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Abstract 

 

Relative Valuations of Merchant and Tolling LNG Models  

Considering Alternate Capital Structures 

 

Michael Addington Drummond, M.S.E.E.R.; M.B.A. 

The University of Texas at Austin, 2013 

 

Supervisors:  David B. Spence and James S. Dyer 

 

As recently as 2008 liquefied natural gas (LNG) import facilities were being 

constructed in the United States in order to help meet domestic demand.  Within the past 

five years, the development of hydraulic fracturing has created a seismic shift in the 

energy landscape as companies are turning their focus to exporting LNG instead of 

importing it.  Today, there are currently more than twenty liquefaction facilities awaiting 

regulatory approval to export domestic product to non-Free Trade Agreement nations.  

As of November 2013, regulators have approved export capacity of approximately 2,300 

billion cubic feet per year, a figure which could rise dramatically over the next decade.  

Clearly the shale revolution, which has suppressed domestic natural gas prices relative to 

European and Asian markets, has created an intriguing arbitrage opportunity.  The risks 

to LNG asset owners, however, are high.  Long-term domestic and regional prices are 

uncertain, and capital expenditure costs require a heavy debt burden.   

 



 v 

We will examine two primary LNG contract structures with altering project 

financing considerations.  The first is the merchant model, in which the LNG asset owner 

takes title to the supply.  The second is the tolling model, in which the LNG asset owner 

does not take title to the supply.  Each of these scenarios will be valued using a high debt, 

low equity capital structure and a medium debt, medium equity capital structure.  Once 

we have determined the relative valuations of each scenario, sensitivity analysis and 

Monte Carlo methods will be applied to the outcomes in order to determine the optimal 

combination of contract structure and capital structure for both debt and equity holders.      
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Natural Gas Production and the Arbitrage Opportunity  

 

Historical and Current Production Trends 

 

 It is worth a quick examination of historical production trends of natural gas 

leading up to the present day in order to give context to the massive success that 

exploration and production (E&P) companies have had extracting unconventional 

resources in the past decade.  The following graph illustrates the dramatic upward 

production trend from 2005, when the United States produced 18,927,000 million cubic 

feet (MMcf), through 2012, which saw 25,319,000 MMcf of production.   

 

 

 

Figure 1: Comprehensive United States Natural Gas Marketed Production for Years  

1900 through 2012.  Data source U.S. Energy Information Administration 

(2013).  
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Certainly it is well understood that hydraulic fracturing has contributed to this 

more than 6 trillion cubic feet increase in marketed production since 2005.  As Figure 2 

demonstrates, unconventional shale alone accounts for more than the comprehensive 

increase of the last seven years.  From 2007 through 2011, shale extraction increased dry 

gas resources by more than 6,700 billion cubic feet (Bcf), a trend which, as will be 

discussed later, is likely to continue.   

 

 
Figure 2: Unconventional Shale Gas Production in the United States for Years 2007 

through 2011.  Data source U.S. Energy Information Administration 

(2013).  
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Future Production Forecasts 

 

 The competitive position of natural gas in relation to alternative energy sources is 

expected to remain strong in the upcoming decades, driven by abundant unconventional 

supply as well as increased demand in both developed and emerging markets.  Accurate 

long-term production trends are difficult to forecast due to volatility in consumption 

demand, cost, and price.  The Department of Energy’s most recent Annual Energy 

Outlook, which is frequently cited as an industry baseline, forecasts production trends 

from 2011 through 2040.  The beginning and ending data points are broken down by 

source in Figure 3 and warrant a brief analysis.  

  

Natural gas production forecast by source, 2011-2040 (trillion cubic feet) 

  
      

  

  Alaska 
Coalbed 

Methane 

Lower 
48 

Offshore 

Lower 48 
Onshore 

Conventional 
Tight 

gas 
Shale 

Gas 
Total 

Production 

2011 
          
0.35  

          
1.71  

          
2.11  

                      
5.12  

          
5.86  

          
7.85  

             
23.00  

2040 
          
1.18  

          
2.11  

          
2.85  

                      
2.96  

          
7.34  

        
16.70  

             
33.14  

  

Figure 3: Natural Gas Production Forecast by Source for Years 2011 through 2040.    

Data source U.S. Department of Energy.   

 

 

 Total production is predicted to increase by more than 44% over the thirty-year 

window, by any measure an incredible amount.  Even factoring in an increase in 

the power and industrial manufacturing base which utilizes natural gas as a 

feedstock, without radical technological advancements (most notably in the 

transportation sector) it will be extremely difficult for domestic demand to meet 
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this production level.  This forecast, along with the existing natural gas regional 

price disparities, helps explain the industry’s desire to build an extensive domestic 

liquefied natural gas (LNG) plant base.   

 

 

 Despite the previously discussed increase in shale production since 2005, growth 

from shale resources is predicted to increase at a historic rate of more than 112% 

over the thirty-year window.  Share of shale gas in relation to total natural gas 

production would increase from approximately 34% to more than 50%. 

 

 Perhaps most striking, conventional production is forecasted to decrease by 43%, 

and account for only 9% of domestic supply by 2040.   
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Valuation Background 

Revenue Stream Approach 

 

 The revenue stream approach is the most common methodology utilized in the 

industry to value LNG assets.  Also referred to as the “Income Approach,” it is similar to 

what is commonly known as the discounted cash flow (DCF) method, which will be the 

primary focus of this paper.  The DCF model has several advantages, most notably: 

 

 It is widely used and understood by participants in the marketplace. 

 

 Depending on the finance structure and the type of long-term fixed contract 

agreements in place, future revenue streams may be less subject to price volatility 

than those of upstream producers, thus improving the accuracy of revenue 

forecasts. 

 

 The DCF model is forward-looking, allowing for a decreased emphasis on 

historical trends which, as previously discussed, have rapidly evolved in recent 

years. 

 

 The DCF model allows for separate valuations of different components of a 

business.  Given the complexity of liquefaction operations, this aspect is useful in 

analyzing the liquefaction business separate from other parts of the LNG value 

chain (such as transportation to the end-user).   
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There are, of course, several disadvantages to this method which merit acknowledgement.  

Specifically: 

 

 The accuracy of the DCF model is ultimately dependent upon multiple variables 

as well as assumptions when forecasting expected future revenue streams.  Again, 

depending on the financing structure, these may include future commodity price 

volatility, initial capital expenditure (capex) and ongoing operating costs, and the 

appropriate discount rate to use in order to capture risk to the revenue streams.   

 

 Terminal values (TV) are often a significant percentage of total value as 

determined by the DCF model.  In the case of an LNG asset, this possible “over-

weighting” of the TV could be particularly problematic given the uncertainty of 

securing a second long-term contract once the initial contract is near completion, 

as well as the possibility of industry-altering technical innovations over the life of 

the initial contract.  An excellent example of this risk is the multiple domestic re-

gasification facilities designed to facilitate imports which are now faced with 

either decommissioning costs or massive retrofitting costs due to the shale 

revolution.   

 

The valuation model of the LNG asset in this paper will attempt to address these risks 

through sensitivity analysis and Monte Carlo simulation, which will be discussed in 

greater detail later.   
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LNG Export Terminal Margins 

 

 A critical input to the revenue stream valuation approach is the terminal margin, 

which is defined as follows: 

 

Margin = Terminal Utilization * (net back price – supply cost)1 

 

 The terminal utilization rate is simply the throughput percentage of the LNG 

plant’s design capacity that is used during operations.   

 

 The net back price and supply costs are determined by subtracting the marginal 

operating costs from the appropriate natural gas market price for a specific LNG 

plant destination.  For a U.S. Gulf Coast facility, which is the focus of this paper, 

the appropriate market price is the Henry Hub forward price.  The costs include 

re-gasification at destination, pipeline costs to deliver the feedstock, and shipping 

costs.2   

 

It is worth noting that utilization rate volatility has a different degree of sensitivity 

across both various regions and plant sizes.  The JEA Consulting Group analyzed the 

sensitivity of utilization rates on the value of discounted cash flows for East Coast, West 

Coast, and Gulf Coast facilities as well as small capacity, medium capacity, and large 

                                                 
1 Ihne, K, Kennedy, J, Siby, A. Evolving Energy Landscape, U.S. Natural Gas and Global LNG Markets,  

Deloitte Development LLC, September 26, 2012. 
2 Oil and Gas Journal. http://www.ogj.com/articles/print/volume-105/issue-14/processing/special-report-

world-lng-netback-series-begins-in-this-issue.html. Accessed November 4, 2013.  

http://www.ogj.com/articles/print/volume-105/issue-14/processing/special-report-world-lng-netback-series-begins-in-this-issue.html
http://www.ogj.com/articles/print/volume-105/issue-14/processing/special-report-world-lng-netback-series-begins-in-this-issue.html
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capacity plants.  Keeping all other model factors constant, the utilization rate of each type 

of facility was adjusted by +/- 10% and the net present value was recalculated.  The 

following chart outlines the percentage impact on the discounted cash flow valuations.   

 

Utilization Rate % Impact on Discounted Cash Flow 

  
   

  

  East Coast Gulf Coast West Coast   

Small Facility* 14.3% N/A 9.7%   

Medium Facility* 9.9% 12.1% 7.6%   

Large Facility* N/A 8.4% N/A   

  
   

  

Small Facility Projected Capacity  1.0 Bcf/d   

Medium Facility Projected Capacity 1.7 Bcf/d   

Large Facility Projected Capacity 2.6 Bcf/d   

  
   

  

Billion cubic feet per day (Bcf/d)     

 

Figure 4: Utilization Rate % Impact on Discounted Cash Flow.  Data source JEA 

Consulting Group (2013).3 

 

 This analysis highlights several important points.  First, larger capacity facilities 

are less sensitive to utilization rates than those with a smaller capacity.  This indicates the 

importance of scale in regards to LNG plants.  Given the massive CAPEX required to 

build a liquefaction plant, the marginal cost of adding capacity decreases as the overall 

plant capacity increases since costs are spread out over this larger capacity. Thus, if 

throughput falls by an equal percentage across each type of facility, the plants with larger 

capacity are more likely to be the low-cost provider at the margins. 

 

                                                 
3 JEA Consulting Group. Financial Assessment of U.S. LNG Export Projects. 

http://jeaconsulting.com/index.php/featured-analysis/publications/industry-analysis-oil-and-gas/financial-

assessment-of-us-lng-export-projects/. Accessed November 4, 2013.  

http://jeaconsulting.com/index.php/featured-analysis/publications/industry-analysis-oil-and-gas/financial-assessment-of-us-lng-export-projects/
http://jeaconsulting.com/index.php/featured-analysis/publications/industry-analysis-oil-and-gas/financial-assessment-of-us-lng-export-projects/
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Additionally, the analysis indicates West Coast facilities are significantly less 

sensitive to utilization rates than East Coast facilities, the reasons for which are outside 

the scope of this paper.  However, the fact that Gulf Coast facilities are the most sensitive 

of the three regions to changes in utilization rates is relevant to our model and must be 

taken into account.   

 

Weighted Average Cost of Capital 

 

 The second critical input to the revenue stream valuation is the weighted average 

cost of capital (WACC).  The WACC is often used as a proxy, or at least a starting point, 

to determining an appropriate project discount rate.  In its most basic form, the WACC is 

the weighted average of a firm’s cost of equity plus the firm’s cost of debt and is used to 

discount unlevered expected future cash flows in order to determine the present value of 

these cash flows.  Assuming no preferred stock exists, the WACC can be mathematically 

expressed as follows: 

 

WACC = [EMV / (EMV + DMV) * r
E
] + [DMV / DMV + EMV) * r

D
 * (1-t)] 

 

where 

 

 EMV = Market Value of Equity 

 DMV = Market Value of Debt 

 r
E
 = Cost of Equity 

 r
D 

= Cost of Debt 

 t = Marginal Tax Rate 

 

 



10 

 

It must be noted that it is not uncommon in the energy industry for firms to take 

differing approaches in determining discount rates.  These approaches break down into 

three distinct categories. 

 

The first method is for a firm to choose to use a single discount rate across all of 

its valuation analysis.  This method is useful for relative valuation purposes.  For 

example, since available capital in all firms is limited, this approach normalizes different 

project options to enable more accurate comparisons.  Using a single discount rate also 

minimizes the risk of manager manipulation. Since managers would clearly prefer that 

limited capital flow to their projects, a uniform discount rate removes the temptation to 

justify a lower discount rate in order to raise the value of a specific project.   

