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DC-9735617    

UNITED STATES OF AMERICA 
BEFORE THE DEPARTMENT OF ENERGY 

OFFICE OF FOSSIL ENERGY 
 
In the Matter of    ) 
      )  FE Docket No. 13-____-LNG 
MAGNOLIA LNG, LLC   ) 
 

APPLICATION OF MAGNOLIA LNG LLC FOR 
LONG-TERM AUTHORIZATION TO 

EXPORT LNG TO NON-FREE TRADE AGREEMENT COUNTRIES 
 

Pursuant to Section 3 of the Natural Gas Act (“NGA”)1 and Part 590 of the Department 

of Energy’s (“DOE”) regulations,2 Magnolia LNG LLC (“Magnolia LNG”) hereby submits this 

application (“Application”) to the DOE, Office of Fossil Energy (“FE”) for long-term, multi-

contract authorization to export liquefied natural gas (“LNG”).  Magnolia LNG seeks the 

authorization in this Application for up to the equivalent of approximately 1.08 billion cubic feet 

of natural gas per day (“Bcf/d”) (or approximately 420 trillion Btu per annum), which is 

approximately equivalent to eight (8) million tons per annum (“mtpa”) of domestically produced 

LNG.  Authorization is sought for a 25-year period, commencing on the earlier of the date of 

first export or ten (10) years from the date of issuance of the authorization requested by this 

Application.   

Magnolia LNG proposes to export LNG from the terminal it intends to construct, own, 

and operate near Lake Charles, Louisiana (“Magnolia LNG Terminal”) to any country with 

which the United States does not have a free trade agreement (“non-FTA”) requiring national 

treatment for trade in natural gas and LNG, which has or in the future develops the capacity to 

                                                           
1 15 U.S.C. § 717b. 
2 10 C.F.R. § 590 (2013). 
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import LNG via ocean-going carrier, and with which trade is not prohibited by U.S. law or 

policy.3 

In support of this Application, Magnolia LNG respectfully states the following: 

I. COMMUNICATIONS AND CORRESPONDENCE 

Correspondence and communications regarding this Application should be addressed to 

the following and those designated with an (*) should be designated as the agent for service for 

Magnolia LNG: 

Fletcher Maurice Brand     David L. Wochner* 
Manager       Sandra E. Safro* 
Magnolia LNG LLC     K&L Gates, LLP 
5 Ord Street      1601 K Street, N.W.  
West Perth, Western Australia 6005   Washington, D.C. 20006 
Tel: + 61 8 9366 3700     Tel: 202.778.9000 
Fax:  + 61 8 9366 3799     Fax: 202.778.9100 
mbrand@lnglimited.com.au    david.wochner@klgates.com 

sandra.safro@klgates.com  
Ernie Megginson 
Vice President, Development 
Magnolia LNG LLC 
1001 McKinney, Suite 400 
Houston, TX  77002 
Tel: 713.815.6900 
emegginson@magnolialng.com 
 

II. DESCRIPTION OF THE APPLICANT 

The exact legal name of the applicant is Magnolia LNG, LLC, a limited liability company 

organized under the laws of Delaware, and a wholly owned indirect subsidiary of Liquefied 

Natural Gas Limited (“LNG Limited”).  Magnolia LNG’s principal place of business is 1001 

McKinney, Suite 400, Houston, Texas 77002.  LNG Limited is a publicly listed Australian 
                                                           
3 Magnolia LNG received authorization from DOE/FE to export 4 mtpa of LNG to FTA countries on February 27, 
2013.  Magnolia LNG, LLC, DOE/FE Order No. 3245 (2013).  This requested authorization to export 8 mtpa of 
LNG to non-FTA countries is not additive of the 4 mtpa authorized for export to FTA countries in DOE/FE Order 
No. 3245.  Magnolia LNG is filing simultaneously with this Application, a separate application to export an 
additional 4 mtpa of LNG to FTA nations, bringing the entire requested FTA volumes to 8 mtpa to match the non-
FTA volumes of this Application.  Magnolia LNG seeks a total authorized LNG export volume for the Magnolia 
LNG Terminal of 8 mtpa.   

mailto:mbrand@lnglimited.com.au
mailto:david.wochner@klgates.com
mailto:sandra.safro@klgates.com
mailto:emegginson@magnolialng.com
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company with the objective of identifying and developing LNG projects in Australia and 

overseas.  For example, LNG Limited is in the process of developing the Gladstone LNG Project 

at Fisherman’s Landing in the Port of Gladstone, Queensland, Australia.  The Gladstone LNG 

Project will consist of two 1.9 mtpa liquefaction trains. 

III. DESCRIPTION OF THE MAGNOLIA LNG TERMINAL 

In this Application, Magnolia LNG seeks long-term authorization to export domestically 

produced LNG from the Magnolia LNG Terminal to be constructed pursuant to Section 3 of the 

NGA (the “Project”).  The Project facilities are anticipated to include four (4) LNG trains, two 

(2) LNG storage tanks each with capacity of approximately 160,000 m3, and vessel loading 

facilities.  Each of the LNG trains will be capable of producing up to two (2) mtpa of LNG, for a 

total capacity of eight (8) mtpa of LNG.  Currently, the Project facilities would permit natural 

gas to be received by pipeline at the Magnolia LNG Terminal, liquefy such natural gas, and load 

the LNG from the storage tanks onto an LNG carrier berthed alongside the Magnolia LNG 

Terminal.  Magnolia LNG will construct, own, and operate the Magnolia LNG Terminal. 

The Project is planned to be located on Industrial Canal South Shore PLC Tract 475, an 

approximately 120-acre parcel of land in Calcasieu Parish, south of Lake Charles, available 

through a long-term lease with the Lake Charles Harbor & Terminal District (the “Port”).  The 

Industrial Canal is located off the main Calcasieu River Ship Channel.  The Magnolia LNG 

Terminal will be located in an area zoned for heavy industrial use and will be consistent with 

other industrial facilities along the shoreline. The coordinates of the proposed Project site are as 

follows: Latitude: 30° 06’ 20.30” N; Longitude: 93° 17’ 54.00” W.  

Earlier this year, Magnolia LNG secured property from the Port of Lake Charles to 

construct the Magnolia LNG Terminal through a lease agreement.  On March 6, 2013, Magnolia 
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LNG signed an exclusive and binding four-year Real Estate Lease Option Agreement (“Option 

Agreement”) with the Port for the Project site.4  The Option Agreement includes as an annex an 

agreed form of Ground Lease, which includes a 30-year lease term, with Magnolia LNG having 

the right to extend the lease term, at its sole discretion, for four further periods of ten (10) years, 

or 70 years in total.  Subject to compliance with the terms of the Option Agreement, Magnolia 

LNG may exercise the option and enter into the Ground Lease with the Port at any time.   

On March 20, 2013, the Federal Energy Regulatory Commission (“FERC”) accepted 

Magnolia LNG’s request to commence the pre-filing process, for authorization to site, construct, 

own, and operate the Magnolia LNG Terminal. 

IV. AUTHORIZATION REQUESTED 

In this Application, Magnolia LNG requests that DOE/FE grant a long-term, multi-

contract authorization to export up to 8 mtpa of domestically produced LNG (equivalent to 

approximately 1.08 Bcf/d) for a twenty-five (25) year period commencing upon the earlier of the 

date of first export or the tenth (10) anniversary of the date authorization is granted by DOE/FE.  

Magnolia LNG requests that such long-term, multi-contract authorization provide for export to 

any country with which the United States does not have an FTA requiring national treatment for 

trade in natural gas and with which trade is not prohibited by United States law or policy.  As 

further described in Section IX below, Magnolia LNG has commenced the pre-filing process at 

FERC for authorization to site, construct, own, and operate the Magnolia LNG Terminal. 

Magnolia LNG requests such authorization to export LNG to non-FTA countries on its 

own behalf or as agent for others.  To ensure all exports are permitted and lawful under United 

States laws and policies, Magnolia LNG will comply with all DOE requirements for an exporter 

                                                           
4 The Real Estate Lease Option Agreement is attached hereto as Exhibit B. 
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or agent.  As set forth in prior DOE/FE orders authorizing LNG exports,5 Magnolia LNG will 

register with DOE/FE each LNG title holder for whom Magnolia LNG seeks to export LNG.  In 

such registrations, Magnolia LNG will provide DOE/FE with a written statement by the title 

holder acknowledging and agreeing to (i) comply with all requirements in Magnolia LNG’s 

long-term export authorization and (ii) include those requirements in any subsequent purchase or 

sale agreement entered into for the exported LNG by that title holder.  Magnolia LNG also will 

file with DOE/FE under seal any relevant long-term commercial agreements it enters into with 

the LNG title holders on whose behalf the exports will be performed. 

The long-term, multi-contract authorization sought in this Application is necessary to 

permit Magnolia LNG to incur the substantial cost of developing the liquefaction and export 

project.  The terms and conditions related to the use of the Magnolia LNG Terminal facilities 

will be set forth in agreements with Project customers.  Magnolia LNG anticipates that these 

agreements will be for terms of up to twenty-five (25) years in duration and will run concurrently 

with Magnolia LNG’s export authorization. Magnolia LNG is engaged in commercial 

negotiations with several potential terminal customers, including Gunvor Group Ltd, a global 

energy trading company,6 and Gas Natural SDG SA.7 

                                                           
5 See, e.g., Dominion Cove Point LNG, LP, DOE/FE Order No. 3331, at 153-54 (2013) (“Cove Point Order”); and 
Lake Charles Exports, LLC, DOE/FE Order No. 3324, at 137 (2013) (“Lake Charles Order”). 
6 Press Release, 2 mtpa Tolling Term Sheet Signed with Gunvor Major Step for Magnolia LNG Project (July 17, 
2013), available at http://magnolialng.com/IRM/Company/ShowPage.aspx/PDFs/1912-
42259405/2MTPATollingTermSheetSignedwithGunvorMagnoliaLNG (last visited Oct. 4, 2013).  Gunvor has 
indicated that it intends to export the LNG to Panama, a country with which the United States has a free trade 
agreement. 
7 Press Release, Heads of Agreement with Gas Natural SDG, SA for up to 2 mtpa from Magnolia LNG (Aug. 9, 
2013), available at http://magnolialng.com/IRM/Company/ShowPage.aspx/PDFs/1959-
57600014/HoAwithGasNaturalSDG2mtpafromMagnolia (last visited Oct. 4, 2013).  Gas Natural is a Spain-based 
natural gas company that has a broad portfolio of natural gas assets, some of which are used to satisfy demand in 
Spain through its existing LNG import terminals.  As a member of the European Union, Spain is a key trading ally 
of the United States.  In 2012, as explained by the California Chamber of Commerce, the United States exported to 
Spain over $9.5 billion and imported $11.8 billion.  See California Chamber of Commerce, Trade Partner Portal: 
Spain, available at http://www.calchamber.com/international/portals/spain/pages/default.aspx (last visited Oct. 10, 
2013).  

http://magnolialng.com/IRM/Company/ShowPage.aspx/PDFs/1912-42259405/2MTPATollingTermSheetSignedwithGunvorMagnoliaLNG
http://magnolialng.com/IRM/Company/ShowPage.aspx/PDFs/1912-42259405/2MTPATollingTermSheetSignedwithGunvorMagnoliaLNG
http://magnolialng.com/IRM/Company/ShowPage.aspx/PDFs/1959-57600014/HoAwithGasNaturalSDG2mtpafromMagnolia
http://magnolialng.com/IRM/Company/ShowPage.aspx/PDFs/1959-57600014/HoAwithGasNaturalSDG2mtpafromMagnolia
http://www.calchamber.com/international/portals/spain/pages/default.aspx
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DOE/FE’s regulations require applicants to submit information regarding the terms of the 

transaction, including long-term supply agreements and long-term export agreements.8  In prior 

orders, DOE/FE has found that applicants need not submit this information with their 

applications if such transaction specific information is not available because neither the supply 

contracts nor the long-term export contracts have been executed.9  In such instances, DOE/FE 

has permitted applicants to submit such information when contracts are executed, which 

DOE/FE has found conforms to the requirement in its regulations that such information be 

submitted “when practicable.”10  Magnolia LNG requests that DOE/FE make the same finding in 

this proceeding and commits that it will file such information with DOE/FE when practicable in 

compliance with DOE’s pronouncement in Sabine Pass. 

