

92508cs LT] @ ssésorsmoes



The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

This page is intentionally left blank.



The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

DOE Contact:
Robert Smith, Office of Fossil Energy, U.S. Department of Energy

This work was performed under DOE NETL Contract Number DE-FE0004002; SCNGO Task
200.01.01.000.

Prepared by:
Leonardo Technologies, Inc.

Primary Authors (Alphabetically):
Adrian Cooper, Oxford Economics
Michael Kleiman, Oxford Economics
Scott Livermore, Oxford Economics
Kenneth B. Medlock I, Rice University

National Energy Technology Laboratory
www.netl.doe.gov

Cover photos use via CreativeCommons license (https://creativecommons.org/licenses/by-nc-
nd/2.0/leqalcode). Photo credits: LNG tanker (Shell), flame (Cliff Muller), wellheads (Jeremy
Buckingham).




The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

This page is intentionally left blank.



The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency
thereof.
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Executive Summary

Key Findings:
B Rising liquefied natural gas (LNG) exports are associated with a net increase in domestic
natural gas production. The study finds that the majority of the increase in LNG exports is

accommodated by expanded domestic production rather than reductions in domestic demand.

B As exports increase, the spread between U.S. domestic prices and international benchmarks
narrows. In every case, greater LNG exports raise domestic prices and lower prices

internationally. The majority of the price movement (in absolute terms) occurs in Asia.

B The overall macroeconomic impacts of higher LNG exports are marginally positive, a result that
is robust to alternative assumptions for the U.S. natural gas market. With external demand for
U.S. LNG exports at 20 billion cubic feet per day (Bcf/d), the impact of increasing exports from 12
Bcf/d is between 0.03 and 0.07 percent of gross domestic product (GDP) over the period of

2026-2040, or $7-520 billion USD annually in today’s prices

B Anincrease in LNG exports from the United States will generate small declines in output at the
margin for some energy-intensive, trade-exposed industries. The sectors that appear most
exposed are cement, concrete, and glass but the estimated impact on sector output is very small

compared to expected sector growth to 2040.

B Negative impacts in energy-intensive sectors are offset by positive impacts elsewhere. Other
industries benefit from increasing U.S. LNG exports, especially those that supply the natural gas
sector or benefit from the capex needed to increase production. This includes some energy-

intensive sectors and helps offset some of the impact of higher energy prices.
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The Center for Energy Studies (CES) at Rice University’s Baker Institute and Oxford Economics were
commissioned by Leonardo Technologies, Inc. (LTI) on behalf of the Department of Energy (DOE) to
undertake a scenario-based assessment of the macroeconomic impact of alternative levels of U.S.
LNG exports under a range of assumptions concerning U.S. resource endowment, U.S. gas demand,
and the international market environment. This report presents the findings of this analysis,
highlighting key assumptions and impact channels. Background material describing the rationale
behind this report can be found in Annex A.

The growth in shale gas production in the United States has presented a number of opportunities and
challenges for the U.S. economy. On the one hand, U.S. shale gas production has lowered the
domestic price of natural gas so that the United States now has among the lowest prices in the world.
This has been a boon for consumers and led to gains in competitiveness for U.S. manufacturers. On
the other hand, low gas prices in the United States negatively impact the profitability of U.S. domestic
natural gas upstream and midstream operators, but have spurred interest in exporting LNG from the
United States to higher priced markets. While selling natural gas at higher prices on the world market
would increase profits for U.S. gas producers, the narrowing of the price gap between the United
States and the rest of the world would erode some of the benefits that have accrued to U.S.
consumers and manufacturers. Considering these potential tradeoffs, this paper examines whether it
is ultimately economically advantageous for the United States to export LNG between 12 and 20

Bcf/d.

The analysis presented in this paper uses a highly specialized, multi-stage modeling approach

highlighted in Figure ES1. First, the Center for Energy Studies at Rice University’s Baker Institute used
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its Rice World Gas Trade Model (RWGTM) to simulate various alternative futures for the global
natural gas market. These output data are then input into the Oxford Economics Global Economic
Model (GEM) and Global Industry Model (GIM) to simulate broad macroeconomic and sectoral

impacts of the various alternative paths for the global gas market.

Figure ES1. Modeling Approach
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A comprehensive set of scenarios were prepared to understand the impact of higher U.S. LNG exports
under a range of circumstances for domestic and international gas markets. This was done to
establish conclusions that are not dependent on any particular set of starting conditions for the U.S.
or international gas markets, and to highlight the impact of increasing U.S. LNG exports under
alternative domestic and international conditions. The Reference domestic case (Ref) assumes
existing energy policy in the United States continues and assumptions regarding the resource
endowment are consistent with those of the Energy Information Administration (EIA). The alternative
domestic cases assume a higher gas resource recovery (HRR) in the United States, a lower gas

resource recovery (LRR) in the United States, and a higher U.S. demand for natural gas (Hi-D).

10
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The Reference international case assumes that current energy policies around the world—including
those setting domestic prices, dictating exports/imports, and/or addressing the environment—
continue unchanged, while the macroeconomic outlook outside of the United States is drawn from
the Oxford GEM. We then consider sets of circumstances that result in different international demand
pull for U.S.-sourced LNG—the variants considered are international conditions sufficient to support
12 Bcf/d and 20 Bcf/d of U.S. LNG exports. Table ES1 outlines the full matrix of scenarios that were

considered.

Table ES1. Study Scenarios

International Demand Scenarios - - - ~
Reference Ref_Ref Ref_HRR Ref LRR Ref_Hi-D
Global Demand for U.S. LNG .
LNG12_Ref LNG12_HRR LNG12_LRR LNG12_Hi-D
Supports 12 Bcf/d
U.S. LNG
Exports LNG20_Ref12 LNG20_HRR12 LNG20_LRR12 LNG20_Hi-D12
Global 12 Bcf/d
Demand for U.S. LNG
U.S. LNG Exports LNG20_Ref20 LNG20_HRR20 LNG20_LRR20 LNG20_Hi-D20
Supports 20 Bcf/d
20 Bcf/d U.S. LNG
Exports LNG20_Ref LNG20_HRR LNG20_LRR LNG20_Hi-D
Endogenous

The primary focus of the study is to assess the impact of U.S. LNG exports rising above 12 Bcf/d in
circumstances where international demand is high enough to support 20 Bcf/d of U.S. LNG exports

(the bottom three rows of Table ES1 highlighted above). Greater volumes of LNG exports support
|
11
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continued long-term expansion of U.S. production. The scenario analysis reveals that domestic
production continues to increase throughout the time horizon when LNG export volumes can expand
to 20 Bcf/d. This contrasts to the case when exports do not exceed 12 Bcf/d and production plateaus
and declines slightly in the 2030s. The majority of the increase in LNG exports is accommodated by
expanded domestic production rather than reductions in domestic demand, a result that reflects the
very elastic long-run supply curve in North America. Greater LNG exports effectively serve as

additional demand for U.S. natural gas, which facilitates expansion in the domestic upstream sector.

The analysis also shows that the spread between Henry Hub prices and other international
benchmark prices narrows as U.S. LNG exports increase. Increased exports from the United States
help to alleviate the highly constrained supply situation internationally, although supplies from other
regions also play a role. Altogether, the spread between Henry Hub price and international
benchmark prices abroad narrows with greater volumes of U.S. LNG exports, it remains large enough
to support the flow of trade. In fact, when U.S. LNG exports are determined endogenously, meaning
they generally exceed 20 Bcf/d, the price spreads are narrowest thereby reflecting full capture of the
U.S. LNG arbitrage opportunity. Finally, the majority of the price movement occurs abroad, not

domestically, with the most significant impact occurring in Asia.

In the scenarios where international demand pull is sufficient to support 20 Bcf/d of U.S. LNG exports,
the export volume growth occurs primarily after the mid-2020s. Figure ES2 highlights U.S. LNG export
capacity and export volumes across the 12 Bcf/d and 20 Bcf/d cases under the Reference domestic
case assumptions, respectively. Of note is the fact that the two scenarios do not differ much from

each other until after 2030. This occurs because international demand for U.S. LNG must grow beyond

1 —
12
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what is already slated to begin supplying the market over the next few years, which includes Australia
and already approved U.S. LNG export capacity. So, while international demand continues to increase,
it must first work through a large amount of available LNG supply before turning to U.S.-sourced LNG

to balance the global market.

Figure ES2. LNG Export Capacities and Volumes in the LNG20_Ref12 and LNG20_Ref20 Cases

hefid LNG20_Rel12

250
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The macroeconomic impacts of increasing U.S. LNG exports to 20 Bcf/d from 12 Bcf/d can be
decomposed into five main channels. These are (1) higher U.S. natural gas production and
investment; (2) higher U.S. natural gas prices; (3) recycling of extra profits from the U.S. natural gas
sector; (4) changes to natural gas production and investment in the rest of the world; and (5) lower
international gas prices. The first two channels are the most significant for the United States and

broadly offset each other.

The overall macroeconomic impacts of increasing U.S. LNG exports to 20 Bcf/d from 12 Bcf/d are
small, reflecting the small size of the shocks relative to the economy overall (see Figure ES3). In the
Reference domestic scenario, the increase in net gas exports is equivalent to 0.02 percent of GDP on
average over 2026—-2040, and the incremental investment in the gas sector associated with the
increase in exports in that span is just 0.06 percent of GDP. In aggregate, the size of the economy is
little changed in the long run, with GDP 0.03 percent ($7.7 billion USD annually in today’s prices)

higher on average over 2026—2040 than in the 12 Bcf/d export case.

Figure ES3. GDP Impact by Channel, 20 Bcf/d vs. 12 Bcf/d LNG
Exports in the Reference Domestic Scenario

GDP: 20 Bcf/d vs 12 Bcf/d LNG exports
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Impacts vary at the sector level. Firms that supply the natural gas sector and are involved in
developing the infrastructure and supply chains needed to increase production and LNG exports
benefit. This includes firms in the construction and metals sectors. However, higher natural gas prices
in the United States associated with greater U.S. LNG exports are negative for the energy-intensive
manufacturing sectors. It is important to note, however, that even in the energy-intensive sectors—
such as such as glass, cement, and chemicals—the impacts are small compared with the expected

growth in output through 2040.

When U.S. LNG exports rise to their market determined level (rather being held to 20 Bcf/d), the
macroeconomic dynamics are the same as highlighted above but with a slightly larger overall impact,
reflecting the higher level of U.S. gas exports, production, and associated investment. The impact on
Henry Hub prices is also larger, but this is not sufficient to offset the extra stimulus to the U.S.
economy from greater LNG exports. In the Reference domestic case, the impact on GDP is on average

0.06 percent over the period 2026—-2040.

The conclusions are robust to alternative assumptions regarding U.S. gas resources and demand. The
overall gain for the U.S. economy is greatest in the High Resource Recovery (HRR) scenario as this is
associated with largest increase in domestic gas production and exports, but the impacts are also
positive in the Low Resource Recovery (LRR) and High Domestic Demand (Hi-D) cases (Figure ES4 and

Table ES2).

15
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Figure ES4. Economic Impacts of Increasing LNG Exports, 2026—-2040

Endogenous vs 12 Betid LNG expents: Macro Impacts (2026-40) Endogenous vs 12 Befid LNG sxports: Mg sector Impacts {2026-40})

% %
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The results detailed in this report suggest that the overall macroeconomic impacts of LNG exports are
marginally positive. Across the domestic cases, the positive impacts of higher U.S. gas production,
greater investment in the U.S. natural gas sector, and increased profitability of U.S. gas producers
typically exceeds the negative impacts of higher domestic natural gas prices associated with increased

LNG exports.
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Table ES2. Impact of Increasing LNG Exports, Annual Avg. Change from 12 Bcf/d, 2026-2040

12 Bcf/d to 20 Bcf/d 12 Bcf/d to Market-Determined (endogenous)
LNG Exports LNG Export Level

High High Low
Reference Resource Reference Resource Resource

High Natural
Gas Demand

Recovery Recovery Recovery
U.S. Natural Gas Market (Bcf/d)

NG Production 3.7 5.1 4.8 8.4 2.5 4.0
4.0% 5.1% 5.2% 8.5% 2.8% 4.1%
NG Consumption 0.1 0.3 0.1 0.5 0.0 0.2
0.1% 0.3% 0.1% 0.5% 0.0% 0.2%
NG Exports 4.3 5.1 5.4 8.5 2.7 4.3
26% 28% 33% 47% 17% 26%
NG Imports 0.7 0.4 0.7 0.7 0.2 0.4
4.2% 2.4% 4.3% 4.6% 1.2% 2.6%
Prices (2010S)
Henry Hub Price $0.27 $0.25 $0.32 $0.41 $0.19 $0.29
4.3% 4.7% 5.2% 7.5% 2.6% 4.3%
NBP (UK) $0.00 -$0.02 $0.02 -$0.04 -$0.02 -$0.03
0.0% -0.1% 0.1% -0.4% -0.2% -0.3%
German Border (NW Europe) $0.01 $0.00 $0.02 -$0.01 -$0.01 -$0.01
0.1% 0.0% 0.1% -0.1% -0.1% 0.0%
JKM (Asia-Pacific) -$1.23 -$1.52 -$1.51 -$2.24 -50.84 -$1.21
-6.8% -8.4% -8.4% -12.4% -4.6% -6.7%
Macroeconomic Impacts
GDP (annual avg., 2014$B) $7.7 $7.3 $16.7 $20.5 $12.5 $14.4
0.03% 0.03% 0.06% 0.07% 0.04% 0.05%
Employment (000s) 9.6 11.3 24.1 35.2 18.4 19.2
0.01% 0.01% 0.01% 0.02% 0.01% 0.01%
CPI (level) 0.24% 0.30% 0.29% 0.46% 0.13% 0.24%
Current Account (% of GDP) 0.02 0.03 0.03 0.05 0.02 0.03
Sector Value-Added:

Manufacturing 0.02% 0.02% 0.06% 0.06% 0.04% 0.05%
EIS 0.01% 0.02% 0.03% 0.04% 0.02% 0.02%
Non-EIS 0.03% 0.02% 0.06% 0.07% 0.05% 0.05%

Agriculture 0.01% 0.02% 0.02% 0.04% 0.01% 0.01%

Extraction 1.81% 2.39% 2.34% 3.94% 1.23% 1.90%

Construction 0.16% 0.15% 0.27% 0.34% 0.18% 0.23%

Services -0.01% -0.02% 0.00% -0.02% 0.01% 0.00%
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1 Introduction

The application of horizontal drilling with hydraulic fracturing has triggered perhaps the most
transformative development in energy markets in recent history. The so-called “shale gas revolution”
has seen production of natural gas extracted from ultralow permeability, ultralow porosity shale
formations in the United States ramp up considerably. As noted in previous literature, the scale of the
shale gas resource and the pace at which its production is expanding carries both economic and

geopolitical implications (see, for example, Medlock, Jaffe, and Hartley [2011]).

Shale gas in the United States has grown in less than a decade to comprise about one-half of U.S.
domestic production. The rapid expansion of domestic production has made the prospect of U.S.
liguefied natural gas (LNG) exports—unthinkable just a decade ago—an emerging reality. This will
impact U.S. domestic natural gas upstream and midstream operators as well as domestic economic
interests farther downstream, particularly in gas-intensive industries, and raises questions about the
net macroeconomic impact of the interactions and tradeoffs among LNG exporters, upstream

producers, midstream operators, and domestic consumers.

U.S. shale gas production has already tangibly lowered the price of natural gas for domestic
consumers. From 2003-2006, U.S. natural gas prices were among the highest in the world. However,
the United States now enjoys among the lowest prices in the world. Moreover, the dramatic drop in
domestic price owing to rapidly expanding domestic production has impacted fuel use in power
generation—namely the substitution of natural gas for coal—and has instigated deeper discussion

centering on natural gas as a bridge to a low-carbon future. In general, low-cost and abundant natural

18
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gas reduces the impact on electricity rates of addressing a variety of environmental concerns in the

power-generation sector.

Furthermore, low-price natural gas is contributing to a revitalization of the industrial base in the
United States. The economic benefit at the upstream level is apparent, as employment numbers in
the upstream oil and gas sector have increased to support the very active shale drilling programs,
which require relatively high levels of labor input.1 Farther downstream, there are also ongoing and
planned expansions in the petrochemical and manufacturing sectors, a development fueled by low-
cost natural gas. Indeed, the recent era of low natural gas prices has been widely touted as a boon to
domestic manufacturers, particularly in energy-intensive manufacturing industries such as chemicals,

glass, and metals.

