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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

Background 

The widely recognized 2014 INGAA Foundation infrastructure study projected significant infrastructure 

development, driven by robust market growth and continued development of North American 

unconventional natural gas and crude oil supplies. Market conditions have changed dramatically since 

completion of that study, warranting an updated analysis of infrastructure development. This new 

INGAA Foundation study has been undertaken with recent market changes in mind, and like past 

studies, is focused on estimating future natural gas, natural gas liquids (NGL), and oil midstream 

requirements and the potential capital expenditures associated with that development. This study 

specifically analyzes the potential impacts of reduced commodity (i.e., oil and gas) prices and factors in 

uncertainty about the economic outlook. 

Like past studies, this study informs industry, policymakers and stakeholders about the ongoing 

ŘȅƴŀƳƛŎǎ ƻŦ bƻǊǘƘ !ƳŜǊƛŎŀΩǎ ŜƴŜǊƎȅ ƳŀǊƪŜǘǎ ŀƴŘ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƴŜŜŘŜŘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ŎƻƴǎǳƳŜǊǎ 

benefit from the abundance of natural gas, crude oil and NGLs spread across the United States and 

Canada. As with previous studies, impacts of midstream infrastructure investments on jobs and the 

economy are evaluated, providing guidance to policymakers as they seek to promote job growth and 

economic development, protect the environment, increase energy security and reduce the trade deficit. 

In the context of this analysis, midstream infrastructure includes: 

¶ Natural gas gathering and lease equipment, processing, pipeline transportation and storage, and 

LNG export facilities. 

¶ NGL pipeline transportation, fractionation and export facilities. 

¶ Crude oil gathering and lease equipment, pipeline transportation and storage facilities. 

Scenario Trends 

Significant questions affecting midstream infrastructure development have been created by sustained 

low oil and natural gas prices, an uncertain global and domestic economic outlook, and the pace at 

which public policy will affect energy markets.  Hence, this study considers two distinct scenarios ς a 

High Case and a Low Case ς each reflecting very different pathways for supply growth and market 

development:  

¶ The High Case is best characterized as a plausibly optimistic case for midstream infrastructure 

development. The case assumes a rebound in global economic activity that spurs increased use 

of natural gas and oil over time and fosters a more robust pricing environment for oil and gas 

supply development.  

¶ The Low Case is best characterized as a less-optimistic case, in which a slower economic 

recovery reduces the need for oil and gas development. The case assumes more robust 

penetration of energy efficiency and non-gas resources to support future power generation. 
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Figure ES - 1: Consumption (top) and Production (middle and bottom) trends in the Low and High 
Cases 

 

The key demand and production trends in the two scenarios are shown in Figure ES-1. As noted above, 

the market growth projected for each case is very different.  The Low Case projects that natural gas use 

rises to merely 110 Bcfd by 2035, while the High Case projects growth to over 130 Bcfd. The most 

noticeable difference in the trends occurs in the power sector, where the Low Case assumes lower 



 

 7 

electricity demand growth, greater energy efficiency and more significant penetration of non-gas 

generating resources. In the Low Case, crude oil and condensate production is projected to decline from 

13.4 million barrels per day in 2015 to 10.7 million barrels per day in 2035 due to lower oil prices. In the 

High Case, oil and condensate production is expected to be relatively flat over the forecast period. NGLs 

production is expected to rise from 4.2 million barrels per day in 2015 to about 5.7 million barrels per 

day by 2035 in the Low Case and 6.5 million barrels per day in the High Case.  

On the supply side, shale gas production growth remains robust, motivating development of natural gas 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ ¢Ƙƛǎ ƛǎ ǘƘŜ ŎŀǎŜ ŜǾŜƴ ǘƘƻǳƎƘΣ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ нлмп ǎǘǳŘȅΣ ōƻǘƘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ 

scenarios project lower well completions. While new midstream infrastructure is needed, it is less than 

was anticipated by the 2014 study, as both the number and scale of projects declines from the level of 

activity that has occurred during the past five years.  At the same time, even though fewer miles of pipe 

are required in the future, investment in new gas pipelines remains significant because of continued 

production growth from low-cost production areas like the Marcellus and Utica.  Put another way, 

incremental production from low-cost areas tends to offset declines in activity elsewhere.  

Rounding out this supply-demand picture, NGL production will generally track natural gas production, as 

a substantial portion of new natural gas production has a relatively high liquids content. A key difference 

with the 2014 study, however, is that the growth of oil production is much less pronounced due to the 

reduced oil prices assumed in this study.  

Pipeline Capacity Additions 

The key trends from 2015 through 2035 for this work are summarized as follows: 

¶ U.S. and Canadian natural gas transportation capacity addition1 is projected at 44 to 58 Bcfd for 

the two scenarios, with a midpoint value of 51 Bcfd.  

¶ U.S. and Canadian NGL capacity addition is projected to be 1.1 to 2.3 million BPD for the two 

scenarios, with a midpoint of 1.7 million BPD. 

¶ U.S. and Canadian oil pipeline capacity addition is projected at 4.5 to 6.9 million BPD, with a 

midpoint value of 5.7 million BPD. 

As noted above, even though continued infrastructure development is significant, future midstream 

development will be less than it has been recently as the market has undergone a very robust period of 

development (i.e., $40 to $50 billion of annual investment) between 2010 and 2015, with aggressive 

development of unconventional resources. In 2016, we expect continued buildout of gas, oil, and NGL 

infrastructure with many pipelines already under construction. About 40 to 50 percent of the natural gas 

capacity originates in the U.S. Northeast, home to Marcellus and Utica development. Significant capacity 

is also built in the U.S. Southwest, mostly associated with LNG and Mexican export activity.  

A significant amount of natural gas pipeline development is projected to occur during the next five 

years, with a noticeable drop after 2020, especially in the Low Case where continued market growth is 

                                                           
1 Unlike the 2014 study, takeaway capacity includes both inter-regional pipelines and intra-regional pipelines, as 
many such pipes are being built, particularly in the Marcellus and Utica regions. 
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much more modest. Over the next four years (2017 through 2020), Marcellus and Utica transport 

capacity increases by roughly 12 Bcfd in the High Case, with substantial increases in capacity to support 

natural gas exports. Further out (2020 through 2035), roughly 15 Bcfd of incremental capacity is built 

across North America (i.e., 1 Bcfd per year) in the High Case, mostly to satisfy growth in gas-fired power 

generation. With gas-fired generation growth being much more modest in the Low Case, only about half 

of the natural gas capacity added after 2020 in the High Case is also included in the Low Case.   

A large portion of oil-related pipeline capacity (3.3 million BPD) has already been built and was placed 

into service by late 2015. Most, if not all of the oil projects to be commissioned in 2016 are likely to be 

completed, as they are already under construction.  However, due to delays, some projects may not 

come on line until 2017. In each case, only very modest (or no) oil pipeline development occurs after 

2017. 

Midstream Infrastructure Expenditure 

¢Ƙƛǎ ǎǘǳŘȅΩǎ ŎŀǎŜǎ ǎƘƻǿΥ 

¶ Capital expenditure (CAPEX) for new midstream infrastructure will range from $471 billion to 

$621 billion over the next 20 years (see Figure ES-2), with a midpoint expenditure of $546 

billion.  On an annual average basis, the expenditure is $22.5 to $30.0 billion per year. 

¶ Investment in pipelines (including both transmission and gathering lines and compression and 

pumping) will range from $183 billion to $282 billion, with a midpoint CAPEX of $232 billion.   