V. EXPORT SOURCES 

Magnolia LNG seeks authorization to export natural gas available from the United States’ 

natural gas pipeline supply and transmission system.  The Magnolia LNG Terminal will be 

situated within approximately three miles of four major interstate/intrastate natural gas pipelines 

owned by Trunkline Gas Company, Kinder Morgan Louisiana Pipeline (“KMLP”), Gulf South 

Pipeline Company, LP, and Chevron Pipe Line Company.  Of these, Magnolia LNG is in 

advanced discussions with KMLP to provide the direct connection to the Magnolia LNG 

Terminal through which feed gas supplies will flow, and the compression required to transport 

the feed gas to the terminal.  Through KMLP, Magnolia LNG’s tolling customers will be able to 

directly access multiple other interstate natural gas pipelines and storage facilities, thus providing 

a variety of stable and economical supply options. 

                                                           
8 10 C.F.R. § 590.202(b)(4). 
9 See, e.g., Dominion Cove Point LNG, LP, DOE/FE Order No. 3331, at 152-53 (2013); and Lake Charles Exports, 
LLC, DOE/FE Order No. 3324, at 136 (2013). 
10 Sabine Pass Liquefaction, LLC, DOE/FE Order No. 2833 (2010). 
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Magnolia LNG anticipates that the sources of natural gas will include conventional and 

unconventional supplies from various producing regions, including recent shale gas discoveries 

in the Haynesville, Eagle Ford, Barnett, Floyd-Neal/Conasauga, and Marcellus shale plays.  

These shale plays represent a vast supply of natural gas, with a combined area of approximately 

100,000 square miles and contain an estimated 553 trillion cubic feet (“Tcf”) of recoverable 

gas.11  The size of traditional and emerging natural gas supply sources in close proximity to the 

Magnolia LNG Terminal will provide Magnolia LNG's potential customers with diverse and 

reliable alternative gas supply options. 

VI. APPLICABLE LEGAL STANDARD 

Section 3(a) of the NGA sets forth the general standard of review for applications seeking 

authorization to export LNG to countries with which the United States does not have an FTA 

requiring national treatment for trade in natural gas and with which trade is not prohibited by 

United States law or policy.  Section 3(a) provides: 

[N]o person shall export any natural gas from the United States to 
a foreign country or import any natural gas from a foreign country 
without first having secured an order of the [Secretary] authorizing 
it to do so.  The [Secretary] shall issue such order upon application, 
unless, after opportunity for hearing, it finds that the proposed 
exportation or importation will not be consistent with the public 
interest.  The [Secretary] may by its order grant such application, 
in whole or in part, with such modification and upon such terms 
and conditions as the [Secretary] may find necessary or 
appropriate, and may from time to time, after opportunity for 
hearing, and for good cause shown, make such supplemental order 
in the premises as it may find necessary or appropriate. 

 
DOE/FE has recognized that “[t]his provision creates a rebuttable presumption that a proposed 

export of natural gas is in the public interest.”12  DOE/FE has further explained that, pursuant to 

                                                           
11 U.S. ENERGY INFORMATION ADMINISTRATION, REVIEW OF EMERGING RESOURCES: U.S. SHALE GAS AND SHALE 
OIL PLAYS (2011). 
12 See, e.g., Dominion Cove Point LNG, LP, at 7; and Lake Charles Exports, LLC, at 6. 
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this standard of review, “DOE/FE must grant such an application unless opponents of the 

application overcome that presumption by making an affirmative showing of inconsistency with 

the public interest.”13  Beyond this broad public interest standard and presumption in favor of 

exports, the NGA does not further define “public interest” nor does it point to specific criteria 

that DOE/FE must consider when issuing a decision on an application.  DOE/FE’s prior 

decisions have taken a number of factors into account, including economic impacts, international 

impacts, security of natural gas supply, and environmental impacts, and also have depended on 

principles established in its 1984 Policy Guidelines,14 the goals of which are “to minimize 

federal control and involvement in energy markets and to promote a balanced and mixed energy 

resource system.”15  In pertinent part, the 1984 Policy Guidelines provide: 

The market, not government, should determine the price and other 
contract terms of imported [or exported] natural gas …. The 
federal government’s primary responsibility in authorizing imports 
[or exports] will be to evaluate the need for the gas and whether 
the import [or export] arrangement will provide the gas on a 
competitively priced basis for the duration of the contract while 
minimizing regulatory impediments to a freely operating market.16 
 

DOE/FE recently affirmed that in its review of export applications, it will continue to take into 

account the principles embodied in the 1984 Policy Guidelines, as well as: (i) the domestic need 

for the natural gas proposed to be exported, (ii) whether the proposed export poses a threat to the 

security of domestic natural gas supplies, (iii) whether the arrangement is consistent with 

DOE/FE’s policy of promoting market competition, and (iv) any other factors bearing on the 

                                                           
13 See, e.g., Dominion Cove Point LNG, LP, at 7-8; and Lake Charles Exports, LLC, at 6-7. 
14 New Policy Guidelines and Delegations Order Relating to Regulation of Imported Natural Gas, 49 Fed. Reg. 6684 
(Feb. 22, 1984).  
15 Dominion Cove Point LNG, LP, DOE/FE Order No. 3331, at 8 (2013). 
16 New Policy Guidelines and Delegations Order Relating to Regulation of Imported Natural Gas, 49 Fed. Reg. 
6684, at 6685 (Feb. 22, 1984). 
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public interest.17  As demonstrated herein, Magnolia LNG’s Application is not inconsistent with 

the public interest and therefore DOE/FE should grant its Application. 

VII. PUBLIC INTEREST 

Under the NGA, the burden clearly rests on the party that is challenging the issuance of 

the export or import license to demonstrate that the proposed exports or imports are not 

consistent with the public interest.  DOE/FE’s recent LNG Export Study, a two-part study 

commissioned by the DOE including a more limited assessment by the Energy Information 

Administration (“EIA”) and a macroeconomic study conducted by NERA Economic Consulting 

(“NERA Study”) (collectively, the “LNG Export Study”), and data from EIA’s Annual Energy 

Outlook 2013 (“AEO 2013”) support the conclusion that the authorization requested in this 

Application is not inconsistent with the public interest.  In addition, to support this Application, 

Magnolia LNG retained the Berkeley Research Group (“BRG”), a leading energy market 

analytics firm, to provide an up-to-date analysis of the impacts to domestic natural gas prices, 

consumption, production, and trade from Magnolia LNG’s proposed LNG export terminal and 

other scenarios for higher LNG export and/or natural gas demand levels (“BRG Study”).  BRG’s 

findings in its Study further support the conclusion that the LNG exports that Magnolia LNG 

proposes in this Application are not inconsistent with the public interest.  BRG’s Study and its 

appendices are attached hereto as Exhibit A. 

While several entities have spent the last two years asserting that exports of LNG will 

harm the nation, no credible evidence has yet been presented to support these baseless 

allegations and DOE/FE has rejected such attempts.18  Regardless, even if DOE does accept the 

minimal evidence presented by those opposing LNG exports, as demonstrated below Magnolia 

                                                           
17 See, e.g., Dominion Cove Point LNG, LP, at 8-9. 
18 See, e.g., id. at 151; Lake Charles Exports, LLC, DOE/FE Order No. 3324, at 125-27 (2013); and Freeport LNG 
Expansion L.P. and FLNG Liquefaction LLC, DOE/FE Order No. 3282 at 112-14 (2013). 
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LNG’s proposed exports affirmatively are consistent with public interest.  As a result, DOE 

should grant the requested authorization.  LNG exports from the proposed Magnolia LNG 

Terminal in Lake Charles, Louisiana will create jobs, develop industry, foster continued 

production of domestic conventional and unconventional natural gas supplies, promote 

international trade and improve the U.S. balance of trade, and promote strong relationships with 

strategic international allies.  

A. The BRG Study 

Before proceeding to an analysis of the public interest, it is useful to introduce the 

methodology BRG employed in preparing its Study, which presents an analysis of the impacts 

that authorizing the proposed LNG exports requested in this Application would have on natural 

gas prices, consumption, production, and trade.  BRG also provided a high level assessment of 

the potential range of impacts on global LNG markets and prices as related to the long-term 

feasibility of LNG exports. 

BRG employed a three-pronged analytic approach to assess the potential impacts of long-

term LNG exports from the United States and Canada, along with a high-level assessment of the 

potential range of long-term impacts on global LNG prices and their differential to U.S. prices 

that provide the long-term rationale economic rationale for U.S. LNG exports.  BRG’s three-

pronged approach is as follows: 

1. First, BRG prepared and simulated the market for a Reference Case to prove a 

baseline simulation of U.S. natural gas markets and prices with limited LNG 

exports from the most advanced facilities (with DOE non-FTA approvals and 

long-term commercial agreements in hand).   The Reference Case includes 

baseline assumptions for (1) domestic U.S. natural gas consumption by sector, 



11 
DC-9735617  v1  

using AEO 2013 reference case data to derive demand targets; (2) limited LNG 

exports from three lower-48 export facilities, as noted below; (3) BRG’s 

independent baseline analysis of future pipeline capacity construction; and (4) 

BRG’s independent analysis of long-term shale gas production potential and 

costs derived using BRG’s Shale Resource Potential (“ShaRP”) model.19  

2. Second, BRG defined a set of five scenarios for varying combinations of higher 

LNG exports and/or higher domestic demand growth than are reflected in the 

Reference Case (collectively, the “Scenarios”).  For each scenario, BRG 

simulated the market to test the market and price impacts with all other variables 

for natural gas supply, production cost, and pipeline transportation held constant 

with the Reference Case. 

3. Third, BRG compared the market and price results from each scenario to 

measure the impacts of increased LNG exports on U.S. natural gas prices and on 

U.S. natural gas demand in response to the price impacts. 

As noted above, BRG designed the Reference Case and five Scenarios set forth below to 

reflect reasonable ranges for low, moderate, and high levels of LNG exports from North 

America.  In two scenarios the higher LNG export assumptions are combined with higher growth 

potential for U.S. natural gas demand, coming predominantly from the electric generation and 

industrial sectors.   As a group, the Reference Case and Scenarios assume a range of LNG export 

terminal capacity from 4.6 Bcf/d to 13.9 Bcf/d and a range of future U.S. natural gas demand 

                                                           
19 BRG developed the ShaRP model in collaboration with Enegis, LLC as a comprehensive tool to analyze and 
forecast the long-term production potential cost targets for several different classes of wells for each of the major 
shale plays in the United States.  Enegis, LLC is a boutique upstream energy consultancy specializing in geological, 
technical, and economic analysis. 
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ranging from 70.2 Bcf/d to 74.8 Bcf/d in 2035.  The Reference Case and five Scenarios are as 

follows: 

• Reference Case: The Reference Case assumes total U.S. LNG export capacity of 4.6 

Bcf/d from the Sabine Pass, Freeport, and Cove Point LNG terminals (i.e., the three 

terminals with both DOE non-FTA approvals and publicly announced, long-term offtake 

contracts in place).  In addition, the Reference Case assumes target U.S. natural gas 

demand of 70.2 Bcf/d in 2035, for a combined U.S. natural gas “demand” of 74.8 Bcf/d.   

This provides a baseline for market operations and prices without any further LNG 

development and/or higher demand growth. 

• Magnolia Scenario: This Scenario adds Magnolia LNG’s proposed approximately1.1 

Bcf/d of LNG exports to the Reference Case for a total U.S. LNG export capacity of 5.7 

Bcf/d.  The Magnolia Scenario also assumes the same baseline target U.S. natural gas 

demand of 70.2 Bcf/d in 2035, for a combined U.S. natural gas “demand” of 75.9 Bcf/d. 

• Moderate LNG Scenario: This Scenario adds 4.2 Bcf/d of LNG exports to the Magnolia 

Scenario for a total U.S. LNG export capacity of 9.9 Bcf/d.  The Moderate LNG Scenario 

also assumes the same baseline target U.S. natural gas demand of 70.2 Bcf/d in 2035, for 

a combined U.S. natural gas “demand” of 80.1 Bcf/d. 

• High LNG Scenario: This Scenario adds 4.0 Bcf/d of LNG exports to the Moderate LNG 

Scenario for a total U.S. LNG export capacity of 13.9 Bcf/d.  The High LNG Scenario 

also assumes the same baseline target U.S. natural gas demand of 70.2 Bcf/d in 2035, for 

a combined U.S. natural gas “demand” of 84.1 Bcf/d. 
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• High Demand/Moderate LNG Scenario: This Scenario assumes the Moderate LNG 

Scenario set forth above, but with higher target U.S. natural gas demand of 74.8 Bcf/d in 

2035, for a combined U.S. natural gas “demand” of 84.7 Bcf/d. 

• High Demand/High LNG Scenario: This Scenario assumes the High LNG Scenario set 

forth above, but with higher target U.S. natural gas demand of 74.8 Bcf/d in 2035, for a 

combined U.S. natural gas “demand” of 88.7 Bcf/d.  