At the same time, natural gas producers are understandably eager to take advantage of higher prices
on the global market. To date, the U.S. Department of Energy (DOE) has received requests for LNG
export licenses for export capacity totaling nearly 47 billion cubic feet per day (Bcf/d).> However,
some question whether it is ultimately economically advantageous for the United States to export
LNG, arguing that the price advantage enjoyed by U.S. manufacturers is a key competitive advantage.
Indeed, the U.S. DOE is required to assess whether or not exports to non-FTA countries is in the public

interest, a so-called public interest determination.

Further, for all of the discussion of LNG exports as new source of demand for domestically produced

natural gas, high volumes of LNG exports are not a forgone conclusion (see Medlock [2012, 2014]).

!See Hartley, Medlock, Temzelides, and Zhang (2014) and Agerton, Hartley, and Medlock (2015).
? At the time of this writing, FTA license applications totaled just over 46 Bcf/d and non-FTA license applications totaled
just over 41 Bcf/d.

19



The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

International supply and demand conditions are important for understanding how North American
natural gas fits into the global supply picture. U.S. natural gas will be an attractive source of supply to
foreign consumers as long the cost to deliver is competitive with other sources of supply. Moreover,
the commensurate investments in production, liquefaction, and shipping must remain attractive to
investors. As such, when assessing the potential impacts of greater U.S. LNG exports it is important to
consider how the North American natural gas market might evolve under different scenarios defined

by variations in both domestic and international market drivers.

The primary purpose of this study is to assess the net macroeconomic impacts on the U.S. economy of
greater LNG exports under a range of domestic and international market conditions. As will be
expounded below, this includes alternative assumptions for domestic resource availability, domestic
gas demand, and a range of international supply and demand conditions that generate different
potential market pull for U.S. LNG exports. This paper assesses the impact of increasing U.S. LNG

exports under these different domestic and international scenarios.

The remainder of this report is structured as follows. Section 2 outlines the modeling approach used
in the study and presents the range of scenarios modeled. Section 3 describes the assumptions driving
the natural gas market in each scenario. Section 4 presents the results of the analysis and highlights
key drivers. Section 5 offers some concluding remarks. Finally, detailed model descriptions and

detailed results for all scenarios are included in the Annexes.
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2 Methodology

2.1 Modeling Approach

The analysis presented in this paper uses a highly specialized, multi-stage modeling approach. First,
the Center for Energy Studies (CES) at Rice University’s Baker Institute used its Rice World Gas Trade
Model (RWGTM) to simulate various alternative futures for the global natural gas market.?
Specifically, the RWGTM is used to investigate how various assumptions about international and
domestic demand and resource availability could impact the U.S. natural gas market over the coming
decades. Since economic, geopolitical, and technological forces can shape market outcomes in many
different ways, the non-stochastic nature of the RWGTM facilitates analysis of multiple scenarios that

. . . . .. 4
characterize how these various factors impact current and future investment decisions.

In general, the RWGTM is used to consider possible paths for natural gas investments, production,
consumption, and prices—both regional and global—incorporating various economic, geopolitical,

and other investment and trade barriers and incentives, thus allowing an assessment of the effects of

’> The RWGTM was developed by Kenneth B. Medlock IIl and Peter R. Hartley at Rice University using the MarketBuilder
software platform provided through a research license with Deloitte MarketPoint, LLC. The architecture of the RWGTM,
the data inputs, and modeled political dimensions are distinct to Rice and its researchers. The RWGTM is used to evaluate
how different geopolitical pressures, domestic policy frameworks, and market developments can influence the long-run
evolution of regional and global gas markets and how those developments in turn influence geopolitics. A brief description
of the RWGTM is contained in Annex B of this report, and more detail is available upon request.

YA significant core data constituent of this analysis is rooted in recently published Baker Institute Center for Energy
Studies research (see The Market Impacts of New Natural Gas-Directed Policies). This study, funded by the Alfred P. Sloan
Foundation, is available at http://bakerinstitute.org/center-for-energy-studies/. As detailed therein, that study utilizes
data derived from other ongoing studies, namely those at The University of Texas Bureau of Economic Geology (Shale
Resources and Reserve Study), Resource for the Future (Managing the Risks of Shale Gas Development), and the University
of Colorado-Denver (Understanding the Politics of Shale Gas Development: A Focus on Colorado, New York, and Texas).
The study at the UT Bureau of Economic Geology provides critical benchmarking for shale gas well decline profiles and
production costs. Studies at RFF and CU-Denver provide indications of likely policy directions of local, State, and Federal
Governments. All international components are derived from Baker Institute CES research.

I —————————————
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these factors on natural gas market development.” The RWGTM can also be used to understand the
effects of changes in core economic variables affecting energy production—such as fiscal terms, limits
on access to resources, fixed and operating costs, constraints on rigs, equipment and personnel, and
technology. For each scenario considered in this study, the model produces detailed outputs—both
domestically and internationally—covering natural gas production, trade, and prices, as well as

associated capital investment in the natural gas value chain.

These output data are then input into the Oxford Economics Global Economic Model (GEM) to
simulate the broad macroeconomic impacts of the various alternative paths for the global natural gas
market. The GEM covers 46 economies in detail and provides headline statistics for another 35
economies. The model provides a rigorous and consistent structure for analysis and forecasting, and
allows the implications of alternative global scenarios and policy developments to be readily analyzed
at the macro level.® This stage of the analysis assesses the effect of changes in natural gas supply,
trade, and prices on gross domestic product (GDP), total industry and manufacturing,

competitiveness, consumer and producer prices levels, and the current account.

Finally, the macroeconomic outputs from the GEM are then input into the Oxford Economics Global
Industry Model (GIM), which models the impact on activity at the sector level. The GIM covers 100
sectors in 67 countries. Forecasts for individual industries are driven by the macroeconomic
forecast—consumption, investment, and exports—combined with detailed modeling of industry

interactions, such as supply-chain linkages. Improvement in sector competitiveness allows capture of

It should be noted that economic and political influences are not necessarily mutually exclusive, since policy can initiate
changes in economic parameters.
6 . . . . . .
It is of note that the GEM is unique among commercial economic consultancies.
I —————————————
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greater market share in the domestic and international market, where competitiveness is driven by

exchange rate developments, labor costs, and energy prices.

Figure 1 highlights the modeling approach, and a more detailed description of the models used in this

study can be found in Annex B.

Figure 1. Modeling Approach
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2.2 Macroeconomic Impact Channels

The oil and gas sector is a relatively small component of the U.S. economy overall, accounting for
around 1.3 percent of total output and 0.1 percent of non-farm payrolls in 2014. However, despite its
relatively small size in the national accounts, energy is a key input in virtually every sector and

changes in energy prices affect the entire economy.

An increase in U.S. LNG exports would be expected to impact the U.S. economy’ through the

following key transmission channels:

" The impacts described are relative to what would otherwise have happened, i.e., if there was not an increase in U.S. LNG
exports.
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e Increased gas production directly contributes to GDP, and the export of natural gas will
increase export revenue and improve the U.S. current account.

e Increased production will also have positive spillovers to in key suppliers of the sector such as
machinery and engineering services, and rising employment in the gas sector also leads to
increased demand for goods and services more broadly.

e The incremental investment needed to facilitate higher natural gas production and exports
should also boost economic activity in the United States.

e The additional investment will also have multiplier effects through the supply chains of the
construction, cement, and metal products sectors that lead to further gains in output and
employment.

e Henry Hub prices are higher than they would otherwise be as U.S. LNG exports increase
because producers increasingly exploit reserves with higher extraction costs. Higher natural
gas prices will erode consumers’ purchasing power both directly and indirectly as the impact
of higher domestic natural gas prices filters through the supply chains of other sectors causing
the prices of other goods and services to rise. This will negatively impact consumption with the
energy-intensive sectors being most affected.

e Changes in relative natural gas prices across countries will impact U.S. competiveness. If
energy prices in the United States rise relative to energy prices in the rest of the world, this
raises production costs for U.S. firms relative to international competitors. This erosion in U.S.
competitiveness will weigh on the U.S. trade balance. The tradable energy-intensive sectors
such as chemicals and steel will generally be most exposed to shifts in industrial

competitiveness.
|
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e Increased production and higher Henry Hub gas prices® should generate higher profits for
natural gas producers. The improved profitability should, in turn, ultimately raise U.S. income
either through the distribution of profits or by increasing equity market value of listed
companies.

e Variations in natural gas production and investment outside the United States will also impact
U.S. businesses that are dependent on overseas natural gas production and investment
activity. Changes to natural gas prices in the rest of the world will also affect global economic

activity and impact demand for all U.S. exports.

23 Scenario Approach

The study analyzes a comprehensive set of scenarios to understand the impact of higher U.S. LNG
exports under a range of circumstances. A wide range of scenarios are analyzed in order to establish
conclusions that are not dependent on any particular set of starting conditions for the U.S. or
international gas markets. The scenario assumptions fall along two core dimensions. In one
dimension, we consider different U.S. domestic market conditions with regard to resources and
domestic demand. In the other dimension, we consider specific circumstances that result in different
international demand pull for U.S.-sourced LNG for each domestic scenario. Table 1 outlines this

approach.

® It should be noted that it is assumed that U.S. exporters receive the Henry Hub price rather than the price in the
destination market.
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International Demand Scenarios

Table 1. Study Scenarios

Reference Ref_Ref Ref_HRR Ref_LRR Ref_Hi-D
Global Demand for U.S. LNG .
LNG12_Ref LNG12_HRR LNG12_LRR LNG12_Hi-D
Supports 12 Bcf/d - - - -
U.S. LNG
Exports LNG20_Ref12 LNG20_HRR12 LNG20_LRR12 LNG20_Hi-D12
Global 12 Bcf/d
Demand for US. LNG
U.S. LNG Exports LNG20_Ref20 LNG20_HRR20 LNG20_LRR20 LNG20_Hi-D20
Supports 20 Bcf/d
20 Bcf/d U.S. LNG
Exports LNG20_Ref LNG20_HRR LNG20_LRR LNG20_Hi-D
Endogenous

Note that the scenarios are constructed so that there is sufficient international demand to support

commercially viable LNG export flows from the United States in accordance with the volumes

indicated in each case. Thus, various assumptions are made about the international natural gas

market so as to stimulate investment in the U.S. upstream sector and the commensurate

development of LNG export infrastructure. The scenarios indicated in Table 1 are defined as follows,

moving first from left to right then top to bottom:

o Ref_Ref is defined as the Reference international demand case coupled with the Reference

domestic case, hence the mnemonic Ref_Ref.

e Ref_HRR is defined as the Reference international demand case with a higher level of

recoverable resource in the United States than in the Ref_Ref case.
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e Ref _LRR is defined as the Reference international demand case with a lower level of
recoverable resource in the United States than in the Ref_Ref case.

e Ref_Hi-D is defined as the Reference international demand case with a higher level of demand
in the United States than in the Ref_Ref case.

e LNG12_Ref is defined by a higher level of international demand for U.S.-sourced LNG where
domestic demand is consistent with the Ref_Ref case.

e LNG20_Ref is defined by a significantly higher level of international demand for U.S.-sourced
LNG where domestic demand is consistent with the Ref Ref case. LNG exports are
endogenously determined.

e LNG20_Ref12 is defined by a higher level of international demand for U.S.-sourced LNG where
domestic demand is consistent with the Ref_Ref case. This case is, however, set up so that the
U.S. exports of LNG do not exceed more than 12 Bcf/d.

e LNG20_Ref20 is defined by a higher level of international demand for U.S.-sourced LNG where
domestic demand is consistent with the Ref_Ref case. This case is, however, set up so that the

U.S. exports of LNG do not exceed more than 20 Bcf/d.

In general, when reading the case nomenclature in Table 1, we note:

“N1_N2X"” where N1 denotes the name of the international demand scenario, N2 denotes
the domestic scenario, and X denotes the level of LNG exports that can occur from the
United States. Note that if X is not present, then the amount of LNG exports from the

United States is fully endogenous to the scenario being considered.
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Importantly, in each of the cases, the level of U.S. LNG exports is different if LNG exports are
determined in a fully endogenous manner. This is due to the fact that altering the international
market outlook through various mechanisms coupled with different assumptions about domestic
demand or resource availability naturally leads to different outcomes. As such, the LNG20_Ref12 case
can be compared to the LNG20_Ref20 case in a rather straightforward manner because the domestic
and international settings are the same in the two cases as only the level of exports varies. By
contrast, comparing scenarios with different underlying assumptions about the domestic and
international market environments does not facilitate such a straightforward comparison. Therefore,
in subsequent sections we generally compare the last three cases within each column in Table 1; so,

for example, LNG20_HRR12 is compared to LNG20_HRR20 and LNG20_HRR.

As noted above, the international demand cases indicated in Table 1 are constructed in order to
stimulate commercially viable flows of different U.S. LNG export volumes. The assumptions across the

cases, so constructed, are detailed in Table 2.
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Table 2. Select Natural Gas Market Assumptions Across International Demand Scenarios

October 2015

World 8,407 6,500 3,542
Africa 1,918 1,918 0
Asia and Pacific 2,107 1,075 90
China 1,285 390 0
Australia 529 529 90
Accessible Shale Europe 444 0 0
Resource (tcf) South America 1,786 1,786 1,260
North America 1,839 1,839 1,839
United States 829 829 829
Canada 498 498 498
Mexico 513 513 513
Rest of World 314 86 0
Limited expansion | o008 D ton
LNG New Build Capability No limits. capabilities in i P
selected locations capability beyond
' 2020.
No future expansions Rlljl\:fii-zcili:ze)?szllri‘nge
Pipeline New Build Capability No limits. of Central Asian PP
o . supply agreements
pipelines to China. .
dissolve.
LNG12 case plus CO,
In aII. scenarios, a.C(:')Z T reduc'Flon protoco!s
trading platform is in L targeting coal use in
; rises in response to . .
Demand place in Europe and olicies to limit coal India, Indonesia,
the United States is Ese' Japanese nukes South Korea, and a
assumed to retire 61 r'emzin offline handful of other
GWs of coal by 2030. ’ smaller coal
consuming nations.

As indicated in Table 2, the Reference, LNG12, and LNG20 international demand scenarios adjust
shale resource availability, pipeline and LNG infrastructure expansion opportunities outside the
United States, and natural gas demand in different countries. For example, the capabilities for
pipeline expansion to meet growing Asian demand are increasingly limited as we move into the higher

international LNG demand cases. Specifically, the LNG12 case assumes there is no future expansion of
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Russian pipeline capacity into China and the Far East beyond what has already been contracted.
However, in the LNG20 case the existing agreement is assumed to dissolve, and Russia is assumed to
never be connected by pipeline to China. Moreover, in both the LNG12 and LNG20 cases, it is

assumed that there are no future pipeline expansions from Central Asia to China.

In addition to the above assumptions, we also vary assumptions regarding the domestic resource base
and demand. Namely, in constructing these cases, we assume the total U.S. natural gas resource base
is 2,525 tcf in the HRR case, 1,831 tcf in the LRR case, and 2,075 tcf in the Reference case. The total
resource base is comprised of an accessible shale gas resource totaling 1,182 tcf in the HRR case, 688
tcf in the LRR case, and 829 tcf in the Reference case, with other resources making up the difference.
As for domestic demand, in the Hi-D cases we assume 113 GW of coal-fired generation capacity are
retired as the Clean Power Plan takes effect, which accounts for an additional 52 GW of retirements

above the Reference case.’

° The distribution of the retirements is distinctly different than in the Reference case as each state must meet a specific
target for carbon dioxide emissions reductions. While the exact impact of the Clean Power Plan is not known and highly
uncertain, the primary point of the Hi-D scenario is to stimulate greater domestic demand for natural gas.

1 —
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3 Natural Gas Market Impacts

As outlined in Table 1, there are a total of 20 scenarios that were considered in this analysis. The
scenarios consider different domestic and international market conditions so that a robust view of the
global natural gas market can be ascertained. In this section, we detail the Ref_Ref case then outline
some high level results for the global natural gas markets across all cases, with a particular emphasis
on the United States. This will enable a deeper understanding of the macroeconomic results that are

detailed in subsequent sections. Detailed results for all cases can be found in the Annexes.