 

The second method firms employ is to use unique pre-specified discount rates 

across different types of projects.  For example, an integrated firm may use different 

discount rates for its upstream, midstream, and downstream operations.  These pre-

specified rates are informed by a company’s historic costs of capital in each sector and 

theoretically more accurately reflect the risks inherent in each sector, while still 

normalizing similar projects for more accurate relative valuations. 

 

Finally, the third method is to determine an appropriate project-specific discount 

rate for all projects.  While academically this is the correct strategy, it is the least 

common technique utilized by firms.  As previously stated, this method is not only 

subject to manager manipulation and complicates project comparison, but it is also a 

time-consuming process and difficult to quantify the risks inherent in the large scale, 
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global projects that energy firms attempt to value.  Given the massive capital 

expenditures and operating costs inherent in liquefaction projects, however, determining 

a project-specific discount rate is certainly a useful exercise in order to increase valuation 

accuracy.    The following are my assumptions:   

 

Cost of Equity (Capital Asset Pricing Model) 

 

 The capital asset pricing model (CAPM) can be used as a proxy for the cost of 

equity.  CAPM is simply a calculation of the historical riskiness of the asset’s volatility in 

relation to the market multiplied by the market risk premium and added to the risk-free 

rate.  It is mathematically represented as follows: 

 

Er (LNG) = Rf +β(LNG)  * [Er(m) - Rf] 

 

 

where 

 

 Er (LNG) = Expected Return on Equity of the LNG Asset 

 Rf = Risk Free Rate 

 β(LNG) = Volatility on LNG Asset 

 Er(m) = Expected Return of the Market 

 

 

Given the long time horizon of an LNG investment, I have chosen to use the yield on a 

ten-year Treasury bond as a proxy for the risk free rate.  Thus, as of October 29, 2013,  

 

Rf = 2.53%4 

                                                 
4 United States Treasury.  Daily Treasury Yield Curve Rates. http://www.treasury.gov/resource-

center/data-chart-center/interest-rates/Pages/TextView.aspx?data=yield. Accessed October 29, 2013.  

http://www.treasury.gov/resource-center/data-chart-center/interest-rates/Pages/TextView.aspx?data=yield
http://www.treasury.gov/resource-center/data-chart-center/interest-rates/Pages/TextView.aspx?data=yield
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I have chosen to use the historical ten year average return on the S&P 500 Index as a 

proxy for expected market return.  There are enough backward-looking data points to 

simulate the long time horizon of an LNG investment, and the S&P 500 is a common 

baseline due to its wide diversification of large cap stocks.  Thus, as of October 29, 2013 

 

Er(m) = 7.53%5 

 

The market risk premium (MRP), or difference between the expected return of the market 

and the risk free rate, is therefore 

 

MRP = 7.53% - 2.53% = 5% 

 

I have chosen to use the beta of Cheniere Energy Partners L.P. (NYSE symbol CQP) as a 

proxy for the volatility in relation to the market in my valuation.  Cheniere is heavily 

involved in multiple aspects of the liquefaction and natural gas marketing and 

transportation businesses.  Cheniere operates multiple terminals of various capacities and 

in different regions, and the systemic risk to Cheniere operations is similar to those 

described in this paper.   

 

β(LNG)  = 1.716 

 

                                                 
5 Morningstar. S&P 500 Index. http://quicktake.morningstar.com/index/IndexCharts.aspx?Symbol=SPX. 

Accessed October 29, 2013.  
6 Yahoo Finance. Cheniere Energy Partners L.P. http://finance.yahoo.com/q/ks?s=CQP+Key+Statistics. 

Accessed October 29, 2013.  

http://quicktake.morningstar.com/index/IndexCharts.aspx?Symbol=SPX
http://finance.yahoo.com/q/ks?s=CQP+Key+Statistics
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This high beta is above the baseline of 1, which indicates that the expected volatility of 

our asset is significantly higher than the broader market.  In an up-market this can lead to 

higher returns, but not, of course, without accepting higher risk.   

 

Therefore by using the above variables, we are able to calculate that the expected return 

on equity of the LNG asset is 

 

Er (LNG) = 2.53% + 1.71 * 5% = 11.08% 

 

Cost of Debt 

 

 For the reasons outlined above, I have chosen to use Cheniere Energy Partners 

L.P. as a proxy for cost of debt.  I am assuming a 40% marginal tax rate in my cost of 

debt calculations.  The after-tax cost of debt is mathematically defined as follows: 

 

r
d

(After Tax) = r
d 

* (1 – t) 

 

where 

 r
d 

= Cost of Debt 

 t = Marginal Tax Rate = 40% 
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The interest expense and total long term debt from the most recent Cheniere Energy 

Partners, L.P. financial statements is as follows: 

 

 

 

Thus  

r
d

(After Tax) = 7.83% * (1 – 0.4) = 4.7% 

 

 

 

 

 

 

 

 

 

 

 

 

 

CPQ Financial Statements for Period Ending 12/31/2012

2012 Interest Expense 171,646,000$                          

2012 Total Long Term Debt 2,193,537,000$                       

Before Tax Cost of Debt 7.83%
(Interest Expense/Total Long Term 

Debt)
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Capital Structure 

 

 The typical capital structure for LNG terminals varies on a project-by-project 

basis.  It is most common to utilize a high degree of debt financing, with layers of 

subordinated debt added as there are cost overruns and capacity expansion requirements.  

The following chart illustrates the range of debt ratios across historical LNG liquefaction 

and regasification projects: 

 

 
 

Figure 5: LNG Project Debt Ratios.  Data source Energy Policy, Volume 61, 

October 2013.7 

 

 

                                                 
7 Science Direct.  Capital Structure in LNG Infrastructures and Gas Pipeline Projects. 

http://www.sciencedirect.com/science/article/pii/S0301421513006198#.  Accessed October 29, 2013.  

Project Infrastructure Country Investment cost ($ millions) Debt ratio

Egypt LNG train 1 Liquefaction Egypt 1118 0.85

Sabine pass LNG terminal Regasification United States 1028 0.8

Egypt LNG train 2 Liquefaction Egypt 1100 0.8

Freeport LNG Regasification United States 1000 1

Qatargas 3 Liquefaction Qatar 5800 0.7

Tangguh LNG Liquefaction Indonesia 5180 0.68

Canaport LNG Terminal Regasification Canada 1100 0.69

Qatargas 4 Liquefaction Qatar 6000 0.71

Gulf LNG clean Energy terminalRegasification United States 1100 0.79

Yemen LNG Liquefaction Yemen 4800 0.58

Sakhalin 2 Liquefaction Russia 20000 0.27

GNL quintero Regasification Chile 1300 0.85

Peru LNG Liquefaction Peru 3800 0.54

Gate LNG Regasification Netherlands 1260 0.94

Gate LNG expansion Regasification Netherlands 208 0.85

PNG LNG phase I Liquefaction Papua new Guinea 18200 0.77

Average Debt Ratio 0.74

        LNG Project Debt Ratios

http://www.sciencedirect.com/science/article/pii/S0301421513006198
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This analysis of sixteen recent liquefaction and regasification projects indicates an 

average debt ratio of 74%, although the range across the projects is wide.  Freeport LNG 

employs the least amount of equity financing (0%), while the Sakhalin 2 liquefaction 

project employs the most (73%).  Given this wide range, it is instructive to take into 

consideration multiple capital structures.  I have chosen to analyze the following debt to 

equity ratios in my valuation: 

 

  

 

 

 

These capital structures imply the following weighted average costs of capital: 

 

WACC(High Debt) = (0.2) * (11.08%) + (0.8) * (4.7%) = 5.98% 

 

WACC(Medium Debt) = (0.4) * (11.08%) + (0.6) * (4.7%) = 7.25% 

 

  

  
High Debt 
Structure 

Medium Debt 
Structure 

Debt Ratio 0.8 0.6 

Equity 
Ratio 0.2 0.4 
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LIQUEFACTION ASSETS 

Capacity  

The next critical piece of the valuation is to determine the capacity of the facility 

as well as logical assumptions for total future capacity to be added to the domestic LNG 

base.  Capacity and cost vary greatly, and are a function of variables such as greenfield 

vs. brownfield, onshore vs. offshore, region, etc.  The following chart, which I have 

compiled using the respective approval filings with the Department of Energy for each 

individual facility, allows for a broad view of the projects currently approved and those 

waiting for approval.  It is worth noting that total capacity for each facility, as well as 

capital expenditure costs, are likely to fluctuate as construction continues and financing 

structures are altered, but the official filings provide a logical baseline.   
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Figure 6: LNG Export Volumes and Capital Expenditures for Non-FTA Projects 

Presented to the Department of Energy for Approval.  The data was 

compiled from the respective approval filings with the Federal Energy 

Regulatory Commission.  Links to each respective filing are available 

through the American Petroleum Institute.8 

 

 

 

 

                                                 
8American Petroleum Institute.  LNG Export Facilities. 

https://api.maps.arcgis.com/apps/StorytellingTextLegend/index.html?appid=aa7b306e4769400fbc69989d9

cbcbea4. Accessed November 2013.   

CAPEX

Bcf/Day Bcf/Year European Market Asian Market European Market Asian Market $/Billions

Awaiting Approval Per Day Per Day Per Year Per Year

Freeport LNG 1.4 511 17.0$                         22.5$                        6,205.0$                 8,212.5$             3.0$                     

Cameron LNG 1.7 620 20.7$                         27.3$                        7,560.0$                 9,958.0$             4.0$                     

Jordan Cove Energy 0.8 292 9.8$                            12.8$                        3,561.0$                 4,690.0$             4.5$                     

Oregon LNG 1.3 456.25 15.9$                         20.9$                        5,785.3$                 7,621.2$             6.3$                     

Cheniere Marketing 2.10 767 25.6$                         33.8$                        9,353.0$                 12,319.0$           2.7$                     

Excelerate 1.33 485 16.2$                         21.4$                        5,920.3$                 7,796.4$             2.1$                     

Gulf Coast LNG 2.8 1022 34.1$                         45.0$                        12,461.1$               16,414.1$           12.0$                  

Southern LNG 0.5 182.5 6.1$                            8.0$                           2,226.5$                 2,931.0$             2.0$                     

Gulf LNG 1.5 547.5 18.3$                         24.1$                        6,675.9$                 8,792.9$             7.0$                     

CE FLNG 1.07 390.55 13.1$                         17.2$                        4,763.3$                 6,274.4$             XX

Golden Pass 2.03 740 24.7$                         32.6$                        9,024.0$                 11,885.0$           10.0$                  

Pangea LNG 1.09 398.5 13.3$                         17.5$                        4,850.9$                 6,391.2$             5.5$                     

Trunkline LNG 2 730 24.4$                         32.1$                        8,902.4$                 11,723.8$           1.8$                     

Freeport-McMoran 3.22 1176 39.3$                         51.7$                        14,340.0$               18,888.0$           XX

Sabine Pass (A) 0.28 101 3.4$                            4.4$                           1,232.0$                 1,622.0$             XX

Sabine Pass (B) 0.24 88.3 3.0$                            3.9$                           1,077.0$                 1,418.0$             XX

Venture Global LNG 0.67 243.6 8.1$                            10.7$                        2,971.0$                 3,912.0$             XX

Eos - Barca 1.6 584 19.5$                         25.7$                        7,121.2$                 9,380.5$             3.0$                     

Sabine Pass (C) 0.86 314 10.5$                         13.8$                        3,829.0$                 5,043.0$             XX

Magnolia LNG 1.08 394.2 13.7$                         17.4$                        5,000.5$                 6,332.8$             3.7$                     

Average 1.38 502.19 4.8$                     

Sum 27.57 10043.85 67.6$                  

Approved

Sabine Pass LLC 2.2 803 26.8$                         35.3$                        9,793.0$                 12,895.5$           1.6$                     

Freeport-FLNG 1.4 511 17.0$                         22.5$                        6,205.0$                 8,212.5$             2.0$                     

Lake Charles Exports 2 730 24.4$                         32.1$                        8,902.4$                 11,723.8$           1.8$                     

Dominion Cove LNG 0.77 281.05 9.4$                            12.4$                        3,427.4$                 4,515.1$             3.6$                     

Average 1.6 581.3 2.3$                     

Sum 6.4 2325.1 9.0$                     

Requested Export Volume

Value of Exports in $/Millions     

(October 2013 Landed Price)

Value of Exports in $/Millions     

(October 2013 Landed Price)

https://api.maps.arcgis.com/apps/StorytellingTextLegend/index.html?appid=aa7b306e4769400fbc69989d9cbcbea4
https://api.maps.arcgis.com/apps/StorytellingTextLegend/index.html?appid=aa7b306e4769400fbc69989d9cbcbea4
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 The total new export capacity to non-free trade agreement (FTA) nations that has 

been approved by the Department of Energy is 6.4 billion cubic feet (Bcf) per day, 

annualized to approximately 2,325 Bcf/year.  What is the magnitude of this figure in the 

context of historical natural gas exports?  Data from the U.S. Energy Information Agency 

confirms that the balance of trade over the last decade has begun to shift, and although 

net imports have decreased every year since 2007, as of last year there remained a 

negative trade balance.  