BRG considers the four Scenarios that assume U.S. natural gas demand of 70.2 Bcf/d to be more 

likely, particularly those involving moderate LNG export capacity and/or moderate potential 

U.S. demand.  The combination of the high ends of the LNG export terminal capacity and the 

future U.S. natural gas demand, captured in BRG’s High Demand/High LNG Scenario, reflects 

the potential addition of almost 14 Bcf/d in incremental demand above the Reference Case by 

2035.  The BRG Study notes that while this scenario may be relevant to the review, it represents 

an unlikely future market scenario.   

B. Domestic Need for the Natural Gas Proposed to be Exported 

As noted above, DOE/FE has indicated that there are several factors it will take into 

account when determining whether an application to export LNG to a non-FTA nation is in the 

public interest.  Prime among these factors, is the domestic demand for the natural gas proposed 

to be exported.  In its recent orders, DOE/FE has analyzed the domestic need for natural gas by 

comparing domestic supply to domestic demand for natural gas using the results of the LNG 

Export Study.20  The results of the LNG Export Study and DOE/FE’s own conclusions in recent 

orders approving LNG export authorizations, as well as BRG’s up-to-date analysis and 

conclusions in its study, compel a similar approval for Magnolia LNG.   

                                                           
20 See, e.g., Dominion Cove Point LNG, LP, at 106-11; and Lake Charles Energy, LLC, at 93-98. 
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i. Domestic Natural Gas Supply 

In its orders authorizing LNG exports, DOE/FE has rooted its analysis in the EIA AEO 

reports.  As of the date of this Application, the most current information available from EIA is 

AEO 2013, which includes projections out to 2040.21  DOE/FE’s analysis in both the Cove Point 

and Lake Charles orders is based on the information in AEO 2013.22  The AEO 2013 projections 

of proved U.S. natural gas reserves and projected production rates demonstrate that the United 

States has an abundant supply of natural gas that is sufficient to meet domestic demand and 

support the LNG export authorization that Magnolia LNG requests in this Application. 

a. Proved U.S. Natural Gas Reserves 

As DOE/FE has explained, proved reserves represent the “volume of oil and natural gas 

that geological and engineering data demonstrate with reasonable certainty to be recoverable in 

future years from known reservoirs under existing economic and operating conditions.”23  The 

United States has vast proved wet natural gas reserves.  EIA reports that proved wet natural gas 

reserves increased by 9.8 percent from 2010 to 2011, to 348.81 Tcf, while wet gas production 

only increased by 6 percent to 24.26 Tcf.24   In addition to abundant wet natural gas reserves, in 

the Cove Point and Lake Charles orders, DOE/FE analyzed EIA’s report of 2010 domestic dry 

natural gas proved reserves and noted that proved reserves have increased by 72 percent since 

2000 to 304.63 Tcf.  By comparison, the estimated dry gas production rate in 2010 was 22.24 

Tcf, a mere 16 percent increase over the estimated dry gas production rates in 2000.   

                                                           
21 U.S. ENERGY INFORMATION ADMINISTRATION, ANNUAL ENERGY OUTLOOK 2013 WITH PROJECTIONS TO 2040 
(April 2013), available at http://www.eia.gov/forecasts/aeo/pdf/0383(2013).pdf (last visited Sept. 10, 2013) 
(hereinafter AEO 2013). 
22 Dominion Cove Point LNG, LP, DOE/FE Order No. 3331, at n.95 (2013); and Lake Charles Energy, LLC, 
DOE/FE Order No. 3324, at n.109 (2013).  
23 Dominion Cove Point LNG, LP, at 106; and Lake Charles Energy, LLC, at 93. 
24 EIA, U.S. Crude and Natural Gas Proved Reserves, 2011, at Table 9 (August 2013), available at 
http://www.eia.gov/naturalgas/crudeoilreserves/pdf/uscrudeoil.pdf (last visited Sept. 10, 2013). 

http://www.eia.gov/forecasts/aeo/pdf/0383(2013).pdf
http://www.eia.gov/naturalgas/crudeoilreserves/pdf/uscrudeoil.pdf
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DOE/FE has indicated that it will continue to update its analysis based on the most 

current information available at the time.  On August 1, 2013, EIA released updated information 

on U.S. dry natural gas reserves showing that proved reserves as of December 31, 2011, reached 

334.07 Tcf,25 while production increased to 23.56 Tcf.26  This updated information further 

supports DOE/FE’s conclusions in the Cove Point and Lake Charles orders that domestic natural 

gas supply as measured by proved natural gas reserves has been increasing27 and that a “growing 

supply of natural gas available under existing economic and operating conditions.”28 

b. Projected U.S. Natural Gas Production 

As noted above, DOE/FE has based its analysis in its orders authorizing LNG export 

applications on the conclusions of the NERA Study, which relied on information from AEO 

2011.  With regard to natural gas production, DOE/FE noted in the Cove Point and Lake Charles 

orders that the projection of 2035 dry natural gas production in the AEO 2013 Reference Case 

increased by 13.8 Bcf/d over the 2035 projections in the AEO 2011 Reference Case,29 which 

represents a nearly 20 percent increase in projected dry natural gas production.   Furthermore, 

based on its Reference Case, EIA projects in AEO 2013 that U.S. dry natural gas production will 

increase by 1.3 percent per year through 2040.30  It estimates that annual dry natural gas 

production will reach 33.14 Tcf by 2040, which represents an increase of nearly 38 percent over 

2012 production levels.  These projections demonstrate not only that a greater quantity of natural 

gas is projected to be available, as DOE/FE points out, but also that the conclusions in the NERA 

                                                           
25 EIA, U.S. Crude and Natural Gas Proved Reserves, 2011, at Table 9 (August 2013), available at 
http://www.eia.gov/naturalgas/crudeoilreserves/pdf/uscrudeoil.pdf (last visited Sept. 10, 2013). 
26 Id. 
27 Dominion Cove Point LNG, LP, DOE/FE Order No. 3331, at 106-08 (2013); and Lake Charles Energy, LLC, 
DOE/FE Order No. 3324, at 93-94 (2013).   
28 Dominion Cove Point LNG, LP, at 106-07; and Lake Charles Energy, LLC, at 94. 
29 Dominion Cove Point LNG, LP, at 106; and Lake Charles Energy, LLC, at 93. 
30 AEO 2013 at Table A13. 

http://www.eia.gov/naturalgas/crudeoilreserves/pdf/uscrudeoil.pdf
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Study, which found that LNG exports result in a net economic benefit in all cases studied, remain 

true. 

ii. Domestic Natural Gas Demand 

The second component in assessing the domestic need for the natural gas proposed to be 

exported is domestic natural gas demand.  Data from EIA and the BRG Study support the 

conclusion that LNG exports, including the LNG exports Magnolia LNG proposes in this 

Application, will have only a modest impact on U.S. domestic natural gas demand and, as 

DOE/FE itself has found, U.S. natural gas supply will rise to meet any such increases in demand. 

a. Domestic Natural Gas Demand Data from EIA’s AEO 

In the AEO 2013 Reference Case, EIA projects that total domestic consumption of 

natural gas will increase by 0.7 percent per year until 2040, at which time it estimates that total 

domestic consumption will reach 29.54 Tcf, or approximately 81 Bcf/d.31  The majority of this 

demand is projected to come from the electric power sector, at 9.50 Tcf (approximately 26 

Bcf/d) and the industrial sector, at 7.90 Tcf (approximately 21.6 Bcf/d).  In the Cove Point and 

Lake Charles orders, DOE/FE explained that, while AEO 2012 and AEO 2013 Early Release 

Overview both forecast greater U.S. consumption than AEO 2011 projected, both of these 

reports also project higher domestic production than AEO 2011.32  Thus, increased demand was 

met by increased supply. 

                                                           
31 Id. 
32 Dominion Cove Point LNG, LP, at 88-89; and Lake Charles Energy, LLC, at 74. 
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b. Conclusions on Domestic Natural Gas Demand from the BRG Study 

In its Reference Case, BRG estimates that U.S. domestic natural gas demand, excluding 

LNG exports, will grow by 5.2 Bcf/d by 2020, and will reach 77.5 Bcf/d by 2035.33  With U.S. 

LNG exports remaining at approximately 4.1 Bcf/d to 4.2 Bcf/d throughout the period, the BRG 

Study projects the total estimated U.S. natural gas demand will increase to 78.8 Bcf/d in 2020, 

and will reach 81.6 Bcf/d in 2035.  As compared to the BRG Reference Case, the five Scenarios 

for higher LNG exports and/or higher U.S. domestic natural gas consumption will have modest 

impacts on domestic demand.  BRG finds that as LNG exports increase across the higher LNG 

export Scenarios, U.S. natural gas demand gradually declines relative to the BRG Reference 

Case.  This occurs primarily in the electric sector due to this sector’s price sensitivity relative to 

other sectors.   

The BRG Study suggests that the U.S. draw on economic shale production relative to 

other supply sources, like conventional gas and coal bed methane, could potentially be even 

higher than the figures provided by EIA.  However, BRG notes that this does not account for 

either the potential addition of new reserves or ongoing industry efforts to prove up the technical 

and economic feasibility of bringing new shale production to market.  Further, BRG concludes 

that shale gas production increases substantially and consistently by 2035.   As expected, the 

higher LNG exports and U.S. domestic natural gas demand Scenarios draw increasing amounts 

of shale production into the market.  Thus, BRG’s analysis finds that increased demand is met by 

                                                           
33 As BRG explains, the actual demand levels resulting in the Reference Case and Scenarios (as simulation outputs) 
varies from the target demand derived from EIA figures (as simulation inputs).  This occurs due to the price 
elasticity of demand and equilibration of supply, demand, and prices in each simulation. 
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increased supply from low cost shale production, as DOE concluded in the Cove Point and Lake 

Charles orders.34 

iii. The Adequacy of Supply Vis-Á-Vis Domestic Demand 
 

The EIA data and the BRG Study conclusions cited above demonstrate that as natural gas 

demand increases over the next 30 years, natural gas production always increases to meet that 

demand.  In fact, the EIA projects that U.S. dry natural gas production will exceed consumption 

by 2019,35 and that U.S. dry natural gas production alone will exceed total U.S. natural gas 

consumption by 3.60 Tcf in 2040.36   

DOE/FE has stated that it will continue to process the pending applications for 

authorization to export LNG to non-FTA countries in the order of precedence established in 

December 2012.37  As of the date of this Application, DOE/FE has authorized 6.37 Bcf/d of 

LNG exports to non-FTA countries.38  Assuming that DOE/FE proceeds along its current path 

and continues to process applications in accordance with its established order of precedence and 

grants multiple additional LNG export licenses, it does not alter the empirically based conclusion 

regarding the adequacy of natural gas supply as compared to domestic demand.  The export of 

the volumes of LNG proposed herein will not impact this conclusion, whether considered 

independently or on a cumulative basis.  The incremental impact of Magnolia LNG’s proposal is 

no different than the incremental impact of any other proposed LNG export terminal and no 

                                                           
34 Dominion Cove Point LNG, LP, DOE/FE Order No. 3331, at 88-89 (2013); and Lake Charles Energy, LLC, 
DOE/FE Order No. 3324, at 74 (2013). 
35 AEO 2013 at p. 3.  
36 Id. at Table A13. 
37 Order of Precedence - Non-FTA LNG  Export Applications, DOE/FE, available at 
http://www.doe.gov/fe/downloads/order-precedence-non-fta-lng-export-applications (last visited Sept. 11, 2013). 
38 Dominion Cove Point LNG, LP, DOE/FE Order No. 3331  (2013); Lake Charles Exports, LLC, DOE/FE Order 
No. 3324 (2013); Freeport LNG Expansion, LP, DOE/FE Order No. 3282 (2013); and Sabine Pass Liquefaction, 
LLC, DOE/FE Order No. 2833 (2010). 

http://www.doe.gov/fe/downloads/order-precedence-non-fta-lng-export-applications
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party has submitted any empirical evidence that would support a determination regarding the 

incremental impact of one LNG project versus another.   