3.1 The Natural Gas Market in the Ref_Ref Case

The Ref Ref case is the scenario that combines the Reference domestic market conditions with the
Reference international market conditions. It assumes current policies in various places around the
world—including those setting domestic prices, dictating exports/imports, and/or addressing the
environment (for example renewables targets in the United States and internationally)—are
persistent throughout the model time horizon, unless there is already action being undertaken. While
this is not likely to be true, the Ref_Ref case serves as a benchmark so that shifts in market outcomes
can be attributed to particular assumptions across scenarios. In sum, the Ref_Ref case captures
geopolitical, contractual, and regulatory constraints that currently exist in the global gas market and

are not already known to be different into the future. This includes:

e Current pricing policies and export/import policies across countries remain as they are today
throughout the model time horizon, unless there is already concerted action being undertaken
to change the internal market.

1 —
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The construction of new LNG and pipeline infrastructure is generally allowed to occur
according to commercial viability. However, in those countries where investments are
hampered by geopolitical considerations, it will be assumed that those burdens are carried
forward through the model time horizon. Thus, for example, current sanctions on Iran carry
forward (although at the time of this writing this outcome is highly uncertain), and the
investment risks associated with developments in countries such as Venezuela and Bolivia are
assumed to persist.

Current assumptions regarding the availability and competitiveness of emerging energy
technologies are held fixed. So, there is no effort to accelerate the adoption of technologies
that compete with natural gas through policies that have yet to be announced or enacted or
through unanticipated innovations that lower the cost of competing energy sources and/or
technologies.

Current environmental policies are assumed to remain in place throughout the model time
horizon. So, for example, it is assumed that the European Union (EU) will maintain an active
CO, trading market but the United States will, collectively, not. While the price of carbon in
the EU has fluctuated with policy treatment, it is carried forward in the RWGTM at $10 per
tonne. We address current policy intervention addressing domestic CO, emissions through the
Hi-D scenarios. It is also worth noting that the upcoming climate talks in Paris later this year
could alter the policy frameworks in many countries. This possibility is addressed, at least in a

rudimentary way, through the international LNG12 and LNG20 scenarios.
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e Known natural gas resources, including shale, are developed according to commercial viability
in North America and elsewhere. Existing bans on shale-directed activity are assumed to carry
forward throughout the model time horizon. Again, there is considerable uncertainty
regarding the commercial viability of shale around the world, and we address a potentially
diminished role for shale through the domestic LRR scenario and the international LNG12 and

LNG20 scenarios. We consider an enhanced role for shale in the domestic HRR setting only.

The Ref_Ref case reveals several interesting insights into how the North American, and global, gas
market may evolve over the coming decades. To begin, it indicates the North American market will
remain a low cost source of supply for natural gas for the foreseeable future. This has implications for
regional competitiveness, demand, and international trade. Moreover, as can be highlighted through
the scenarios examined in this study, the availability and production of natural gas from shale in the

United States and around the world are critical to future market developments.
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Figure 2. Select Global Prices (2010S) (Ref_Ref case)
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As indicated in Figure 2, the price at Henry Hub remains below the prices in Asia (Japan Korea Marker
or JKM) and Europe (National Balancing Point or NBP and German-Austrian Border), although the
premium that emerged following the disaster at Fukushima in 2011 dissipates, and the long-term
differentials in prices between regions reflects the cost of trade. Moreover, the emergence of new
LNG supplies from Australia and the United States drive the total volume of global LNG trade to
almost double current levels (see Figures 3 and 4). Importantly, U.S. LNG exports rise in the Ref_Ref
case to about 6.5 Bcf/d, making it the third largest LNG exporter in the world, behind Australia and
Qatar. A defining difference among the top three LNG exporters is that the United States is the single

largest consumer of natural gas and its exports are fueled almost entirely by shale gas development.

I
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Figure 3. Global LNG Exports by Region (Ref_Ref case)®
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The near term increases in LNG trade indicated in Figures 3 and 4 primarily reflect the amount of LNG
export capacity under construction in Australia and the United States. However, the decrease in Asian
LNG prices discourages further LNG expansion in the near term. Nevertheless, expanded LNG trade is
facilitated by a growing need for waterborne supplies to developing Asian economies (see Figure 5),
which is fueled more generally by global demand growth (see Figure 5) that is largely occurring in

regions with inadequate domestic resource endowments. This increase in demand, in turn, spawns

1% The data for exports includes losses during liquefaction.
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supply growth in regions that can, through trade via both LNG and pipeline, accommodate those new

demands.!

Figure 4. Global LNG Imports by Region (Ref_Ref case)™
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"n the results herein, we aggregate countries into geographically defined regions in order to clearly present the results in

a coherent manner. More detailed data is presented in Annex D.

2 The data for imports is less than the reported export data due to losses in liquefaction and shipping.
|
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Figure 5. Global Demand by Region (Ref_Ref case)
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In Figure 5, we see that global demand growth is expected to be fueled primarily by the high
population economies of China and India. Europe is not expected to contribute much to the overall
global natural gas demand picture, which, in turn, sheds light on the emerging patterns of trade. In
particular, as indicated in Figure 5, we see increased flow of LNG to Asia as well as pipeline gas from
Russia to Asia (see Figure 6). Long term, the international natural gas trade map is effectively redrawn

with a shift in export flows increasingly toward developing Asia.
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Figure 6. Global Net Pipeline Trade (Ref_Ref case)
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As seen in Figure 6, net global trade via pipeline infrastructure is also expected to grow. Announced
projects that result in increased pipeline deliveries present attractive options for meeting long-term
demand growth, in particular the development of pipelines between Russia and China. In fact, the
persistent relatively robust Russian production seen in Figure 7 is largely facilitated by its larger scale
entry in the Asian market. A weak demand outlook for Europe (see Figure 6) is not sufficient to
support expanded Russian production, hence Russia turns to Asia. More generally, narrowing
international price differentials limit the expansion of LNG infrastructure post-2020 and supporting

shorter, continental trade via pipeline.
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Figure 7. Global Supply (Ref_Ref case)
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Also evident from Figure 7 is that Canadian supply expands, fueled primarily by shale gas
developments in western Canada. This, in turn, impacts the balance of trade for the United States. As
mentioned above, growth in U.S. natural gas production supports LNG exports from the United States
of 6.5 Bcf/d, but U.S. LNG exports are also supported by developments in the broader, highly
interconnected North American market as the deep interconnectedness of the United States and

Canada facilitates the flow of Canadian gas to the United States on already existing infrastructure.

As indicated in Figure 8, Canadian exports via pipeline to the United States increase throughout the

time horizon after bottoming out in the early 2010s. The majority of Canadian exports are to western
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states and the Midwest. Exports to the Mid-Atlantic continue to decline and never recover to any

significance, which reflects strong supply growth in the Marcellus shale (see Figure 10).

Figure 8. U.S. Market Balance (Ref_Ref case)
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Exports of natural gas via pipeline from the United States to Mexico increase in the near term to
about 5.5 Bcf/d in the early 2020s, hold at that level through 2030, then decline through the end of
the time horizon as Mexican domestic production begins to climb. The increased connectedness
within the North American natural gas market that emerges in the Ref Ref case reflects a general
result that carries significant implications across all scenarios. Namely, Canada, the United States, and

Mexico are poised to become more intimately linked through natural gas trade, and, as a result, the
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impacts of a policy or commercial development in any one country will affect North America more

generally.

As indicated in Figures 3 and 8, U.S. LNG exports rise in the Ref_Ref case (and in all cases considered
in this study). However, the impact of U.S. LNG exports and other global supply developments on
international and domestic prices ultimately places a check on the total volume of U.S. LNG exports.
Specifically, the price spreads in the international marketplace weaken to the point that full cost
recovery of U.S. LNG export facilities currently under construction is compromised for about a
decade. Of course, those facilities operate, but further investment in LNG export capacity is stymied
until global demand pull expands to stimulate new capital flows into the U.S. LNG export value chain.
Figure 9 highlights the Ref_Ref case price spreads and notes the time periods where price differences

are long term supportive of investment in U.S. LNG export capacity.
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Figure 9. Price Differentials and LNG Export Capacity Investment (Ref_Ref case)
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Figure 10 indicates U.S. domestic production by source through 2030. Shale gas production comprises
a rising share of U.S. supply, approaching three-quarters of domestic production. The rise in shale
production accompanies declines in production from other natural gas resources, both onshore and
offshore. The largest producing basin is the Marcellus shale, rising to just over 20 Bcf/d in the late
2020s before beginning to decline. Production from the Haynesville shale is projected to recover in
the 2020s due to higher prices and the emergence of a new demand outlet via Gulf Coast LNG export

facilities, which attracts upstream capital into northern Louisiana.
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Figure 10. U.S. Supply by Resource and Play (Ref_Ref case)

® Permian Shale Group

= W 00diord sinai¢ Group

m Bakken Shale

B Utica Shale
10

Marceiius Shale
B Other Onshore
B Offshore

The projected growth in Canadian production drives an increase in exports via pipeline to the United
States, and this occurs as growth in U.S. domestic production flattens. Moreover, Mexican natural gas
production begins to increase in the 2020s, meaning total supply throughout the broader North

American market is quite robust throughout the time horizon.

Strong North American production facilitates demand growth in the United States, in particular, that
is driven by demand in the industrial and power-generation sectors in the near term, and continued
growth in power generation longer term (see Figure 11). In fact, the share of natural gas in power
generation in the Ref_Ref case is projected to approach 37 percent by 2030, largely driven by
emerging environmental policies that target the use of coal. In fact, the power-generation sector is

I
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projected to be the most rapidly growing source of domestic demand, rising at an average annual rate

of over 3.0 percent through 2020 and 2.3 percent per annum over the entire time horizon. Industrial

demand increases at an average annual rate of 2.2 percent through 2020 then is flat to slightly

declining after 2020 due to efficiency gains as industrial production continues to increase. The

residential and commercial sectors are not projected to see significant growth.

Figure 11. U.S. Demand by End-Use Sector (Ref_Ref case)
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The changing U.S. demand and supply portfolio has implications for regional prices. The changing
regional price relationships reflect sustained higher levels of production in the Middle Atlantic and

Canada longer term, regional patterns of new sources of demand for U.S. natural gas production, such

I
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as LNG exports and industrial demands that tend to primarily impact the Gulf Coast, and growth in

power-generation demand particularly where coal capacity is retired.

Longer term growth in Canadian production weakens the price in western Canada (AECO Hub) relative
to Henry Hub, but price across North America is generally strengthening over time. So, the western
Canadian price also strengthens, just more slowly than Henry Hub. In general, the deep
interconnectedness of the North American natural gas market and the high degree of fungibility of
different sources of natural gas links the prices and in Canada, the United States, and Mexico and

prevents any one region from completely dislocating from the other.

3.2 Select Natural Gas Market Highlights Across All Scenarios

In this section, we highlight the differences across cases in prices at Henry Hub, JKM, and NBP. Then,
we discuss the differences in U.S. LNG exports across the various scenarios. More detailed results on
the changes in domestic and international production and consumption can be found in the Annexes.
We focus on these outputs in particular because they form the basis for understanding the impacts on

macroeconomic outcomes across the scenarios, which we turn to in section 4.

 Note this occurs even with pipeline flow reversals on mainline infrastructure away from the Mid-Atlantic region, which
serve to limit the depth to which basis dives longer term.
I —————————————
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Figure 12 indicates the price at Henry Hub for each case considered in this study, and Figure 13
indicates the price path of each scenario relative to the Ref_Ref case discussed above. The only two
cases not presented in Figure 12 are LNG20_LRR20 and LNG20_Hi-D20. These are not included
because they are identical to the scenarios where LNG exports are endogenously determined under
the same set of domestic and international market conditions, specifically the LNG20_LRR and

LNG20_Hi-D scenarios.

Figures 12 and 13 highlight the breadth of impact on Henry Hub price revealed by the various
scenarios. For example, among the cases considered, price is highest in the case where international
demand for LNG is highest while domestic resources are lowest (the LNG20_LRR case). Alternatively,
price is lowest when international demand for U.S.-sourced LNG is lowest while domestic resources
are highest (Ref_HRR). In fact, in moving from Ref_HRR to LNG20_LRR, we see a price spread that
approaches $3.60/mcf by 2040. In other words, when international market conditions are such that
demand for U.S. LNG exports is at its highest and natural gas resources are relatively scarce, price is

considerably higher than when the exact opposite is true.
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Figure 12. Henry Hub Price Across Scenarios
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Figure 13. Henry Hub Price Relative to the Ref_Ref Case by Scenario
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The other cases collectively reveal a consistent pattern with regard to the Henry Hub price. Namely,
as demand for U.S. LNG exports rises, all else equal, the Henry Hub price rises. Moreover, as the
availability of U.S. natural gas for export declines, either as resource availability falls or domestic
demand rises, the Henry Hub price also rises, all else equal. Therefore, the exact impact of LNG
exports on the Henry Hub price depends on both domestic and international market considerations.
This latter point highlights the basic result that countries become increasingly connected via trade in
the Ref_Ref case, and the extent to which this development is reinforced in each scenario plays out in
the price at Henry Hub. It also is evident through the manner in which the spreads between Henry
Hub and international benchmark prices evolve. Specifically, we see that the spread between Henry
Hub and international benchmark prices JKM and NBP narrow as U.S. LNG exports increase within

each international demand case, with the majority of the price movement occurring overseas.

Figures 14 and 15 indicate the JKM price and reveal a slightly less diverse picture, but one that is
interesting nonetheless. In particular, we see that as international market conditions stimulate
greater demand for U.S.-source LNG, the price at JKM rises. This is primarily by construction as the
assumptions used to drive up demand for U.S. LNG exports largely target Asia (see Table 2). The price
impacts at JKM are exacerbated as U.S. LNG availability is compromised. Notably, the spreads
between Henry Hub and JKM (not pictured) are sensitive to both domestic and international drivers.
Specifically, we see the spread narrow as more LNG is exported from the United States, all else equal.
We return to this point in section 4, but note that the result reinforces the notion that markets
become increasingly connected via trade as price signals transmit market information across every

region.
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Figure 14. JKM Price Across Scenarios
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Figure 15. JKM Price Relative to the Ref_Ref Case by Scenario
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Figure 16. NBP Price Across Scenarios
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Figures 16 and 17 detail the pricing results at NBP across the cases. Generally, we see that price is
higher in Europe when international market conditions are such that demand for U.S. LNG exports
rises. Interestingly, whether or not the increase is to 12 Bcf/d or 20 Bcf/d does not have a significant
bearing. This follows because the marginal source of supply to Europe is unchanged beyond the
LNG12 international market scenarios and the outlook for total natural gas demand growth in Europe
is meager in every case we considered. Thus, the primary sources of supply to northern Europe
remain Russia, the North Sea, and LNG primarily from Africa and the Middle East. The price impact is
thus driven almost exclusively by deviations in the global LNG market, with modest offsetting

responses from traditional pipeline sources of supply, including Russia.

The signal for investments in U.S. LNG export capacity is ultimately contained in the price spreads that
emerge across scenarios. Figures 18 and 19 detail the price spreads that are seen between JKM and
Henry Hub and NBP and Henry Hub, respectively. The pattern noted above in Figure 9 generally holds
across all scenarios. In particular, the global LNG market enters into a period of time where it is
relatively well-supplied after 2015. This, in turn, sees price spreads that narrow, and are supportive of
LNG exports from the United States through facilities that are already under construction. However,
the price spreads post-2015 are generally not supportive of continued investment in new capacity.
The stimulus to invest in U.S. LNG export capacity does generally return across the scenarios albeit at
different rates. In fact, the higher global LNG demand plus high domestic resource recovery cases see
the strongest support for new U.S. LNG export capacity, emerging as soon as the end of this decade,

which is about ten years earlier than we see in the Ref_Ref case.
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Figure 18. JKM-Henry Hub Price Spreads Across Cases

8/mef

$20.00

Ref Ref
+ssss0s Ref HRR
=== =Ref LRR

$15.00 -
— —Ref Hi-D

LNG12 Ref
seecess LNG12 HRR
$10.00 | ====-LNGI2 LRR

— —LNGI2 HiD

LNG20_Ref
sessses LNG20_HRR

$5.00 == =« NG20 LRR

= LNG20_Hi-D

LNG20 Refl2
+eeceee LNG20 HRR12

=== e NG20 LRR12
= =LNG20 Hi-D12

LNG20_Ref20

$ (5.00) LNG20_HRR20

Figure 19. NBP-Henry Hub Price Spreads Across Cases
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Figure 20 graphs U.S. LNG exports through 2040. Notably, the largest differences emerge after the

mid-2020s, a result owing to several factors, including:

e International demand must grow to stimulate investment from new sources of supply. This
takes time and generally accompanies economic growth.

e There are a number of planned LNG and pipeline export projects around the world that are
already under construction. Thus, absent a very large demand impulse, as in the LNG20 cases,
the expansions already underway are sufficient to sate demands for the near term.

e Inhibiting shale resource availability, as in the international LNG12 and LNG20 cases, does not
have a material short-term impact because those resources are generally not significant
sources of supply even in the international Reference cases until the mid-2020s anyway. So,

the supply impact is only felt in the long run.