 

Natural Gas Balance of Trade 2003 – 2012 in Bcf / Year 

 
 

Figure 7: Natural Gas Balance of Trade 2003 – 2012 in Bcf/Year.  Data source U.S. 

Energy Information Agency (2013).9 

 

  

 

                                                 
9Energy Information Agency.  http://www.eia.gov/naturalgas/importsexports/annual/. Accessed November 

2013.  

http://www.eia.gov/naturalgas/importsexports/annual/
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As the chart indicates, 2012 exports, which include pipeline exports, totaled 

approximately 1,619 Bcf.  The total approved new LNG export capacity is 2,325 

Bcf/year.  Assuming that each of the four approved projects is able to complete financing 

and come online by 2017, this represents a 244% increase over the next four years.   

 

The figures for the projects currently awaiting approval from the Department of 

Energy are even more dramatic.  If each were approved and financed (which will 

certainly not be the case), this would represent an addition of more than 27 billion cubic 

feet of export capacity per day, annualized to approximately 10,043 Bcf/year.  For 

context, this signifies an aggregate increase of 864% over 2012 export volumes.   

 

The pertinent question, therefore, is how much additional capacity will ultimately 

be approved?  Of course, this is impossible to answer and is likely to remain a fluid and 

contentious issue in the near term.  According to the McKinsey Global Institute, over the 

next seven years a liberal export policy could “increase the country’s economic output by 

2% to 4% beyond what it otherwise would be, add as many as 1.7 million jobs, and 

perhaps reduce the bill for energy imports to zero.”10   

 

Proponents of a more protectionist long-term policy argue that the security of a 

domestic over-supply and the resulting low prices offset the likely increases to gross 

domestic product, increased employment, and added tax base that a robust export policy 

would provide.  Perhaps the strongest argument for a protectionist policy is the possibility 

of invigorating the domestic manufacturing industry, especially the plastics and 

                                                 
10 Krauss, C. Foreseeing Trouble in Exporting Natural Gas. The New York Times. August 15, 2013.  



21 

 

petrochemical sectors, which have greatly benefitted from the decrease in both price and 

volatility of natural gas.  According to Andrew Liveris, the Chief Executive Officer of 

Dow Chemical, the company “has assembled a list of more than 120 manufacturing 

projects, representing investments of $100 billion, that are being planned or are already 

under construction in the United States at least partly because of lower gas prices.”11  It 

must be noted that Mr. Liveris favors free trade for his own company’s products.  He 

believes that “energy, like defense and food, requires special care to protect the national 

interest,” and should therefore be subject to more regulation and export limitations than 

Dow’s various outputs.12 

 

One advantage that regulators have is that the approved export capacity is going 

to come online in layers, allowing for a real-time analysis of the effects on domestic 

prices to shipping supply overseas.  This will certainly inform the decisions of 

policymakers, as will factors outside the scope of this paper such as domestic 

consumption trends, unexpected future volatility of supply, and geopolitical implications 

that are impossible to foresee.  For the purposes of this paper I will attempt to discern a 

probability range of export capacity outcomes based on forecasted supply and financing 

limitations.    

 

 

 

 

                                                 
11 Ibid. 
12 Ibid. 
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Capital Expenditure Costs 

 

 As Figure 6 illustrates, there is a very wide range of capital expenditure costs 

across different types of liquefaction projects depending on region, capacity, and 

numerous other factors.  The lowest capital expenditure forecast submitted to the 

Department of Energy for approval is the Sabine Pass LLC terminal, which is expected to 

cost approximately $1.6 billion.  The highest capex forecast submitted for approval was 

$12 billion by Gulf Coast LNG.  Capital costs also vary greatly between approved 

terminals, which average $2.3 billion per facility, and those whose applications remain 

before the Department of Energy, which average $4.8 billion per proposed facility.  This 

makes intuitive sense given that projects with lower financing costs are more likely to be 

able to successfully tap the capital markets as well as begin the process of receiving 

export approval earlier than projects with more uncertain financing abilities.  Therefore, it 

is more informative to use the capex of approved facilities as a baseline for our 

valuation’s forecasted capex. Additionally, given the wide range of capital costs 

submitted for approval, it is helpful to analyze capital costs according to output capacity 

in order to determine an appropriate figure for our valuation.    Figure 8 highlights the 

relevant data.  
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Figure 8: LNG Export Volumes and Capital Expenditures for Approved Non-FTA 

Projects by the Department of Energy.  Figures were determined from the 

previously referenced data compiled from the respective approval filings 

with the Federal Energy Regulatory Commission.    

By using the total approved project capex and export volumes as reference points, we can 

infer the average dollar amount per cubic foot required to theoretically gain project 

financing and regulatory approval.   

 

LNG $/CF = $9,000,000,000 / 2,325,100,000,000 Bcf / Year = $0.003871 per cf 

 

Converting this cost into the more useful figure of dollars per billion cubic feet results in 

the following CAPEX costs: 

 

LNG $/BCF = ($0.003871/cf) * (1,000,000,000) = $3,870,884.50 per Bcf 

 

 

 

 

 

 

CAPEX

Bcf/Day Bcf/Year $/Billions

Average 1.6 581.3 2.3$                            

Sum 6.4 2325.1 9.0$                            

LNG Projects Approved by Department of Energy
Requested Export Volume
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Using this as a reference we are able to calculate a baseline capital expenditure cost for 

our 1.7 Bcf / day Gulf Coast facility: 

 

 

 

 While our projected capital expenditures are large, they account for only a small 

percentage of forecasted worldwide liquefaction capex over the next five years.  

According to the World LNG Market Forecast produced by Douglas-Westwood, global 

LNG-related capital expenditures will increase by 109% over the previous half decade to 

to approximately $228 billion.  Of that total, $143 billion, or 63%, is earmarked for 

liquefaction facilities, primarily driven by North American and Australian investments.13     

 

 In the context of the entire LNG value chain, which includes production, 

liquefaction, transportation, regasification, and end-use distribution, liquefaction capital 

costs typically account for 35% to 40% of total investment.14  A large percentage of these 

costs, however, are not capacity-dependent.  Figure 8 outlines the average cost 

distribution as a percentage of total project costs for a typical greenfield, two train facility 

such as ours.   

 

                                                 
13 Westwood, D. “LNG Capital Expenditure to Double,” Oil and Gas Financial Journal, August 2, 2013.   
14 DiNapoli and Yost, “LNG Plant Costs: Present and Future Trends,” 1998. 

 

CAPEX

Bcf/Day Bcf/Year $

1.7 620.5 2,401,883,830$    

Export Volume

Expected Capital Expenditures for a                    

1.7 Bcf / day Gulf Coast Facility
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Figure 9: Average Cost Components for a Two-Train Greenfield LNG Facility.  

Data source is DiNapoli and Yost, “LNG Plant Costs: Present and Future 

Trends”, 1998. 

 

 As Figure 9 illustrates, reducing the scale of a facility will not correspond to a 

one-to-one reduction of capital investment.  First, since every project is unique depending 

on location, access to feedstock and abundant supply, and how the project develops over 

time, the learning curve advantage is limited.  Perhaps more importantly, less than half of 

average project costs are capacity related.  The majority of capex costs are fixed 

regardless of volume capacity, which increases the importance of scale.   

 

According to DiNapoli and Yost, one of the primary drivers of cost gains in the 

last twenty years has been the increase in individual train capacity, since increasing this 

capacity does not translate to large marginal capital costs.  A study conducted by Merlin 

Associates indicates that a two-train plant with 8 million tons/year of throughput capacity 

only increases capex by approximately 10% over a 6.6 million tons/year facility, despite 

a capacity increase of 21%.   Additionally, the two- train model has become the recent 

Cost Distribution

Liquefaction Trains 34% - 38%

Utilities 12% - 16%

LNG Storage and Loading 10% - 15%

Buildings 3% - 5%

EPC Contractor 14% - 16%

Marine Related 3% - 6%

Infrastructure 0% - 6%

Other Project Related 10% - 12% 

 Cost Components for LNG Facility
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standard for reliability reasons, since facilities with multiple trains have a higher 

utilization rate (operations can continue in the event of a single train coming offline).15       

 

 There are drawbacks, however, to increasing plant capacity in order to take 

advantage of scale and reduce marginal capital investment.  The first is that increased 

capacity may necessitate negotiating longer contracts in order to guarantee a return.  It 

also may increase marketing difficulty since a single buyer may not have the desire to 

contract for a facility’s entire capacity.  Most importantly, increased capacity dictates the 

need for greater supply security.  The massive recent production gains and increase in 

forecasted supply due to shale extraction, however, help mitigate the supply security 

concern and increase the economic viability of liquefaction capital investments.  This is 

true despite decline rate concerns regarding shale production, for reasons that Tudor, 

Pickering, Holt, and Company outlined in the following Figure 10. 

 

 

                                                 
15 DiNapoli and Yost, “LNG Plant Costs: Present and Future Trends,” 1998. 
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Figure 10: Barnett Natural Gas Production vs. Rig Count 2005 through 2012.  Data 

Source Tudor, Pickering, Holt, and Company, “Shale from 30,000 Feet,” 

David Pursell, 2013. 

 

 As Figure 10 illustrates, an analysis of the Barnett field shows unconventional 

production trending upward as rig count plateaus or decreases over the last five years.  

Even taking into account decline rates, there is still enough marginal production per rig to 

offset production losses from decommissioned rigs.  Therefore even in a low price 

environment in which there is an incentive to delay new rigs, production is unlikely to 

taper off in the medium term.  These conditions help ease supply concerns for LNG 

operators and make the capital costs of larger capacity, scaled facilities economically 

viable.   
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Operating Costs 

 

 Operating costs, as well as variable costs, also vary greatly on a project-to-project 

basis.  In addition to general operating and maintenance (O&M) costs, we must consider 

the volume and price of incoming natural gas which is used as a feedstock, as well as 

taxes which can vary regionally. 

 

 There are numerous estimates of O&M costs.  Shively and Ferrare, in their 

textbook “Understanding Today’s Global LNG Business,” use $0.20/Mcf as a baseline.16 

The NERA Economic Consulting Group also analyzed the operating and maintenance 

costs across a wide sample of LNG facilities for a 2012 report commissioned by the 

Office of Fossil Energy at the U.S. Department of Energy.  NERA’s dataset included 

forty-eight global liquefaction plants that currently exist, as well as thirty-two global 

facilities which plan to come online by 2017.  Given this larger, and forward-looking, 

data set, we will use NERA’s updated estimate of $0.16 per million British thermal units 

(MMBtu).17  Converting to a per billion cubic feet basis, our baseline operating cost is as 

follows:  

$0.16 / MMBtu * 1 = $.016 / Mcf 

 

thus 

 

[$0.16 / Mcf]  / [0.000001] = $160,000 / Bcf  

                                                 
16 Shively, B., Ferrare, T., Understanding Today’s Global LNG Business. 2005, p. 27. 
17 NERA Economic Consulting. Macroeconomic Impacts of LNG Exports from the United States,  2012, 

p.85. 
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 In regards to the cost of natural gas inputs, most estimates range from an average 

of 9% to 11% of the total throughput that is used as a fuel source for LNG facilities.18  

Unlike trains, whose operating costs are mostly fixed regardless of capacity, total gas 

input costs are clearly a function of volume.  For simplicity we will assume a 10% fuel 

cost in our model, tagged to the Henry Hub spot price since this price is more readily 

available than real-time wellhead price information.  As of November 11, 2013, the 

prompt month spot price per the NYMEX is $3.56 per MMBtu.  For a 1.7 Bcf / day 

facility, this equates to the following first year annualized fuel cost: 

 

1.7 Bcf / day * 365 = 620.5 Bcf / year Total Capacity 

 

620.5 Bcf / year * (10%) = 62.05 Bcf / year Fuel Inputs 

 

[62.05 Bcf / year] / [0.000001] = 62,050,000 MMBtu / year Fuel Inputs 

 

62,050,000 MMBtu / year * $3.56 per MMBtu = $220,898,000 Year 1 Fuel Input Cost 

 

Of course, this input cost is likely to rise annually as export volume increases, which 

must be accounted for in our model.  Additionally, as previously discussed, which party 

is subject to the Henry Hub spot price volatility is dependent on type of contract in place.   