DOE/FE itself has rejected contentions that U.S. natural gasproduction could not meet 

both U.S. demand and unlimited LNG exports, pointing out that the NERA Study included 

scenarios in which LNG exports were unconstrained.39  DOE/FE has explained that “[s]hould the 

U.S. resource base be less robust and more expensive than anticipated, U.S. LNG exports would 

be less competitive in the world market, thereby resulting in lower export levels, and, in some 

instances, no exports, from the United States.”40  DOE/FE also has recognized that, like 

Magnolia LNG’s Application, all of the applications it has received to date are pursuant to long-

term contracts and the U.S. market “would adjust to this increased demand through increases in 

production, and plan for its delivery utilizing the significant production and storage infrastructure 

that exists.”41  Again, no empirical data has been submitted by any party seeking limits on LNG 

exports that counters the real data from EIA regarding the U.S. resource base and estimated 

natural gas production.  Accordingly, Magnolia LNG respectfully submits that its application is 

not inconsistent with the public interest.  Furthermore, even in the face of unlimited LNG 

exports, DOE/FE supports the conclusion of the NERA Study that there would be net economic 

benefits to the United States.42 

C. Impact on U.S. Natural Gas Demand Market Prices 

The up-to-date results of the BRG Study support the conclusion that Magnolia LNG’s 

proposed LNG exports will have a minimal and manageable impact on U.S. natural gas demand 

market prices.  DOE/FE has concluded in its recent orders that LNG exports will not necessarily 

                                                           
39 See, e.g., Dominion Cove Point LNG, LP, at 109; and Lake Charles Energy, LLC, at 96. 
40 See, e.g., Dominion Cove Point LNG, LP, at 109; and Lake Charles Energy, LLC, at 96. 
41 See, e.g., Dominion Cove Point LNG, LP, at 127; and Lake Charles Energy, LLC, at 114. 
42 See, e.g., Dominion Cove Point LNG, LP, at 109; and Lake Charles Energy, LLC, at 96. 



20 
DC-9735617  v1  

exacerbate the risk of large upward natural gas price spikes.43  In fact, DOE/FE points out that 

“under some international market conditions, LNG export facilities are likely to make natural gas 

demand in the United State more price-elastic and less conducive to sustained upward spikes.”44  

DOE/FE explains that it is “not persuaded that LNG exports will substantially increase the 

volatility of domestic natural gas prices.”45 

The BRG Study demonstrates that the impacts of LNG exports on U.S. natural gas prices 

and U.S. domestic natural gas demand in all Scenarios studied would be minimal.  

• The BRG Study concludes that the Henry Hub price for natural gas in the 

Reference Case remains stable at or above approximately $4 per MMBtu through 

2020, then climbs to just above $6 per MMBtu by 2035, which most of the price 

increase concentrated in the latter years of the forecast.  

• With respect to the Magnolia Scenario, the Study states, “Over the long-term 

through 2035, the incremental market and price impact of the Magnolia project is 

negligible as compared to the Reference Case.  The $0.13 per MMBtu price 

impact represents only a 2% increase in prices over the Reference Case.”46  

• The potential impacts on U.S. natural gas prices resulting from the higher LNG 

and higher demand Scenarios that BRG studied range from an additional $0.06 to 

$0.43 per MMBtu in 2020 and an additional $0.14 to $1.40 per MMBtu in 2035.  

• Based on this data the BRG Study concludes that for all scenarios except the 

compound High LNG/High Demand scenario, which BRG considers unlikely, 

the results reflect “modest market and price impacts that should not raise 

                                                           
43 See, e.g., Dominion Cove Point LNG, LP, at 124. 
44 See, e.g., id. at 124-25. 
45 See, e.g., id. at 125. 
46 Exhibit A, “North American Market Impact Study,” Berkeley Research Group, at p. 14 (Oct. 8, 2013). 
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substantial concerns for natural gas consumers,” particularly in light of the 

“ongoing uncertainty regarding the true long term potential for shale gas 

production and production costs, especially from new plays and resource areas 

that have yet to be developed and explored and therefore cannot yet be properly 

analyzed.”47  BRG further points out that “[t]hose additional resources, should 

they prove economic could significantly mitigate some of the impacts described 

[in the BRG Study].”48 

D. Domestic Energy Security and International Impacts  

In comparison to the projected domestic supply and projected domestic demand data set 

forth in Section VII.B. above, Magnolia LNG seeks to export relatively small volumes of LNG 

to non-FTA countries.  Consequently, the authorization requested in this Application will have a 

minimal effect, if any, on domestic energy security.  Rather, granting Magnolia LNG the 

authorization requested in this Application will assist in promoting a more robust global market 

for natural gas.  As U.S. Senator Lisa Murkowski (R-AK), Ranking Member of the Senate 

Committee on Energy and Natural Resources, recently pointed out: 

In geopolitical terms, the build-out of LNG capacity also provides 
the U.S. an opportunity to provide relief to several of its allies. The 
mere entry of the U.S. into the global market will improve 
competition, reducing prices for importers. In fact, to some degree 
this has already begun. Imports of LNG from the U.S. will also 
enable other countries to diversify their sources of energy. Japan 
and India in particular, which do not have free trade agreements 
with the United States, have urged the federal government to 
approve LNG exports to those countries. Observers have also 
noted that American LNG would serve to reduce the leverage 
Russia can currently exert over Europe through its gas pipeline 
network. The argument is not that U.S. exports would necessarily 
replace Russian gas, but that clients of Russia would have a 
stronger negotiating position, as well as access to additional 

                                                           
47 Id. 
48 Id. 
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supply. LNG exports from the U.S. would also strengthen global 
resilience to turmoil in the Middle East, including the capacity of 
the international community to impose sanctions on Iran.49 
 

DOE/FE has recognized these positive international implications of authorizing LNG exports.  

DOE/FE has explained that U.S. LNG exports may advance the public interest for reasons that 

are separate and apart from the net economic benefits identified in the LNG Export Study “to the 

extent U.S. exports can counteract concentration within global LNG markets, thereby 

diversifying international supply options and improving energy security for many of this 

country’s allies and trading partners.”50  This fact remains true whether it is the first LNG export 

authorization DOE grants or the last.    

In addition, DOE/FE has identified and underscored President Obama’s National Export 

Initiative (“NEI”), which was established by Executive Order on March 11, 2010.  There, 

President Obama noted that “[a] critical component of stimulating economic growth in the 

United States is ensuring that U.S. businesses can actively participate in international markets by 

increasing their exports of goods.”51  In the Lake Charles and Cove Point orders, DOE/FE noted 

that “to the extent U.S. exports can counteract concentration within global LNG markets, thereby 

diversifying international supply options and improving energy security for many of this 

country’s allies and trading partners, authorizing U.S. exports may advance the public interest.”52  

This is precisely what the proposed export of LNG from the Magnolia LNG Terminal will do.  

As noted above, Magnolia LNG already has executed a Term Sheet and Heads of Agreement 

with two parties that would take the supplies to strategic trading allies of the United States.  In 
                                                           
49 U.S. SENATOR LISA MURKOWSKI, THE NARROWING WINDOW: AMERICA’S OPPORTUNITY TO JOIN THE GLOBAL 
GAS TRADE 12-13 (2013), available at 
http://www.energy.senate.gov/public/index.cfm/files/serve?File_id=e1527027-558f-4fb0-92bd-f8b9d7515075 (last 
visited Sept. 11, 2013).  
50 See, e.g., Dominion Cove Point LNG, LP, DOE/FE Order No. 3331, at 141 (2013); and Lake Charles Energy, 
LLC, DOE/FE Order No. 3324, at 124 (2013). 
51 Exec. Order No. 13534, 75 Fed. Reg. 12433 (Mar. 11, 2010). 
52 Dominion Cove Point LNG, LP, at 140-41; and Lake Charles Energy, LLC, at 124. 

http://www.energy.senate.gov/public/index.cfm/files/serve?File_id=e1527027-558f-4fb0-92bd-f8b9d7515075
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addition, natural gas exports support the replacement of diesel and heavy fuel oil with more 

environmentally friendly natural gas in the generation of electricity abroad.   Authorizing the 

LNG exports requested in this Application will support these important national policies. 

E. Economic Benefits 

The Magnolia LNG Terminal will stimulate the local, regional, and national economies 

through the direct and indirect creation of new jobs, increased economic activity, and tax 

revenues.  Magnolia LNG will use U.S. companies to supply much of the equipment and 

materials needed for the Magnolia LNG Terminal.  Construction of the first two LNG trains will 

lead to the direct creation of over 1,000 construction jobs.  In addition, at full capacity of four 

liquefaction trains the Magnolia LNG Terminal will lead to the creation of 55-60 permanent 

direct jobs and an additional 175 indirect jobs.  The overall capital investment for the first two 

trains will be approximately $2.2 billion and approximately $3.7 billion for the entire four trains.  

Magnolia LNG will become an active part of the local community—creating jobs, spurring 

economic development and working with local business and governing bodies to efficiently 

export LNG. 

At a national level, authorizing the LNG exports requested in this Application will 

promote President Obama’s goals set forth in the NEI.  As President Obama notes in the 

Executive Order, the NEI is intended to “improve conditions that directly affect the private 

sector’s ability to export”53 and to “enhance and coordinate Federal efforts to facilitate the 

creation of jobs in the United States through the promotion of exports.”54  The President went on 

to explain that “[i]mproved export performance will, in turn, create good high-paying jobs.”55  

Magnolia LNG’s Project will support this domestic economic growth potential.  In addition, 

                                                           
53 Exec. Order No. 13534, 75 Fed. Reg. 12433 (Mar. 11, 2010). 
54 Id. 
55 Id. 
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granting Magnolia LNG’s request for authorization in this Application will help balance the U.S. 

trade deficit and, as noted above, assist our nation’s allies by diversifying their supply options 

and allowing commercial parties a greater opportunity to freely negotiate trade agreements with 

their counterparties,56 as evidenced by recent testimony before the House Committee on Energy 

and Commerce by representatives of foreign nations interested in investing in the U.S. economy 

through LNG exports.57 

Louisiana’s state economy, the Gulf Coast regional economy, and the Lake Charles 

economy will benefit from the immediate influx in commerce during the construction and 

operation of the Magnolia LNG Terminal.  In addition, the Magnolia LNG Terminal site is 

leased from the Port of Lake Charles.  The lease payments that Magnolia LNG will make to the 

Port of Lake Charles over the term of the lease will help stimulate the local economy.  Abundant 

support for the Magnolia LNG Terminal has been demonstrated in Magnolia LNG’s pre-filing 

docket at the Federal Energy Regulatory Commission, where the Southwest Louisiana Economic 

Development Alliance; the Mayor of Lake Charles; the Mayor of the City of Sulfur, Louisiana; 

the Mayor of the City of DeQuincy, Louisiana; Louisiana State Senators Ronnie Johns and Dan 

Morrish; Louisiana State Representatives Mike Danahay, A.B. Franklin, John Guinn, and Brett 

Geymann; Louisiana State Speaker of the House Chuck Kleckley; U.S. Representative Charles 

Boustany; and U.S. Senator Mary Landrieu, all have filed comments in support of Magnolia 

LNG, noting the economic benefits it will create in Southwestern Louisiana through the 

significant investment and job creation.  

                                                           
56 See supra note 49 and text.  
57 Press Release, Members and Foreign Diplomats Discuss Mutual Benefits of U.S. LNG Exports, U.S. House of 
Representatives, Committee on Energy and Commerce (Oct. 10, 2013), available at 
http://energycommerce.house.gov/press-release/members-and-foreign-diplomats-discuss-mutual-benefits-us-lng-
exports (last visited Oct. 10, 2013). 

http://energycommerce.house.gov/press-release/members-and-foreign-diplomats-discuss-mutual-benefits-us-lng-exports
http://energycommerce.house.gov/press-release/members-and-foreign-diplomats-discuss-mutual-benefits-us-lng-exports
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Furthermore, the NERA Study, on which DOE/FE has relied in granting LNG export 

authorizations, found that LNG exports will have net economic benefits in all scenarios 

analyzed, including scenarios with unlimited exports.58  The NERA Study found that U.S. 

economic welfare increases consistently with increased LNG exports.59  DOE’s authorization of 

Magnolia LNG’s proposed LNG exports will play a role in such economic welfare increases. 

In addition, authorizing the exports requested in this Application would have a positive 

impact on the U.S. balance of trade.  BRG’s study concludes that once LNG exports commence, 

after 2015, the United States quickly moves from being a net natural gas importer to becoming a 

net natural gas exporter in all Scenarios.   

For these reasons, Magnolia LNG respectfully submits that the authorization requested in 

this Application is not inconsistent with the public interest and, moreover, would have net 

benefits to the national, Louisiana, and local economies. 

VIII. ENVIRONMENTAL IMPACT 

On March 20, 2013, FERC accepted Magnolia LNG’s request to commence FERC’s pre-

filing process.  Consistent with the National Environmental Policy Act (“NEPA”) requirements, 

FERC will act as the lead agency for the environmental review, with the DOE acting as a 

cooperating agency.  Therefore, Magnolia LNG respectfully requests that the DOE/FE issue a 

conditional order approving this Application, conditioned upon FERC's satisfactory completion 

of the environmental review as it has done in other LNG export applications. 