As shown in Figure ES-2, most of this activity is associated with natural gas development, with much 

lesser investment for oil and NGL-related assets. The figure also shows that development in the Low 

Case averages about $5 to $10 billion per year below development in the High Case.  

Figure ES - 2: Capital Expenditure for New Infrastructure from 2015 through 2035 (Billions of 2015$) 
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A breakdown of total capital expenditures across different infrastructure categories, including the 

midpoint values, is summarized in Table ES-1.  The table generally shows that about 30 percent of the 

future investment occurs in transmission pipeline development, with the majority being spent for gas 

pipelines.  Nearly 90 percent of transmission pipeline expenditure is for the pipeline itself, with the 

remainder being spent on compression and pumping.  Investment for gathering systems is also very 

significant, with about 20 percent of total investment. 

Table ES - 1: Midstream Infrastructure Capital Expenditure by Infrastructure Categories 

Item Low Case High Case Midpoint 

Total Investment in All Infrastructure 471 621 546 

   Natural Gas Infrastructure 267 352 310 

   Oil and NGL Infrastructure 180 245 212 

   Incremental Integrity Management & 
Emissions Control 

24 24 24 
        

Gas and Oil Transport 123 208 166 

          Gas Pipelines 90 145 118 

               Pipe 77 127 102 

               Compressors 13 18 16 

          Oil and NGL Pipelines 33 63 48 

               Pipe 29 54 41 

               Pumping 4 9 7 
        

Gathering Systems 104 128 116 

          Pipe 36 43 39 

          Compressors and Pumps 23 30 27 

          Processing and Fractionation 45 55 50 
        

Gas Storage and LNG & NGL Export Facilities 80 90 85 
        

All Other Infrastructure (Lease Facilities) 140 171 155 

It is also worth noting that the INGAA Foundation has included an estimated incremental expenditure of 

$24 billion for integrity management and NOx control as part of the total expenditure on pipelines.  This 

incremental amount represents additional CAPEX for integrity management activities that were 

anticipated at the time the study was prepared and emissions control requirements to satisfy new 

ambient air (NAAQS) standards for nitrogen oxides (NOx). This incremental expenditure should be 

interpreted as a ballpark estimate at this point in time because estimated integrity management costs 

have not been adjusted to reflect the particulars of recently proposed pipeline safety rules. 
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Infrastructure Metrics 

Key metrics from 2015 through 2035 are summarized as follows: 

¶ Between 264,000 and 329,000 miles of pipeline (including both gathering and transport lines) 

are added (with a midpoint value of 296,000 miles). 

¶ Between 18,000 and 29,000 miles (midpoint of 23,000 miles) of new natural gas transmission 

lines will be built.   

¶ In total, 30,000 to 48,000 miles (midpoint of 39,000 miles) of new pipeline will be needed for 

gas, oil, and NGL transport. 

¶ Between 234,000 and 281,000 miles (midpoint of 257,000 miles) of new gas and oil gathering 

line will be needed to collect incremental production between 682,000 and 823,000 new oil and 

gas wells (midpoint of 752,000 new oil and gas wells). 

¶ Compression for the new gas transmission lines ranges from 4.3 to 6.2 million horsepower 

(midpoint 5.2 million horsepower). 

¶ Compression needed for new gas gathering ranges from 7.6 to 9.7 million horsepower (midpoint 

8.7 million horsepower). 

¶ Total compression and pumping needed for all gathering and transmission lines range from 13.0 

to 18.5 million horsepower (midpoint 15.8 million horsepower). 

¶ The total CAPEX for pipelines (i.e., for both miles of line and the total pumping and compression 

needs) is between $183 and $282 billion (with a midpoint value of $232 billion).  

¶ About 120 to 290 Bcf of new working gas capacity, with a CAPEX of $2.3 to $4.8 billion added 

(midpoint 3.6 billion). 

Table ES - 2: Pipeline Miles, Compression, and Associated Capital Expenditures from 2015-2035 
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Table ES-о ŎƻƳǇŀǊŜǎ ƴŀǘǳǊŀƭ Ǝŀǎ ƳŜǘǊƛŎǎ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ ǎŎŜƴŀǊƛƻǎΣ ŀƴŘ ŀƭǎƻ ŎƻƳǇŀǊŜǎ ŀƴƴǳŀƭ 

average values against relevant values from 2014 Study. The metrics clearly demonstrate that much new 

infrastructure is needed despite the market changes that have occurred during the past few years.  Even 

the Low Case, which is generally showing statistics that are between 20 percent and 30 percent lower 

than those in the High Case, requires significant infrastructure development, particularly to 

accommodate continued production growth and facilitate the development of LNG and Mexican 

ŜȄǇƻǊǘǎΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ŜŀŎƘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ ŎŀǎŜǎ ƎŜƴŜǊŀƭƭȅ ǎƘƻǿǎ ƭŜǎǎ ƴŀǘǳǊŀƭ Ǝŀǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 

development when compared with the 2014 study.   

Table ES - 3: Natural Gas Metrics 

 

Economic Impact from the Midstream Infrastructure Expenditure 

This study shows that: 

¶ Development of new infrastructure will add $655 billion to $861 billion of value to the U.S. and 

Canadian economies and result in employment of 323,000 and 425,000 people per year. 

¶ While many of the jobs associated with midstream development are concentrated in the 

Southwestern and Northeastern U.S. and in Canada, the positive economic impacts of 

infrastructure development are geographically widespread. 

This study, like the 2014 study, projects significant employment impacts from new infrastructure 

development. Every $100 million of investment in new infrastructure creates an average of about 70 

jobs over the projection period and adds roughly $139 million in value to the U.S. and Canadian 



 

 12 

ŜŎƻƴƻƳƛŜǎΦ  ¢Ƙƛǎ ǊŜǎǳƭǘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ŀŎǊƻǎǎ ŜŀŎƘ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ŎŀǎŜǎΦ ¢ƘŜ ƳƛŘǇƻƛƴǘ ŜǎǘƛƳŀǘŜ ƛǎ ǘƘŀǘ 

about 375,000 jobs per year will be created with a value added of $760 billion to the economy and $260 

billion in taxes. By infrastructure category, investment and employment levels will be most significant 

for the development of transmission pipelines and lease equipment in both scenarios. More than half of 

the jobs associated with midstream infrastructure development will occur in the services sector and 

other category.  

While many of the economic benefits accrue directly to companies active in midstream development, 

there are many indirect and induced benefits that occur in many other industries, and a substantial 

number of service sector jobs are created as a result of the midstream development. All sectors and 

regions of North America benefit from infrastructure development. 

The top ten states in the U.S. with total employment resulting from midstream investment are Texas, 

Pennsylvania, Louisiana, Ohio, California,2 New York, Oklahoma, Illinois, Kansas and West Virginia. Texas 

will have the most significant job creation as a result of LNG export activity and shale gas and tight oil 

ŘŜǾŜƭƻǇƳŜƴǘΦ tŜƴƴǎȅƭǾŀƴƛŀ ŀƴŘ [ƻǳƛǎƛŀƴŀ ǿƛƭƭ ƘŀǾŜ ǎƛƳƛƭŀǊ ƭŜǾŜƭǎ ƻŦ ŜƳǇƭƻȅƳŜƴǘΦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ Ƨƻō 

ŎǊŜŀǘƛƻƴ ƛǎ ŘǊƛǾŜƴ ōȅ aŀǊŎŜƭƭǳǎκ¦ǘƛŎŀ ŘŜǾŜƭƻǇƳŜƴǘΣ ǿƘƛƭŜ [ƻǳƛǎƛŀƴŀΩǎ Ƨƻō ŎǊŜŀǘƛƻƴ ƛǎ ǊŜƭŀǘŜŘ ǘƻ [bD 

export facility development. 