 

  

 

                                                 
18 Deutsche Bank. Oil and Gas Primer for Beginners. 2010, p. 211. 
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Contract Structures 

The Integrated Model 

  There are three primary contract structures that are utilized for an LNG export 

project.  The first is the integrated model, which as the name implies can be implemented 

by the major integrated firms with upstream, midstream, and downstream operations.  In 

the integrated model the owner of the LNG facility is also the producer of the gas supply, 

and is responsible for marketing the LNG output.  While this structure has certain 

advantages, most notably the ability to align incentives throughout the entire value chain 

from wellhead to delivery, there are also risks to the LNG portion of the value chain to 

being locked into a single supply source.  Given the limited number of firms with the 

massive resources necessary to apply the integrated structure, this paper will focus on the 

two alternate contract structures.19   

 

 

 

 

 

 

 

 

 

                                                 
19 Miles, S., “Legal Structures and Commercial Issues for LNG Export Projects – North America and 

Beyond,”  January 15, 2003. 
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The Merchant Model 

 

The second structure is commonly referred to as the merchant model.  The 

distinguishing characteristic of the merchant model is that the operator of the LNG 

facility takes ownership of the natural gas throughput, and then markets the output to 

end-users.  Figure 11 outlines the merchant model value chain and the multiple points of 

sale: 

 

 
 

Figure 11: Merchant Model Value Chain for LNG.  Note the multiple points of sale 

necessary to implement this structure.  Graph source is Thomas Holmberg, 

Oil and Gas Financial Journal, “Comparison of Project Structures in an 

LNG Liquefaction Plant,” March 1, 2012. 
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The primary advantages to the LNG asset owner of the merchant model are as follows:  

 

 The asset owner has greater flexibility than a firm that employs an integrated 

model in regards to both obtaining supply and marketing the output.  For 

example, the LNG operator can hedge supply risk by choosing to take ownership 

of natural gas from multiple suppliers and theoretically enter into contracts with 

marginal low-cost suppliers, an option that is not available if a firm is producing 

its own supply.  Additionally, since under the merchant model the LNG operator 

is not responsible for distributing and marketing the commodity after delivery, 

there is more flexibility to secure multiple contracts in order to spread risk, as 

well as contract with the buyers who are willing to pay the highest price.   

 

 The flexibility of contract options is related to the second advantage of the 

merchant model, which is the ability to capture greater returns in the event of 

Henry Hub spot price volatility.  Simply put, the larger the spread between the 

supply price and the LNG price, the greater the upside.   

 

The primary disadvantages to the LNG asset owner of the merchant model are as follows:  

 

 Since the LNG operator must contract with multiple parties to secure supply and 

demand, there is a greater default risk to the asset owner than compared to the 

integrated model.   
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 Obtaining financing for the large capital costs required may be more difficult 

since a non-integrated firm likely has fewer revenue streams and riskier debt than 

a diversified major firm.   

 

 Contracts typically must be negotiated in advance to secure both project 

financing.  While advance contracts do not guarantee site and export approval 

from the Federal Energy Regulatory Commission and Department of Energy, they 

are a critical step in the approval process.20   

 

     There are numerous variations in typical merchant structure contracts which are 

outside the scope of this paper.  For example, upstream suppliers will often require an 

equity interest in revenue generated by the asset owner from LNG sales to the end user.  

Additionally, the supply agreement may include a netback price to the upstream 

participant.  This netback price is based upon the LNG price contracted with the LNG 

buyers.  For our purposes, the key takeaway is that under the merchant contract, the asset 

owner also takes title to the feedstock supply, thus subjecting the owner to upside and 

downside commodity price risks.   

 

 

 

 

 

 

 

                                                 
20 Ibid. 
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The Tolling Model 

 

The third structure is commonly referred to as the tolling model.  The 

distinguishing characteristic of the tolling model is that the operator of the LNG facility 

does not take ownership of the natural gas throughput.  Rather than receiving title to the 

input supply, the LNG plant is just a pass-through in the value chain, for which the asset 

owner receives a “toll.”  A good analogy is a midstream structure in which the owner of a 

pipeline system receives a fee for reserved capacity, but does not take title to the 

commodity transported in the pipeline.  Figure 12 outlines the tolling model value chain 

and the (typically) single point of sale: 

 

 

 

Figure 12: Tolling Model Value Chain for LNG.  Note the single point of sale 

necessary to implement this structure.  Graph source is Thomas Holmberg, 

Oil and Gas Financial Journal, “Comparison of Project Structures in an 

LNG Liquefaction Plant,” March 1, 2012. 
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There are usually two parts to a tolling fee under this structure.  The first is the 

reservation charge.  The reservation charge is paid by the producer in order to ensure the 

necessary amount of facility capacity for the producer’s supply.  This cost is paid by the 

producer regardless of the volume of supply provided on a month-to-month basis.  Put 

simply, the capacity cost is a use it or lose it cost for producers.   

 

 The second part of the tolling fee is referred to as the commodity charge.  This fee 

is a function of the amount of facility capacity the producer actually uses.  The higher the 

volume, the higher the aggregate commodity charge.  In terms of financing, asset owners 

attempt to cover fixed costs, as well as secure a return over the cost of capital, through 

the reservation charge.  This allows asset owners to apply the commodity charge to 

covering variable costs, which of course are also a function of volume.   

 

The primary advantages to the LNG asset owner of the tolling model are:  

 

 There is significantly more flexibility in regards to both contract options and 

supply security since the LNG asset owner is not tied to a single supply source.  

Additionally, this structure provides flexibility in regards to ownership of the 

facility, since unlike the integrated model the upstream producer is not necessarily 

(and likely not) an equity holder in the liquefaction asset.   

 

 LNG asset owners are less subject to price volatility than they would be under 

either the integrated model or the merchant model.  Assuming that the full 

capacity of the facility is able to be reserved under contract, this significantly 
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lowers the risk to both the debt holders and equity partners.  It also increases 

flexibility with regards to marketing to the end user.  Since the return from the toll 

fee is built in under this structure, the asset owner is not locked into a long-term 

contract that requires a return above the Henry Hub spot price.  This alleviates 

some of the concern regarding the massive uncertainties of expected future price 

volatility and the duration of the arbitrage opportunity between domestic and 

Asian prices. 

 

 This perceived reduced risk will theoretically increase the odds of both financing 

the LNG project as well as gaining the necessary regulatory approvals.   

 

The primary disadvantages to the LNG asset owner of the tolling model are as follows:  

 

 Decreased risk equates to decreased reward.  Since asset owners are less subject 

to price volatility, the built-in hedge in a high domestic price environment is 

offset by the not capturing the full extent of the upside in a low domestic price 

environment.  In a pure tolling model, the returns are essentially capped as the 

difference between the cost of capital and the return that is built into the tolling 

contracts.   

 

 Default risks remain, although theoretically they should be lower than either the 

integrated model or the merchant model.  Reserving capacity through a long-term 
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contract does not guarantee that a producer will have the required supply over the 

life of the agreement.21   

 

 

      There are, of course, numerous other critical factors outside the scope of this 

paper that must be taken into account when structuring LNG contracts.  These include, 

but are not limited to, risk sharing agreements between parties in the event of significant 

and unexpected capital cost increases, regulatory and tax structure changes with negative 

implications, and force majeure risk.  There is also a contract structure known as “quasi-

tolling” in which the asset owner takes title to the LNG, and receives revenue from sales 

to the end user in addition to the tolling fee.  Although this model hedges commodity risk 

while preserving the upside for the asset owner, in practice this structure is less common 

and therefore not the focus of our models.  For our purposes, the key takeaway is that 

under the tolling structure, the asset owner does not take ownership of the feedstock 

supply, and is therefore less subject to long-term commodity price risk.    

 

  

  

                                                 
21 Ibid. 
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Natural Gas Price Forecasts 

Supply and Demand Factors  

 

  Natural gas pricing is, of course, ultimately a function of supply and demand.  It is 

useful, however, to briefly examine the primary factors which affect the supply side and 

the demand side of the natural gas market.  The following are key factors on the demand 

side: 

 

 Economic Growth:  Domestic natural gas demand increases are historically 

correlated with increases in economic activity.  During periods of economic 

growth there is an increased demand from both commercial, and especially 

industrial, goods which use natural gas as a feedstock.  Petrochemicals, plastics, 

and pharmaceuticals are excellent examples.   

 

 Winter weather and summer weather:     Natural gas is used by both residential 

users and commercial users for heating and cooling purposes.  If temperatures 

remain cooler than normal for extended periods of time, the increased demand 

could lead to increased prices depending on infrastructure capacity and inventory 

storage levels.  The same may hold true if temperatures remain hotter than 

average for extended periods of time in the summer, since approximately 30% of 

electricity-generating power plants are fueled by natural gas.  There are weather 

derivatives which can be used by natural gas consumers to hedge against seasonal 

pricing fluctuations which attempt to benchmark an average temperature (for 

example, 65 degrees) against the number of “heating degree days” or “cooling 
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degree days” above or below the average temperature, but volatility for the 

overall market remains in place.   

 

 Storage Inventory:     The storage capacity and inventory in place of stored natural 

gas has an effect on natural gas prices as well.  Sufficient storage levels can help 

address seasonal volatility during peak demand periods, as well as unanticipated 

supply issues due to disruption of production or transportation issues.   

 

 Fuel Switching:     While there are a limited number of substitutes available for 

natural gas in the short term, certain consumers do have the ability to switch fuels 

in a high-price natural gas environment.  These are primarily large volume 

consumers such as power producers and industrial users.  Therefore the prices of 

natural gas, oil, and coal are correlated to a certain degree.  For example, if the 

price of oil increases relative to the price of natural gas, there is an incentive for 

the user to switch to natural gas, which increases demand and over time can 

increase price.  The inverse is true if the oil-gas price spread moves in the 

opposite direction.   

 

 

The following are key factors on the supply side: 

 

 Domestic Production:     Production levels are the most obvious factor on the 

supply side, and were addressed in depth earlier in the paper.   
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 Production and Distribution Disruptions:     The most common domestic 

production disruptions are severe weather events along the Gulf, notably 

hurricanes.  Distribution disruptions can include issues with pipeline operations.   

 

 Imports:    Close to 100% of pipeline imports are from Canada, with a small 

percentage from Mexico.   As previously discussed, given the net import trends 

analyzed earlier imports are not likely to be a significant supply factor in the 

immediate future.    

 

It is worth noting that natural gas, like all commodities, have a tendency to revert back to 

the mean over the long term.  When supply is high prices are suppressed, which creates 

an incentive for mineral owners to delay production, thus lowering supply.  When 

demand is high prices are buoyed, which creates the opposite incentives for producers, 

thus over time increasing production and creating downward pressure on prices.  How the 

market will absorb the sudden increase in export levels, and the resulting price effects, is 

the key question for our purposes.  In order to answer this question it is helpful to analyze 

recent pricing trends, as well as expected future price forecasts, in order to determine a 

baseline price effect for use in our models.   
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Historical Henry Hub Spot Prices 

 

 For our purposes historical Henry Hub spot prices do not require extensive 

analysis.  As expected, the dramatic increase in domestic supply in the last decade has led 

to a dramatic decrease in both price and volatility.  Since the natural gas market is not 

globally integrated like the crude market, the result is the regional arbitrage opportunities 

that LNG asset owners are attempting to exploit.  Figure 13 clearly illustrates the Henry 

Hub price and volatility decline since 2008.   

 

 
Figure 13: Henry Hub Gulf Coast Natural Gas Spot Price in $ per MMBtu’s from 

1997 through 2013.  Data source is U.S. Energy Information Agency 

(2013).   
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Future Price Forecasts 

 

 Expected future prices are incredibly difficult to forecast due to the numerous 

variables which must be taken into account.  It is outside the scope of this paper to create 

a unique forecast, since this would require assumptions regarding future demand, 

technology changes which influence domestic natural gas usage and production trends, 

and the extent to which international shale resources are explored and produced over the 

upcoming decades.  There are multiple studies we can draw upon which take these 

factors into account.  For the purposes of our price forecast, I have chosen to analyze five 

studies which attempt to determine the Henry Hub spot price effects through the year 

2035.  These five studies are particularly relevant for our purposes since they each 

attempt to determine the price effect of different export capacity approval rates on a 

baseline spot price.  The ultimate export capacity which will be approved by 

policymakers cannot be known, and therefore it is useful to analyze a reasonable range of 

expected capacities.  It is also critical that these price forecasts focus on the Henry Hub 

price since our LNG facility is located in the Gulf Coast region.  Since there are expected 

to be multiple terminals located in this region, the projected impact on the Henry Hub 

price “is significantly higher than the national average because of its close proximity to 

the prospective export terminals.  The projected price impacts diminish with distance 

away from the Gulf.”22   Figure 14 outlines the five relevant forecasts.   