In addition to the authorization from DOE/FE sought in this Application and the 

authorizations from FERC, Magnolia LNG will seek the necessary permits from and 

consultations with other federal, state, and local agencies.  The federal permits and consultations 

                                                           
58 MACROECONOMIC IMPACTS OF LNG EXPORT FROM THE UNITED STATES, NERA ECONOMIC CONSULTING at 6. 
59 Id. 
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Magnolia LNG will seek in connection with the Project include a Water Suitability Assessment 

from the U.S. Coast Guard, the Clean Water Act Section 404 Permit from the U.S. Army Corps 

of Engineers, and a consultation with the U.S. Fish and Wildlife Service, as appropriate.  The 

state permits and consultations Magnolia LNG will seek in connection with the Project include a 

Section 401 Water Quality Certificate from the Louisiana Department of Environmental Quality, 

an Air Quality Permit by the Louisiana Department of Environmental Quality, and consultations 

with the Louisiana Department of Wildlife and Fisheries and the Louisiana Department of 

Culture, Recreation, and Tourism, as appropriate.  Magnolia LNG already has begun the process 

of working with federal and state agencies to meet these requirements. 

IX. RELATED AUTHORIZATIONS 

The siting, construction, and operation of the Magnolia LNG Terminal is subject to 

approval by FERC pursuant to Section 3 of the NGA.  On March 20, 2013, FERC accepted 

Magnolia LNG’s request to commence the mandatory pre-filing process at FERC for the 

Magnolia LNG Terminal and Magnolia LNG is currently actively engaged in that process with 

FERC.  Magnolia LNG anticipates that it will file its formal application with FERC by no later 

than March 31, 2014, and will request that FERC issue authorization for the siting, construction, 

and operation of the Magnolia LNG Terminal by June 30, 2015. 

X. EXHIBITS 

The following Appendices are included with this Application: 

Exhibit A  Berkeley Research Group Study 

Exhibit B  Option Agreement 

Exhibit C  Verification  

Exhibit D  Opinion of Counsel 
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Disclaimer 
 

This report was prepared for Magnolia LNG, LLC ("Client") and should not be disclosed to, used or 
relied upon by any other person or entity. The authors and Berkeley Research Group are not 
responsible for any loss from any unauthorized use or reliance on the information or opinions 
contained in this report. Client may, however, submit this report to the U.S. Department of Energy 
and the Federal Energy Regulatory Commission for their use in connection with Client’s liquefied 
natural gas (“LNG”) export application. The analysis set forth in this report is based on the 
application of economic principles and certain assumptions, and the opinions expressed and 
results contained in the report are not and are not intended to be predictions of events or future 
outcomes.  
 
The opinions expressed in this report are those of the individual authors and do not represent the 
opinions of Berkeley Research Group, LLC (“BRG”) or its other employees and affiliates. The 
information provided is not intended to and does not render legal, accounting, or tax advice or 
services. 
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I. EXECUTIVE SUMMARY 

 

This report presents the natural gas market analysis prepared by Berkeley Research Group, LLC (“BRG”) 

for Magnolia LNG, LLC (“Magnolia”) for inclusion in Magnolia’s permit filing to the U.S. Department of 

Energy (“DOE”) for authority to export LNG to non-Free Trade Agreement (“non-FTA”) nations. 

 

a. Project Description 

Magnolia is a subsidiary of Liquefied Natural Gas Limited (“LNG Limited”) and proposes to build, own, 

and operate an 8 million tonnes per annum (“MMtpa”) – approximately equivalent to 1.1 billion cubic 

feet per day (“Bcfd”)1 – liquefied natural gas (“LNG”) facility in the Port of Lake Charles, Louisiana (“the 

Magnolia Project”).  The Project will include four LNG trains, each with a nominal capacity of 2 MMtpa 

(~0.27 Bcfd) of LNG. 

Feed gas would be transported to the site boundary via an existing 42-inch interstate gas pipeline 

owned by KMLP and a short interconnect pipeline of approximately 200 feet would tie-in the existing 

underground pipeline to the Gas Gate Station within the Project site boundary.   Natural gas would be 

treated, liquefied, stored onsite, and loaded onto LNG carriers for export overseas to customers in 

both FTA and non-FTA nations; LNG carriers and barges for marine distribution and the possibility of 

LNG bunkering; and LNG trucks for road distribution to LNG refueling stations in Louisiana and the 

surrounding states. 

Magnolia proposes to use its patented Optimized Single Mixed Refrigerant (OSMR®) technology, which 

optimizes the SMR process through the use of aero derivative gas turbines, combined heat and power 

(“CHP”) technology, and ammonia auxiliary refrigeration. The LNG would be stored in two full 

containment LNG storage tanks of approximately 160,000 cubic meters (m3) each.   To transfer the 

LNG from the berth and loading platform to LNG vessels, two 16-inch LNG loading arms and a 16-inch 

vapor return arm would be used to achieve a maximum loading rate for LNG vessels of 10,000 m3 per 

hour (m3/hr). 

 

b. Natural Gas Market Drivers and Impacts 

We understand that applications for authorization to export LNG to non-FTA nations require analysis of 

the potential North American natural gas market impacts of increased LNG exports from the United 

States.   As the number of approved and pending LNG export permit applications have grown and as 

                                                             
1 Based on the conversion factor of 1 MMtpa LNG equals to 0.1334 Bcfd natural gas. 
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the applicants continue to enter long-term LNG sales contracts with foreign LNG customers, concerns 

with the U.S. natural gas market and price impacts of the LNG exports have increased. 

Critical issues of interest include the potential impacts on natural gas prices, markets (supply-demand 

balances), and trade (import-export balances) that could result from: 

1. Increased levels of LNG exports:   As of September 2013, 40 North American LNG Export 

projects have announced or submitted applications to DOE for LNG export permits (27 U.S. 

projects, including expansion projects, and 13 Canadian projects).   These terminals represent 

approximately 386 MMtpa (~51 Bcfd) of export capacity.  Of these, only one U.S. project, the 

first phase of Cheniere’s Sabine Pass Liquefaction Terminal (“Sabine”) is currently under 

construction with a capacity of 16.5 MMtpa (~2.2 Bcfd), having been the first LNG project to 

obtain DOE non-FTA approval on May 20, 2011.   An additional 58 MMtpa (~7.7 Bcfd) of U.S. 

projects are in the advanced stages of development including permitting, commercial contracts 

and/or financing. These include three projects that recently received DOE non-FTA approvals: 

o The Freeport Liquefaction Terminal (“Freeport”) was permitted for export capacity of 

10.5 MMtpa (~1.4 Bcfd) on May 17, 2013;  

o The Lake Charles Liquefaction Terminal (“Lake Charles”) was permitted for 15.0 MMtpa 

(~2 Bcfd) August 7, 2013; and 

o The Dominion Cove Point Liquefaction Terminal (“Cove Point”) was permitted for 7.5 

MMtpa (~1.0 Bcfd) on September 11, 2013. 

In addition, there are ~19 MMtpa (~2.5 Bcfd) of U.S. terminal projects that are in earlier stages 

of development, with permitting and/or commercial agreements underway.  

2. Increased U.S. demand for natural gas:  Based on the Energy Information Administration 

(“EIA”) Annual Energy Outlook (“AEO”) 2013 reference case,2 total U.S. demand will increase by 

6.1 Bcfd from 64.1 Bcfd in 2012 to 70.2 Bcfd in 2035.  The electric generation and industrial 

sectors will increase by 0.8 Bcfd and 1.9 Bcfd respectively.  Other sectors including residential, 

commercial, and natural gas vehicle (“NGV”) consumers will increase by 3.4 Bcfd collectively. In 

the AEO 2013 High Economic Growth Case,3 total demand by end-user sector will increase by 

10.7 Bcfd to 74.8 Bcfd in 2035, or 4.6 Bcfd higher than the reference case.  

These impacts ultimately reflect the extent to which North American natural gas supply -- and 

unconventional gas reserves and production in particular – can sustain increased levels of LNG exports 

                                                             
2  We rely on EIA’s reference case as the basis for our Reference Case demand.   See discussion below. 
3  We rely on EIA’s High Economic Growth Case as the basis for our High Demand scenarios.   See below. 
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and U.S. demand growth.  What volume of exports and demand growth can be supplied and for how 

long?  What will be the cost in terms of increased natural gas prices? 

Recent EIA estimates of shale gas technically recoverable reserves (“TRR”) approximated only 482 

trillion cubic feet (“Tcf”), including both “dry” and “wet” shale plays.  (We note that other recent TRR 

estimates have been meaningfully higher than EIA, including the Potential Gas Committee or “PGC”).4  

Wet plays are rich in natural gas liquids (“NGL”) content.  Recent shale output levels of 25 Bcfd equal 

amount to approximately 9 Tcf per year, meaning that the total shale resource represents a reserves-

to-production (“RP”) ratio over 50 years of shale production at current shale production levels. 

With declining conventional production, however, EIA expects that the overall draw on shale 

production could reach 42 Bcfd or more by 2035 – almost double current production levels and 

representing well over 50% of an expanded future natural gas market. Stated on an annual basis, that 

would represent over 15 Tcf per year of shale production by 2035. Thus, the cumulative shale 

production from 2013 to 2035 could exceed 280 Tcf -- or well over half of the current shale resource 

base identified by EIA. 

As discussed below, our analysis suggests that natural gas demand and the draw on economic shale 

production relatively to other supply sources will be even higher than the figures provided by EIA.  

However, this does not account for the addition of new reserves and ongoing industry efforts to prove 

up the technical and economic feasibility of bringing new shale production to market.  The more prices 

increase, the more this can be expected to occur in the future just as it has in the recent past.  

Economically, there are big differences between the “dry” and “wet” shale resources. Of the shale 

resources identified by EIA, approximately 250 Tcf is located in NGL rich plays that tend to offer lower 

methane net production costs due to the significant revenues available from NGLs to cover production 

costs. 

However, not all of that gas will be economically recoverable.   And much of it will not be as economic 

as current production, which remains focused on the geological and logistical “sweet spots” and other 

categories of “economic” wells.5   The different categories of wells in these areas have the best 

geologic features and production potential, but other classes of wells are less promising, and over time 

will yield substantially less gas per well. 

 

                                                             
4  The PGC is comprised of committees of industry specialists for each basin or play who use confidential data to perform reserves 

analysis.   PGC does not provide detailed breakdowns of reserves by play due to the confidentiality of data utilized.  In our analysis, we 
have relied upon a base of reserves data from EIA, which unlike PGC is broken down for the reserves in each play, but have scaled the 
EIA figures up toward PGC levels to capture a higher level reserves expected by industry. 

5  We refer to “sweet spots” and “economic” wells as the top two classes of wells that have the most compelling production features and 
economics.   In our analysis, these classes of wells typically account for the about half of all reserves for each shale play.  
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Among several other factors, critical drivers of the average per well cost of producing shale gas include:  

 Above all NGL prices and their continued linkage to high oil prices because the revenue from 
NGL production and sales pays for much of the production investment and thereby reduces the 
net cost of producing the dry gas or methane. 

 Environmental regulations and the attendant compliance costs for flow-back water treatment 
and/or recycling and well casings and completion standards will also play a role. 

 State level production royalties and severance taxes, and federal fiscal policy incentives for 
drilling (or their removal) will impact well economics, and 

 Land lease rates will also have an impact. 
 

The per MMBtu cost of producing shale gas in the various well classes of each play will reflect the 

combination of average well productive features and average per well all-in production costs.   This is 

the analysis provided by our shale production model (as described in the next chapter) to produce the 

production cost curves we deploy in our scenario simulations of the North American gas market.  

The scenario simulations for increased LNG exports and domestic consumption levels, in turn, inform 

our analysis of each scenarios price and market impacts. 

 

c. Global LNG Market Impacts 

A secondary set of questions concerns the ability of global LNG markets to absorb increased levels of 

North American LNG exports and the foreign LNG price impact of the additional supply and potential 

supply competition.   The increased LNG exports could eventually cause global LNG prices to decline, 

perhaps significantly, if one or more of the following conditions occur: 

 LNG demand growth is lackluster so that markets become oversupplied and supply competition 

intensifies, 

 Asian LNG buyers are successful in implementing new natural gas and LNG market trading hubs, 

and/or 

 Asian and European buyers are successful in revising the terms of LNG pricing and indexation 

either by reducing LNG price levels relative to oil indices or eliminating oil indexation 

altogether. 
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In addition to potential U.S. natural gas price increases, a substantial LNG price response to such 

conditions could eventually erode the “shale spreads”6 that now underpin the economic rationale and 

feasibility of LNG exports.   The rapid increase in Pacific and Atlantic shale spreads since 2008 – 2009 is 

depicted in Figure 1.   This shows the emergence of sustained shale spreads after the shale production 

boom was consolidated in 2008-2009, with a compounding effect after the Fukushima nuclear tragedy 

of March 2011 and subsequent Japanese nuclear shutdowns began to substantially increase Japanese 

LNG demand levels. 