 

 

  

                                                           
2 California ranks fourth in terms of employment mostly due to indirect and induced jobs (over 90 percent of total 
jobs in California) from industry inter-linkages within California and from other states. The modest direct 
expenditures are related to enhanced oil recovery (EOR) activities and Monterey shale development. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 

1.1 Study Objectives  
The energy landscape has changed significantly in the two years since completion of the last INGAA 

Foundation midstream infrastructure study.3 Most notably, there has been a significant decline in 

energy prices, with oil prices dropping from over $100 per barrel to under $30 per barrel at the 

beginning of 2016, and North American natural gas prices recently falling below $2 per million British 

thermal units (MMBtu). Despite these declines, robust growth in natural gas production from shale 

formations, such as the Marcellus and Utica, has continued at a rapid pace. In addition, declining 

economic activity in Asia, among other factors, has created an uncertain environment for future energy 

investments, including midstream development.  

While robust growth in U.S. and Canadian natural gas production has continued to support the 

development of liquefied natural gas (LNG) export terminals and associated midstream infrastructure 

development, lower oil and LNG prices, combined with lower expectations of future global economic 

growth, have reduced the momentum of LNG export activity. At the same time, there is growing 

uncertainty about the extent of domestic growth of natural gas use in the power sector. This 2016 

INGAA Foundation study is designed to shed light on how these uncertainties might affect midstream 

infrastructure investments over the next 20 years.  

The objective of this new study is to inform the industry, policymakers, and stakeholders about the new 

dynamics of North AmeriŎŀΩǎ ŜƴŜǊƎȅ ƳŀǊƪŜǘǎ based on a detailed supply-demand outlook. This study 

assesses the infrastructure needed in light of these uncertainties. The study estimates midstream 

infrastructure requirements for natural gas, natural gas liquids (NGLs), and crude oil; provides estimates 

for capital expenditures needed in response to new integrity management rules and requirements for 

greater reduction of nitrogen oxides (NOx); and assesses the associated economic benefits, most 

notably Gross Domestic Product (GDP) and jobs impacts, of expected infrastructure investments. 

The study considers recent trends and uncertainties in future commodity prices and investigates the 

impacts of those trends on future infrastructure requirements in two distinct scenarios: a άHigh Caseέ 

and a άLow Caseέ: 

ü ¢ƘŜ ǎǘǳŘȅΩǎ High Case is best characterized as a plausibly optimistic case for midstream 

infrastructure development. This case assumes a rebound in global economic activity that spurs 

increased use of natural gas and oil over time.  

ü TƘŜ ǎǘǳŘȅΩǎ Low Case is best characterized as a plausibly less-optimistic case for midstream 

infrastructure development. In this case, there is a slower recovery in global economies, 

reducing the need for oil and gas development. In addition, the case assumes more robust 

penetration of energy efficiencies and non-gas resources to satisfy future power generation 

needs. 

                                                           
3 http://www.ingaa.org/File.aspx?id=21498  

http://www.ingaa.org/File.aspx?id=21498
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1.2 Scope of Work 
This 2016 study assesses midstream infrastructure needs through 2035 and includes an extensive 

update of trends in the production of natural gas, NGLs, and oil. The study considers the following: 

ü Regional natural gas supply-demand projections that rely on the most current market trends. 

ü North American exploration and production activity that is supported by a robust, cost-effective, 

and growing resource base for oil and natural gas. 

ü An assessment of natural gas use in power plants, considering load requirements and an ever-

changing mix of generation assets. 

ü An assessment of lease equipment, gathering, processing, and fractionation needs to permit the 

delivery of hydrocarbons to an already extensive pipeline grid that supports delivery to markets 

and end-users. 

ü Review of underground natural gas storage requirements by region. 

ü Analysis of NGLs and oil infrastructure requirements. 

It is also worth noting that the INGAA Foundation has included an estimated incremental expenditure of 

$24 billion for integrity management and NOx control as part of the total expenditure on pipelines.  This 

incremental amount represents incremental capital expenditures for integrity management activities 

that were anticipated at the time this study was prepared and emissions control requirements to satisfy 

new ambient air (NAAQS) standards for nitrogen oxides (NOx). This incremental expenditure should be 

interpreted as a ballpark estimate at this point in time because estimated integrity management costs 

have not been adjusted to reflect the particulars of the recently proposed pipeline safety rules by the 

Pipeline and Hazardous Materials Safety Administration (PHMSA). 

In addition to assessing expenditures for oil, NGLs, and natural gas pipeline system development, this 

study shows the levels of investment required for oil and gas gathering system expansion, gas 

processing plant development, gas storage field buildout, power generation, crude oil storage terminal 

development, NGLs fractionation capacity development, NGLs export facilities buildout, oil and gas lease 

equipment development, and LNG export facility construction. Midstream development covers all 

facilities from the wellhead to the city-gate (or directly to the end-user in the case of power plants and 

industrial facilities). The study, however, does not include refurbishment and replacement expenditures 

for non-pipeline assets. 

The economic impact analysis is based on IMPLAN modeling, which provides direct, indirect, and 

induced impacts of the midstream development on the economy. The study expands on the scope of 

the 2014 study by assessing state-level impacts. 

1.3 Study Regions 
The study reports results based on the Energy Information Administration pipeline regions for the U.S. 

Lower 48. Results are also reported for offshore Gulf of Mexico, Canada, and Alaska (see Figure 1 for a 
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map showing all of the regions applied herein). This is the same regional format applied in the 2014 

study. 

The Marcellus and Utica shale plays are split between the Northeast and Midwest. Large gas and NGLs 

production growth from these regions is expected to drive much of the infrastructure development in 

the future. Regions with large gas demand growth also will drive infrastructure development. In general, 

the Southwest is currently the largest consuming region and remains such for the foreseeable future. 

The Northeast, Midwest, and Southeast will exhibit significant power-generation demand growth, driven 

by coal plant and nuclear power plant retirements, and these regions will have large investments in 

transmission pipelines and laterals. Gas demand growth in Canada from power generation, gas use for 

oil sands development, and LNG exports from British Columbia may result in significant investments in 

gas infrastructure. 

Figure 1: Study Regions 

 

1.4 Infrastructure Coverage  
Table 1 lists the natural gas, NGLs, and crude oil infrastructure assessed in this study. The categories of 

mainline pipeline, lateral pipeline, and gathering pipeline are used to group gas pipeline projects 

included in the analysis. Separate categories also exist for NGLs and crude oil pipelines. 

A mainline pipeline is defined as the pipeline from supply areas to market areas, and a lateral is an 

isolated segment that connects individual facilities or a cluster of facilities to a pipelineΩǎ ƳŀƛƴƭƛƴŜ. 

Lateral development is often associated with only a few specific receipt and delivery points while 

mainline development supports deliveries more broadly between multiple suppliers and multiple end-

users. Laterals are often smaller-diameter pipelines, while mainlines can be of any size, depending on 

collective receipt and delivery point requirements. A gas gathering pipeline is the pipe that connects 

wells to a mainline or to a gas processing plant that removes liquids and non-hydrocarbon gases. An oil 

gathering pipeline collects and delivers crude oil from oil wells and condensate from gas wells to nearby 

crude oil storage and treatment tanks or to crude oil transmission mainlines. 
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Lease equipment for oil wells includes accessory equipment, the disposal system, electrification, 

flowlines, free water knockout units, heater treaters, Lease Automatic Custody Transfer (LACT) units, 

manifolds, producing separators, production pumping equipment, production pumps, production valves 

and mandrels, storage tanks, and test separators. Lease equipment for gas wells includes dehydrators, 

disposal pumps, electrification, flowlines and connections, the production package, production pumping 

equipment, production pumps, and storage tanks. 