 

 

                                                 
22 Deloitte Center for Energy Solutions. The Economic Impact of LNG Exports from the United States.  

2011, p1. 
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Figure 14: 2035 Henry Hub Price Forecasts in 2012 $ per MMBtu Factoring in 

Various Total U.S. Export Capacity.  Data source is Brookings Institute23, 

U.S. Energy Information Agency24, and ICF International.25  

 

 There are three export scenarios accounted for in these forecasts.  The first is a 

low export forecast of up to 6 Bcf per day of approved capacity.  The second is a medium 

export forecast of up to 10 Bcf per day, and the third is a high export forecast of up to 16 

Bcf per day.  Holding other demand side and supply side factors constant, these 

                                                 
23 Ebinger, C. Brookings Institute, Testimony before the House Committee on Oversight and Government 

Reform, “The Department of Energy’s Strategy for Exporting Liquefied Natural Gas,” March 19, 2013. 
24 Energy Information Agency. www.eia.gov/forecasts/aeo/excel/fig86_data.xls. Accessed November 

2013.   
25 ICF International. U.S. LNG Impacts on Energy Markets and the Economy, May 15, 2013, p. 79. 

http://www.eia.gov/forecasts/aeo/excel/fig86_data.xls
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capacities results in a 2035 Henry Hub spot price range of $5.59 per MMBtu to $7.21 per 

MMBtu.   

 

 In order to determine the 2035 price forecast to be used in our models, I have 

assigned probabilities to the different scenarios since it is uncertain what level of capacity 

will be approved in the long run.  I have chosen to assign an equal probability to the low 

export, medium export, and high export scenarios, as well as an equal probability to the 

relevant forecasts outlined in Figure 14 which fall within the respective scenarios.  Figure 

15 illustrates the result.   
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Figure 15: Precision Tree Analysis of 2035 Henry Hub Price Forecasts in 2012 $ per 

MMBtu Factoring in Various Total U.S. Export Capacity.  Data source is 

Brookings Institute26, U.S. Energy Information Agency27, and ICF 

International.28  

 

 In Figure 15, the uncertainty of the assigned probabilities is represented by the 

circles, also known as chance nodes.  Once these probabilities are taken into 

consideration the output for forecasted 2035 Henry Hub spot price is $6.35 per MMBtu 

in 2012 dollars.  This is the price we will use in order to calculate the compound annual 

                                                 
26 Ebinger, C. Brookings Institute, Testimony before the House Committee on Oversight and Government 

Reform, “The Department of Energy’s Strategy for Exporting Liquefied Natural Gas,” March 19, 2013. 
27 Energy Information Agency. www.eia.gov/forecasts/aeo/excel/fig86 data.xls . Accessed November 

2013. 
28 ICF International. U.S. LNG Exports: Impacts on Energy Markets and the Economy.  May 15, 2013, p. 

79. 
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growth rate for use in our models.  The compound annual growth rate is mathematically 

represented as follows: 

 

Compound Annual Growth Rate (CAGR) = [(EV / PV) ^ 
(1/n)

] – 1 

 

where 

 

 EV = Expected Value 

 PV = Present Value 

 N = Number of Periods 

 

The present value is the average annual Henry Hub spot price for 2013 up to the present 

day, which is calculated by the Energy Information Agency to be $3.25 per MMBtu.  As 

discussed, the expected value in 2035 is $6.35 per MMBtu.  The number of periods 

between 2013 and 2035 is 22.  Therefore 

 

CAGR = [($6.35/MMBtu / $3.25/MMBtu) ^ 
(1 / 22)

] – 1 

 

CAGR = 0.030914 or 3.09% 
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 Assuming our 1.7 Bcf / d Gulf Coast facility has gained both approval and 

financing and will come online in 2015, this price forecast covers the window for the 

typical twenty year supply agreement and sales agreement.  Using the calculated 

compound annual growth rate, the Henry Hub spot price forecasts used in our models 

begins in 2015 and ends in 2035, and is as follows:  

 

 

 

Figure 16: Forecasted Henry Hub Spot Price in $ per MMBtu for Years 2015 through 

2035 using a Compound Annual Growth Rate of 3.09%.   

 

 

 

Year Henry Hub $ / MMBtu

2015 $3.45

2016 $3.56

2017 $3.67

2018 $3.78

2019 $3.90

2020 $4.02

2021 $4.15

2022 $4.27

2023 $4.41

2024 $4.54

2025 $4.68

2026 $4.83

2027 $4.98

2028 $5.13

2029 $5.29

2030 $5.45

2031 $5.62

2032 $5.79

2033 $5.97

2034 $6.16

2035 $6.35
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Valuation Models 

Tolling High Debt Scenario 

 

  The first model is a baseline discounted cash flow analysis of the tolling contract 

structure using high debt, low equity project financing.  The key inputs were forecasted 

by using the assumptions we previously discussed.  Since contract structures, operating 

costs, capital expenditure costs, and depreciation considerations are different on a 

project-by-project basis and difficult to anticipate, I have attempted to standardize as 

much as possible across each of the models in order to facilitate comparisons.  There are 

a few important notes regarding the model: 

 

 Free Cash Flow is unlevered, and therefore it excludes financing implications.  

The result is a net present value of expected future operating cash flow which is 

available to all stakeholders of the LNG asset, including debt and equity holders.   

 

 I have chosen to employ a straight-line depreciation method over the life of a 

twenty year contract, assuming a salvage value of $1.5 billion.  This equates to an 

annual non-cash depreciation expense of $45,094,192.   

 

 Reservation charge revenue was determined by examining recent contracts.  Since 

Cheniere Energy Partners, L.P. (CPQ) was used as a proxy for both β and cost of 

debt, I have also chosen to use Cheniere’s most recent tolling contracts in order to 
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 determine an appropriate capacity reservation charge, which is $3 per MMBtu of 

liquefaction capacity.29   

 

 Commodity charge revenue is variable and can be a function of either natural gas 

input or LNG output.  Recent Cheniere contracts have used the feedstock as a 

baseline and based the variable cost on cost of fuel consumed in production.30  

The premium over cost of gas used in plant operations typically varies from 0% to 

5%.  I have chosen to use a 3% premium over the fuel input cost.     

 

 Our model assumes 100% terminal utilization.  While this utilization is unrealistic 

in practice, applying a consistent utilization rate across our models will allow for 

more accurate relative valuation analysis.  Sensitivity analysis will be applied to 

the utilization rate, however, to determine the magnitude of the effects of reduced 

terminal utilization across the various contract structures.  

 

 Annual changes in net working capital and ongoing capital expenditures over the 

life of a twenty year contract are impossible to forecast, and therefore have not 

been factored into the models.  Again, for the purposes of contract structure 

comparison this will remain consistent across all project models.   

 

 

 

 

 

                                                 
29 Persily, L. Tolling a New Model Option for LNG Plant Ownership. http://www.arcticgas.gov/tolling-

model-new-option-lng-plant-ownership. February 26, 2013.  
30 Ibid. 

http://www.arcticgas.gov/tolling-model-new-option-lng-plant-ownership
http://www.arcticgas.gov/tolling-model-new-option-lng-plant-ownership
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 The purpose of our analysis is to compare projects across the life of an industry-

standard single twenty year contract.  It is exceedingly difficult to accurately 

forecast future global supply changes, consumption trends, and expected future 

prices beyond this timeframe.  As evidenced by the recent retro-fitting of multiple 

domestic import terminals, while LNG assets are built with a multiple-contract 

life in mind, there is no guarantee this will occur nor is there a method of 

accurately forecasting a second contract structure.   Therefore, I have chosen to 

value only the life of a single twenty year contract, and have not applied a 

terminal value to account for cash flows beyond the original contract term.    

 

 Operating and maintenance costs, fuel input costs, capacity considerations, and 

expected future Henry Hub spot prices have been previously discussed.   

 

 A marginal tax rate of 40% is assumed.   
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Figure 17 represents an abbreviated version of the discounted cash flow model.  The full 

unabbreviated version can be viewed in the Appendix.   

 

 

 

Figure 17: Tolling Contract DCF Analysis with High Debt Capital Structure 

 

The key outputs, which will be further analyzed later, are the following: 

 

 

 

 

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Export Volume (Bcf/y) 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5

Reservation Charge Revenue $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86 $1.86

Commodity Charge Revenue $.228 $.235 $.242 $.249 $.257 $.265 $.273 $.282 $.2902 $.299 $.308 $.318 $.328 $.338 $.348 $.359 $.37 $.382 $.393 $.406

Total Revenue $2.09 $2.1 $2.1 $2.11 $2.12 $2.13 $2.13 $2.14 $2.15 $2.16 $2.17 $2.18 $2.19 $2.2 $2.21 $2.22 $2.23 $2.24 $2.25 $2.27

O&M Costs $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099

Fuel Inputs (Bcf/y) $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05 $62.05

HH Price Forecast ($/MMBtu) $3.56 $3.67 $3.78 $3.90 $4.02 $4.15 $4.27 $4.41 $4.54 $4.68 $4.83 $4.98 $5.13 $5.29 $5.45 $5.62 $5.79 $5.97 $6.16 $6.35

HH Price Forecast ($/Bcf) $.0036 $.0037 $.0038 $.0039 $.004 $.0041 $.0043 $.0044 $.0045 $.0047 $.0048 $.005 $.0051 $.0053 $.0055 $.0056 $.0058 $.006 $.0062 $.0063

Fuel Input Cost ($/y) $.221 $.228 $.235 $.242 $.249 $.257 $.265 $.273 $.282 $.29 $.299 $.309 $.318 $.328 $.338 $.349 $.359 $.371 $.382 $.394

EBIT $1.769 $1.769 $1.769 $1.769 $1.77 $1.77 $1.77 $1.77 $1.771 $1.771 $1.771 $1.771 $1.772 $1.772 $1.772 $1.773 $1.773 $1.773 $1.774 $1.774

Tax Effect (40%) $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.709 $.709 $.709 $.709 $.709 $.709 $.709 $.709 $.7096

Depreciation Effect $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045

Unlevered Free Cash Flow (FCF) $1.106 $1.107 $1.107 $1.107 $1.107 $1.107 $1.107 $1.107 $1.107 $1.108 $1.108 $1.108 $1.108 $1.108 $1.109 $1.109 $1.109 $1.109 $1.109 $1.11

Present Value of FCF $1.04 $.985 $.9297 $.877 $.828 $.781 $.737 $.696 $.657 $.6197 $.585 $.552 $.521 $.492 $.464 $.438 $.413 $.39 $.368 $.347

Enterprise Value $10.32

Tolling Contract DCF Analysis with High Debt Capital Structure ($B unless noted)

Enterprise Value $10,321,852,894

Value to Equity $8,400,345,830

*Debt Ratio 0.8

*Equity Ratio 0.2

Tolling High Debt Structure* Outputs



52 

 

Tolling Medium Debt Scenario 

 

The second model is a baseline discounted cash flow analysis of the tolling 

contract structure using medium debt, medium equity project financing.  Once again, the 

key inputs were forecasted by using the assumptions we previously discussed.  All of the 

notes regarding the previous model hold true with, adjustments made for an altered 

capital structure for the LNG asset.  Figure 18 represents an abbreviated version of the 

discounted cash flow model.  The full unabbreviated version can be viewed in the 

Appendix.   