Figure 20. U.S. LNG Exports Across Scenarios

befd

30.0

Ref Ref
25.0
===-Ref LRR
— —Ref Hi-D
20.0

LNG12 Ref

====]NGI2 LRR

15.0 — —LNGI2 HiD

LNG20_Ref

10.0
== ==LNG20 LRR

= LNG20_Hi-D
5.0

LNG20 Ref12
"""" LNG2Z0 HRR12

== ==LNG20_ LRRI2
0.0

= =LNG20_Hi-D12
LNG20_Ref20

LNG20_HRR20
-5.0 =

53



The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

We see in Figure 20 that the level of U.S. LNG exports approaches 27 Bcf/d in the LNG20_HRR case,
which is by far the most aggressive result among the scenarios. This follows from the fact that
international market conditions are the most conducive to create demand pull for U.S.-sourced LNG in
this case, and the long-term U.S. supply picture is also the most robust. In effect, the international

stimulus to total demand for U.S.-sourced natural gas can be met by a very robust supply portfolio.

Table 3. U.S. LNG Exports in 2040 Across Cases (Bcf/d)

International Demand S gh Resource ow Reso
Scenarios Recove Recove Demand
Reference 6.38 6.74 5.20 6.36

Global Demand for U.S. LNG
11.18 16.30 6.73 9.02
Supports 12 Bcf/d
U.S. LNG
Exports 11.81 11.82 11.80 11.81
Global L2
Demand for U.S. LNG
U.S. LNG Exports 18.82 19.74 * *
Supports 20 Bcf/d
20 Bcf/d U.S. LNG
Exports 22.34 28.05 18.02 20.37
Endogenous

Table 3 indicates the level of U.S. LNG exports in 2040 for every case we considered. The results
indicate that the largest driver of change in U.S. LNG exports for a given international market
circumstance (or reading across Table 3) is domestic resource availability. It is also evident that for a
given domestic scenario (or reading vertically in Table 3), different international market conditions

have larger impacts on U.S. LNG export volumes than any of the domestic scenarios we considered.

I
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This highlights the importance of considering the issue of U.S. LNG exports in the context of a global
analysis. This point is made even more salient when considering the competiveness of natural gas-

consuming industries across countries in a broader macroeconomic framework. We turn to this next.

4 Macroeconomic Impact of Increased U.S. LNG Exports

When comparing the macroeconomic outcomes of different LNG export levels it is important to do so
against a clear point of reference. Therefore, we detail the macroeconomic outcomes by comparing
cases where international market conditions are held constant as the level of U.S. LNG exports
increases. In this section, we focus on the cases where the international market supports more than
20 Bcf/d of demand for U.S. LNG exports. We first present a detailed discussion of the results for the
Reference domestic scenario (that is, we compare the LNG20 _Ref12, LNG20_Ref20, and LNG20_Ref
cases) in order to gauge the effect of increasing U.S. LNG exports above 12 Bcf/d. We then assess
whether conclusions drawn from the Reference domestic case hold for the alternative domestic

cases—High Resource Recovery (HRR), Low Resource Recovery (LRR) and High Gas Demand (Hi-D).

The key assumptions driving the LNG20_Ref12 case (that is, where international demand supports 20
Bcf/d of U.S. LNG exports but capacity does not exceed 12 Bcf/d in the Reference domestic scenario)

are as follows:

e As discussed in section 2, in order to ensure international demand is sufficient for 20 Bcf/d of
U.S. LNG exports, it is assumed accessible shale resources outside the United States are
extremely limited relative to the Ref_Ref case. Total accessible shale resources outside the

United States are assumed to be 2,713 tcf, compared with 7,578 tcf in the Ref_Ref scenario. In
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addition, it is assumed that several large coal-consuming countries, including China, India,
Indonesia, and South Korea, reduce coal consumption to limit CO, emissions.

e The spread between European and Asian benchmark prices and the Henry Hub price are
substantially higher than in the baseline (Ref_Ref) scenario. This follows from diminished
supply capabilities outside the United States and ultimately drives an increase in U.S. LNG
exports.

e Inthe LNG20_Refl2 case U.S. GDP growth continues to expand at around 2.6 percent per year
on average to 2040.** U.s. manufacturing growth continues to expand strongly. Despite higher
Henry Hub prices, energy-intensive sectors (EIS) such as chemicals, cement, and glass continue
to grow robustly (see Figure 21). Key sectors, such as construction and motor vehicles,
continue to drive output in the glass and cement sectors as well as parts of the chemicals

sector.

“ This projection is derived by imposing modeled natural gas market conditions (production and export volumes and
prices) on the Ref_Ref baseline. U.S. GDP growth in the Ref_Ref case is based on the EIA 2014 Annual Energy Outlook.

1 —
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Figure 21. Manufacturing Outlook in LNG20_Ref12 Scenario
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Given this backdrop, we compare scenarios in which:

e U.S. LNG exports rise from 12 Bcf/d to a maximum of 20 Bcf/d (that is LNG20_Ref12 vs.

LNG20_Ref20).

e U.S. LNG exports rise from 12 Bcf/d to a market-determined level that exceeds 20 Bcf/d (that

is LNG20_Ref12 vs. LNG20_Ref).
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The rest of this section examines the impact of the scenarios for the natural gas market and the U.S.
economy.’ We begin with a detailed discussion of the results when increasing exports to 20 Bcf/d in
the Reference domestic scenario, and then subsequently discuss the impacts in the alternative
domestic cases. We then review the impacts of allowing exports to rise to their market-determined

level.

4.1 U.S. LNG Exports Increase from 12 Bcf/d to 20 Bcf/d

4.1.1 Natural Gas Market Impacts

In this section, we highlight the scenarios where international market conditions are supportive of 20
Bcf/d of U.S. LNG exports under the Reference domestic scenario. We begin with the scenario where
LNG exports from the United States do not exceed 12 Bcf/d (LNG20_Ref12). Then, we compare this to

the case where LNG exports can rise to a maximum of 20 Bcf/d (LNG20_Ref20).

Exports of natural gas overall rise 26 percent, pushing net LNG exports from the United States to 4
Bcf/d from 0.3 Bcf/d in the lower export case. At an aggregate level, the impact on exports, however,

is limited, with net fuel exports rising just 0.02 percent of GDP

As indicated in Figure 22, the Henry Hub price rises as LNG exports increase to 20 Bcf/d, while other
international benchmark prices decline. This is the result of allowing increased trade from the United

States thereby serving to relax the highly constrained supply situation internationally.

13 Scenario results from the GEM and GIM are presented through 2040, with the focus of analysis covering the period
2026-2040. This is done to highlight the differences across cases. Namely, as indicated in the discussion of the natural gas
market results in the previous section, the majority of the differences across scenarios occur after the mid-2020s. Results
for the period 2015-2040 and 2015-2025 are given in the Annex. Detailed results for all other modeled scenarios are also
available in Annex.
|
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Figure 22. Change in Global Gas Prices (LNG20_Ref20 minus LNG20_Ref12)
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Notably, the price response in Asia tends to be greatest as U.S. LNG exports rise to 20 Bcf/d. The JKM
price declines in dollar terms by an amount that is roughly six times greater than the price increase at
Henry Hub. This is the result of the international market conditions that are simulated in the LNG20
cases. In particular, the LNG demand stimulus is primarily the result of highly constrained supply
potentials plus higher demand in Asia. While shale potential is also constrained in Europe in the
LNG20 cases, the change relative to the Reference international case is small compared to the change
in Asia. In addition, demand is not stimulated in Europe to the same extent as in Asia because the
Reference international scenario already assumes policies are in place to reduce CO, emissions in
Europe. As a result, the European market is simply not as stressed as the Asian market in the LNG20

cases and thus has less to gain from increased availability of U.S. LNG exports.
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Figure 23. U.S. Supply by Resource and Play (LNG20_Ref12 case)
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Figure 23 shows that domestic production rises to well over 30 tcf per year by 2030 even when
exports are constrained at 12 Bcf/d. While the maximum is only slightly higher than in the Ref_Ref
case discussed above in section 3, exports to Mexico via pipeline (not pictured) are lower longer term,

which indicates a redirection of supply when international demand pull is greater.
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Figure 24. Change in U.S. Production (LNG20_Ref20 minus LNG20_Ref12)
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In Figure 24, we see that U.S. production continues to increase through the time horizon when LNG
export volumes can expand to 20 Bcf/d, rising 4 percent on average from 2026-2040. Greater LNG
exports effectively serve as additional demand for U.S. natural gas, which facilitates additional

expansion in the domestic upstream sector.

Of course, there are offsetting impacts, but these are relatively small. The majority of the increase in
LNG exports is accommodated by expanded production rather than reductions in domestic demand,
which declines by about 450 mmcf/d by 2040 with the bulk of the impact split evenly across the

power generation and industrial sectors. This fact that the price increase as we move from 12 Bcf/d to
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20 Bcf/d of LNG exports slowly climbs to $0.50 by 2040 renders the domestic demand response to be

relatively small.
4.1.2 Macroeconomic Impacts in the Domestic Reference Case

The macroeconomic impacts of increasing U.S. LNG exports to 20 Bcf/d from 12 Bcf/d can be
decomposed into five main channels identified in section 2.2. When decomposing impacts of greater
LNG exports by channel (see Figure 25), the gains from incremental natural gas production and
investment in the higher export cases are generally offset to a significant extent by greater increases
in U.S. natural gas prices. While U.S. natural gas producers see greater profits, the gains are small

relative to the economy as a whole.

Figure 25. GDP Impact by Channel, 20 Bcf/d vs. 12 Bcf/d LNG
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20 Befid vs 12 Befid LNG exports: Impact on GDP (2026-40)

o Chart shows the impact of each component of the scenario and
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Table 4. Key Scenario Drivers, 12 Bcf/d vs. 20 Bcf/d of LNG Exports (2026—2040 average)

Key Inputs
Channel Indicator e oChange
12Bcf/d = 20Bcf/d (% orppts)

NG production (Bcf/d) 94 97 4.0%

NG consumption (Bcf/d) 93 93 0.1%

U.S. LNG Production and NG exports (Bcf/d) 17 21 26%
Investment NG imports (Bcf/d) 16 17 4.2%

Net fuel exports (% of GDP)* - - 0.02%

Capex (% of GDP)* - - 0.06%

. Henry Hub price o
U.S. Gas Price (20108/mmBtu) $6.59 $6.87 4.3%
U.S. Energy Sector Profits Profits (% of GDP) 0.04% 0.07% 0.03%

Rest of World LNG
Production and Capex (% of GDP)* - - 0.00%
Investment

NBP (UK) $11.67 $11.68 0.0%

Rest of World Gas Prices o
(20108/mmBtu) German Border (NW Europe) S11.16 S11.16 0.1%
JKM (Asia-Pacific) $18.13 $16.89 -6.8%

*Only the change in the value is available and this is applied to more aggregated data
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The key drivers of these results are highlighted in Table 4 and are detailed as follows:

e U.S. LNG Production and Investment: When U.S. LNG exports rise to 20 Bcf/d from 12 Bcf/d,
natural gas production is 4.0 percent higher in the domestic Reference case. This is associated
with a rise in net fuel exports of just 0.02 percent of GDP over the period 2026-2040 and
additional investment of 0.06 percent of GDP. There are positive multipliers from the extra
production and investment, as activity is stimulated in the rest of the economy, and as a result
total output is 0.1 percent higher from 2026-2040.

e U.S. Natural Gas Prices: The Henry Hub price is, on average, 4.3 percent higher in the 20 Bcf/d
export case than the 12 Bcf/d case over the period 2026-2040. As noted above, higher gas
prices dampen domestic consumption and erode U.S. export competitiveness. In total, higher
prices reduce GDP by 0.1 percent over the period 2026-2040.

e U.S. Profits: Profits in the 20 Bcf/d export case are higher given the rise in prices, production
and export volumes, but the scale of the impact is small relative to the size of GDP. Profits are
0.03 percent of GDP higher in the 20 Bcf/d case compared with the 12 Bcf/d case. The rise in
profit is also modest because it is assumed U.S. producers receive the Henry Hub price on LNG
exports rather than the price in the destination market. It assumed that 95 percent of profits
are distributed to households and this results in a marginal increase in consumption and GDP
over 2026-2040.

e Rest of World NG Production and Investment: Production in the rest of the world is little
changed when U.S. LNG exports increase to 20 Bcf/d from 12 Bcf/d; international demand
conditions remain unchanged, and the addition of incremental U.S. LNG exports displaces very

I
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little supply from the rest of the world. As result, capex needs by the gas sector in the rest of
the world remain broadly unchanged when the United States increases LNG exports.

o Rest of World NG Prices: The increase in the availability of cheaper U.S. gas exports on the
world market dampens NG price increases in Asia, though prices in Europe are little affected.
The marginal decline in NG prices both boosts real income in the rest of the world—which
boosts demand and is positive for U.S. exports—and boosts the competitiveness of Asian firms
relative to U.S. companies, which is negative for U.S. exports. However, the small impact on
gas prices and the relative unimportance of natural gas to total energy supply in Asia means
that the impact on consumption in Asia is limited as is the competitiveness boost enjoyed by
Asian firm from lower gas prices. As result, the overall impact on U.S. GDP through this

channel is limited.

The overall macroeconomic impacts of increasing U.S. LNG exports to 20 Bcf/d from 12 Bcf/d are
small, reflecting the small size of the shocks relative to the economy overall. In aggregate the size of
the economy is little changed in the long run, with GDP less than 0.1 percent ($7.7 billion USD
annually in today’s prices) higher on average over 2026—2040 than in the 12 Bcf/d export case (see

Figure 26).

The United States’ current account position is also little impacted by the increase in LNG exports. This
is because changes in net exports of LNG are small relative to the size of the economy, and Henry Hub

prices are also only modestly higher when the U.S. exports more LNG.
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The increase in natural gas prices following an increase in U.S. LNG exports is reflected in a slight
increase in the average level of consumer prices, which are 0.25 percent higher on average in the
higher export case over the period 2026—-2040. However, as this impact is spread over a number of
years, so the impact on average inflation is negligible. This modest rise in price level squeezes back

some consumer spending and erodes U.S. competitiveness.

Figure 26. Macroeconomic Impact of Increasing LNG Exports to 20 Bcf/d from 12 Bcf/d

20 Befid vs 12 Bef/d LNG exports: Macro impacts (2026-40)
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At the sector level, firms that supply the natural gas sector and are involved in developing the

infrastructure and supply chains needed to increase production and LNG exports benefit. This

includes firms in the construction and engineering sectors.

Higher natural gas prices in the United States associated with greater U.S. LNG exports are negative

for the energy-intensive manufacturing sectors (see Figure 27), and some sectors—such as glass,
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cement, and chemicals’®*—see small declines in output (see Figure 28). These are outweighed by gains
in manufacturing industries that benefit from increased investment in the natural gas sector and
increased construction activity, such as metals, as well as industry gains attributable to the increase in
overall demand (i.e., consumer products, food, etc.). As a result, the manufacturing sector in

aggregate is little impacted.

Some sectors such as cement and metals are both energy intensive and construction dependent and
their relative exposure to these two factors determines whether or not they benefit from an increase
in U.S. LNG exports. However across sectors the overall impacts of greater LNG exports are small

compared with the expected growth in sector output through 2040.