Table 1: Midstream Infrastructure Classifications 

Natural Gas 

Gas Transmission Mainline 

Compressors for Gas Transmission Mainline 

Gas Power Plant Laterals 

Gas Storage Laterals 

Gas Processing Plant Laterals 

Gas Gathering Line 

Compressors for Gas Gathering Line 

Gas Lease Equipment 

Gas Storage Fields 

Gas Processing Plants 

LNG Export Facilities 

Natural Gas Liquids (NGLs) 

NGLs Transmission Mainline 

Pump for NGLs Transmission Mainline 

NGLs Fractionation Facilities 

NGLs Export Facilities 

Crude Oil 

Crude Oil Transmission Mainline 

Pump for Crude Oil Transmission Mainline 

Crude Oil Gathering Line 

Crude Oil Lease Equipment 

Crude Oil Storage Laterals 

Crude Oil Storage Tanks 
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1.5 Report Structure  
The remainder of this report contains the following information:  

¶ Section 2 provides an overview of the modeling methodology and the methodology applied to 

assess midstream infrastructure development and its associated capital expenditures. Specific 

details for relevant metrics for each type of midstream asset are provided in Appendix B.  

¶ Section 3 explains the two INGAA Foundation scenarios applied in this study, presents the 

trends for oil and gas prices, provides the trends for demand, production and flows, and 

examines market dynamics for gas, NGLs, and oil pipeline capacity. 

¶ Section 4 provides the details for midstream development. The section starts with an overview, 

followed by a detailed discussion that examines infrastructure development in the two 

scenarios. Infrastructure development for both scenarios is compared with infrastructure 

development results from the 2014 study. 

¶ Section 5 includes an estimated incremental expenditure for integrity management activities 

that were anticipated at the time the study was prepared and for NOx control as part of the 

total expenditure on pipelines. The estimated expenditures have not been adjusted to reflect 

ǘƘŜ ǇŀǊǘƛŎǳƭŀǊǎ ƻŦ tIa{!Ωǎ ǊŜŎŜƴǘƭȅ ǇǊƻǇƻǎŜŘ ǇƛǇŜƭƛƴŜ ǎŀŦŜǘȅ ǊǳƭŜǎ. These are additional costs 

that were not considered in the 2014 study. 

¶ Section 6 lays out the methodology and inputs for the IMPLAN modeling that is applied to derive 

the economic impacts of the projected midstream development expenditures. 

¶ Section 7 provides results of the IMPLAN modeling, including state-level assessment of GDP and 

employment. 

¶ Section 8 summarizes the key conclusions for the study. 

There are three appendices for this report:  

¶ Appendix A provides additional details for the ICF modeling tools applied to complete this 

analysis. 

¶ Appendix B provides a table of the metrics applied to derive the infrastructure development 

results. 

¶ Appendix C shows the various industry categories that are applied in the IMPLAN modeling. 
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2 aŜǘƘƻŘƻƭƻƎȅ  

2.1 Modeling Framework  
In this study, midstream infrastructure development and capital expenditure requirements are 

determined ōŀǎŜŘ ƻƴ L/CΩǎ aƛŘǎǘǊŜŀƳ LƴŦǊŀǎǘǊǳŎǘǳǊŜ wŜǇƻǊǘ όaLwύ process, depicted in Figure 2. L/CΩǎ 

MIR relies on four proprietary modeling tools, namely L/CΩǎ Gas Market Model (GMM), the Detailed 

Production Report (DPR), a NGLs Transport Model (NGLTM), and a Crude Oil Transport Model (COTM). 

Detailed descriptions of these tools are provided in Appendix A. 

The GMM, a full supply-demand equilibrium model of the North American gas market, is a widely used 

model for North American gas markets. It determines natural gas prices, production, and demand by 

sector and region. The GMM projects gas transmission capacity that is likely to be developed based on 

gas market and supply dynamics.  

L/CΩǎ DPR, a vintage production model, is used to estimate the number of oil and gas well completions 

and well recoveries based on the levels of gas production that are calculated in the GMM. Crude oil and 

NGLs production projections are estimated in the DPR based on assumed liquids-to-gas ratios.  

I/CΩǎ NGLTM and COTM are used to evaluate NGLs and crude oil flows and estimate pipeline capacity 

requirements. The models rely on NGLs and crude oil production from the DPR, and consider pipelines, 

railways, trucking routes, and marine channels as means of transporting raw (y-mix) and purity NGLs and 

crude oil from production areas to refineries, export terminals, and processing and industrial facilities 

that use the hydrocarbons either as fuel or feedstock. 

Figure 2: Modeling Tools for the Midstream Infrastructure Report 
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2.2 Midstream Infrastructure Methodology and Assumptions  
The MIR projects natural gas, NGLs, and crude oil infrastructure requirements by considering: 

¶ Regional natural gas supply-demand growth based on scenario market trends;  

¶ Well completion and production by region;  

¶ Gas processing and NGLs fractionation requirements;  

¶ Changes in power plant gas use;  

¶ Regional underground natural gas storage needs; and  

¶ Changes in transportation of natural gas, NGLs, and oil brought on by regional supply-demand 

balances, changing market forces, and world trade of raw and refined energy products. 

2.2.1 Infrastructure Methodology 

This section describes the methodology and assumptions that underlie the estimates of capital 

expenditures for midstream infrastructure buildout. The assumptions used to form the basis for 

estimating infrastructure development and the capital expenditures associated with that development 

are set forth in Appendix B: Infrastructure Metrics Assumptions. 

Near-term infrastructure development includes projects that are currently under construction or are 

sufficiently advanced in the development process. Unplanned projects are included in the projection 

when the market signals the need for new capacity, as when the basis between two regions grows 

sufficiently to justify a new pipeline. In the High Case, ICF assumes that the near-term planned projects 

will be built without significant delays in permitting and construction. In the Low Case, some planned 

projects are likely to be delayed due to increased uncertainty regarding project development and 

market conditions. Unplanned projects are built as per-market signals, but the development of such 

projects is generally more robust in the High Case. 

As in the 2014 report, lease equipment, gathering, processing, and fractionation projects are included in 

this infrastructure assessment. These types of projects are built as needed to support supply 

development. While these projects typically are financed as part of upstream project development, they 

are included in this analysis because many of the investments are undertaken by companies active in the 

midstream space. 

Natural gas transmission pipeline needs are based on projections from the GMM. The decision to add 

pipeline capacity is based on supply growth and market evolution within and across geographic areas. 

Projects that are currently under development (including projects characterized as new pipeline, 

expansion projects, repurposing projects, and reversals of pipelines) are included in the transmission 

pipeline stack ŦƻǊ ŜŀŎƘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ ǎŎŜƴŀǊƛƻǎ. Additional transmission capability is then added in 

response to future supply development and market growth, and this additional capacity is linked to 

basis differentials. Pipeline mileage and compression for the additional capacity are then calculated 

using rule-of-thumb estimates, which are based on historical capacity expansion data along various 
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pipeline corridors.4 Some routine replacement of older transmission pipeline segments, in response to 

the results of integrity management assessments, is included in L/CΩǎ estimates of gas transmission 

mileage. 