 

 

Figure 18: Tolling Contract DCF Analysis with Medium Debt Capital Structure 

 

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Export Volume (Bcf/y) 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5

Reservation Charge Revenue $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862 $1.862

Commodity Charge Revenue $.228 $.235 $.242 $.249 $.257 $.265 $.273 $.282 $.29 $.299 $.308 $.318 $.328 $.338 $.348 $.359 $.37 $.382 $.393 $.406

Total Revenue $2.089 $2.096 $2.103 $2.111 $2.118 $2.126 $2.135 $2.143 $2.152 $2.161 $2.17 $2.179 $2.189 $2.199 $2.21 $2.221 $2.232 $2.243 $2.255 $2.267

O&M Costs $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099

Fuel Inputs (Bcf/y) 62.05  62.05  62.05  62.05  62.05  62.05    62.05    62.05    62.05  62.05  62.05  62.05  62.05  62.05  62.05  62.05  62.05  62.05  62.05  62.05  

HH Price Forecast ($/MMBtu) $3.56 $3.67 $3.78 $3.90 $4.02 $4.15 $4.27 $4.41 $4.54 $4.68 $4.83 $4.98 $5.13 $5.29 $5.45 $5.62 $5.79 $5.97 $6.16 $6.35

HH Price Forecast ($/Bcf) $.0036 $.0037 $.0038 $.0039 $.004 $.0041 $.0043 $.0044 $.0045 $.0047 $.0048 $.005 $.0051 $.0053 $.0055 $.0056 $.0058 $.006 $.0062 $.0063

Fuel Input Cost ($/y) $.221 $.228 $.235 $.242 $.249 $.257 $.265 $.273 $.282 $.29 $.299 $.309 $.318 $.328 $.338 $.349 $.359 $.371 $.382 $.394

EBIT $1.769 $1.769 $1.769 $1.769 $1.77 $1.7699 $1.7702 $1.7704 $1.771 $1.771 $1.771 $1.771 $1.772 $1.772 $1.772 $1.773 $1.773 $1.773 $1.774 $1.774

Tax Effect (40%) $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.708 $.709 $.709 $.709 $.709 $.709 $.709 $.709 $.709 $.71

Depreciation Effect $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045

Unlevered Free Cash Flow $1.106 $1.107 $1.107 $1.107 $1.107 $1.107 $1.107 $1.107 $1.107 $1.108 $1.108 $1.108 $1.108 $1.108 $1.109 $1.109 $1.109 $1.109 $1.109 $1.11

Present Value of FCF $1.032 $.962 $.897 $.837 $.78 $.727 $.678 $.633 $.59 $.55 $.513 $.478 $.446 $.416 $.388 $.362 $.337 $.315 $.293 $.274

Enterprise Value $9.106

Tolling Contract DCF Analysis with Medium Debt Capital Structure ($B unless noted)
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The key outputs, which will be further analyzed later, are the following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Enterprise Value $9,105,953,244

Value to Equity $7,664,822,946

*Debt Ratio 0.6

*Equity Ratio 0.4

Tolling Medium Debt Structure* Outputs
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Merchant High Debt Scenario 

 

The third model is a baseline discounted cash flow analysis of the merchant 

contract structure using high debt, low equity project financing.  Once again, the key 

inputs were forecasted by using the assumptions we previously discussed.  All of the 

relevant notes regarding the previous models hold true.  There are a few additional notes 

and adaptations regarding the model: 

 

 Our model assumes that the LNG asset owner takes title to the natural gas 

throughput at the annual average Henry Hub spot price.  The price forecast 

through 2035 has been previously analyzed.   

 

 The landed price is defined as the annual average natural gas price for the Asian 

region, with the November 2013 landed price for China noted in Chapter 2 as the 

starting reference point.  It is impossible to accurately determine the effect over 

the next two decades of increased import supply into the region, as well as the 

extent to which regional shale resources will be exploited.  Therefore I have 

chosen to hold all other supply and demand factors constant, and assume that the 

totality of U.S. exports will be directed to the Asian region since this represents 

the largest arbitrage opportunity for producers.  Assigning an equal probability to 

low export, medium export, and high export scenarios will result in a compound 

annual growth rate equal to the negative compound annual growth rate of 

forecasted Henry Hub spot prices.  Like all pricing forecasts in our models, this  
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will be subject to sensitivity analysis.  These assumptions result in the following 

landed price forecasts for 2015 through 2035:   

 

 

 

 

 Our model assumes that the shipping terms are defined on a delivered ex-ship 

(DES) basis.  Under a DES contract, the LNG asset owner holds title to the LNG 

output through delivery to the receiving port and is subject to all transportation 

and insurance costs.31  Additionally, our model assumes that regasification costs 

                                                 
31 NatGasInfo.com. http://www.natgas.info/html/gascontracts.html.. Accessed December 2013. 

Year Asia $ / MMBtu

2015 $14.32

2016 $13.88

2017 $13.45

2018 $13.04

2019 $12.63

2020 $12.24

2021 $11.86

2022 $11.50

2023 $11.14

2024 $10.80

2025 $10.46

2026 $10.14

2027 $9.83

2028 $9.52

2029 $9.23

2030 $8.94

2031 $8.67

2032 $8.40

2033 $8.14

2034 $7.89

2035 $7.65

http://www.natgas.info/html/gascontracts.html
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will be passed onto the LNG asset owner in the form of a lower contracted sales 

price.   

 

 Liquefaction costs are already encapsulated by operating and maintenance costs 

as well as fuel input costs.  Our model assumes a cost of $2 per mcf for shipping, 

insurance, and regasification, which is also subject to sensitivity analysis.   

 

Figure 19 represents an abbreviated version of the discounted cash flow model.  Negative 

numbers are shaded in green.  The full unabbreviated version can be viewed in the 

Appendix.   

 

 

Figure 19: Merchant Contract DCF Analysis with High Debt Capital Structure 

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Export Volume (Bcf/y) 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5

HH Price Forecast ($/MMBtu) $3.56 $3.67 $3.78 $3.90 $4.02 $4.15 $4.27 $4.41 $4.54 $4.68 $4.83 $4.98 $5.13 $5.29 $5.45 $5.62 $5.79 $5.97 $6.16 $6.35

Landed Price Forecast ($/MMBtu) $13.88 $13.45 $13.04 $12.63 $12.24 $11.86 $11.50 $11.14 $10.80 $10.46 $10.14 $9.83 $9.52 $9.23 $8.94 $8.67 $8.40 $8.14 $7.89 $7.65

Shipping, Insurance, Regas ($/mcf) $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00

Total Revenue $5.163 $4.828 $4.5 $4.177 $3.86 $3.549 $3.242 $2.939 $2.641 $2.347 $2.057 $1.77 $1.486 $1.205 $.927 $.651 $.377 $.105 -$.166 -$.435

O&M Costs $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099

Fuel Inputs (Bcf/y) 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05

Fuel Input Cost ($/y) $.221 $.228 $.235 $.242 $.249 $.257 $.265 $.273 $.282 $.29 $.299 $.309 $.318 $.328 $.338 $.349 $.359 $.371 $.382 $.394

EBIT $4.842 $4.501 $4.166 $3.836 $3.512 $3.192 $2.877 $2.567 $2.26 $1.957 $1.658 $1.362 $1.068 $.778 $.489 $.203 -$.082 -$.365 -$.647 -$.928

Tax Effect (40%) $.194 $.18 $.167 $.153 $.14 $.128 $.115 $.103 $.09 $.078 $.066 $.054 $.043 $.031 $.02 $.008 -$.003 -$.015 -$.026 -$.037

Depreciation Effect $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045

Unlevered Free Cash Flow (FCF) $4.694 $4.366 $4.044 $3.728 $3.416 $3.11 $2.807 $2.509 $2.215 $1.924 $1.637 $1.352 $1.071 $.792 $.515 $.24 -$.034 -$.306 -$.576 -$.846

Present Value of FCF $4.429 $3.887 $3.398 $2.955 $2.555 $2.195 $1.869 $1.577 $1.313 $1.076 $.864 $.674 $.503 $.351 $.215 $.095 -$.013 -$.107 -$.191 -$.265

Enterprise Value $24.98

Merchant Contract DCF Analysis with High Debt Capital Structure ($B unless noted)
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The key outputs, which will be further analyzed later, are the following: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Enterprise Value $24,978,255,918

Value to Equity $23,056,748,854

*Debt Ratio 0.8

*Equity Ratio 0.2

Merchant High Debt Structure* Outputs
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Merchant Medium Debt Scenario 

 

The fourth model is a baseline discounted cash flow analysis of the merchant 

contract structure using medium debt, medium equity project financing.  Once again, the 

key inputs were forecasted by using the assumptions we previously discussed.  All of the 

notes regarding the previous merchant model hold true with adjustments made for an 

altered capital structure for the LNG asset.  Figure 20 represents an abbreviated version 

of the discounted cash flow model.  Negative numbers are shaded in green.  The full 

unabbreviated version can be viewed in the Appendix.   

 

 

Figure 20: Merchant Contract DCF Analysis with Medium Debt Capital Structure 

 

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Export Volume (Bcf/y) 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5 620.5

HH Price Forecast ($/MMBtu) $3.56 $3.67 $3.78 $3.90 $4.02 $4.15 $4.27 $4.41 $4.54 $4.68 $4.83 $4.98 $5.13 $5.29 $5.45 $5.62 $5.79 $5.97 $6.16 $6.35

Landed Price Forecast ($/MMBtu) $13.88 $13.45 $13.04 $12.63 $12.24 $11.86 $11.50 $11.14 $10.80 $10.46 $10.14 $9.83 $9.52 $9.23 $8.94 $8.67 $8.40 $8.14 $7.89 $7.65

Shipping, Insurance, Regas, ($/mcf) $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00 $2.00

Total Revenue $5.163 $4.828 $4.5 $4.177 $3.86 $3.549 $3.242 $2.939 $2.641 $2.347 $2.057 $1.77 $1.486 $1.205 $.927 $.651 $.377 $.105 -$.166 -$.435

O&M Costs $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099 $.099

Fuel Inputs (Bcf/y) 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05 62.05

Fuel Input Cost ($/y) $.221 $.228 $.235 $.242 $.249 $.257 $.265 $.273 $.282 $.29 $.299 $.309 $.318 $.328 $.338 $.349 $.359 $.371 $.382 $.394

EBIT $4.842 $4.501 $4.166 $3.836 $3.512 $3.192 $2.877 $2.567 $2.26 $1.957 $1.658 $1.362 $1.068 $.778 $.489 $.203 -$.082 -$.365 -$.647 -$.928

Tax Effect (40%) $.194 $.18 $.167 $.153 $.14 $.128 $.115 $.103 $.09 $.078 $.066 $.054 $.043 $.031 $.02 $.008 -$.003 -$.015 -$.026 -$.037

Depreciation Effect $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045 $.045

Unlevered Free Cash Flow (FCF) $4.694 $4.366 $4.044 $3.728 $3.416 $3.11 $2.807 $2.509 $2.215 $1.924 $1.637 $1.352 $1.071 $.792 $.515 $.24 -$.034 -$.306 -$.576 -$.846

Present Value of FCF $4.376 $3.796 $3.278 $2.817 $2.408 $2.043 $1.72 $1.433 $1.18 $.956 $.758 $.584 $.431 $.297 $.18 $.078 -$.01 -$.087 -$.152 -$.209

Enterprise Value $23.475

Merchant Contract DCF Analysis with Medium Debt Capital Structure ($B unless noted)
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The key outputs, which will be further analyzed later, are the following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Enterprise Value $23,475,447,404

Value to Equity $22,034,317,106

*Debt Ratio 0.6

*Equity Ratio 0.4

Merchant Medium Debt Structure* Outputs
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Sensitivity Analysis  

Sensitivity Analysis 

 

  Comparing the relative net present value (NPV) valuations without further 

analysis suggests that the optimal contract structure for an LNG asset owner to employ is 

the merchant model.  The Merchant High Debt Financing scenario returns a net present 

enterprise value which is approximately $14.7 B greater than the net present enterprise 

value of the Tolling High Debt Financing scenario.  Similarly, the Merchant Medium 

Debt Financing scenario returns a net present enterprise value which is approximately 

$14.4 B greater than the net present enterprise value of the Tolling Medium Debt 

Financing scenario.  Additionally, 92% of the forecasted value flows to the equity holder 

in the Merchant High Debt financing scenario, and 94% of the forecasted value flows to 

the equity holder in the Merchant Medium Debt financing scenario.   

 

 The pertinent question, therefore, is why firms such as Cheniere are turning to the 

tolling model for their LNG asset contract structures.  Sensitivity analysis will perhaps 

allow us to answer this question by not only determining a range of most likely NPV 

outcomes given various simulations, but also by determining which model variables are 

most likely to have the largest impact on our valuations.   
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Tolling Model Sensitivity Analysis 

 

 For each of the tolling model capital structures, I have chosen to address two 

distinct sets of uncertainties using Monte Carlo simulations.  The first set of simulations 

isolates prices while holding all other factors constant.  Expected future energy prices are 

the variable which firms have the least amount of control over, as well as the variable 

which is most difficult to accurately forecast.  The second set of simulations assigns a 

probability range to all relevant model factors, including prices.  The tolling model 

simulation inputs and outcomes are as follows:  

 

 The output is defined as the Enterprise Value.   

 

 The 2016 Henry Hub Price Forecast, from which all other price forecasts flow, is 

assigned a normal distribution with a mean of $3.56 and a standard deviation of 

$1.20.   