'® 1t should be noted that the analysis does not account for the potential impacts of higher natural gas production on the
production of natural gas liquids (NGL) and the potential impacts of changes in NGL production on the domestic
petrochemicals industry. The increase in shale gas production in recent years has been associated with a similar rise in
NGL production and a decline in prices, which has benefitted the U.S. petrochemical sector (see, for instance, U.S. NGLs
Production and Steam Cracker Substitution, Oxford Institute for Energy Studies, September 2014). As such it is possible
that the increase in gas production associated with rising exports could provide further benefit to the sector and output
overall.

1 —
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Figure 27. EIS vs. Non-EIS Value-Added, 20 Bcf/d vs. 12 Bcf/d of LNG Exports*’

20B vs 12B LNG exports: Mfg sector (2026-40)
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Figure 28. Sector-Level Impacts, 20 Bcf/d vs. 12 Bcf/d LNG Exports

Sector impacts: 20 Bef/d vs 12 Bef/d LNG exports
Avg annual % difference, 2026-40
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17 . . . . . . .
EIS includes chemicals, basic metals and metal products, and non-metallic minerals (which includes cement and glass).
These sectors are among the most intensive consumers of natural gas per dollar of output.
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Sector Impacts: 20 Bei/d vs 12 Bef/d LNG exports
Avg annual difference, 20103Bn, 2026-40
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4.1.3 Macroeconomic Impacts in the Alternative Domestic Scenarios

The section examines the impact of increasing U.S. LNG exports to 20 Bcf/d from 12 Bcf/d (assuming
unchanged international demand) in the HRR case and compares the results to increasing U.S. LNG
exports in the Reference domestic case. U.S. exports of LNG do not reach 20 Bcf/d in the LRR scenario
and are right at that mark in the Hi-D scenario. Thus, these two alternatives are not assessed here, but

are in section 4.2, which examines cases of endogenously determined U.S. LNG exports.
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Table 5. Change in Key Scenario Drivers and Scenario Results (2026-2040), 20 Bcf/d vs.
12 Bcf/d LNG Exports Across Domestic Scenarios

Scenario Drivers
United States

NG Production 4.0% 5.1%
NG Consumption 0.1% 0.3%
NG Exports 26% 28%
NG Imports 4.2% 2.4%
Net Fuel Exp. (% of GDP) 0.02% 0.03%
Henry Hub Price 4.3% 4.7%
Capex (% of GDP) 0.06% 0.06%
Profits (% of GDP) 0.03% 0.03%
Rest of World
Prices:
NBP (UK) 0.0% -0.1%
German Border (NW Europe) 0.1% 0.0%
JKM (Asia-Pacific) -6.8% -8.4%
Capex (% of GDP) 0.00% 0.00%

Scenario Results

GDP Change by Channel

Total 0.03% 0.03%
U.S. NG Output and Capex 0.09% 0.11%
U.S. NG Price -0.08% -0.09%
NG Profits 0.01% 0.02%
Rest of World Output and Capex 0.00% -0.01%
Rest of World NG Prices 0.00% 0.00%

Manufacturing GVA 0.02% 0.02%

Table 5 compares the changes in the key scenario drivers and outputs when LNG exports increase
from 12 Bcf/d to 20 Bcf/d in the domestic Reference (LNG20_Refl2 to LNG20_Ref20) and high
domestic resource (LNG20 _HRR12 to LNG20_HRR20) scenarios. In the HRR scenarios, there is a
greater increase in domestic production when LNG exports increase, a result that follows from the

assumptions about U.S. resource endowment. In the higher resource case, LNG production is, on
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average, 5.1 percent higher from 2026 to 2040 when LNG exports increase to 20 Bcf/d compared with
4.0 percent increase in the Reference domestic case. The increase in investment is roughly equal
between the two cases, and the impact on domestic natural gas prices is slightly greater when U.S.

LNG exports increase in the HRR cases compared to the domestic Reference case.

In aggregate, the macroeconomic impacts of increasing export volumes from 12 Bcf/d to 20 Bcf/d in
the domestic High Resource scenario are broadly similar to those in the domestic Reference scenario
(see Figure 29); GDP is little changed. The higher increase in gas prices has a slightly more pronounced
impact on the manufacturing sector. A larger increase in the gas price compared with the reference
scenario also results in a bigger impact on the consumer price level and, combined with a slightly

larger increase in net gas exports, a slightly larger positive impact on the current account.

Figure 29. Macroeconomic Impacts of Increasing LNG Exports to 20 Bcf/d from 12 Bcf/d in
the Domestic Reference and High Resource Scenarios, 2026-2040

20 Bcefid vs 12 Befld LNG exports: Macro impacts (2026-40)
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Breaking down the results across the different impact channels (see Figure 30), the increase in
production and export volumes are slightly higher in the High Resource case, leading to a marginally
larger direct impact of rising output in the natural gas sector. However, the increase in prices as LNG
exports rise is also slightly larger in the High Resource case, leading to a slightly larger negative
macroeconomic impact from this channel. The increase in profits as a share of GDP in each case is the

same.

Figure 30. GDP and Manufacturing Sector Impacts, 20 Bcf/d vs. 12 Bcf/d LNG Exports
in the Domestic Reference and High Resource Scenarios

20 Bef/d vs 12 Bef/d LNG exports: Impact on GDP (2026-40}
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20 Bef/d vs 12 Bet/d LNG exports: Impact on Mfg. GVA (2026-40)
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Table 6. Change in Sector Value-Added (2026—-2040), 20 Bcf/d vs. 12 Bcf/d LNG Exports

Reference High Resource

GDP 0.03% 0.03%
Manufacturing 0.02% 0.02%
Chemicals 0.00% 0.00%
Basic metals 0.04% 0.05%
Iron and Steel 0.04% 0.04%

Metal Products 0.04% 0.05%
Non-Metallic Minerals -0.03% -0.04%
Glass -0.01% -0.02%
Cement, Plaster, Concrete -0.04% -0.05%
Pulp and Paper 0.06% 0.06%
Agriculture 0.01% 0.02%
Extraction 1.81% 2.39%
Construction 0.16% 0.15%
Services -0.01% -0.02%

As with the domestic Reference case, impacts from changes in investment and natural gas prices

outside of the United States are muted. In aggregate, the increase in LNG exports has little impact on

1 —
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total output in the long run. Impacts on the manufacturing sector in aggregate are similarly limited.
Also, the distribution of results at the sector level (see Table 6) across the HRR scenarios is also similar

to those across the domestic Reference scenarios.

Manufacturing output overall is marginally higher in the 20 Bcf/d export case, but lags output overall
due to the impacts of higher natural gas prices on energy-intensive production. As in the Reference
domestic case, some energy-intensive sectors see small declines in output compared with the 12
Bcf/d export case (see Figure 31), and these negative impacts are slightly larger in the High Resource
case due to the larger increase in domestic natural gas prices. Nevertheless these are again negligible
compared with the projected output growth of these sectors, and have little noticeable effect on the

manufacturing sector as a whole.

Figure 31. EIS vs. Non-EIS Value-Added, 20 Bcf/d vs. 12 Bcf/d LNG Exports
in the High Domestic Resource Scenario (2026-2040)

20 Bef/d vs 12 Bef/d LNG exports: Mig sector impacts
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4.2 U.S. LNG Exports Increase from 12 Bcf/d to an Endogenously Determined Level

4.2.1 Natural Gas Market Impacts

In this section, we highlight the scenarios where U.S. LNG exports respond endogenously to demand
pull created by international market conditions that are supportive of 20 Bcf/d of U.S. LNG exports
under the four different domestic scenarios. We compare these each scenario to the cases where U.S.
LNG exports do not exceed 12 Bcf/d (LNG20_Refl12, LNG20_HRR12, LNG20 _LRR12, and LNG20_Hi-

D12).

As indicated in Figure 32, the Henry Hub price rises as LNG exports increase while other international
benchmark prices decline. As in section 4.1, this is the result of allowing increased trade from the

United States thereby serving to relax the highly constrained supply situation internationally.
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Figure 32. Change in Global Gas Prices
(endogenous exports vs. LNG20 cases where U.S. LNG exports cannot exceed 12 Bcf/d)
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As noted in section 4.1, the price response in Asia tends to be greatest as U.S. LNG exports increase.
The largest increase in exports occurs in the HRR cases, and it is in these cases where we see the
largest increase in Henry Hub (topping out at $0.86 in the late 2030s) and the largest decrease in JKM
(approaching $5.50 by 2040). As before, there is virtually no change across the scenarios in the NBP

price.

76



The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

In all cases, as LNG exports increase beyond 12 Bcf/d, U.S. production continues to increase through
the time horizon. As indicated in Figure 33, the largest increase in domestic production occurs in the
HRR cases, followed by the Ref cases and the Hi-D cases, with the LRR cases seeing the smallest
increases in production. Not surprisingly, this is consistent with the change in LNG exports seen across

cases and highlighted in section 3.

Figure 33. Changes in Domestic Production
(endogenous exports vs. LNG20 cases where U.S. LNG exports cannot exceed 12 Bcf/d)

tef
7.0
e
R e
S0 |
HRR
o BER
o Hi D

-1.0
Lo B ST BT T~ - R — N T o I B G ¢ B T i B = B~ N — T R o' N o T (R I~ S el = B S —]
e e B e B e e e B B . SO . IO ! N A O o Y o A SO . O S . SO . S SO . S . L . T ot T . L . B
e — R — e — R R R A N R R R — I —— R — T — ]
[ B = R I o B o o DR o B B o o D I A S B o R = B B o B o B o R N o B o B o B = N o B o B = BN o |

77



The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

4.2.2 Macroeconomic Impacts

As in the case where LNG exports rise to 20 Bcf/d, the results of increasing exports from 12 Bcf/d to
their market-determined level are marginally positive in the Reference domestic scenario. When
exports fully respond to international demand conditions we see a larger increase in investment in the
natural gas sector than when exports do not exceed 20 Bcf/d. As a result, the endogenous LNG export
case produces slightly more positive results than the 20 Bcf/d LNG export case, though the impacts

are still very small (see Figure 34).

At the same time there is also a greater convergence of domestic natural gas prices with world prices
when U.S. LNG exports are allowed to respond fully to global demand conditions as the Henry Hub
price increase is greater than in the case where LNG exports could not exceed 20 Bcf/d. Although this
helps drive the sector’s profits marginally higher, the larger increase in gas prices generates a larger
impact on consumer prices in the long run, which offsets some of the positive demand impacts of
increased natural gas sector investment by lowering consumption. It should be noted, however, that
the price level impacts are small and have little noticeable impact on inflation rates over the forecast
horizon. Impacts to the current account are again limited, reflecting both the small direct impact from
the increase in net fuel exports and the minor impact of changes in relative natural gas prices on the

U.S. export sector overall.
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Figure 34. Macroeconomic Impacts of Increasing LNG Exports from 12 Bcf/d, 2026—-2040

Endogenous vs 12 Bef/d LNG exports: Macro impacts (2026-40)
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Results across the alternative domestic scenarios are broadly similar (see Figure 35). In all four cases,
impacts on GDP are between 0.05 and 0.07 percent on average over the 2026—-2040 period, with the

biggest impact in the HRR case where production responds most.
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Figure 35. Macroeconomic Impacts of Increasing LNG exports, 2026—-2040

Endogenous vs 12 Bcf/d LNG exports: Macro impacts (2026-40)
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General price level impacts vary with the change in natural gas prices, but even in the High Resource
case, where the impact on Henry Hub prices is the largest, consumer prices are on average just 0.5
percent above the 12 Bcf/d export case over the period 2026—2040. The current account is also little
impacted across the domestic cases given the small net export and gas price impacts. The pattern
observed in the channel level impacts is consistent across the scenarios, and consistent with that
described in in section 4.1.2. Larger increases in natural gas production and exports, which drive
larger direct impacts on GDP, are associated with greater increases in domestic natural gas prices, and
these contribute to larger negative impacts on consumption and non-fuel exports (see Table 7).
Across all scenarios the impacts on profits are negligible, as are the feedback impacts of changes in

the natural gas sector outside the United States. Though there are substantial impacts on Asian

80



The Macroeconomic Impact of Increasing U.S. LNG Exports October 2015

natural gas prices, the feedback impacts on the U.S. economy are minimal due to the relatively small

share of energy consumption accounted for by gas in Asia.

As in the 20 Bcf/d export cases, the energy-intensive sectors generally underperform other
downstream sectors (see Figure 36) due to the impacts of higher energy prices.'®

Table 7. Change in Key Scenario Drivers and Scenario Results (2026-2040),
Endogenous LNG Exports vs. 12 Bcf/d LNG Exports

| Refere e gh Reso < o Reso e gh Demand
Scenario Drivers
United States

NG Production 5.2% 8.5% 2.8% 4.1%
NG Consumption 0.1% 0.5% 0.0% 0.2%
NG Exports 33% 47% 17% 26%
NG Imports 4.3% 4.6% 1.2% 2.6%
Net Fuel Exp. (% of GDP) 0.03% 0.04% 0.01% 0.02%
Henry Hub Price 5.2% 7.5% 2.6% 4.3%
Capex (% of GDP) 0.10% 0.14% 0.07% 0.09%
Profits (% of GDP) 0.04% 0.05% 0.02% 0.03%
Rest of World
Prices:
NBP (UK) 0.1% -0.4% -0.2% -0.3%
German Border (NW Europe) 0.1% -0.1% -0.1% 0.0%
JKM (Asia-Pacific) -8.4% -12.4% -4.6% -6.7%
Capex (% of GDP) 0.00% 0.00% 0.00% 0.00%

Scenario Results

GDP Change by Channel

Total 0.06% 0.07% 0.05% 0.05%
U.S. NG Output and Capex 0.14% 0.20% 0.09% 0.12%
U.S. NG Price -0.10% -0.15% -0.05% -0.08%
NG Profits 0.02% 0.03% 0.01% 0.02%
Rest of World Output and Capex 0.00% -0.01% 0.00% 0.00%
Rest of World NG Prices 0.00% 0.00% 0.00% 0.00%

Manufacturing GVA 0.06% 0.03% 0.04% 0.05%

'® The lone exception is the High Resource scenario, though the difference is statistically insignificant.
|
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Figure 36. EIS vs. Non-EIS Value-Added, Endogenous vs. 12 Bcf/d LNG Exports (2026—2040)

Endogenous vs 12 Bcf/d LNG exports: Mfg sector impacts (2026-40)
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5 Concluding Remarks

The results detailed in this report suggest that the overall macroeconomic impacts of LNG exports are
marginally positive. When U.S. LNG exports increase from 12 Bcf/d against the backdrop of an
international environment that is consistent with the United States being able to export 20 Bcf/d of
LNG, then the overall gain to the U.S. economy is between 0.03 and 0.07 percent of GDP over the

period of 2026—2040, or between $7 and $21 billion USD annually in today’s prices.

We identified five main channels that determine of the overall economic impact of increasing LNG
exports from the United States. These transmission channels are associated production and
investment in the natural gas sectors in the United States and the rest of the world, Henry Hub and
international natural gas prices, and the profitability of U.S. natural gas producers. The main channel

for positive impacts when U.S. LNG exports increase to a higher level, is through higher production
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and greater investment in the natural gas sector in the United States. This is due to the fact that most
of any U.S. LNG exports would be made possible by increased extraction rather than the diversion of
natural gas supplies. U.S. production is between 2.8 and 8.5 percent higher on average over the
period 2026-2040 when U.S. LNG exports are increased. The resulting economic benefit typically
exceeds any drag on the economy from the main negative impact channel of higher domestic natural

gas prices, as this extra natural gas production utilizes high cost resources.

However, the impacts on the U.S. economy through these channels are small. Over the period 2026-
2040, the capital investment needed to increase U.S. natural gas production and exports averages
between 0.06 and 0.14 percent of GDP, while Henry Hub natural gas prices are between 2.6 and 7.5
percent higher compared to when U.S. LNG exports are 12 Bcf/d. The bulk of the macroeconomic
impacts are seen in the period 2026-2040, as this is when developments across scenarios in the

natural gas market are the most varied.