The mileage for gas gathering lines is computed by considering incremental gas production and well 

completions. Gathering line estimates are calculated using the number of well completions, estimated 

ultimate recovery (EUR) per well, well spacing, and number of wells in multi-well pad configurations and 

by assuming a certain amount of gathering line mileage per well. Compression requirements for gas 

gathering lines are estimated based on production levels and by assuming a defined horsepower-to-

production ratio. 

Gas processing plant capacity is computed by assuming that a portion of the production growth requires 

new processing capacity. The number of processing plants that is needed is estimated based on the total 

incremental processing capacity that is required and on average plant size for each geographic area. 

Pipeline lateral requirements for connecting processing plants with pipeline mainlines are calculated 

based on the number of new plants that are required, with an assumed mileage for each lateral. The 

diameter of the laterals is estimated based on the size of the gas processing plants in a geographic area. 

The number of unplanned gas-fired power plants is derived by considering the growth of gas-fired 

power generation from the GMM. The total incremental gas power plant capacity is applied to estimate 

the number of new gas power plants that will be built in each geographic area, based on assumed plant 

sizes. The required lateral pipeline mileage is then calculated using an assumed mileage per plant. The 

diameter for the laterals is estimated based on the required throughput for each plant, calculated based 

ƻƴ ŜŀŎƘ ǇƭŀƴǘΩǎ ƘŜŀǘ ǊŀǘŜ. 

The decision to add unplanned natural gas storage capacity is based on market growth and seasonal 

price spreads. 9ŀŎƘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ ǎŎŜƴŀǊƛƻǎ ƛƴŎƭǳŘŜǎ ƻƴƭȅ ŀƴƴƻǳƴŎŜŘ natural gas storage projects 

because the seasonal price sǇǊŜŀŘǎ ǘƘŀǘ ŀǊŜ ŎƻƳǇǳǘŜŘ ōȅ L/CΩǎ Daa ŀǊŜ ƴƻǘ ƘƛƎƘ ŜƴƻǳƎƘ ǘƻ support 

additional storage development. Most industry observers recognize that gas storage development over 

the past decade has outpaced market growth. This omission of additional storage projects is a key 

difference between this study and the 2014 study, which had included unplanned additional storage 

projects. Lateral mileage and sizing and compression needs for planned storage projects are included 

when such information is available. 

As mentioned earlier, the level of LNG export development is different across the ǎǘǳŘȅΩǎ cases. The 

evolution of LNG export activity is dependent on a number of factors, most notably global development 

of LNG trade, competition with LNG export facilities developed elsewhere, and counterparty interest in 

incremental gas supply. Each scenario paints a different picture for LNG development based on the 

underlying economic activity and assumed oil prices. 

                                                           
4 Historical projects have been used to estimate how many miles are needed for future development on different 
pipeline corridors. 
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NGLs pipeline capacity is based on supply development, North American market growth, and export 

activity. Announced NGLs pipeline projects are included for ŜŀŎƘ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ŎŀǎŜǎ. NGLs raw-mix 

pipelines and pipelines built to transport a single liquid (for example, ethane or propane) or a mix of 

condensate products (for example, pentanes-plus) to be used as a diluent for oil transport are included. 

New, additional projects are included to support future supply development and market growth. NGLs 

produced in relatively constrained areas require new pipelines to allow shipping to market areas or 

export facilities. Otherwise, ethane rejection5 may rise to levels that are unsupported by gas pipelines or 

the liquids will be stranded, potentially limiting gas supply development. Pipeline mileage for additional, 

new projects is estimated based on the distance between geographic areas, and the size of the pipeline 

and pumping requirements are estimated based on expected throughput. 

NGLs lateral mileage from gas processing and fractionation facilities to a NGLs transmission line is 

calculated based on the amount of NGLs that are processed (i.e., removed from the gas stream). Lateral 

mileage and the diameter for each lateral are estimated based on an assumed number of miles per 

volume of NGLs processed and based on an average processing-fractionation plant size. 

Incremental NGLs fractionation capacity is estimated based on NGLs supply development and market 

growth. NGLs export capacity is assumed in each of the scenarios, based on the underlying environment 

for global NGLs use. 

Oil gathering line connections are required only for high-productivity oil wells. Wells with low 

productivity do not require gathering lines, as oil production is handled with local tank storage and field 

trucking. A άcutoffέ for EUR is assumed to separate high and low productivity wells. Oil gathering line 

mileage is then derived based on the number of wells per drill site, assuming an average mileage of 

gathering line is needed for each of the high-productivity wells. 

The need for crude oil transmission capacity is based on supply development and import-export activity. 

The study also considers rail and trucking of oil as transport options. Announced pipeline projects have 

been included in the pipeline stack for each scenario, but the analysis assumes that a number of projects 

will be delayed or cancelled, depending on the progress of supply development. If unknown, pipeline 

mileage is estimated based on the distance between the relevant geographic areas for each project. The 

sizing of the pipeline and pumping requirements is estimated based on throughput. Because of the 

ƭƻǿŜǊ ƻƛƭ ǇǊƛŎŜǎ ŀǎǎǳƳŜŘ ƛƴ ŜŀŎƘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ ǎŎŜƴŀǊƛƻǎΣ bƻǊǘƘ !ƳŜǊƛŎŀƴ ƻƛƭ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ ƴƻǘ ƴŜŀǊƭȅ 

as great as it was in the 2014 study, so oil pipeline development is significantly lower in this study. 

Crude oil storage is added based on oil production growth within geographic areas. The number of crude 

oil tanks is computed based on the required storage capacity for fields, assuming an average tank size. 

The required number of tank farms is computed based on an average number of storage tanks per tank 

farm. The number of pipeline laterals needed to connect the storage capacity is estimated by assuming 

that so many miles of lateral are needed per tank farm. 

                                                           
5 Ethane rejection refers to the ethane that is left in the gas stream rather than being separated from the gas 
stream and sold as a liquid. If too much ethane is rejected into the gas stream, it will exceed the gas pipeline 
quality specifications. 
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2.2.2 Capital Requirements for Midstream Infrastructure Development 

Unit cost measures have been derived for mainline and gathering pipelines, compressors, and pumps, 

gas processing capacity, and gas storage using historical expenditure information provided by various 

sources. Unit cost measures are applied to estimate total expenditures for midstream infrastructure 

development. As in the prior study, this study assumes that unit costs will remain constant (in real 2015 

dollars) at the most recent value over the entire projection period. 

Pipeline cost assumptions have been derived by considering the Oil and Gas Journal (OGJ) άAnnual 

Pipeline Economics Special Report, U.S. Pipeline Economics Study, 2015.έ Based on the survey provided 

in the OGJ report, costs are currently $155,000 per inch-mile, versus the assumed value of $163,000 per 

inch-mile (in 2015 dollars) in the 2014 study. This relatively small 5-percent reduction in costs occurs 

because the sample of projects included in the latest OGJ study is larger than the sample in 2014, 

providing a more robust basis for cost estimation.  

Regional costs vary significantly, as shown in Table 2. For example, costs are considerably higher in the 

Northeast and significantly lower in the Southwest.  