 

 The 2016 Export Volume, from which all other export volumes flow, is assigned 

an asymmetric triangle distribution with the following values: 

 

Most Likely Value = 620.5 Bcf / year 

Maximum Value = 620.5 Bcf / year 

Minimum Value = 527.425 Bcf / year 

 



62 

 

 As previously discussed, 100% terminal utilization is unlikely, but useful to 

model for relative valuation purposes.  The minimum value assumes a low-end 

terminal utilization of 85%. 

 

 Operations and Maintenance Costs are built into the model as a function of 

export volume.  

 

 Total fuel inputs and fuel input costs are built into the model as a function of 

export volume.  

 

 10,000 iterations are performed.    

 

Figure 21 demonstrates the outcome of isolating price in the Tolling Model High Debt 

scenario.   

 

 

Figure 21: Enterprise Value Price Sensitivity Outcome in Tolling High Debt Scenario 
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 As expected, isolating prices results in a normal distribution of outcomes with a 

very tight range of net present values.  The 90% probability range of enterprise values is 

approximately $10.29 B to $10.35 B, with a standard deviation of only $19.7 M.  This 

tight range occurs due to the inherent tolling model contract structure.  The capacity 

reservation charge is not subject to price volatility, and the commodity charge is only 

subject to very minimal price volatility.  Figure 22 demonstrates the outcome simulating 

both prices and export volumes: 

 

 
Figure 22: Enterprise Value Price and Export Volume Sensitivity Outcome in Tolling 

High Debt Scenario 

 

Including an export volume probability distribution in addition to a price 

probability distribution increases the standard deviation of enterprise value outcomes to 

approximately $432 M, and increases the 90% probability range of $8.9 B to $10.28 B.  

Figure 23 quantifies the greater impact of export volume than Henry Hub spot price 

volatility on the enterprise value.   
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Figure 23: Relative Variable Sensitivity on Enterprise Value Outcome in Tolling 

High Debt Scenario 

 

 

The sensitivity analysis results are very similar for the Tolling Model Medium 

Debt scenario.  Isolating price, the 90% probability range of enterprise values is 

approximately $9.08 B to $9.13 B, with a standard deviation of only $17.6 M.  Including 

an export volume probability distribution in addition to a price probability distribution 

increases the standard deviation of enterprise value outcomes to approximately $391 M, 

and results in a 90% probability range $7.82 B to $9.06 B.  It is important to note that 

while there is always the risk of one party breaking the tolling agreement contract or 

force majeure risk, which limits supply or shuts down terminal operations, neither tolling 

model scenario simulations result in a negative enterprise value outcome.  This is not the 

case for the merchant model scenarios, which will be examined next.   
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Figure 24 demonstrates the outcome of isolating prices in the Tolling Model 

Medium Debt scenario; Figure 25 demonstrates the outcome simulating both prices and 

export volumes; and Figure 26 quantifies the greater impact of export volume than Henry 

Hub spot price volatility on the enterprise value.   

 

 
Figure 24: Enterprise Value Price Sensitivity Outcome in Tolling Medium Debt 

Scenario 
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Figure 25: Enterprise Value Price and Export Volume Sensitivity Outcome in Tolling 

Medium Debt Scenario 

 

 

 
Figure 26: Relative Variable Sensitivity on Enterprise Value Outcome in Tolling 

Medium Debt Scenario 
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Merchant Model Sensitivity Analysis 

 

 Sensitivity analysis for the merchant model scenarios is slightly more 

complicated, but will follow a similar structure to the tolling model sensitivity analysis.    

The first set of simulations isolates prices while holding all other factors constant.  The 

second set of simulations assigns a probability range to all relevant model factors, 

including prices.  The merchant model simulation inputs and outcomes are as follows:  

 

 The output is defined as the Enterprise Value.   

 

 The 2016 Henry Hub Price Forecast, from which all other domestic price 

forecasts flow, is assigned a normal distribution with a mean of $3.56 and a 

standard deviation of $1.20.  

 

 The 2016 Asian Price Forecast, from which all other landed price forecasts flow, 

is assigned a normal distribution with a mean of $13.88 and a standard deviation 

of $4.50.   

 

 The Shipping, Insurance, and Regasification costs, which are less volatile, are 

assigned a normal distribution with a mean of $2.00 and a standard deviation of 

$0.20.   
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 The 2016 Export Volume, from which all other export volumes flow, is assigned 

an asymmetric triangle distribution with the following values: 

 

Most Likely Value = 620.5 Bcf / year 

Maximum Value = 620.5 Bcf / year 

Minimum Value = 527.425 Bcf / year 

 

 As previously discussed, 100% terminal utilization is unlikely, but useful to 

model for relative valuation purposes.  The minimum value assumes a low-end 

terminal utilization of 85%. 

 

 Operations and Maintenance Costs are built into the model as a function of 

export volume.  

 

 Total fuel inputs and fuel input costs are built into the model as a function of 

export volume.  

 

 10,000 iterations are performed.    

 

      The enterprise value outcomes of the merchant model vary dramatically from 

those of the tolling model.  While the exposure to price volatility increases the value of 

the upside, there are serious consequences in the case of a collapse between domestic and 

Asian prices.  Figure 27 demonstrates the outcome of isolating price in the Merchant 

Model High Debt scenario. 
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Figure 27: Enterprise Value Price Sensitivity Outcome in Merchant High Debt 

Scenario 

 

Isolating prices results in a normal distribution of outcomes with a very wide 

range of net present values.  The 90% probability range of enterprise values is 

approximately -$19.3 B to $69.5 B, with a standard deviation of $27 B.  Factoring in all 

relevant variables to the Monte Carlo simulation results in Figure 28, which has a very 

similar 90% probability range and standard deviation to the price-only simulation.   
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Figure 28: Enterprise Value Price and Export Volume Sensitivity Outcome in 

Merchant High Debt Scenario 

 

 Figures 29 contains additional critical implications.  When the enterprise value 

outcome in the result distribution is set to NPV = 0, it reveals that there is an 18.2% 

likelihood of a negative net present value to the project over the life of the contract.  

Additionally for relative valuation purposes, when the result distribution is set to the NPV 

of the Tolling High Debt scenario, or NPV = $10.32 B, it reveals that there is a greater 

than 30% chance that the Tolling High Debt scenario will yield a better outcome.   

 

Figure 30 quantifies the impact of each of the variables on the enterprise valuation 

outcome.  In contrast to each of the tolling model scenarios, the price inputs dominate the 

ultimate effect on the outcome.  Landed price has the greatest effect, which intuitively is 

logical since volatility is expected to be larger overseas given the large domestic supply.   
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Figure 29: Merchant High Debt Scenario Outcomes Relative to Tolling High Debt 

Scenario NPV 

 

 

 
Figure 30: Relative Variable Sensitivity on Enterprise Value Outcome in Merchant 

High Debt Scenario 
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The sensitivity analysis results are very similar for the Merchant Model Medium 

Debt scenario.  Isolating prices, the 90% probability range of enterprise values is 

approximately -$17.4 B to $64.06 B, and the standard deviation is approximately $25 B.  

Including an export volume probability distribution in addition to price probability 

distributions decreases the standard deviation of enterprise value outcomes to 

approximately $23.6 B, and results in a 90% probability range -$16.28 B to $61.6 B.   

 

Similarly, when the enterprise value outcome in the result distribution is set to 

NPV = 0, it reveals that there is a 17.3% likelihood of a negative net present value to the 

project over the life of the contract.   When the result distribution is set to the NPV of the 

Tolling Medium Debt scenario, or NPV = $9.11 B, it reveals that there is a greater than 

29% chance that the Tolling High Debt scenario will yield a better outcome.  The ranking 

of variables according to output effect results in landed prices, followed by Henry Hub 

spot prices, as most significant, just as in the merchant high debt scenario.  However, in 

the merchant medium debt scenario, export volume surpasses shipping, insurance, and 

regasification costs as a more relevant variable.  Figures 31 through 34 present the 

referenced data.   
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Figure 31: Enterprise Value Price Sensitivity Outcome in Merchant Medium Debt 

Scenario 

 

 

 
Figure 32: Enterprise Value Price and Export Volume Sensitivity Outcome in 

Merchant Medium Debt Scenario 
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Figure 33: Merchant Medium Debt Scenario Outcomes Relative to Tolling Medium 

Debt Scenario NPV 

 

 

 
Figure 34: Relative Variable Sensitivity on Enterprise Value Outcome in Merchant 

Medium Debt Scenario 
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Conclusion 

 

 There are clear implications for firms which result from the various simulations 

discussed above.  There is a greater than 60% chance that the merchant model will yield a 

preferable outcome relative to the tolling model in both high and medium debt capital 

structures.  However, the preference of individual equity holders will of course be 

influenced by their tolerance for risk.   

 

 Debt holders will clearly prefer the tolling model contract structure since debt 

holders are not subject to the upside of the merchant model.  Additionally, barring drastic 

circumstances such as one party walking away from a contract, there is a very high 

probability that by utilizing the tolling model, the LNG asset will earn a return above the 

cost of capital over the life of a twenty year contract.  Thus debt holders have a higher 

probability of being made whole utilizing a tolling model versus a merchant model.   

 

 This likely helps to explain the recent preference for tolling model contracts 

among firms seeking regulatory approval.  As noted earlier in the paper, LNG assets 

require large capital expenditures which are heavily dependent on debt financing.  

Additionally, projects with financing in place are more likely to secure contracts as well 

as be approved for export to non-FTA nations.  Thus the tolling model yields an 

advantage both in terms of financing and approval prospects.   
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 How long these particular circumstances will last is unknown.  What is certain, 

however, is that until export capacity or other factors diminish the regional arbitrage 

opportunity and natural gas becomes a global market, firms will attempt to capitalize on 

the spread.  As of now, the reliability of the tolling model return is outweighing the 

possibility of a suppressed yield.   
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Appendices 

 

 

CAPEX
$2,401,883,830

Salvage
$1,500,000,000

WACC
5.98%

Long Term Debt
$1,921,507,064

Value to Equity
$8,400,345,8302016

2017
2018

2019
2020

2021
2022

2023
2024

2025
2026

2027
2028

2029
2030

2031
2032

2033
2034

2035

Export Volume (Bcf/y)
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5

Reservation Charge Revenue
$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000

Commodity Charge Revenue
$227,524,940

$234,555,461
$241,803,224

$249,274,944
$256,977,540

$264,918,146
$273,104,116

$281,543,034
$290,242,713

$299,211,213
$308,456,840

$317,988,156
$327,813,990

$337,943,442
$348,385,895

$359,151,019
$370,248,785

$381,689,473
$393,483,678

$405,642,323

Total Revenue
$2,089,024,940$2,096,055,461$2,103,303,224$2,110,774,944$2,118,477,540$2,126,418,146$2,134,604,116$2,143,043,034$2,151,742,713$2,160,711,213$2,169,956,840$2,179,488,156$2,189,313,990$2,199,443,442$2,209,885,895$2,220,651,019$2,231,748,785$2,243,189,473$2,254,983,678$2,267,142,323

O&M Costs
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000

Fuel Inputs (Bcf/y)
62.05

                      
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    

HH Price Forecast ($/MMBtu)
$3.56

$3.67
$3.78

$3.90
$4.02

$4.15
$4.27

$4.41
$4.54

$4.68
$4.83

$4.98
$5.13

$5.29
$5.45

$5.62
$5.79

$5.97
$6.16

$6.35

HH Price Forecast ($/Bcf)
$3,560,000

$3,670,004
$3,783,407

$3,900,314
$4,020,834

$4,145,078
$4,273,161

$4,405,201
$4,541,322

$4,681,649
$4,826,312

$4,975,445
$5,129,186

$5,287,678
$5,451,067

$5,619,505
$5,793,148

$5,972,156
$6,156,696

$6,346,938

Fuel Input Cost ($/y)
$220,898,000

$227,723,748
$234,760,412

$242,014,509
$249,492,757

$257,202,083
$265,149,628

$273,342,751
$281,789,042

$290,496,324
$299,472,660

$308,726,365
$318,266,010

$328,100,430
$338,238,733

$348,690,310
$359,464,840

$370,572,304
$382,022,988

$393,827,498

EBIT
$1,768,846,940$1,769,051,712$1,769,262,812$1,769,480,435$1,769,704,783$1,769,936,062$1,770,174,489$1,770,420,283$1,770,673,671$1,770,934,890$1,771,204,180$1,771,481,791$1,771,767,980$1,772,063,013$1,772,367,162$1,772,680,709$1,773,003,945$1,773,337,169$1,773,680,690$1,774,034,825