Similar to previous studies, our results also suggest an increase in LNG exports from the United States
will generate small declines in output at the margin for the energy-intensive, trade-exposed
industries. The sectors that appear most exposed are cement, concrete, and glass, but the estimated
impact on sector output is very small compared to expected sector growth to 2040. Other sectors
benefit from increasing U.S. LNG exports, especially the industries that supply the natural gas sector
or benefit from the capex needed to increase production. This includes some energy-intensive sectors

such as cement and helps offset some of the impact of higher energy prices.
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The results are robust to alternative assumptions for the U.S. natural gas market. The gain for the U.S.
economy is greatest when higher levels of resource recovery are assumed in the United States,
reflecting a larger increase in production, but the overall impact remains positive in cases with lower

resource recovery and higher demand for natural gas in the United States.
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Annex A  Background and Statement of Work

The Department of Energy’s (DOE) Office of Fossil Energy (FE) has received 45 applications requesting
long-term authorization to export domestically produced, lower-48 natural gas as liquefied natural
gas (LNG) to non-free trade agreement (FTA) countries in a volume totaling the equivalent of 45.1
billion standard cubic feet per day (Bcf/d) of natural gas.® Of these, DOE/FE has granted final
authorization for ten applications totaling 9.99 Bcf/d. Currently, the Federal Energy Regulatory
Commission is reviewing proposed, lower-48, large-scale LNG export facilities totaling 24.325 Bcf/d
under the requirements of the National Environmental Policy Act (NEPA), and has granted
authorization to construct six other terminals totaling 10.62 Bcf/d.”® The Natural Gas Act (NGA), 15
U.S.C. § 717b requires DOE to conduct a public interest review of applications to export LNG and to
grant the applications unless DOE finds that the proposed exports will not be consistent with the
public interest.”’ Under this provision, DOE performs a thorough public interest analysis before

acting.22

In 2012, when DOE/FE had received only three applications totaling less than 6 Bcf/d to export LNG to
non-FTA countries, DOE/FE commissioned two natural gas export studies—one by EIA and one by

NERA Economic Consulting. The studies evaluated macroeconomic and other impacts of LNG exports

% As of July 1, 2015.

http://energy.gov/sites/prod/files/2015/07/f24/Summary%200f%20LNG%20Export%20Applications 0.pdf.

2 As of June 18, 2015. http://www.ferc.gov/industries/gas/indus-act/Ing/Ing-export-proposed.pdf and

http://www.ferc.gov/industries/gas/indus-act/Ing/Ing-approved.pdf.

! The authority to regulate the imports and exports of natural gas, including liquefied natural gas, under section 3 of the

NGA has been delegated to the Assistant Secretary for FE in Redelegation Order No. 00-002.04E issued on April 29, 2011.

?2 Under NGA section 3(c), the import and export of natural gas, including LNG, from and to a nation with which there is in

effect an FTA requiring national treatment for trade in natural gas and the import of LNG from other international sources

are deemed to be consistent with the public interest and must be granted without modification or delay. Exports of LNG

to non-FTA countries have not been deemed in the public interest and require a DOE/FE review.
|
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from 6 to 12 Bcf/d, the results of which have been used by DOE/FE in evaluating export

authorizations.”®

On May 29, 2014, DOE/FE announced its intention to undertake an updated economic study in order
to gain a better understanding of how potential U.S. LNG exports between 12 and 20 Bcf/d could
affect the public interest. Specifically, DOE/FE commissioned EIA to update its 2012 LNG Export Study

using the Annual Energy Outlook 2014.%

Further, DOE/FE determined that it would follow the EIA LNG Export Study with an additional study
that would evaluate macroeconomic impacts of the exports evaluated in the EIA study and directed
the National Energy Technology Laboratory (NETL) to facilitate the performance of this additional
analysis. The task was to evaluate the macroeconomic impacts of U.S. LNG exports up to 20 Bcf/d
determined by international demand based on a variety of domestic and international scenarios.
Further, the task was to assess the potential international demand for U.S. LNG and/or the potential
level of U.S. exports that could be supported by the global market, and then to evaluate the
macroeconomic impacts of U.S. LNG exports on the U.S. economy, using multiple economic
indicators, with an emphasis on the energy sector, and natural gas and energy-intensive industries in

particular.

DOE specified that the analysis must rely on authoritative economic models of the U.S. and global
economies, U.S. industry (particularly the energy-intensive sector), and the international natural gas

market. Also, the analysis had to consider a range of scenarios representing varied assumptions

2 The EIA and NERA studies can be found at http://www.energy.gov/fe/services/natural-gas-regulation/Ing-export-study.
** The DOE request can be found here http://energy.gov/fe/downloads/request-update-eia-s-january-2012-study-
liguefied-natural-gas-export-scenarios.
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regarding export levels, economic growth, global market conditions, and domestic natural gas

fundamentals.

NETL directed Leonardo Technologies Inc. (LTl), the prime contractor for its Program and Performance
Management Services (PPM) support contract (DE-FE0004002), to carry out the task. LTI determined
that it did not have the “authoritative models” called for, nor did it have the economic modeling
expertise required to perform this work quickly. Accordingly, it was necessary for LTI to contract with

an appropriate subcontractor or subcontractors in order to carry out the work to DOE specifications.

LTI began by compiling a list of known economic consultants with reputations for robust, authoritative
modeling of domestic and international energy issues. LTI then cross-walked these firms against a list
of companies that had contributed economic analyses as part of the application process followed by
companies seeking to export LNG. Many of these companies had either past or present consulting
relationships with companies seeking approval from DOE to export LNG and thus were considered to
have potential conflicts of interest. For commercial reasons, some companies indicated that they

would not be interested in performing this type of public analysis.

LTI determined that the best course of action would be to divide the work into two key subtasks:

e Subtask 1: Determination of international demand for U.S. LNG under different scenarios.
e Subtask 2: Determination of U.S. macroeconomic impacts of various LNG export scenarios

consistent with international demand.
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Given the need for meeting the criteria listed above, it was determined that separate contractors
should be selected for the tasks. After a due diligence evaluation of the capabilities of the available
alternatives, LTI selected Dr. Kenneth Medlock with the Center for Energy Studies at Rice University’s
Baker Institute as the subcontractor for Subtask 1, and Oxford Economics as the subcontractor for

Subtask 2.

The final Statement of Work provided to LTI by NETL is found in Annex A.1.
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Al. Statement of Work
Study to Assess Macroeconomic Impacts of U.S. Liquefied Natural Gas (LNG) Exports

INTRODUCTION:

The Department of Energy’s (DOE) Office of Fossil Energy (FE) has received 36 applications requesting
long-term authorization to export domestically produced, lower-48 natural gas as liquefied natural
gas (LNG) to non-free trade agreement (non-FTA) countries in a volume totaling the equivalent of
38.06 billion standard cubic feet per day (Bcf/d) of natural gas.25 Of these, DOE/FE has granted final
authorization to three applicants totaling 3.94 Bcf/d. Currently, the Federal Energy Regulatory
Commission is reviewing proposed, lower-48, large-scale LNG export facilities totaling 17.47 Bcf/d
under the requirements of the National Environmental Policy Act (NEPA), and has granted
authorization to construct four other terminals totaling 7.08 Bcf/d.?® The Natural Gas Act (NGA), 15
U.S.C. § 717b requires DOE to conduct a public interest review of applications to export LNG and to
grant the applications unless DOE finds that the proposed exports will not be consistent with the
public interest.”” Under this provision, DOE performs a thorough public interest analysis before
acting.”®

In 2012, when DOE/FE had received only 3 applications totaling less than 6 Bcf/d to export LNG to
non-FTA countries, DOE/FE commissioned two natural gas export studies — one by EIA and one by
NERA Economic Consulting. The studies evaluated macroeconomic and other impacts of LNG exports
from 6 to 12 Bcf/d, the results of which have been used by DOE/FE in evaluating recent export
authorizations.

On May 29, 2014, DOE/FE announced its intention to undertake an updated economic study in order
to gain a better understanding of how potential U.S. LNG exports between 12 and 20 Bcf/d could
affect the public interest. Specifically, DOE/FE commissioned EIA to update its 2012 LNG Export Study
using the Annual Energy Outlook (AEO) 2014.%°

DOE/FE and the National Energy Technology Lab (NETL) will follow the EIA LNG Export Study with a
study that will evaluate macroeconomic impacts of the exports evaluated in the EIA study. If at any
future time the cumulative export authorizations approach the high end of export cases examined,

2 As of November 7,2014.

%6 As of October 14, 2014. http://www.ferc.gov/industries/gas/indus-act/Ing/Ing-export-proposed.pdf and
http://www.ferc.gov/industries/gas/indus-act/Ing/Ing-approved.pdf

7 The authority to regulate the imports and exports of natural gas, including liquefied natural gas, under section 3 of the NGA has been
delegated to the Assistant Secretary for FE in Redelegation Order No. 00-002.04E issued on April 29, 2011.

%8 Under NGA section 3(c), the import and export of natural gas, including LNG, from and to a nation with which there is in effect a free
trade agreement (FTA) requiring national treatment for trade in natural gas and the import of LNG from other international sources are
deemed to be consistent with the public interest and must be granted without modification or delay. Exports of LNG to non-FTA
countries have not been deemed in the public interest and require a DOE/FE review.

2 DOE/FF’s request to EIA, including the study scope can be found at
http://www.energy.gov/fe/downloads/request-update-eia-s-january-2012-study-liquefied-natural-gas-export-scenarios
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the DOE will conduct additional studies as needed to understand the impact of higher export ranges.
At all levels, the cumulative impacts will remain a key criterion in assessing the public interest.

PURPOSE:

The purpose of this task is to evaluate the macroeconomic impacts of U.S. LNG Exports at levels up to
20 billion standard cubic feet per day (Bcf/d) determined by international demand across several
scenarios based on domestic and international cases. The analysis will have two elements: first, to
assess the potential international demand for U.S. LNG, and second, to evaluate the macroeconomic
impacts of U.S. LNG exports on the U.S. economy, using multiple economic indicators, with an
emphasis on the energy sector, and natural gas and energy-intensive industries in particular.

To conduct these evaluations, the prime contractor will identify and employ subcontractors with
authoritative econometric models of the U.S. and global economies, U.S. industry, particularly the
energy-intensive sector, and the international natural gas market. The analysis will consider a range
of scenarios representing varied assumptions regarding export levels, economic growth, global
market conditions, and domestic natural gas supply and demand.

ANALYSIS TO BE PERFORMED:

To inform the public-interest determinations of LNG export applications, the two tasks will be
performed as outlined below.

Task 1: Scenario Analysis of International Demand for U.S. LNG Exports and Market Conditions of
the Global Natural Gas Market. This analysis will provide three reasonable scenarios of international
demand for U.S. LNG exports over the 2015-2040 timeframe. These demand scenarios will include a
range of plausible conditions for the global natural gas market. The contractor will develop a most
likely reference case for the global natural gas market and four sensitivity cases that reflect higher
levels of international demand for LNG, modeled across a range of domestic resource and demand
cases (See Table 1). These cases will be developed with and approved by DOE prior to model runs. The
output of this task will be an input to Task 2 described below. At a minimum, the output of this task
will address the following characteristics of the global natural gas market over the analysis timeframe
in each of the three cases:

a. Demand for U.S. LNG exports segmented by U.S. geographical area of export;

Global natural gas production by region;

Global natural gas consumption by region;

Pricing mechanisms in each region for natural gas;
Global wellhead prices by region;

Global City Gate prices by region;

Global liguefaction costs by region;

S®m 0 o0 T

Global regasification costs by region;
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i. Global transportation costs by region;
j. Global supply elasticities by region; and
k. Global demand elasticities by region.

Task 2: U.S. Macroeconomic Impact and Price Response Based on International Demand for U.S.
LNG Exports. This analysis will assess the macroeconomic impact of U.S. LNG exports at levels
determined by international demand as identified in Task 1 across several scenarios based on
domestic and international cases. The price impacts of LNG exports should be incorporated, including
a discussion of how domestic natural gas prices are determined and the potential for correlation
between domestic and international natural gas prices. This report should include a discussion on
fuel demand scenarios, such as demand for natural gas in the power sector, and fuel investment
scenarios, such as investment capacity to build the facilities and investment in production scenarios.
This analysis should incorporate any spillover effects from the impact of LNG exports on global
macroeconomic performance, including discussion of direct, indirect, induced, and catalytic impacts.
a. Timeframe: The timeframe for analysis is from 2015-2040.

b. Domestic Scenarios. The following domestic scenarios will be considered:
i. A domestic reference case;
ii. Low oil and gas recoverability case;
iii. High oil and gas recoverability case; and
iv. High natural gas demand case.
c. International Scenarios. The international scenarios and assumptions identified in
Task 1 will be considered:
i. The international reference case;
ii. Sensitivity case 1 with global energy market conditions such that demand for
U.S. export volumes is at 12 Bcf/d for the domestic reference case; and
iii. Sensitivity case 2a with global energy market conditions such that demand for
U.S. exports is at 20 Bcf/d for the domestic reference case but U.S. export
volumes do not exceed 12 Bcf/d.
iv. Sensitivity case 2b with global energy market conditions such that demand for
U.S. exports is at 20 Bcf/d for the domestic reference case and U.S. export
volumes do not exceed 20 Bcf/d.
v. Sensitivity case 2c with global energy market conditions such that demand for
U.S. export volumes is at 20 Bcf/d for the domestic reference case and U.S.
export volumes are unconstrained.
d. Indicators. This analysis will consider, at a minimum, the impact of LNG exports using
the below economic indicators:
i. U.S. natural gas prices;
ii. U.S. Gross Domestic Product (GDP);
iii. Levels of U.S. employment;
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iv. U.S. aggregate consumption;
v. U.S. aggregate investment;
vi. U.S. natural gas export revenues;
vii. U.S. government receipts;
viii. U.S. current account; and
ix. Energy-intensive industry performance.

Table 1: Scenarios to be analyzed in the Macroeconomic Model Based on International Demand for
U.S. LNG Exports up to 20 Bcf/d

Domestic Scenarios

International Demand Cases Low Resource

Recovery

High Natural
Gas Demand

High Resource
Recovery

Reference

Reference Ref _Ref Ref_HRR Ref_LRR Ref_Hi-Demand
Sensitivity Case 1 — Global
Demand for U.S. LNG at 12 12B_Ref 12B_HRR 12B_LRR 12B_Hi-Demand
Bcf/d
a.US Exports .
. 20B_Hi-
A Limited to 20B_Ref _Capl12 | 20B_HRR_Capi12 20B_LRR_Cap12 -
Sensitivity Demand_Cap12
12 Bcf/d
Case 2 — .
b.US Exports 20B_Hi-
Global . 20B_LRR_Cap20
Limited to 20B_Ref_Cap20 | 20B_HRR_Cap20 Demand_Cap20
Demand for
20 Bcf/d
U.S. LNG at 20
.End
Bcf/d ¢-ENCogEnous 20B_Ref 20B_HRR 20B_LRR 20B_Hi-Demand
US Export Level

e. Macroeconomic performance comparisons will include, among other comparisons to
be provided, an analysis of the impact of increasing export volumes from 12 Bcf/d to
20 Bcf/d when there is sufficient global demand for the higher level of exports via the
following comparisons:
i. 20B_Ref Cap20 case compared to 20B_Ref _Cap12;

ii. 20B_HRR_Cap20 case compared to 20B_HRR_Cap12;

iii. 20B_LRR_Cap20 case compared to 20B_LRR_Cap12; and

iv. 20B_Hi-Demand_Cap20 case compared to 20B_Hi-Demand_Cap12.
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DELIVERABLES:

The following deliverables will be provided to DOE/FE/NETL.

1. Kickoff meeting with prime contractor, subcontractors, DOE-FE, and NETL representatives in
attendance to formally agree on study objectives, flow, and timing of milestones and
deliverables by both subcontractors and prime contractor. Special attention will be paid to the
inputs required from the subcontractor for Task 1 required the subcontractor for Task 2.

2. Work plan with schedule and milestones. Within two weeks after the initiation of the study,
the contractor will provide DOE/FE/NETL with a work plan that outlines the study approach to
include a schedule of key activities and milestones. There is no prescribed format.

3. Weekly status updates. Each week, the prime contractor will provide an update regarding the
study’s progress to DOE/FE/NETL staff. These updates will typically be conducted as
conference calls. The subcontractors may be required to participate as necessary.