Table 2: Pipeline Regional Factors 

Region Regional Cost Factors 
Canada 0.80 
Central 0.68 

Midwest 1.25 
Northeast 1.61 
Offshore 1.00 
Southeast 0.88 
Southwest 0.81 
Western 1.03 

 
Smaller-diameter pipes, used mostly in gathering systems, have lower costs that vary by diameter. As 

shown in Table 3, costs for pipes between 1 and 16 inches in diameter are assumed to range from about 

$55,000 to $146,000 per inch-mile, well below the average inch-mile cost of larger-diameter pipes 

discussed above. 

Table 3: Gathering Line Costs 

Diameter 
(Inches) 

Gathering Line Costs 
(2015$/inch-mile) 

1 $55,147 

2 $41,360 

4 $34,467 

6 $28,827 

8 $30,080 

10 $47,000 

12 $81,467 

14 $131,601 

16 $145,701 
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The OGJ report estimates average compression costs at $3,000 per horsepower (in 2015 dollars), 

compared with $2,800 per horsepower in the prior study. Compression costs also vary by region, with 

costs being highest in the Midwest and lowest in the West. 

Table 4: Compression and Pumping Regional Factors 

Region Regional Cost Factors 
Canada 1.00 
Central 1.31 

Midwest 1.34 
Northeast 1.09 
Offshore 1.00 
Southeast 0.90 
Southwest 0.87 
Western 0.80 

 

Gas storage field costs are provided in Table 5. Costs vary depending on the type of underground 

storage field (i.e., salt cavern, depleted reservoir, or aquifer) with an average $32 million per billion 

cubic feet (Bcf) of working gas capacity applied for new projects and $27 million per Bcf of working gas 

capacity for expansion projects. 

Table 5: Natural Gas Storage Costs (Millions of 2015$ per Bcf of Working Gas Capacity) 

Field Type Expansion New 

Salt Cavern $30 $35 

Depleted Reservoir $17 $20 

Aquifer $34 $42 

 

Gas processing costs (not including compression) are roughly $525,000 per million cubic feet per day 

(MMcfd) of processed gas. Costs of LNG export facilities, as identified in U.S. Department of Energy 

export applications and other publicly available sources, average around $5 billion to $6 billion per 

billion cubic feet per day (Bcfd) of export capacity. Lease equipment costs have been estimated from EIA 

Oil and Gas Lease Equipment and Operating Cost data, and the cost is adjusted to current levels (2015 

dollars) based on Producer Price Index Industry Data from the Bureau of Labor Statistics. Those costs 

average $103,000 per gas well and $250,000 per oil well (in 2015 dollars). Costs for NGLs fractionation 

facilities average $6,600 per barrel of oil equivalent (BOE) of processed NGL. Costs for NGLs export 

facilities are purity dependent, averaging $6,300 per BOE of ethane processed, $5,100 per BOE of 

propane processed, and $5,100 per BOE of butane processed. Finally, the unit cost for crude oil storage 

tanks is assumed to be about $15 per barrel of oil produced. 
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3 {ǳƳƳŀǊȅ ƻŦ {ŎŜƴŀǊƛƻ wŜǎǳƭǘǎ 

3.1 Defining 4ÈÉÓ 3ÔÕÄÙȭÓ Scenarios 
As noted earlier, oil and gas markets are in turmoil, with low commodity prices creating an uncertain 

future for continued supply development. Since June 2014, crude oil prices have declined precipitously, 

mainly due to a supply glut and reduced market growth. According to EIA, U.S. crude oil production 

increased by more than 50 percent from 2012 to 2015, peaking at about 9.7 million barrels per day in 

April 2015. The increase has come almost entirely from development of tight oil and shale plays. During 

the same period, crude oil production in Canada increased by 15 percent with the development of 

²ŜǎǘŜǊƴ /ŀƴŀŘŀΩǎ ƻƛƭ ǎŀƴŘǎ ŀƴŘ ǘƛƎƘǘ ƻƛƭ ŀƴŘ ǎƘŀƭŜ ǇƭŀȅǎΦ These factors have reduced U.S. crude oil 

imports and have contributed to a significant supply overhang in global markets. 

At the same timeΣ {ŀǳŘƛ !ǊŀōƛŀΩǎ ŘŜŎƛǎƛƻƴ to maintain production to defend market share (even in the 

face of low oil prices) has exacerbated the supply glut in global markets. In addition, the removal of 

economic sanctions on Iran and the projected expansion of Iranian production are likely to keep the 

global supply of crude oil relatively high for some period of time.  

Global demand has weakened due to an economic slowdown in Asia and continued economic weakness 

in the European Union. Both of these factors (i.e., the supply glut coupled with weak demand) have led 

to record crude oil inventory levels and the collapse of crude oil prices.  

Uncertainty regarding demand growth is driven by an uncertain economic outlook ŦƻǊ ǘƘŜ ǿƻǊƭŘΩǎ 

economies, including the United States, Canada, the European Union, and China. Over the past decade, 

demand for oil has mainly been driven by Chinese and, more generally, Asian economic activity. Now, 

with /ƘƛƴŀΩǎ economic activity slowing over the past year, there is significant uncertainty about future 

activity. U.S. and Canadian economic activity has also slowed during recent years, leaving the outlook for 

future growth very uncertain. 

Lower oil prices have also clouded the potential for LNG exports, as the oil-gas price spread has shrunk. 

This, in turn, affects the volume and timing of North American exports. Adding to the clouded outlook, 

lingering uncertainties about the regulation of carbon emissions, and the potential for increased energy 

efficiency and increased market penetration by renewable energy technologies, create questions about 

growth in demand for electricity and the magnitude and timing of growth of gas demand in the U.S. 

power sector. 

The scale of uncertainty that currently exists in energy markets is more pronounced than it has been in 

quite some time, making it is difficult, if not impossible, to develop a single άbase caseέ scenario to 

represent oil and gas supply development and market growth and the associated infrastructure needs. 

For this reason, the INGAA Foundation has opted to develop two likely scenarios in this study, an 

άoptiƳƛǎǘƛŎέ IƛƎƘ /ŀǎŜ ŀƴŘ ŀ άless-optimisticέ [ƻǿ /ŀǎŜ. These two scenarios may be viewed as plausible 

outcomes that bracket potential uncertainties for future market growth and infrastructure 

development.  
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The macroeconomic assumptions for thƛǎ ǎǘǳŘȅΩǎ scenarios are summarized in Table 6. Real U.S. GDP 

growth is assumed to increase at 2.6 percent per year in the High Case. In the Low Case, U.S. GDP is 

assumed to grow at 2 percent per year from 2016 through 2025 and rebound to 2.6 percent per year 

thereafter. Canadian economic activity tracks U.S. activity in each scenario. Crude oil prices,6 while 

summarized in Table 6 for completeness, are discussed in detail later in the report. After 2015, inflation 

is assumed to average 2.1 percent per year in the High Case and 1.5 percent per year in the Low Case. 

Although unlisted in Table 6, both scenarios assume that U.S. population will grow at an average of 

about 1 percent per year. Also not listed because it is not a macroeconomic parameter (it is instead a 

more general parameter applied in each scenario), weather is assumed to be consistent with averages 

over a recent 20-year period. Specifically, both scenarios consider Heating and Cooling Degree Days that 

are based on averages observed from 1992 through 2011. 