 

Figure 1: Shale Spread Evolution 

                                 

 

The sustainability of these high price differentials will be critical to sustaining North American LNG 

exports over the long-term.   Should the Pacific shale spreads decline substantially back toward 

differentials of less than $6.00 per MMBtu, the competitiveness of exporting LNG from the U.S. would 

be questioned by buyers and sellers. 

How likely is this to occur and when?   For how long is the economic window of opportunity for U.S. 

LNG exports likely to remain open?  We provide a high level assessment of these important issues, 

although detailed analysis of the global LNG market impacts of North American LNG exports is outside 

the scope of this report.  

 

                                                             
6  “Shale spread” is a term we have coined to describe the sustained differential between low U.S. shale production costs  and liquid 

trading prices for natural gas and higher international LNG prices (typically indexed or benchmarked to oil). 
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d. Approach and Methodology 

To analyze the U.S. market and price impacts of LNG exports, we prepared this analysis using an 

independent market simulation7 of long-term scenarios for U.S. and Canadian LNG exports and 

domestic natural gas consumption through 2035.   Our analytic approach was three-fold: 

 

1. We first prepared and simulated the market for a Reference Case including baseline 

assumptions for: 

o Domestic U.S. natural gas consumption by sector, assuming demand targets derived 

from the 2013 AEO published by EIA. 

o Limited LNG exports from the three most advanced terminals – namely the 16.5 MMtpa 

(2.2 Bcfd) Sabine terminal, the 10.5 MMtpa (1.4 Bcfd) Freeport terminal, and the 7.5 

MMtpa (1.0 Bcfd) Cove Point Terminal– that as of September 11, 2013 had received 

DOE export authorizations as well as commercial commitments from buyers to purchase 

most of their available LNG supply.   One other advanced terminal was also very close to 

this status – namely the 15 MMtpa (2.0 Bcfd) Lake Charles terminal – was excluded from 

the Reference Case. 

o BRG’s independent baseline analysis of future pipeline capacity construction; and 

o BRG’s independent analysis of long-term shale gas production potential and costs 

derived upon our Shale Resource Potential (“ShaRP”) model.   The ShaRP model was 

developed in collaboration with Enegis, LLC8 as a comprehensive tool to analyze and 

forecast the long-term production potential and production cost targets for several 

different classes of wells for each of the major shale plays in the United States.   (Please 

see Chapter II for a summary of the ShaRP model features). 

2. We next defined a set of 5 scenarios for varying combinations of higher LNG exports and/or 

higher domestic demand growth than included in the Reference Case.  We simulated the 

market in each scenario to test the market and price impacts of increased LNG exports 

insolation and in combination with higher domestic demand growth.  For these scenarios, all 

other variables for natural gas supply potential, production costs, and pipeline transportation 

were held constant with the Reference Case. 

                                                             
7  BRG’s North American natural gas market simulations are performed using the Gas Pipeline Competition Model (“GPCM”) licensed 

from Robert Brooks & Associates (“RBAC”).   This is a detailed model that simulates monthly gas market equilibrium at the national 
and local levels based upon available supply resources and production cost curves, transportation capacity and costs, and local 
sector by sector demand targets and demand elasticity functions for end markets.  

8  Enegis is a boutique upstream energy consultancy specializing in geological, technical, and economic analysis. 
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3. Finally, we compared the market and price results of each scenario to measure the impacts of 

increased LNG exports on natural gas prices and on natural gas demand in response to the price 

impacts. 

 

e. Data and Scope Constraints 

There are three analytic constraints or limitations that should be noted with regard to the current 

analysis.  These are listed below: 

1. After less than a decade of large scale shale gas exploration and production, much remains to 

be learned and the state of available information is in a state of constant improvement.   Our 

approach to the available information regarding the shale resource potential from the top 

producing plays is thorough, but there are many other plays and potential production areas 

that have not been explored and for which there is no available or reliable information on 

production potential and costs.   Because natural gas market simulation does not capture this 

information, it is quite possible that as new shale plays are explored and their economic 

potential becomes known the outlook for shale production potential and costs will improve.   

This means that, over the long-term, the ability of shale gas to economically sustain higher 

levels of LNG exports and demand growth may be even greater than current information and 

market simulations suggest. 

2. Increased LNG exports and higher natural gas prices could have important impacts on U.S. 

power generation economics and, in particular, the extent to which natural gas and coal each 

will be utilized for power generation.   As natural gas prices increase, coal supplies could 

become more competitive and the amount of power generation fired by natural gas will adjust.  

Our natural gas simulations estimate this impact with an elasticity function for the power 

generation demand for natural gas.  This is a reasonable approach for estimating the overall 

reciprocal impacts of the natural gas and power generation markets on each other.   In the 

power generation sector, however, the fuel price competition and switching between natural 

gas and coal are considered complex, dynamic topics that require detailed power market 

simulation.   Such detailed power market simulation is outside the scope of this analysis. 

3. Increased North American LNG exports could have significant impacts on global LNG prices and 

the shale spread between U.S. Henry Hub (“HH”) prices and Asian and European LNG import 

prices.   Over the long-term, the greater the global supply competition from LNG exports, the 

greater will be the downward pressure on foreign LNG prices.  Such lower LNG prices could 

substantially reduce shale spreads, which are the primary economic driver for U.S. LNG exports.   

If this should happen, the economic feasibility and commercial appeal of U.S. LNG exports could 
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be significantly reduced.   As a result, LNG exports could stabilize or even decline (depending in 

part on the amount of commercial flexibility offered to buyers in the LNG Sale Purchase 

Agreements or “SPAs”).   Based upon our experience analyzing global LNG markets, we offer a 

high level assessment to identify the potential range of global price impacts as related to the 

commercial demand for U.S. LNG supply, but global LNG market simulation for the various 

North American LNG export scenarios is beyond the scope of this analysis.  

 
 

f. Reference Case and LNG Scenario Definitions 

The Reference Case and Scenarios we analyzed reflect our view of a reasonable range for: 

 Low, moderate, and high LNG liquefaction terminal construction and exports from North 
America, combined with 

 Moderate and high growth potential for U.S. natural gas demand, principally in the electric and 
industrial sectors. 

 

The primary scenario parameters and assumptions are provided in Figure 2 below. 

 
Figure 2: Scenario Definitions and Drivers9 

 
 
 

This analysis captures a full range of potential market outcomes and the possible impacts from 

increased LNG exports in combination with various levels of U.S. demand growth: 

                                                             
9 For the Moderate and High LNG Scenarios, we do not specify the individual terminals included in our analysis because their specific 

identity is immaterial to the results of our analysis.   Only the location and export capacity and volumes are consequential. 
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 The range of LNG terminals built assumed ranges from a minimum of 3 terminals with a 
capacity of 4.6 Bcfd in the Reference Case to a maximum of 12 terminals with a capacity of 13.9 
Bcfd in the High LNG Export Case.   The total market and price impacts measured are thus for a 
range of over 9 terminals and 9 Bcfd of incremental export capacity. 

 The range of potential future U.S. natural gas demand ranges from 70.2 Bcfd to 74.8 Bcfd in 
2035, representing a variation of 4.6 Bcfd. 

 Thus, the maximum market impact from the combination High Demand / High LNG scenario 
reflects the impact of a potential addition of almost 14 Bcfd in incremental “demand” above 
the Reference Case by 2035.   This represents an unlikely future market scenario, but one that 
may be relevant to public concern with LNG exports and therefore worthy of review. 

 The other 4 scenarios fall in between these extremes, with combined incremental “demand” 
from LNG exports and/or potential U.S. natural gas consumption above the Reference Case of 
as little as 1 Bcfd (the Magnolia scenario) to 10 Bcfd (the High Demand / Moderate LNG 
scenario) by 2035.   These scenarios are considered to be more likely, particularly those 
involving moderate LNG export capacity and/or moderate potential U.S. demand. 

 

The Reference Case and scenario parameters for LNG export capacity and potential U.S. natural gas 

demand are provided in Figure 3. 

 
Figure 3: Scenario Combined LNG Exports and Target Demand in 2035 
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g. Summary Results 

As set forth in Figure 4, the results of our analysis suggest that: 

 In the Reference Case, HH gas prices will remain stable at just above $4 per MMBtu through 
2020, before climbing to exceed $6 per MMBtu by 2035, with most of the increase 
concentrated in the latter years of the forecast. 

 By contrast, the higher LNG export and high demand scenario results range from HH prices of 
$4.21 to $4.58 per MMBtu in 2020 and between $6.30 and $7.56 per MMBtu in 2035.   As 
expected, the higher the level of LNG exports and U.S. domestic demand, the greater the 
overall level of market equilibrium prices. 

 

 
Figure 4: HH Natural Gas Price Results (Annual Average $U.S. / MMBtu) 

 
 

Overall, relative to the Reference Case the higher LNG export and U.S. demand scenarios add between 

$0.06 and $0.43 per MMBtu (or 1% to 10%) to HH prices by 2020 and between $0.14 and $1.40 per 

MMBtu (or 2% to 23%) to HH prices by 2035. The greater the combined level of “demand” for LNG 

exports and target U.S. consumption levels, the higher the price impact.   These results are presented 

in Figure 5. 
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Figure 5:  HH Price Scenario Increases Above Reference Case (Annual Avg. $U.S. / MMBtu and Percent) 

 
 

In our analysis, a second market impact from increased LNG imports is downward adjustment 

(decrease) in U.S. natural gas consumption, primarily in the electric sector.  As LNG exports increase, as 

measured in our LNG export scenarios, U.S. natural gas consumption decreases moderately.  This is 

especially true for the electric generation sector over the long term.10   The overall impacts are set 

forth in Figure 6. 

 

Figure 6: Demand Variation to Reference Case (Bcfd) 

 
                                                             

10  It is important to note that this impact essentially reverses some of the higher demand measured in our Reference Case compared 
to EIA, as discussed in Chapter III below.   In other words, at the lower price levels yielded in our Reference Case the simulation calls 
for more demand than EIA, but as prices increase due to increased LNG export and U.S. demand targets, that higher U.S. demand is 
progressively reversed. 
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Just as the HH price impacts from limited additional LNG exports are small for the Magnolia Scenario, 

higher for the Moderate LNG Scenario, and higher still for the High LNG Scenario, the same pattern 

applies to the impact on domestic gas demand.   Higher levels of LNG exports cause upward price 

pressure in the market, which results in a negative demand response to higher prices.  This is 

particularly true in the price sensitive electric sector. 

By 2035, the level of demand reduction resulting from increased LNG imports ranges from 0.2 Bcfd in 

the Magnolia Scenario to 1.5 Bcfd in the High LNG Scenario.   As a general matter these domestic 

demand decreases reflect a small fraction (approximately 20%) of the volume of additional LNG 

exported in each scenario. 

Although the two High Demand scenarios show demand increases relative to the Reference Case, 

these should be understood in light of the higher 4.6 Bcfd higher consumption target for these 

scenarios.   The targets are only partially achieved because the higher combined LNG and domestic 

demand levels promote the highest equilibrium prices and a part of the equilibrium solution is a 

reduction in natural gas consumption in the electric and other sectors. 

 

h. Conclusions 

Over the long-term through 2035, the incremental market and price impact of the Magnolia project is 

negligible as compared to the Reference Case.   The $0.13 per MMBtu price impact represents only a 

2% increase in prices over the Reference Case.  

For the higher LNG and/or domestic demand scenarios (each including Magnolia) by 2035: 

 Adding the Moderate LNG export levels yields an approximate 8% price increase and very 
limited indigenous demand reduction, primarily in the power sector. 

 Adding the High LNG or High Demand levels (but not both) yields price increases of just over 
15% and a modest level of domestic demand destruction, primarily in the power sector. 

 Adding the improbable combination of High LNG exports and High Demand yields price 
increases of approximately 23% as well as more significant indigenous demand destruction 
relative to the higher demand targets set for the analysis. 

For all scenarios but the compound High LNG / High Demand scenario these results may be considered 

modest market and price impacts that should not raise substantial concerns for natural gas consumers.   