Tax Effect (40%)
$707,538,776

$707,620,685
$707,705,125

$707,792,174
$707,881,913

$707,974,425
$708,069,796

$708,168,113
$708,269,469

$708,373,956
$708,481,672

$708,592,716
$708,707,192

$708,825,205
$708,946,865

$709,072,284
$709,201,578

$709,334,868
$709,472,276

$709,613,930

Depreciation Effect
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192

Unlevered Free Cash Flow (FCF)
$1,106,402,356$1,106,525,219$1,106,651,879$1,106,782,453$1,106,917,062$1,107,055,829$1,107,198,885$1,107,346,362$1,107,498,395$1,107,655,126$1,107,816,700$1,107,983,267$1,108,154,980$1,108,332,000$1,108,514,489$1,108,702,618$1,108,896,559$1,109,096,493$1,109,302,606$1,109,515,087

Present Value of FCF
$1,043,972,784

$985,175,235
$929,692,399

$877,337,322
$827,933,596

$781,314,766
$737,323,768

$695,812,396
$656,640,807

$619,677,047
$584,796,602

$551,881,987
$520,822,341

$491,513,058
$463,855,432

$437,756,325
$413,127,855

$389,887,094
$367,955,793

$347,260,118

Enterprise Value$10,321,852,894

Tolling Contract DCF Analysis with High Debt Capital Structure
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CAPEX$2,401,883,830

Salvage$1,500,000,000

WACC
7.25%

Long Term Debt$1,441,130,298

Value to Equity$7,664,822,9462016
2017

2018
2019

2020
2021

2022
2023

2024
2025

2026
2027

2028
2029

2030
2031

2032
2033

2034
2035

Export Volume (Bcf/y)
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5

Reservation Charge Revenue$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000$1,861,500,000

Commodity Charge Revenue
$227,524,940

$234,555,461
$241,803,224

$249,274,944
$256,977,540

$264,918,146
$273,104,116

$281,543,034
$290,242,713

$299,211,213
$308,456,840

$317,988,156
$327,813,990

$337,943,442
$348,385,895

$359,151,019
$370,248,785

$381,689,473
$393,483,678

$405,642,323

Total Revenue$2,089,024,940$2,096,055,461$2,103,303,224$2,110,774,944$2,118,477,540$2,126,418,146$2,134,604,116$2,143,043,034$2,151,742,713$2,160,711,213$2,169,956,840$2,179,488,156$2,189,313,990$2,199,443,442$2,209,885,895$2,220,651,019$2,231,748,785$2,243,189,473$2,254,983,678$2,267,142,323

O&M Costs
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000

Fuel Inputs (Bcf/y)
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    
62.05

                    

HH Price Forecast ($/MMBtu)
$3.56

$3.67
$3.78

$3.90
$4.02

$4.15
$4.27

$4.41
$4.54

$4.68
$4.83

$4.98
$5.13

$5.29
$5.45

$5.62
$5.79

$5.97
$6.16

$6.35

HH Price Forecast ($/Bcf)
$3,560,000

$3,670,004
$3,783,407

$3,900,314
$4,020,834

$4,145,078
$4,273,161

$4,405,201
$4,541,322

$4,681,649
$4,826,312

$4,975,445
$5,129,186

$5,287,678
$5,451,067

$5,619,505
$5,793,148

$5,972,156
$6,156,696

$6,346,938

Fuel Input Cost ($/y)
$220,898,000

$227,723,748
$234,760,412

$242,014,509
$249,492,757

$257,202,083
$265,149,628

$273,342,751
$281,789,042

$290,496,324
$299,472,660

$308,726,365
$318,266,010

$328,100,430
$338,238,733

$348,690,310
$359,464,840

$370,572,304
$382,022,988

$393,827,498

EBIT$1,768,846,940$1,769,051,712$1,769,262,812$1,769,480,435$1,769,704,783$1,769,936,062$1,770,174,489$1,770,420,283$1,770,673,671$1,770,934,890$1,771,204,180$1,771,481,791$1,771,767,980$1,772,063,013$1,772,367,162$1,772,680,709$1,773,003,945$1,773,337,169$1,773,680,690$1,774,034,825

Tax Effect (40%)
$707,538,776

$707,620,685
$707,705,125

$707,792,174
$707,881,913

$707,974,425
$708,069,796

$708,168,113
$708,269,469

$708,373,956
$708,481,672

$708,592,716
$708,707,192

$708,825,205
$708,946,865

$709,072,284
$709,201,578

$709,334,868
$709,472,276

$709,613,930

Depreciation Effect
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192

Unlevered Free Cash Flow (FCF)$1,106,402,356$1,106,525,219$1,106,651,879$1,106,782,453$1,106,917,062$1,107,055,829$1,107,198,885$1,107,346,362$1,107,498,395$1,107,655,126$1,107,816,700$1,107,983,267$1,108,154,980$1,108,332,000$1,108,514,489$1,108,702,618$1,108,896,559$1,109,096,493$1,109,302,606$1,109,515,087

Present Value of FCF$1,031,610,588
$961,981,488

$897,055,108
$836,513,707

$780,061,021
$727,420,805

$678,335,481
$632,564,880

$589,885,061
$550,087,217

$512,976,651
$478,371,823

$446,103,460
$416,013,726

$387,955,454
$361,791,417

$337,393,663
$314,642,886

$293,427,840
$273,644,797

Enterprise Value$9,105,953,244

Tolling Contract DCF Analysis with Medium Debt Capital Structure 
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CAPEX
$2,401,883,830

Salvage
$1,500,000,000

WACC
5.98%

Long Term Debt
$1,921,507,064

Value to Equity$23,056,748,8542016
2017

2018
2019

2020
2021

2022
2023

2024
2025

2026
2027

2028
2029

2030
2031

2032
2033

2034
2035

Export Volume (Bcf/y)
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5

HH Price Forecast ($/MMBtu)
$3.56

$3.67
$3.78

$3.90
$4.02

$4.15
$4.27

$4.41
$4.54

$4.68
$4.83

$4.98
$5.13

$5.29
$5.45

$5.62
$5.79

$5.97
$6.16

$6.35

Landed Price Forecast ($/MMBtu)
$13.88

$13.45
$13.04

$12.63
$12.24

$11.86
$11.50

$11.14
$10.80

$10.46
$10.14

$9.83
$9.52

$9.23
$8.94

$8.67
$8.40

$8.14
$7.89

$7.65

Shipping, Insurance, Regasification ($/mcf)
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00

Total Revenue
$5,162,560,000$4,828,175,032$4,499,904,247$4,177,428,371$3,860,433,968$3,548,613,135$3,241,663,201$2,939,286,439$2,641,189,767$2,347,084,476$2,056,685,937$1,769,713,338$1,485,889,402$1,204,940,126

$926,594,510
$650,584,303

$376,643,737
$104,509,274-$166,080,646-$435,385,861

O&M Costs
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000

Fuel Inputs (Bcf/y)
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05

Fuel Input Cost ($/y)
$220,898,000

$227,723,748
$234,760,412

$242,014,509
$249,492,757

$257,202,083
$265,149,628

$273,342,751
$281,789,042

$290,496,324
$299,472,660

$308,726,365
$318,266,010

$328,100,430
$338,238,733

$348,690,310
$359,464,840

$370,572,304
$382,022,988

$393,827,498

EBIT
$4,842,382,000$4,501,171,284$4,165,863,835$3,836,133,863$3,511,661,211$3,192,131,051$2,877,233,574$2,566,663,687$2,260,120,725$1,957,308,152$1,657,933,277$1,361,706,973$1,068,343,392

$777,559,696
$489,075,778

$202,613,993
-$82,101,103-$365,343,030-$647,383,634-$928,493,359

Tax Effect (40%)
$193,695,280

$180,046,851
$166,634,553

$153,445,355
$140,466,448

$127,685,242
$115,089,343

$102,666,547
$90,404,829

$78,292,326
$66,317,331

$54,468,279
$42,733,736

$31,102,388
$19,563,031

$8,104,560
-$3,284,044

-$14,613,721
-$25,895,345

-$37,139,734

Depreciation Effect
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192

Unlevered Free Cash Flow (FCF)
$4,693,780,912$4,366,218,624$4,044,323,474$3,727,782,700$3,416,288,955$3,109,540,001$2,807,238,423$2,509,091,332$2,214,810,088$1,924,110,018$1,636,710,138$1,352,332,886$1,070,703,849

$791,551,500
$514,606,938

$239,603,626
-$33,722,867-$305,635,117-$576,394,097-$846,259,433

Present Value of FCF
$4,428,930,847$3,887,385,832$3,397,614,791$2,954,982,599$2,555,259,555$2,194,586,266$1,869,441,559$1,576,613,165$1,313,170,919$1,076,442,284

$863,989,980
$673,591,545

$503,220,664
$351,030,105

$215,336,133
$94,604,271

-$12,563,711-$107,441,677-$191,189,984-$264,865,394

Enterprise Value
$24,978,255,918

Merchant Contract DCF Analysis with High Debt Capital Structure 
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CAPEX
$2,401,883,830

Salvage
$1,500,000,000

WACC
7.25%

Long Term Debt
$1,441,130,298

Value to Equity
$22,034,317,1062016

2017
2018

2019
2020

2021
2022

2023
2024

2025
2026

2027
2028

2029
2030

2031
2032

2033
2034

2035

Export Volume (Bcf/y)
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5
620.5

620.5

HH Price Forecast ($/MMBtu)
$3.56

$3.67
$3.78

$3.90
$4.02

$4.15
$4.27

$4.41
$4.54

$4.68
$4.83

$4.98
$5.13

$5.29
$5.45

$5.62
$5.79

$5.97
$6.16

$6.35

Landed Price Forecast ($/MMBtu)
$13.88

$13.45
$13.04

$12.63
$12.24

$11.86
$11.50

$11.14
$10.80

$10.46
$10.14

$9.83
$9.52

$9.23
$8.94

$8.67
$8.40

$8.14
$7.89

$7.65

Shipping, Insurance, Regas, Storage $/mcf)
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00
$2.00

$2.00

Total Revenue
$5,162,560,000$4,828,175,032$4,499,904,247

$4,177,428,371$3,860,433,968$3,548,613,135$3,241,663,201$2,939,286,439$2,641,189,767$2,347,084,476$2,056,685,937$1,769,713,338$1,485,889,402$1,204,940,126
$926,594,510

$650,584,303
$376,643,737

$104,509,274-$166,080,646-$435,385,861

O&M Costs
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000
$99,280,000

$99,280,000

Fuel Inputs (Bcf/y)
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05
62.05

62.05

Fuel Input Cost ($/y)
$220,898,000

$227,723,748
$234,760,412

$242,014,509
$249,492,757

$257,202,083
$265,149,628

$273,342,751
$281,789,042

$290,496,324
$299,472,660

$308,726,365
$318,266,010

$328,100,430
$338,238,733

$348,690,310
$359,464,840

$370,572,304
$382,022,988

$393,827,498

EBIT
$4,842,382,000$4,501,171,284$4,165,863,835

$3,836,133,863$3,511,661,211$3,192,131,051$2,877,233,574$2,566,663,687$2,260,120,725$1,957,308,152$1,657,933,277$1,361,706,973$1,068,343,392
$777,559,696

$489,075,778
$202,613,993

-$82,101,103-$365,343,030-$647,383,634-$928,493,359

Tax Effect (40%)
$193,695,280

$180,046,851
$166,634,553

$153,445,355
$140,466,448

$127,685,242
$115,089,343

$102,666,547
$90,404,829

$78,292,326
$66,317,331

$54,468,279
$42,733,736

$31,102,388
$19,563,031

$8,104,560
-$3,284,044

-$14,613,721
-$25,895,345

-$37,139,734

Depreciation Effect
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192
$45,094,192

$45,094,192

Unlevered Free Cash Flow (FCF)
$4,693,780,912$4,366,218,624$4,044,323,474

$3,727,782,700$3,416,288,955$3,109,540,001$2,807,238,423$2,509,091,332$2,214,810,088$1,924,110,018$1,636,710,138$1,352,332,886$1,070,703,849
$791,551,500

$514,606,938
$239,603,626

-$33,722,867-$305,635,117-$576,394,097-$846,259,433

Present Value of FCF
$4,376,485,699$3,795,866,029$3,278,339,916

$2,817,483,524$2,407,509,960$2,043,206,883$1,719,880,187$1,433,303,176$1,179,670,680
$955,557,647

$757,881,774
$583,869,782

$431,026,977
$297,109,791

$180,101,000
$78,187,364

-$10,260,544
-$86,706,536-$152,465,228-$208,716,847

Enterprise Value
$23,475,447,404

Merchant Contract DCF Analysis with Medium Debt Capital Structure 
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