Table 6: Key Macroeconomic Differences Between the High Case and the Low Case Scenarios 

 INGAA High Case (Optimistic) 
INGAA Low Case (Less 

Optimistic) 

U.S. Economic Growth Rate  
(GDP Growth Rate) 

2016 onwards: 2.6% 
2016-2025 = 2.0% 

2026-forward = 2.6% 

Industrial Production Growth Rate 2.3% per year 
2016-2025 = 1.7% 

2026-forward = 2.3% 

Oil Price in real 2014$/bbl 
(Refiners' Average Cost of Crude) 

2016-2025 = $46-$75 
2026-forward = $75 

2016-2030 = $30-$75 
2031-forward = $75 

Inflation Rate 2.1% 1.5% 

A summary of key market trends is shown in Table 7. Both cases include demand growth and 

infrastructure development, but the pace and scale of development is considerably different for each 

scenario. By 2035, total U.S. and Canadian gas consumption in the High Case is about 3 trillion cubic feet 

(Tcf) above the level in the 2014 study. More than 75 percent of this increase is in power sector gas use. 

Reduced gas prices contribute to this increase. In addition, environmental regulations, such as the 

Mercury and Air Toxics Standards (MATS), continue to favor gas over coal generation. Increases in 

renewable generation and retirement of nuclear plants also foster development of gas generation, as 

gas generation is needed to complement the development of renewable resources or replace retired 

assets. Development of new gas-fired power plants in Mexico boosts natural gas exports from the 

United States to Mexico. 

By 2035, total U.S. and Canadian gas consumption in the Low Case is about 6.2 Tcf lower than in the 

High Case. This result is mainly attributed to the reduced growth of gas generation in the power sector. 

Reduced electric load growth (i.e., 0.3 percent per year versus 1 percent per year in the High Case) and 

increased penetration of renewable resources are the primary factors that drive this trend. In addition, a 

                                                           
6 wŜŦƛƴŜǊΩǎ ŀŎǉǳƛsition cost of crude (RACC) represents the average price for all crude oil landed at U.S. refineries. 
Its average has been fairly close to the price for West Texas Intermediate (WTI) crude over the past few years. We 
assume that RACC and WTI will remain closely linked in the future.  
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portion of retired nuclear plants are replaced by new modular nuclear units. Outside the power sector, 

LNG exports are down by 0.8 Tcf in the Low Case versus the High Case, due to a reduced spread 

between oil and gas prices. In response to the reduction in demand growth, total gas production from 

the U.S. and Canada is lower by 7.2 Tcf in 2035 in the Low Case versus the High Case. Shale gas 

development is down by 6 Tcf in the Low Case versus the High Case. Still, the Low Case does not reflect a 

άŘƛǎǘǊŜǎǎŜŘέ scenario that could occur if the downturn in economic activity is more pronounced and 

prolonged. 

Table 7: Summary of Key Market Trends (Tcf) 

 High Case Low Case 
United States and Canada 2015 2025 2035 % change 

Ψ15 to Ψ35 
2015 2025 2035 % change 

Ψ15 to Ψ35 

Gas Consumption 32.3 36.4 41.7 29% 32.3 34.0 35.5 10% 

Gas Use in Power 
Generation 

11.2 13.7 18.0 61% 11.2 12.1 12.6 
13% 

Industrial Gas Use 8.7 9.7 10.5 21% 8.7 9.4 10.4 20% 

Gas Production 33.8 42.6 48.0 42% 33.8 38.8 40.8 21% 

Conventional Onshore Gas 
Production 

8.4 5.2 4.4 -47% 8.4 5.1 4.2 
-50% 

Unconventional Onshore 
Gas Production 

23.9 36.0 41.6 74% 23.9 32.5 35.1 
47% 

Shale Gas Production 18.1 30.4 35.4 96% 18.1 27.2 29.4 63% 

Offshore Production 1.4 1.4 2.0 38% 1.4 1.2 1.5 8% 

LNG Imports 0.2 0.1 0.1 -59% 0.2 0.1 0.1 -68% 

LNG Exports 0.0 3.6 3.5 NA 0.0 2.5 2.7 NA 

Net Exports to Mexico 1.0 2.2 2.5 160% 1.0 2.1 2.4 147% 

 

3.2 4ÈÉÓ 3ÔÕÄÙȭÓ 0ÒÏÊÅÃÔÅÄ 4ÒÅÎÄÓ ÆÏÒ Oil and Gas Prices  
As mentioned earlier, oil and gas prices have declined significantly in recent years, and the current 

relatively low commodity prices are creating much uncertainty regarding future supply and 

infrastructure development. It is therefore important to explore oil and gas prices in greater depth, 

because these prices are critical to future activity. 

3.2.1 Projected Oil Prices 

West Texas Intermediate (WTI) and the Refiners Average Cost of Crude (RACC) have declined from over 

$100 per barrel in early 2014 to between $30 and $40 per barrel at present. As mentioned, this decline 

was driven by a global supply glut and uneven economic activity. The scenarios created for this study 

each assume that the supply glut, to varying degrees, continues for the remainder of this year, and then 

dissipates as Asian economic activity recovers and development of North American oil supplies slows. As 

a result, oil prices recover from ǘƻŘŀȅΩǎ ƭŜǾŜƭΣ ŀƭōŜƛǘ at a pace that looks very different for each of this 

ǎǘǳŘȅΩǎ scenarios (Figure 3). 
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In each scenario, oil prices recover to a longer-term price of $75 per barrel, consistent with the marginal 

cost of supply. Even though each of the scenarios shows a significant recovery to this longer-term price, 

the level still is lower than the longer-term level of roughly $100 per barrel assumed in the 2014 study. 

ThuǎΣ bƻǊǘƘ !ƳŜǊƛŎŀΩǎ ƻƛƭ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ƛǘǎ ŀǎǎƻŎƛŀǘŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ development is greatly reduced 

when compared with corresponding levels in the 2014 study. 

As also shown in Figure 3 and as mentioned above, the pace of recovery is much slower for the Low 

Case versus the High Case. While the High Case shows a more pronounced oil price rebound in 2016, 

followed by a U-shaped recovery to $75 per barrel by 2025, the Low Case shows a much less 

pronounced rebound with a slower V-shaped recovery to $75 per barrel by 2030. The Low Case assumes 

oil prices below $40 per barrel until 2018 (in 2015 dollars). 

The environment that underlies the High Case is a more rapid resumption of economic activity, reflected 

by increased GDP growth assumed in the case. Thus, the global supply overhang dissipates more quickly 

in the High Case while, conversely, economic activity recovers much more slowly in the Low Case, 

reflected in the ŎŀǎŜΩǎ reduced GDP growth. Consequently, the global supply overhang is more 

pronounced and prolonged in the Low Case. The ramifications of the oil price trend assumed in the Low 

Case are that the supply development and market growth that underpin infrastructure development are 

delayed and less pronounced when compared with corresponding growth in the High Case. 

Figure 3: U.S. Refiner Acquisition Cost of Crude Oil 
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3.2.2 Projected Natural Gas Prices 

Like oil prices, natural gas prices have declined significantly in recent years. While Henry Hub prices 

averaged close to $4 per MMBtu from 2010 through 2014, these prices recently declined to under $2 

per MMBtu. This trend has been driven by robust supply growth that has outpaced market growth. 

Recent declines in gas prices have also been driven by much milder than normal winter weather, which 

has further weakened the supply-demand balance.  

L/CΩǎ GMM price projections for the scenarios that are considered in this study show that Henry Hub gas 

prices will continue to remain relatively low during the next 12 to 24 months until gas demand grows 

more robustly. Henry Hub gas prices are projected to average under $3 per MMBtu throughout the 

remainder of 2016 (Figure 4). However, as demand growth accelerates, gas prices, like oil prices, are 

projected to increase. Even so, the rate of increase and longer-term prices are very different for each 

scenario. 