4. Working level conference call meetings to discuss the Task 1 model results, their integration
with Task 2 modeling, and a review of a broad range of key econometric parameters. This
would include confirmation of alignment of the model with the EIA scenarios, and
assumptions/results on other key energy and major macroeconomic variables. The
subcontractors will be required to participate.

5. Working level meeting to discuss Task 2 model results, and a review of a broad range of key
econometric parameters. This would include confirmation of alignment of the model with the
EIA scenarios, and assumptions/results on other key energy and major macroeconomic
variables. The subcontractors will be required to participate.

6. Preliminary findings report and presentation. The contractor will prepare a preliminary report,
integrating individual Task reports provided by subcontractors, that discusses the draft
findings of the three areas of analysis and will provide to DOE/FE for review. The prime
contractor will prepare an integrated presentation to accompany the preliminary report for
use in briefing DOE/FE/NETL and other government officials regarding the study. The prime
contractor, together with appropriate representatives from each of the subcontractors, will
discuss the preliminary findings with DOE/FE/NETL staff and determine whether the scenarios
and assumptions identified are still valid, some cases should be eliminated, and/or other cases
added. Should additional work beyond that outlined in this Statement of Work (SOW) be
identified, appropriate alterations to this SOW, together with allocated funding adjustments,
will be developed and implemented.

7. Final report. The prime contractor will prepare a final report incorporating final reports from
both Task 1 and Task 2 subcontractors that explains in detail the findings of the three areas of
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analysis and will provide to DOE/FE/NETL. This final report will be released for public
comment and published in the public domain.

8. Response to questions. After releasing the study results, at the request of DOE/FE/NETL, the
prime contractor, with input from appropriate subcontractors, will prepare written responses
to questions about the study raised through public comment or export application
proceedings.

Deliverable Due Date

Kickoff meeting Upon completion of subcontracts (Feb 3,

2015)
Work plan with schedule and milestones 2 weeks from kickoff meeting
Status updates Weekly
Discussion of preliminary Task 1 results 4 to 11 weeks from kickoff meeting
Delivery of revised Task 1 results to Task 2 13 weeks from kickoff meeting
contractor
Discussion of preliminary Task 2 results 15 weeks from kickoff meeting (May 19, 2015)
Preliminary findings report 17 weeks from kickoff meeting (June 1, 2015)
Final report 20 weeks from kickoff meeting (June 19, 2015)
Response to questions TBD following final report
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Annex B Modeling Approach

B1. The Rice World Gas Trade Model

The RWGTM is a dynamic spatial partial equilibrium model in which all spatial and temporal arbitrage
opportunities in natural gas markets are captured. As such, each point of infrastructure in the gas
delivery value chain—field development, pipelines, LNG regasification, LNG shipping, and LNG
liguefaction—is modeled as an independent, intertemporal, profit-maximizing entity. Thus, in
addition to a host of fixed parameters such as the upfront fixed cost, interest rate on debt, required
return on equity, debt-equity ratio, income tax rate, sales tax rate, and royalty, the optimal
investment path for field development is dependent on the wellhead price and for transportation
infrastructure on the tariff collected. In this manner, the model is solving a classic intertemporal

optimization problem for investment in fixed capital infrastructure.®

Put another way, the RWGTM proves and develops resources, constructs and utilizes transportation
infrastructure, and calculates prices to equate demands and supplies while maximizing the present
value of producer profits within a competitive framework. New capital investments in production and
delivery infrastructure thus must earn a minimum return for development to occur. The debt-equity
ratio is allowed to differ across different categories of investment, such as proving resources,
developing wellhead delivery capability, constructing pipelines, and developing LNG infrastructure. By

developing supplies, pipelines, and LNG delivery infrastructure, the RWGTM provides a framework for

% The initial conditions are calibrated to recent historical data. The terminal value condition must also be specified in
order to find an optimal investment path in natural gas production and delivery infrastructure. As such, the transversality
condition is modeled by assuming a competing technology, such as solar, becomes available at a specified delivered price
to consumers in unlimited quantities. The RWGTM Reference case assumes the competing price is $14 per mcf equivalent
in 2020, declining to $9 per mcf equivalent by 2070. We have run scenarios where the adoption of the backstop is
accelerated through cost reductions, but that is not germane to this proposed study.

I —————————————
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examining the effects of different economic and political influences on the global natural gas market
within a framework grounded in geologic data and economic theory. In fact, the RWGTM has been

used to this end in multiple studies and published works.**

Bla. Demand in the RWGTM

Regions in the RWGTM are defined at the country and sub-country level into 290 regional demand
sinks, with extensive representation of natural gas transportation infrastructure. The extent of detail
in each region is primarily based on data availability. In addition, demand sinks are situated along
transportation networks in order to simulate actual flows of natural gas. Countries and regions with
well-developed energy infrastructure, such as the United States, have extensive sub-regional detail,
which allows better understanding of the effects that intra-regional capacity constraints and
differences in regional policies may have on current and future market developments. Outside the
United States, demand is modeled for the power-generation sector and all direct uses, which includes
residential, commercial, and industrial demands. In the United States, demand is modeled at the state
and sub-state level specifically for the residential, commercial, industrial, and power generation end-

use sectors.

In the United States, sub-state demand representation is significant and is located based on data from

the U.S. general and Economic Census—for example county-level populations—as well as the location

*' For example, see Kenneth B. Medlock II, “Modeling the Implications of Expanded U.S. Shale Gas Production,” Energy
Strategies Review No. 1, (2012); Peter Hartley and Kenneth B. Medlock Ill, “Potential Futures for Russian Natural Gas,”
Energy Journal, Special Issue, “World Natural Gas Markets and Trade: A Multi Modeling Perspective” (2009); Peter Hartley
and Kenneth B. Medlock I, “The Baker Institute World Gas Trade Model,” in Natural Gas and Geopolitics: 1970-2040,
edited by David Victor, Amy Jaffe, and Mark Hayes, Cambridge University Press (2006); Peter Hartley and Kenneth B.
Medlock 1ll, “Political and Economic Influences on the Future World Market for Natural Gas,” in Natural Gas and
Geopolitics: 1970-2040, edited by David Victor, Amy Jaffe, and Mark Hayes, Cambridge University Press (2006).
|
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of power plants obtained from U.S. EPA NEEDS database. For example, there are 10 regions in Texas,
5 regions in California, 4 regions in Pennsylvania, and 5 regions in New York. Table B1 outlines the

sub-regional detail of U.S. demand by state in the RWGTM.

Table B1. Example of Regional Detail in the RWGTM (U.S. Lower 48)

# of # of # of
State Regions State Regions State Regions

Alabama 2 Maine 1 Ohio 3
Arizona 2 Maryland* 3 Oklahoma 1
Arkansas 1 Massachesetts 2 Oregon 2
California 5 Michigan 2 Pennsylvania 4
Colorado 1 Minnesota 1 Rhode Island 1
Connecticut 2 Mississippi 4 South Carolina 2
Delaware 1 Missouri 1 South Dakota 1
Florida 4 Montana 1 Tennessee 2
Georgia 3 Nebraska 1 Texas 10
Idaho 1 Nevada 2 Utah 1
Illinois 2 New Hampshire 1 Vermont 1
Indiana 2 New Jersey 4 Virginia 3
lowa 1 New Mexico 2 Washington 2
Kansas 1 New York 5 West Virginia 1
Kentucky 2 North Carolina 2 Wisconsin 1
Louisiana 4 North Dakota 1 Wyoming 3

* - includes Washington DC

Outside the United States, sub-national detail varies depending on infrastructure and data availability.
For example, there are 6 regions in India, 8 regions in China, 6 regions in Germany, 4 regions in the
UK, 10 regions in Australia, 1 region in Bangladesh, 2 regions in Thailand, etc.® In international
locations, the distribution of natural gas demands outside the power-generation sector is based on

regional populations obtained from the website City Population (http://www.citypopulation.de/).

Natural gas demands in the power-generation sector are generally regionalized using the location of

32 . . .
A more extensive detail is available upon request.
|
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natural gas power plants, which is obtained from several sources, including Platts and the Oil and Gas

Journal.

In order to forecast demand for natural gas, we begin by forecasting total primary energy
requirement (TPER) for every country around the world. This is done by econometrically estimating
the relationship between energy intensity (defined as TPER divided by GDP) and real (purchasing
power parity adjusted) per capita income using a panel of 67 countries covering 1980-2010. This
follows a large literature on the subject that has found energy intensity declines as per capita income
rises, after rising to a peak generally associated with industrialization of an economy (see, for
example, Medlock and Soligo [2001]). Specifically, as continued economic development begets
changes in economic structure, and as improvements in end-use energy efficiency occur, energy
intensity declines. This tends to drive a decline in the income elasticity of energy demand as per

capita income rises.

Figure B1 indicates data for TPER per capita plotted against GDP per capita for 67 countries (in 2010$
USD). This is the data used to estimate the relationship between energy intensity and income. We
have highlighted a few select countries for illustrative purposes. As can be seen in Figure B1, energy
use increases with GDP. However, perhaps not as obvious, the rate of increase declines as economic
development progresses. As referenced above, this is driven by both structural and technical change,

and it leads to declining energy intensity.*

** Medlock (2009) expands on this point in great detail.
|
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Figure B1. Total Primary Energy Requirement Across 67 Countries from 1980-2010
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Source: International Energy Agency
Although the number of countries included in the estimation of the energy intensity-income
relationship far from captures all countries, the countries included collectively account for over 90
percent of global energy demand. We use the estimated relationship to forecast TPER for all
countries. This step requires us to multiply the forecast for energy intensity by a forecast for GDP. For
the purpose of this study, GDP forecasts for use in the RWGTM are provided by Oxford Economics.**
As population growth also matters, population growth rates are adopted from the United Nations
mid-trend growth projections. These rates of growth, of course, vary significantly across countries,

but we do not consider scenarios with alternative population growth rates in the analysis conducted

herein.

TPER is disaggregated into demand by end-use sector designations—transport, other direct uses, and
electric generation—and by component fuel shares—coal, gas, oil, nuclear, hydro, and other

renewables. Sector demands are allowed to evolve according to econometrically fit relationships

** More detail on the forecasts can be made available upon request.
|
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between electricity intensity of TPER and GDP and transport energy intensity of TPER and income.
Other direct uses are modeled as the remainder of TPER.*> We then incorporate announced policy
dictating various forms of energy—such as nuclear, renewables, and hydro—and allow an
econometric fit of the residual component shares (all of which are fossil fuels) to determine the mix of
crude oil, natural gas, and coal in TPER by sector. The fuel shares are fit using a simultaneous
equations framework that includes the effects of relative fuel prices. In addition, the econometric fits
indicate that higher incomes reveal an increasing preference for natural gas versus coal, which is
consistent with the relative preference ordering of environmental attributes increasing with rising

incomes. The results of this exercise are depicted for the United States in Figure B2.

** 50, we fit the share of electric generation in TPER against per capita income and the share of transportation energy in
TPER against per capita income. The residual share is classified as other direct uses. The relationships are all non-linear,
and the results generally indicate increasing electrification and transport orientation. Note these are shares, not absolute
values.

1 —
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Figure B2. lllustration of U.S. Demand (1992-2040) Estimation by Step
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We generate forecasts for every country in the world in a similar manner. Aggregating across all

countries yields the global TPER forecast seen in Figure B3.

Figure B3. Global TPER by Source
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In addition, we generate forecasts by fuel source for every country in the world. It is important to
point out that the forecast methodology as described is specific to a set of prices. As such, the
demands in any given year are just one point along a demand curve. Thus, we call the initial demands
that follow from this exercise the RWGTM “reference demand” because it is the demand that is
associated with a specific reference price. The reference demand is included in the RWGTM along
with the estimated price elasticity thus allowing demand to be price-responsive. As such, if the model-
solved price deviates from the reference price, the demand in each end-use sector deviates from the

reference demand according to estimated country-specific, sector-specific price elasticity.
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Table B2. Implied Price Elasticity of Demand by Country/Region and Sector

Region Countries Direct Use Power Gen
East Africa (Sudan/Ethiopia/Somalia/Kenya/Uganda/T anzania) -3.2811 -3.0875
Algeria -0.0945 -0.0332
Egypt -0.1403 -0.0354
Libya -0.2020 -0.0522
Morocco -0.5861 -0.1761
AFRICA Tunisia -0.2383 -0.0339
Southern Africa (South Africa/Namibia/Mozambique/Botswana) -0.4050 -0.3418
Angola -0.1809 -0.4728
Nigeria -0.1512 -0.0327
Northwest Africa -0.4324 -1.1198
West Central Coast Africa (Cameroon/Eq Guinea/Gabon/Congo) -0.8257 -1.4507
Afghanistan -1.1321 -0.1994
Bangladesh -0.1449 -0.0400
China -0.5872 -0.2632
Hong Kong -2.9761 -0.1080
India -0.5816 -0.1572
Myanmar -0.1411 -0.0581
Nepal -3.4637 -4.8156
Pakistan -0.1492 -0.0598
Sri Lanka -0.7934 -0.3116
Thailand -0.4131 -0.0479
Vietnam/Laos/Cambodia -0.5665 -0.0560
ﬁi’é‘lzrg Brunei -0.0954 -0.0360
Indonesia -0.1877 -0.1150
Japan -0.7368 -0.0910
Malaysia -0.1492 -0.0465
North Korea -3.7623 -4.4502
Philippines -1.3388 -0.0949
Singapore -0.5043 -0.0363
South Korea -0.5342 -0.1613
Taiwan -1.1917 -0.1456
Australia -0.2593 -0.1379
New Zealand -0.3012 -0.1133
Papua New Guinea -1.2936 -0.2313
Argentina -0.1012 -0.0443
Bolivia -0.1358 -0.0373
Brazil -0.3258 -0.2105
Central America -3.5509 -3.7979
Cuba -0.5989 -0.1214
Other Caribbean -1.1636 -0.1052
CENTRAL Chile -0.2773 -0.0779
AND SOUTH Colombia -0.1459 -0.0766
AMERICA Ecuador -0.6186 -0.0900
Paraguay -3.4812 -4.0898
Peru -0.2777 -0.0493
Suriname/Guyana/French Guiana -0.8787 -0.0587
Trinidad & Tobago -0.0498 -0.0328
Uruguay -0.8240 -0.3858
Venezuela -0.0964 -0.0695
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-0.2201 Industrial

Region Countries Direct Use Power Gen
Austria -0.2209 -0.0987
Balkans (Slovenia, Croatia, and Bosnia Herzegovina) -0.1734 -0.0746
Balkans (Albania, Macedonia, Serbia, Montenegro) -0.2881 -0.4974
Belgium -0.1835 -0.0825
Bulgaria -0.3358 -0.2082
Czech Republic -0.2427 -0.3458
Denmark -0.2881 -0.1044
Finland -0.6130 -0.1504
France -0.3137 -0.4616
Germany -0.2153 -0.1528
Greece -0.6979 -0.1301
Hungary -0.1310 -0.0871
EUROPE Ireland -0.2807 -0.0465
Italy -0.1386 -0.0495
Luxembourg -0.2442 -0.0419
Netherlands -0.1201 -0.0487
Norway -0.1886 -0.3947
Poland -0.2415 -0.4678
Portugal -0.3785 -0.0675
Romania -0.1430 -0.1049
Slovakia -0.1375 -0.2216
Spain -0.2352 -0.0682
Sweden -1.4161 -0.9198
Switzerland -0.3711 -0.9357
United Kingdom -0.1373 -0.0714
Armenia -0.1415 -0.0869
Azerbaijan -0.1337 -0.0362
Belarus -0.1408 -0.0388
Estonia -0.3546 -0.1936
Latvia -0.1765 -0.0465
Lithuania -0.2329 -0.0943
FORMER Georgia -0.1455 -0.0597
SOVIET Kazakhstan -0.1431 -0.1458
UNION Kyrgyzstan -0.3291 -0.0839
Moldova -0.1322 -0.0387
Russia -0.1178 -0.0492
Tajikistan -0.3059 -0.1023
Turkmenistan -0.0820 -0.0352
Ukraine -0.1206 -0.1414
Uzbekistan -0.0645 -0.0367
Bahrain -0.0693 -0.0311
Iran -0.0825 -0.0348
Iraq -0.3125 -0.1564
Israel -0.6918 -0.0691
Jordan -0.7776 -0.0319
Kuwait -0.1150 -0.0630
MIDDLE Lebanon -1.6106 -0.2203
EAST Oman -0.0764 -0.0329
Qatar -0.0560 -0.0310
Saudi Arabia -0.1317 -0.0394
Syria -0.2573 -0.0410
Turkey -0.2536 -0.0511
UAE -0.0783 -0.0313
Yemen -3.7623 -3.8558
Canada -0.1133 -0.1864
Mexico -0.2271 -0.0517
ANMOEE-IIEA _ -0.1475 Residential
United States -0.1218 Commercial -0.1186
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This raises another important point. As a result of the manner in which natural gas demand is
estimated as a share of TPER, the price elasticity varies with the share of natural gas in total primary
energy. Specifically, as the share of natural gas in total energy approaches zero, the price elasticity
rises in absolute value, all else equal. In other words, the natural gas price elasticity of demand is high
if a country/region is not currently invested in natural gas-consuming capital. One interpretation of
this result from the econometric analysis is that future demand growth in regions where natural gas
use is not prevalent would require investment in natural gas-using capital equipment, which would be
slow to come if price is high. Moreover, in regions where the natural gas share is already high, natural
gas demand has relatively little ability to respond to price because other types of energy-using capital
are not prevalent. Table B2 details the short-run price elasticities used in this study. The mid-point

elasticities in Table B2 are implied by the estimated equations for the procedure explained above.