This is especially true in light of the ongoing uncertainty regarding the true long term potential for 

shale gas production and production costs, especially from new plays and resource areas that have yet 

to be developed and explored and therefore cannot yet be properly analyzed.   Those additional 

resources, should they prove economic could significantly mitigate some of the impacts described 

above. 



 

P a g e  | 15 

 

II. MODELING OVERVIEW AND ASSUMPTIONS 

  

This section provides a brief overview of our market modeling and simulation infrastructure, market 

drivers, and key assumptions used to establish our Reference Case as a baseline for the scenario 

analysis of LNG exports. 

 

a. Model Architecture 

We used two interrelated models to produce this analysis – a North American gas market equilibrium 

model and our proprietary shale production cost model. 

 
   Gas Industry Equilibrium Model 

The Gas Industry Equilibrium (“GIEq”) model is a comprehensive model of the North American natural 

gas industry based on GPCM11 architecture. GIEq forecasts monthly prices, basis differentials, and gas 

flows throughout North America.   Key parameters for the GIEq model include: 

 Forecasts monthly natural gas prices at over 90 locations and pipeline and storage flows and 
capacity utilization on all current and anticipated infrastructure; 

 Integrates production potential and cost curves for conventional basins and for the various 
classes of wells for each shale play (see below); 

 Reflects regional and local demand, and demand elasticity, by sector; and 

 Incorporates current and anticipated transportation and storage capacity and costs for over 
200 pipelines and 430 storage areas. 

 
   Shale Resource Potential Model 

Our Shale Resource Potential (“ShaRP”)12 Model was used to develop the shale gas production and cost 

input parameters for several classes of wells in each of the major shale plays.   For each class of wells, 

the estimated total reserves are characterized by discrete production potential and production costs – 

ranging from “sweet spots” to unproductive, uneconomic classes of wells and reserves.   The 

underlying analysis is based upon detailed geo-technical analysis of the Estimated Ultimate Recovery 

(“EUR”), Initial Production (“IP”) Rate, and Decline Rate associate with each class of wells. 

The long-term production potential and production cost from each class of wells in each play is 

calculated as a function of these varying production parameters as well as detailed research and 

                                                             
11  GPCM is a natural gas market analysis and forecasting software product licensed from RBAC, Inc. 
12  BRG has teamed with Enegis LLC to create the ShaRP model.  
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analysis of the all-in per well costs for drilling and producing natural gas in each play and production 

area13 net of the revenue available from the production of NGLs.   NGL revenues are calculated as a 

function of the potential output volume and projected long-term prices for each NGL fraction (ethane, 

propane, butane, etc.). 

 

 

b. Key Drivers 

In our experience with North American natural gas market analysis and forecasting, a few critical 

market and price drivers stand out above other variables: 

1. The magnitude and timing of LNG export terminal construction and export volumes, 

2. The volume and timing of potential natural gas demand growth, particularly in the electric 
sector, and the sensitivity of that demand growth to increasing prices, and 

3. Above all the ability of shale gas production to carry the LNG export and U.S. domestic 
demand growth based upon the production potential and cost of production for known 
shale plays. 

 
 

c. Demand by Sector 

The level of U.S. natural gas demand is a key market driver even though historical demand growth has 

been limited and future demand growth is expected to be moderate. 

We base our future demand targets on EIA’s sector by sector forecasts provided in two scenarios14 

from the AEO 2013.   The main EIA reference case sector target demand and growth levels are 

described below and tabulated in Figure 7: 

 

1. Electric sector gas demand spiked in 2012 resulting from very low gas prices relative to coal.   
As a result, power demand is expected to decrease by 8% from 25.0 Bcfd in 2012 to 23.2 
Bcfd in 2025 and then slowly climb to 25.9 Bcfd by 2035. 

2. Industrial gas demand will grow more rapidly, by 10% from 19.6 Bcfd in 2012 to 21.4 Bcfd in 
2025 due to relatively low natural gas prices that are sustained by growing shale gas 
production.  After 2025, growth will stall and industrial demand will remain at 21.5 Bcfd in 
2035.   

                                                             
13  Among other items, this includes capital and drilling costs, environmental compliance costs (e.g. wastewater treatment, fugitive 

methane, etc.), non-drill costs, direct operating costs, fiscal incentives, royalties and production taxes.    
 
14  Our Reference Case demand targets are based on AEO 2013 reference case.  Our High Demand scenario targets are based on the AEO 

2013 High Economic Growth Case.  
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3. The additional growth comes from the Natural Gas Vehicle (“NGV”) sector, including heavy-
duty freight trucking and other transportation fuel.  NGV demand increases from almost 
nothing in 2012 (0.1 Bcfd) to 1.6 Bcfd in 2035. 

4. Gas demand in the commercial sector will increase by 1.7 Bcfd in 2035 relative to 2012 and 
the residential sector will remain nearly constant, as increased demand is offset by 
increasing end-use efficiency.15 

 
Figure 7: Reference Case Demand Targets (AEO 2013) 

 
 
 

d. Gas Transportation 

The natural gas infrastructure assumed in our market simulations includes: 

 All existing North American pipelines, 

 Most planned pipelines, with in-service timing adjustments base upon our case-by-case 
evaluation of each project’s development, commercial, and/or construction status. 

By way of summary, the universe of proposed new pipeline capacity includes: 

 4.4 Bcfd new pipeline capacity under construction, with almost all pipelines focused on serving 
the Marcellus and Utica basins. 

 Over 6.4 Bcfd of pipeline projects in the advanced stages of development, and  

                                                             
15 EIA Annual Energy Outlook 2013, Natural gas from Executive Summary, April 15 – May 2, 2013 accessed via 

http://www.eia.gov/forecasts/aeo/source_natural_gas_all.cfm#netexporter 
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 19.8 Bcfd of additional announced pipeline capacity in various stages of planning and 
development.   

 

The new pipeline capacity assumed in our market equilibrium simulations is calibrated to shale 

production targets provided by our ShaRP model to allow adequate takeaway capacity for regional 

supply growth.   Due to the substantial pre-build of new pipelines over the past 4 years in anticipation 

of increased shale production, we assumed that: 

 New pipeline projects under construction will be completed and commissioned on time, 

 The other projects in advanced development will either be completed on time or delayed, 
based upon case by case evaluation of their development status and regional shale production 
targets that will drive the demand for pipeline capacity. 

 
 

e. Shale Production  

The tremendous boom in shale production over recent years has brought vast amounts of low-cost 

natural gas production to market.   U.S. shale gas production recently reached 25 Bcfd, which accounts 

for 37% of total market supply. 

This has resulted in market oversupply, bulging storage inventories, and a stabilization of natural U.S. 

gas prices at relatively low levels – especially as compared to Europe where prices remain 2 to 3 times 

higher and Asia where prices are 3 to 4 times higher. 

Looking forward, the critical question is whether shale production can be economically redoubled to 

supply reasonable scenarios for the combination of LNG exports and U.S. demand growth. 

To address this question, production cost modeling is critical.  The shale supply cost curve for each 

class of wells was provided by our ShaRP model.   As described above, the model incorporates 

economic and financial analysis of the average well economics for shale production with detailed geo-

technical analysis of the long-term shale production potential and production parameters in various 

classes of wells within each shale play. 

This approach provides a rigorous analysis of the existing or major shale resource base that has or will 

soon commence production.   As noted, however, this does not account for the production economics 

of plays that have not yet been developed and explored.  Thus, the ability of shale production to 

economically supply natural gas demand and LNG exports over the coming decades could exceed the 

results of our analysis. 
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f. Other Supply Sources 

The other supply sources including conventional gas and Coal Bed Methane (“CBM”) have been in 

decline and are expected to stabilize at lower levels over the coming years. 

In the GIEq model, the production targets for these resources are based upon drilling activity and well 

established cost parameters for well known resources.   Conventional gas production targets decline 

through 2012 and then bottom at 10.3 Tcf (28.2 Bcfd) in the coming decade, before recovering slightly 

to 11 Tcf in 2035 (30.1 Bcfd).   CBM production targets decline almost 50%  from 2012 to 2035, 

reflecting the relatively less compelling economics of CBM (which lacks the economic benefits of NGL 

production) relative to the lower cost of shale production (especially for those liquid rich basins). 
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III. REFERENCE CASE RESULTS 

 

This section of the report provides a brief summary of the drivers behind and results of our Reference 

Case simulation as a baseline for scenario analysis of increased LNG exports and U.S. natural gas 

demand.   We compare the Reference Case to similar EIA forecasts and the natural gas futures 

markets. 

 

a. Natural Gas Prices 

For the Reference Case, our analysis suggests that HH prices will remain at just over $4 per MMBtu by 

2020 but then grow to just over $6 per MMBtu by 2035, with most of this growth occurring after 2025 

and particularly after 2030.  

 

In the short-term through 2014, our Reference Case forecast is roughly in line with Nymex futures 

prices and the 2013 Short-Term Energy Outlook (“STEO”) published by the EIA.   The comparison is 

presented in Figure 8. 

 
Figure 8: Monthly HH Prices Comparison 
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Over the long-term our Reference Case presents material variation from EIA’s 2013 AEO Reference 

Case, resulting approximately $0.39 to $0.97 per MMBtu below EIA in the 2022-2030 period, with 

lesser differences before and after that period.  The comparison is provided in Figure 9. 

 
Figure 9: Annual HH Price Comparison 

            
 
 

As compared to the targets derived from EIA’s 2013 AEO, our Reference Case yields substantially more 

electric sector consumption as a function of this sector’s responsiveness to sustained low gas prices.   

Our analysis also yields slightly higher industrial consumption of natural gas, particularly in the short-

term. 

 

By contrast, our forecast yields more LNG export volume through the middle of the next decade 

because our LNG export target is 2.4 Bcfd higher than EIA’s in 2025.   After 2025, however, our 

Reference Case yields slightly less LNG export than EIA because our export target is very close to EIA 

target.  In other words, we anticipate LNG exports occurring more rapidly than EIA even though our 

overall LNG export targets are very close to those assumed by EIA. 

 

These comparisons are provided in Figure 10. 
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Figure 10: BRG Reference Case Variations from the AEO 2013 Targets 

 

 
 

The only significant U.S. demand variation occurs in the electric sector.   This occurs largely because: 

1. Our proprietary analysis of shale gas production potential and costs includes 40% higher 
reserves and appears to result in more responsive and economic shale production16 over 
the long-term.  Therefore, the market equilibrium prices obtained in our Reference Case 
eventually decline below EIA’s reference case, especially after 2015 when the LNG exports 
commence (beginning in 2016). 

2. Given the elasticity of natural gas consumption we assume for the electric sector, the 
electric demand targets are “adjusted” downward in the simulation in conjunction with 
overall market and price equilibration.  Although we use the AEO reference case sector 
demand levels as “targets,” this target demand is allowed to adjust in line with equilibrium 
prices and the price elasticity of demand.  The electric sector is particularly responsive to 
price levels between $3.0 and $5.5 per MMBtu due to the favorable prospects for ongoing 
coal-to-gas switching for power generation.  These low price levels are obtained 
consistently throughout next two decades in the Reference Case. By the end of the period 

                                                             
16 The EIA shale production cost curves are not available for detailed comparison. 
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approaching 2035, electric sector demand responds much less once prices levels approach 
$6.0 per MMBtu  

 

b. Supply, Demand, and Trade 

Detailed results for Reference Case supply, demand, and trade are provided in Appendix 1.  These 

results can be summarized as follows for the period from 2012 to 2035: 

 As provided in Figure 11, U.S Domestic Demand grows by 4.8 Bcfd to 74.7 Bcfd by 2020 and 
reaches 77.5 Bcfd by 2035.   U.S. LNG Exports remain at approximately 4.1 to 4.2 Bcfd 
throughout the period. 

 As presented in Figure 12, indigenous production increases approximately 14.2 Bcfd from 
65.1 Bcfd in 2012 to 79.3 Bcfd in 2035, due to substantial shale gas production growth (26.5 
Bcfd) that is partially offset by declining conventional and CBM output (12.3 Bcfd).  
Meanwhile, combined total LNG and net pipeline imports decline from 4.7 Bcfd to 2.2 Bcfd. 

 As provided in Figure 13, by 2020 the U.S. switches from a net importer of natural gas and 
LNG to a net exporter.  After 2020, the net export levels increase moderately due to 
growing LNG and pipeline exports and declining pipeline imports.   Although we continue 
shifting toward greater levels of LNG and pipeline exports, Canadian pipeline imports 
continue because no Canadian LNG exports are assumed in the Reference Case and 
Canadian supply remains abundant and relatively economic (especially for delivery into the 
Pacific Northwest and California where little or no competition from shale gas is expected). 