Figure 4: Average Annual Natural Gas Prices at Henry Hub

 

A robust increase in LNG and Mexican exports drives prices up between 2017 and 2025 in both cases. 

That demand growth will push prices high enough to support the necessary development of shale 

resources, but not so high as to impair market growth. Still, relatively low drilling costs and continued 

increases in well productivity will offset and reduce the upward pressure on prices caused by growing 

demand.  

In the High Case, gas prices rise to between $4.00 and $5.50 per MMBtu after 2020. Robust demand 

growth, particularly from LNG and Mexican exports and gas-fired power generation, drive total gas use 

in the United States and Canada up to about 47 Tcf by 2035. Even with this robust demand growth, 

natural gas prices in the High Case are lower than the levels projected in the prior study because 
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continued improvements in well productivity have spurred the prolific development of shale gas plays 

across North America.  

Henry Hub prices in the Low Case are projected to be much lower than in the High Case (i.e., an average 

$0.50 to $1.00 per MMBtu or 15 percent lower between 2020 and 2035). Gas use in the Low Case rises 

to slightly above 40 Tcf by 2035, well below the level projected in the High Case. Clearly, reduced 

economic activity coupled with a much more modest growth in gas-fired power generation places less 

upward pressure on natural gas prices. 

3.3 Natural Gas Demand  
Key assumptions underpinning natural gas demand are summarized in Table 8. In the High Case, electric 

load is assumed to grow at 0.9 percent per year from 2016 to 2020, and at 1.0 percent per year after 

2020. In the Low Case, electric load growth is projected to increase by only 0.3 percent per year 

throughout the projection. In both cases, about 100 GW of coal-fired capacity is projected to retire, and 

all nuclear plants are assumed to retire at their 60-year life. However, in the Low Case, modular nuclear 

units are expected to replace 25 percent of retired nuclear capacity, and the capacity of two of the most 

recently constructed nuclear power plants is expected to be expanded by 25 percent. These changes 

reduce demand for gas in the Low Case. Renewable penetration in the High Case is consistent with RPS 

standards, while renewable penetration in the Low Case is assumed to increase by 30 percent relative to 

the High Case, further reducing the growth of gas demand.  

Table 8: Natural Gas Demand Assumptions 

 INGAA High Case (Optimistic) INGAA Low Case (Less-Optimistic) 

Electric sales growth (net of 
energy efficiency) 

2016-20 change: 0.9 percent per year 
2021-35 change: 1.0 percent per year 

2016 onwards: 0.3 percent per year 

Gas demand for bitumen 
production from Alberta Oil 

Sands 

Bitumen production increases to over 
3.5 million barrels per day by 2030 
Gas use for oil sands development 

increases to 2.4 Bcfd by 2030 

Bitumen production increases to 2.75 
million barrels per day by 2030 

Gas use for oil sands development 
increases to 1.75 Bcfd by 2030 

LNG exports 

U.S. Gulf Coast: peak at 8.8 Bcfd by 
2025 

U.S. East Coast: peak at 1.0 Bcfd by 
2024 

U.S. West Coast: No exports 
Alaska: No incremental exports 

British Columbia: 1.4 Bcfd by 2028 

U.S. Gulf Coast: peak at 6.0 Bcfd by 
2029 

U.S. East Coast: peak at 0.7 Bcfd by 
2028 

U.S. West Coast: No exports 
Alaska: No incremental exports 

British Columbia: 0.9 Bcfd by 2032 

Exports to Mexico 
Increases to 6 Bcfd by 2025 to 6.8 Bcfd 

by 2035 
Lower than High Case by 5% 
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Although not reflected in Table 8, the High Case projects relatively unchanged residential and 

commercial gas load. While population growth and oil-to-gas conversions increase the number of 

households that rely on gas, efficiency and conservation measures reduce individual household use. This 

trend is even true for the Northeast United States, where oil-to-gas conversions are more prevalent 

because conservation and efficiency measures tend to overwhelm other factors. The Low Case projects 

a modest decline in R/C gas load due to even greater efficiency gains.  

The High Case projects a relatively strong post-recession recovery in demand with continued growth of 

petrochemical activity. Conversely, the Low Case projects flatter industrial load because of lower growth 

in industrial activity. Each case projects slight increases in natural gas used to meet energy needs at 

drilling rigs (up to 60 Bcf/yr by 2020) and as fuel for trucks used in the hydraulic fracturing process (up to 

50 Bcf/yr by 2020). 

Mexico's growth in gas use outpaces development of its domestic supplies, resulting in an increase in 

U.S. gas exports to Mexico in both cases. Export volumes grow at a lower rate in the Low Case because 

reduced oil prices foster less replacement of oil generation with gas generation. The High Case projects 

over 11 Bcfd of LNG export capacity for the U.S. and Canada, with exports averaging 8.3 Bcfd from 2016 

to 2035 while the Low Case projects 8 Bcfd of capacity, with exports averaging 5.8 Bcfd from 2016 to 

2035. The lower oil-gas price spread promotes less LNG export in the Low Case. 

3.3.1 Summary of Projected Natural Gas Use 

Total gas consumption, including LNG and Mexican exports, is projected to increase by 1.8 percent per 

year in the High Case, reaching an average of just over 130 Bcfd by 2035 (Figure 5). This total includes 

about 10 Bcfd of LNG exports and 7 Bcfd of exports to Mexico by 2035. 

This is an 8-percent increase in gas use compared to the prior study. The increase is attributable 

primarily to assumed incremental LNG exports and additional exports to Mexico. Also, gas used in the 

power sector is up in this study because the reduced gas price levels result in greater displacement of 

coal generation. 

In the near term, incremental gas use is driven mostly by growth in exports. In the longer term, the 

power sector becomes the largest single source of incremental gas consumption. Between 2016 and 

2020, growth ƛƴ ǘƘŜ ǎŜŎǘƻǊΩǎ Ǝŀǎ ǳǎŜ ƛǎ Řriven by natural gas capacity replacing coal plants. Accelerated 

growth is projected after 2020, when Federal carbon regulation is assumed. After 2030, nuclear plant 

retirements usher in a new round of growth. 

Total gas consumption, including LNG and Mexican exports, is projected to be almost 20 Bcfd lower by 

2035 in the Low Case. Reduced economic activity does not bode well for energy use, leading to reduced 

electric load growth that adversely affects natural gas used for power generation. By 2035, power 

generation gas use in the Low Case is 14.5 Bcfd lower than in the High Case. Lower electric load growth, 

higher renewable penetration, and the penetration of modular nuclear units are the primary drivers of 

this trend. LNG exports are also lower by more than 2 Bcfd through 2035, as global LNG trade is reduced 

at the lower levels of economic activity that are assumed in the case. 
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Figure 5: Projected U.S. and Canadian Natural Gas Use (Average Annual Bcfd)

  

 

3.3.2 Regional Natural Gas Use 

Regional natural gas use is higher in all U.S. regions in the High Case relative to the prior study except for 

the Offshore region, where lease and plant use is sligƘǘƭȅ ōŜƭƻǿ ǘƘŜ ǇǊƛƻǊ ǎǘǳŘȅΩǎ ƭŜǾŜƭǎ. Regional gas use 

is lower in all regions in the Low Case versus the High Case (Figure 6), primarily because of lower growth 

in gas used for power generation. The largest drop occurs in the Southeast, followed by the Northeast, 

Southwest, Midwest, and West, relative to the High Case. Demand in the Southwest is also impacted by 

LNG export and Mexican export activity. 

High Case 

Low Case 












































































































































