Modeling demand in this manner provides flexibility to analyze how different scenarios will impact
the demand for natural gas. For example, if the international demand for U.S.-sourced LNG is very
high, this acts as an impulse to demand for U.S. natural gas. All else equal, price will be influence
upwards, which could crowd out demand from other sectors. However, the extent to which price
increases is also a function of the elasticity of domestic supply, which is contingent on domestic
resource cost and availability. We now turn our attention to resource quantity and cost assessments

in the RWGTM.
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Blb. Resources and Production in the RWGTM

Because the RWGTM proves and develops resources, finding and development costs and resource
assessments are critical inputs. Both conventional and unconventional resources are characterized
across 140 regions into three primary categories: (1) proved reserves, (2) growth in existing fields, and
(3) undiscovered resources. Proved reserves and geologic assessments of unproven resources are
taken from a number of sources, such as the U.S. Geological Survey (USGS), National Petroleum
Council (NPC), Australian Bureau of Agriculture and Resource Economics, and Baker Institute CES

research on unconventional resources.

Figure B4. Resources Defined™®

Resource in Place

Resource endowment. Lots of

uncertainty, but we can never get

beyond this ultimate number.
Technically Recoverable Resource

This is the number that is being assessed. Lots
of uncertainty, but experience has shown this
number generally grows over time.

Economically Recoverable Resource

This will grow with decreasing costs and rising
prices, but is bound by technology.

Proved Reserves

Connected and ready to produce.

Production in the RWGTM requires investment in the development of resources, so the finding and
development costs of resources are an important input. Even if technically recoverable resources are

assessed to be very large, the relevant quantity is the commercially viable subset of what is

** Modified from V.E. McKelvey, “Mineral Resource Estimates and Public Policy,” American Scientist 60, no. 1 (1972): 32—
40.

1 —
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technically recoverable. Technically recoverable resources define the resources that can be recovered
with existing technology regardless of cost, whereas economically recoverable resources define what
is commercially accessible. Resources that are “proved” are a subset of what is commercially viable,
because proved reserves typically refer to resources that can be produced in a relatively short period
of time. In sum, large resource in-place estimates do not imply large-scale production will be
forthcoming. Productivity improvements, cost reductions, and the price environment all play an
important role in defining what is technically recoverable and what is economically recoverable

relative to the total resource endowment. Figure B4 illustrates this principle.

North America finding and development (F&D) costs for non-shale resources are based on estimates
developed by the NPC in its 2003 report and have been adjusted using data from their 1998-2000
point of reference, using the Bureau of Economic Analysis (BEA) KLEMS database to account for
changes in upstream costs, which has varied widely through the years. As explained below, upstream

costs are closely correlated to the crude oil and natural gas price environment.

The F&D cost curves are developed by linking data on well development costs to the geologic
characteristics of each play in areas where such information is known. The NPC report in 2003 aimed
at assessing the future of the North American natural gas market and detailed costs for over 900 plays
in North America. That data was utilized to develop an econometric relationship between costs and
geology in non-shale resources. Then, the statistically derived information was used to generate costs
(via an “out of sample” fit) in regions around the world where geologic characteristics are known, but

costs are not. In other words, costs have been econometrically related to play-level geologic
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characteristics and applied globally to generate costs for all regions of the world. The methodology

employed for non-shale gas resources is outlined in detail in Hartley and Medlock (2006).*’

A note on the long-run cost environment assumed in the RWGTM is important here. In general,
upstream costs rise and fall over time. The RWGTM Reference case assumes the cost environment
drifts to a long-run average level. Analyzing data available from the KLEMS database from the BEA on
the real cost of oil and gas extraction, we are able to differentiate a long-run average cost from short-
term peaks and valleys. Of course, there are uncertainties regarding this approach, and although not
explicitly addressed in this study, we have executed scenarios in the RWGTM assuming different long-
run cost levels. However, an underlying assumption that costs do not change can cement the myopia

that is often present in forecasting.*®

Figure B5 graphs an index of development costs and the price of oil, each in real 2010 values having
been adjusted using the GDP deflator. Notably, the two indices generally move together, but neither
is a clear leading indicator of the other. This general pattern supports the notion that in some periods
costs rise due to “demand pull” occurring when high energy prices encourage greater upstream
investment activity, while in other periods price rises due to “cost push” when scarcity of raw
materials and qualified personnel drive up development costs.?® In either case, the cost environment
is germane to market conditions, so what one assumes going forward will be very important for the

projected time horizon.

%7 peter Hartley and Kenneth B. Medlock Ill, “The Baker Institute World Gas Trade Model” in Natural Gas and Geopolitics:

1970-2040, ed. David Victor, Amy Jaffe, and Mark Hayes, Cambridge University Press (2006).

%% Based on unpublished analysis as part of CES sponsored research, the QP-Rice International Natural Gas Program.

% Certainly, the latter point has been a concern in the oil and gas industry for the better part of the last two decades.

Often referred to as “the great crew change,” a graying industry has seen a diminishing availability of qualified individuals

to operate technically complex oil and gas mining operations.
|
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Figure B5. Real Development Costs and the Real Price of Oil (1968-2014)
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While the average long-run cost is assumed to be the average of the cost levels over the last 25 years,
which is generally consistent with a real oil price (in 2010S) of just under $80 per barrel, short-run
pressures are allowed to increase costs in any given year above the long-run level. These so-called
“short-run adjustment costs” raise F&D costs above their long-run level when development activity
rises within a given year. Thus, if a particular scenario in the RWGTM involves, for example, an
unexpected demand shock, both short-run cost and price will rise as development activity ramps up

to respond.

The RWGTM also contains detailed estimates of resource quantities and development costs for shale
resources around the world. The initial assessments of technically recoverable shale resources are

taken from the report “Technically Recoverable Shale Qil and Gas Resources: An Assessment of 137
]
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Shale Formations in 41 Countries Outside the United States” by Advanced Resources International for
the U.S. Energy Information Administration in June 2013.% In developing F&D curves for shale, we
also used data from the report “Review of Emerging Resources: U.S. Shale Gas and Shale QOil Plays” by
INTEK, Inc. for the EIA in July 2011,*" as well as shale gas well production data across regions in the

United States collected from DrillingInfo.com.

Geophysical data and well performance data are used to generate finding and development cost
curves for an average shale gas well in every assessed basin. Specifically, the average expected

ultimate recovery (EUR) for play i is found using the following relationship

EUR ., =TRR, /( Area, -WellSpacing; )

i,avg
H_/

X et fwell
YZ

X bef Y miles?-Z well/miles?

where the relevant data are taken from the aforementioned ARI report for international locations. For
domestic shales the average EUR, and the distribution of EURs, is taken from the INTEK report. The

distribution of EURs is fit to the INTEK data for each shale play by estimating
EUR , =aln(p)+b

where p is the probability of a well’s EUR being less than EUR;,. For example, in the Barnett shale we

estimate the relationship above to find

EUR ~0.95201n(p)+0.8501

Barnett,p

0 Available at http://www.eia.gov/analysis/studies/usshalegas/pdf/usshaleplays.pdf.
*1 Available at http://www.eia.gov/analysis/studies/usshalegas/pdf/usshaleplays.pdf.
I
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with R? =0.9118 .*? This equation then allows us to “sample” at any p to obtain an EUR. Figure B6

illustrates this procedure.

Figure B6. Estimating EURs for Known Shale Plays
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Next, we determine the cost per unit at each EUR as

Cost per unit, = F&D;, /EUR .

v N Y
X X million$/well v pef /well
2 $/mcf

Specifically, we determine the average per unit cost for each 20th percentile by: (1) assuming wells
can be drilled uniformly in available acreage across the areal extent of the shale, (2) sampling from
the EUR distribution and determining the total resource in each percentile of the distribution, then (3)
taking a volume weighted average of the per unit costs at each percentile in the distribution. Similar
steps were taken for every shale play in the United States. Then, the parameters describing the

distribution of shale gas well performance for plays in the United States are used to derive EUR

*? The regressions for the other shales in the United States also fit the data very well, with R* ranging between 0.9101 and
0.9963.

1 —
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distributions for shales around the world. This allows us to “tier” the resources according to cost for

every shale in the world.

Where available, we use published data on full cycle finding and development costs. However, this is
not available for every location in the world. As such, we estimate drilling costs (F&D;) as a function of

depth and pressure

F&D, = 08616 + 3.6605x10*TVD, +3,2192 Pressure,

0.8941) (9.004l><10_5)

with R? =0.9016. Thus, for example, a horizontal well with total vertical depth of 4,000 feet and
pressure gradient of 0.5801 psi/ft’ is estimated to cost $4.19 million. If EUR is 2.5 Bcf/well, then the
cost per mcf is estimated to be $1.67/mcf. Of course, a return must be earned on capital, and
operating costs must also be covered, which is how we arrive at an estimated breakeven cost for the
average well in this example. Of course, the income tax rate, severance tax, royalties, and other
relevant parameters also come into the calculation when determining the breakeven price. Using the
average set of values for these parameters in the RWGTM for the United States would put the
breakeven price for this example at $5.96/mcf. Taking things a step further, this approach allows an

evaluation of the relative competitiveness of resources across regions under different tax regimes.

Unless otherwise stated in a specific scenario, we honor “above ground” constraints, such as
fracturing moratoria in places like France and the State of New York. Other issues also present
impediments to development. For instance, the lack of a well-developed service industry or lack of a

competitive upstream sector can raise costs relative to what is seen elsewhere. As a result, costs are
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higher in these places, with the inputs benchmarked against publically reported well costs. In
addition, in countries such as China, water availability for hydraulic fracturing may raise costs and
even severely restrict the shale gas potential to varying extents in different basins. Despite constraints
faced in some regions due to water scarcity, it is possible that breakthroughs in the use of brackish
water from deep-source aquifers, top-side water recycling capability, and/or the use of super-critical
nitrogen or liquefied petroleum gas (LPG) to fracture shale will make much of the resource more
viable at some point in the future. In the RWGTM, we do not assume any such technological
breakthroughs, unless otherwise stated in a particular scenario, so shale development costs are

typically higher in regions affected by water shortages as a result.

Figures B7 and B8 indicate the breakeven curves, inclusive of fiscal terms and return to capital, for
shale in North America and around the world. The data are also presented in a table in Annex D. One
should not interpret the graphs in Figures B7 and B8 as classical long-run supply curves. Rather, they
are only jllustrative of cost largely because the resources are geographically dispersed. Aggregating
them ignores transportation costs to a generally accepted pricing location, and the transportation
costs are heterogeneous across resources. A prime example is highlighted in the graph for “EUROPE
and FSU” in Figure B8. Here, Russian shale is identified (tiers 1 through 4 of the Bazhenov shale to be
specific; tier 5 breakeven exceeds $20 so is not illustrated). In order for this resource to be
commercially viable in Western Europe, it would need to be transported a long distance via pipeline.
Therefore, to a consumer in Europe, a breakeven of just under $5 per mcf is not very relevant because
upon including transport costs, that Russian shale is not competitive with several tier 1 shales in

Western Europe.
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Figure B7. Shale Breakeven Curves for North America by Country

3i0

3
3
$

(=R [ = S

Available Resource, tcf
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Many factors influence cost and productivity, which leads to tremendous heterogeneity. For example,
shale that is clay-rich is generally not prone to high production rates, which in turn tends to reduce its
commercial attractiveness even if the technically recoverable resource assessment is large. Other
factors—such as total organic carbon, natural fracturation, isopach, permeability, porosity, and other
features—are also critical, which makes the degree of complexity involved in developing cost curves

for undeveloped shale resources very high thus imbedding a significant degree of uncertainty.

We must also recognize that estimates of shale gas resources will change over time as more is learned
about each play. In addition, as new imaging technologies and new extraction processes are
developed, assessments for economically recoverable shale gas could increase, particularly as
technical advances drive improvements in productivity. As such, estimates of productivity

improvement can be important and have significant impacts on upstream activity and price. We allow
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technical improvements in shale extraction throughout the model time horizon, approaching an
overall cost reduction of 10 percent at a rate of 2 percent per year. In the various scenarios
considered in this study, we vary shale resource availability to be both higher and lower in the United
States and other parts of the world in order to motivate demand for and availability of U.S.-sourced

LNG.

As indicated to above, factors other than technical advances can alter development costs. Specifically,
various regulatory, policy, and market factors can contribute to heterogeneity in costs. As outlined in
Medlock (2014b), geology is a necessary condition for successful upstream development, but it is far
from sufficient, and the recent growth in production in the United States owes to a very unique set of

circumstances, including:

A regulatory and legal apparatus in which upstream firms can negotiate directly with

landowners for access to mineral rights on privately owned lands.

e A market where liquid pricing locations, or hubs, are easily accessed due to liberalized
transport services that dictate pipeline capacity is unbundled from pipeline ownership.

e A well-developed pipeline network that can facilitate new production volumes as they are
brought online.

e A market in which interstate pipeline development is relatively seamless due to a well-

established governing body, i.e., the Federal Energy Regulatory Commission (FERC), and a

comparatively straightforward regulatory approval process.
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A market in which demand pull is sufficient, and can materialize with minimal regulatory

impediment, to provide the opportunity for new supplies to compete against other supplies or

energy sources for market share.

e A market where a well-developed service sector already exists that can facilitate fast-paced
drilling activity and provide rapid response to demands in the field.

e A service sector that strives to lower costs and advance technologies in order to gain a
competitive advantage.

e Arigfleet that is capable of responding to upstream demands without constraint.

e A deep set of upstream actors—independent producers—that behave as “entrepreneurs” in

the upstream, thereby facilitating a flow of capital into the field toward smaller-scale, riskier

ventures than those typically engaged by vertically integrated majors.

Many of the above factors are unique to the United States, and their absence in other parts of the
world can serve to raise the cost of developing shale (and other) resources. For example, in the
absence of a robust upstream sector capable of handling the large-scale demands of shale gas
development, scarcity constraints (on labor, rigs, and equipment) can become binding. This has been
evidenced in places like Poland, for example, where drilling costs are roughly double those seen for
shale production targets at similar depths in the United States. This, all else equal, requires those
wells to be about twice as productive to stand on the same commercial footing as a similar well in the
United States. However, if upstream activity ramps up in these regions, the availability of rigs,
personnel, and equipment should increase. This would, with the development of a deeper supply
chain bring costs down. We capture this in the RWGTM by allowing current costs around the world to

1 —
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approach the costs seen in the United States. The transition is parameterized by a learning function
that allows costs to fall asymptotically to costs that would be representative of similar activities in the

United States.”® Absent resource development, however, costs remain at their initial higher levels.

Characterizing shale gas decline curves is a very important matter when modeling potential
production. The models of physical flow through porous media that are the basis for the classically
accepted Arps’ equations do not fit observed production data for shale gas wells. Patzek, Male, and
Marder (2014) developed an alternative descriptor of decline curves for shale based on the physics of
fluid flow in ultralow permeability, ultralow porosity rock media, such as shale. Their analysis resulted
in 