 
 

Figure 11: Reference Case-U.S. Demand by Sector (Bcfd) 
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Figure 12: Reference Case-U.S. Supply Composition (Bcfd) 

 
                     
 

Figure 13: Reference Case-U.S. Trade Balance (Bcfd) 
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IV. SCENARIO RESULTS 

 

This section of the report provides a summary of the results of our scenario analysis for increased LNG 

exports and U.S. natural gas demand relative to the Reference Case.   We concentrate on the range of 

scenario impacts on natural gas prices, demand/consumption, supply/production, and trade balances.   

We also make high level observations on the impact of LNG exports on global LNG trade and pricing. 

 

a. Price Impacts 

As compared to our Reference Case, our 5 scenarios for higher LNG exports and/or higher U.S. 

domestic natural gas consumption result in a mix of HH price increases and overall demand decreases, 

particularly in the electric sector.   The overall results are: 

 The HH price impacts by 2035 range from an increase of $0.13 per MMBtu in the Magnolia 
scenario to $1.40 per MMBtu in the High Demand / High LNG scenario, with the other 
scenarios falling in between. 

 For the 3 LNG scenarios with moderate U.S. demand targets, the total combined demand 
adjustments (for all sectors) below the Reference Case results (due to higher prices and 
price elasticity of demand) range from 0.2 Bcfd in the Magnolia scenario to 1.5 Bcfd in the 
High LNG scenario. 

 In the 2 High U.S. Demand scenarios, demand increases relative to the Reference Case due 
to the 4.6 Bcfd higher input target demand.   However, the full targets for higher demand 
are not achieved in the simulation due to higher equilibrium prices and the price elasticity 
of demand (above all in the electric sector).   Compared to the Reference Case, the total 
combined demand increases (from all sectors) for the High Demand / Moderate LNG 
Scenario and the High Demand / High LNG scenarios are 2.8 Bcfd and 2.0 Bcfd, respectively.  

 

In 2020 to 2035, the Magnolia scenario adds between $0.06 and $0.13 per MMBtu to the Reference 

Case results of $4.15 and $6.16, respectively.  The price impact is small because the 1 Bcfd of 

incremental export demand does not represent a significant draw on shale resources. 

The remaining scenarios have more significant impacts by 2035: 

 The Moderate LNG scenario prices increase to $6.65 per MMBtu by 2035 due to the 
potential LNG export capacity increase of approximately 5.3 Bcfd relative to the Reference 
Case. 
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 The High LNG and High Demand / Moderate LNG scenarios both add potential combined 
demand of approximately 9-10 Bcfd17 above the reference case, causing prices to just 
exceed $7 per MMBtu. 

 In the High Demand / High LNG scenario where potential combined demand is targeted to 
increase by almost 14 Bcfd,18 prices reach $7.56 per MMBtu. 

 

These results are provided in Figure 14. 

 
Figure 14: Monthly HH Price Forecasts 

 
 
 

Based on this analysis, the incremental HH price impact of each of the 5 scenarios as compared to the 

Reference Case is provided in Figure 15. 

 
 

                                                             
17  High LNG Scenario export target includes 1.5 Bcfd Canadian export capacity. 
18  High Demand / High LNG Scenario export target also includes 1.5 Bcfd Canadian export capacity. 
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Figure 15: Scenario HH Price Differentials Relative to Reference Case 

 
                     

 

b. Demand and Consumption Impacts 

 

As compared to our Reference Case, the 5 scenarios for higher LNG exports and/or higher U.S. 

domestic natural gas consumption will have modest impacts on domestic demand.   As LNG exports are 

increased across the scenarios, U.S. natural gas demand gradually declines relative to the Reference 

Case.   This occurs primarily in the electric sector due to the relative higher price sensitivity in that 

sector relative to other sectors.  The overall results are tabulated in Figure 16. 
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Figure 16: Demand Differential between Scenarios and Reference Case 
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c. Supply and Shale Production 

In the Reference Case and all 5 scenarios, shale production increases substantially and consistently by 

2035, reaching over 50 Bcfd and 60% of total production – a share obtained by 2020 in all scenarios 

and maintained throughout the remainder of the period.   As expected, the higher LNG export and U.S. 

demand scenarios draw increasing amounts of shale production into the market.  The shale production 

volumes and share of total production is presented in Figure 17.  

 

Figure 17: Shale Production (Bcfd) and Share of Total Production (%) 
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d. Trade Balances 

The U.S. remains a net gas importer in 2012 and will continue as such through 2015, due above all to 

the volume of Canadian pipeline imports relative to more limited pipeline exports to Mexico.  

However, once LNG exports commence after 2015, the U.S. will become a net gas exporter in all 

scenarios. 

As depicted in Figure 18, the natural gas and LNG trade balance in the Reference Case reaches net 

exports of 1.9 Bcfd in 2035 and will increase to 2035 levels in the higher LNG scenarios to between 2.6 

Bcfd in the Magnolia scenario to approximately 8.6 Bcfd in the High LNG scenarios.   In all scenarios, 

these results reflect continued pipeline trade with Canada and Mexico and a very small amount of LNG 

imports into the Everett terminal. 

 

Figure 18: Trade Balance by Scenario (Bcfd) 

 
 

e. LNG Market Implications 

The amount and speed with which global LNG markets can physically absorb the additional North 

American LNG supply under a variety of scenarios remains unclear.   The more LNG exported from 



 

P a g e  | 31 

 

North America, the more intense will be global supply competition and the greater the prospect for 

negative impacts on global LNG pricing practices, prices levels, and therefore shale spreads. 

In our recent LNG analyses, global supply (including North American LNG) grows substantially, more 

than doubling in both the high and low production ranges.   These production scenarios vary by only 39 

MMtpa (5.2 Bcfd) and 36 MMtpa (4.8 Bcfd) in 2020 and 2035, respectively.    Despite the increased 

levels of North American LNG exports in the high LNG scenarios, these exports tend to be partially 

offset over time by lower levels of new LNG supply from Australia, East Africa, and/or the East 

Mediterranean. 

Our scenarios for LNG demand growth vary much more significantly, with demand swing variations of 

75 MMtpa (10.0 Bcfd) to 94 MMtpa (12.5 Bcfd) in 2020 and 2035, respectively.   In both scenarios, LNG 

demand growth will be substantial, resulting in more than a doubling of current levels.   LNG demand 

growth is particularly responsive to LNG price levels in the key potential growth markets of China, 

India, Europe and other emerging markets in South/Central America and South Asia.  The lower LNG 

prices the greater the potential demand growth and vice versa. 

As a result, substantial surpluses could develop during the next decade if both LNG production and 

demand growth are slow because demand will not catch up to supply until after 2035.   But if 

production is solid and demand is robust, markets could remain tight over the next decade, rebalance 

in 2020-2030, and then tighten again in 2030-2035.   This occurs because the higher demand growth is 

needed to absorb most or all of the projected supply.   These results are depicted in Figure 19.19 

 
Figure 19: Global LNG Supply Demand Balance Scenarios 

 
 

                                                             
19 These results should be considered illustrative.   Other scenario combinations are possible. 
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The mostly likely outcome is somewhere in between these results, but becomes weighted toward 

surplus as North America exports greater volumes.   The implications for global LNG prices and shale 

spreads are significant. The greater the potential future LNG supply surplus, the more LNG buyers will 

have increasing influence on the terms of trade. 

 It is clear that global LNG buyers, particularly in East Asia, are already using low North American 
import costs (HH + pipeline, liquefaction, and shipping costs) in efforts to redesign the terms of 
trade and drive Asian prices down.20  Producers are holding firm on pricing terms for now, but 
once North American LNG begins to flow, that may no longer be feasible. 

 By contrast in a more balanced or supply constrained market, suppliers will maintain the 
commercial control needed to defend high oil-indexed prices in Asia. 

The range of potential price impacts is illustrated in Figure 20.21   With a wide range of up to $9 per 

MMBtu feasible for downward impacts on Japanese LNG prices and a much more limited range of 

upward impacts on HH prices due to increased LNG exports, the importance of foreign LNG impacts on 

shale spreads is up to 10 times greater than U.S. domestic impacts.   Should shale spreads decrease 

significantly, the economic rationale underpinning North American LNG exports could be undermined. 

 
Figure 20: Pacific Basin LNG Prices and Shale Spreads 

 
                                                             

20   As discussed at the 2nd Japan LNG Producer-Consumer Conference on September 10, 2013, “Gas buyers in Europe, Japan and other 
parts of Asia are teaming up to reduce the price of liquefied natural gas (LNG), which officials say is threatening a recovery in the 
European Union and growth in the Japanese economy, the world's third largest.” European, Asian LNG buyers teaming up to push 
cheaper prices, Reuters, September 10, 2013, accessed via http://www.cnbc.com/id/101022122.  

21  These results should be considered illustrative.   Other scenarios involving LNG demand factors, commercial policy factor, and oil 
prices are all possible but not represented here. 

http://www.cnbc.com/id/101022122
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Disclaimer 
 

This report was prepared for Magnolia LNG, LLC ("Client") and should not be disclosed to, used or 
relied  upon  by  any  other  person  or  entity.  The  authors  and  Berkeley  Research Group  are  not 
responsible  for  any  loss  from  any  unauthorized  use  or  reliance  on  the  information  or  opinions 
contained in this report. Client may, however, submit this report to the U.S. Department of Energy 
and the Federal Energy Regulatory Commission for their use  in connection with Client’s  liquefied 
natural  gas  (“LNG”)  export  application.  The  analysis  set  forth  in  this  report  is  based  on  the 
application  of  economic  principles  and  certain  assumptions,  and  the  opinions  expressed  and 
results contained in the report are not and are not intended to be predictions of events or future 
outcomes.  
 
The opinions expressed in this report are those of the individual authors and do not represent the 
opinions  of  Berkeley  Research  Group,  LLC  (“BRG”)  or  its  other  employees  and  affiliates.  The 
information provided  is not  intended  to and does not  render  legal, accounting, or  tax advice or 
services. 
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APPENDIX 1: REFERENCE CASE RESULTS 

 

a. Gas Prices 
Figure 1: HH Prices‐Reference Case 
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b. Demand 

Figure 2: US Demand by Sector (Bcfd) 
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c. Supply 
Figure 3: US Supply Composition (Bcfd) 
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d. Trade Balances 
Figure 4: US Trade Balance (Bcfd) 
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APPENDIX 2:  MAGNOLIA SCENARIO RESULTS 

 

a. Gas Prices 
 

Figure 5: HH Prices‐Magnolia Scenario 
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b. Demand 

Figure 6: US Demand by Sector (Bcfd) 
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c. Supply 
Figure 7: US Supply Composition (Bcfd) 
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d. Trade Balances 
Figure 8: US Trade Balance (Bcfd) 
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APPENDIX 3:  MODERATE LNG SCENARIO RESULTS 

 

a. Gas Prices 
Figure 9: HH Prices‐Moderate LNG Scenario 
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b. Demand 

Figure 10: US Demand by Sector (Bcfd) 
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c. Supply 
Figure 11: US Supply Composition (Bcfd) 
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d. Trade Balances 
 

Figure 12: US Trade Balance (Bcfd) 
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APPENDIX 4:  HIGH LNG SCENARIO RESULTS 
 

a. Gas Prices 
Figure 13: HH Prices‐High LNG Scenario 
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b. Demand 

Figure 14: US Demand by Sector (Bcfd) 
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c. Supply 
Figure 15: US Supply Composition (Bcfd) 

 
 

 



 

P a g e  | 18 

 

 
 
 
 

d. Trade Balances 
 

Figure 16: US Trade Balance (Bcfd) 
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APPENDIX 5:  HIGH DEMAND / MODERATE LNG SCENARIO RESULTS 
 

a. Gas Prices 
Figure 17: HH Prices‐High Demand / Moderate LNG Scenario 
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b. Demand 

Figure 18: US Demand by Sector (Bcfd) 
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c. Supply 
Figure 19: US Supply Composition (Bcfd) 
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d. Trade Balances 
 

Figure 20: US Trade Balance (Bcfd) 
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APPENDIX 6:   HIGH DEMAND / HIGH LNG SCENARIO RESULTS 
 

a. Gas Prices 
 

Figure 21: HH Prices‐High Demand / High LNG Scenario 
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b. Demand 

Figure 22: US Demand by Sector (Bcfd) 
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c. Supply 
Figure 23: US Supply Composition (Bcfd) 
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d. Trade Balances 
 

Figure 24: US Trade Balance (Bcfd) 
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(See attached) 
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