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The Real Fuel of the Future: Natural Gas

The U.S. is now the world’s fastest-growing producer of natural gas, and it is on track to 
becoming the dominant world exporter. Meanwhile, the number of nations importing 

liquefied natural gas (LNG) has jumped from a dozen to more than 40 in the past two 
decades. In the next two decades, the international LNG trade is expected to become a 
$200 billion annual business and an increasingly critical fuel for growing economies.1

Natural gas, unlike alternative energy sources such as wind and solar, does not depend on massive public sub-
sidies or mandates. But it does require capital-intensive physical infrastructures—pipes, ports, and, especially, 
LNG terminals. Encouraging investments in these facilities in this country will, first of all, require streamlining 
the environmental review that is necessary to acquire building permits and instilling confidence among inves-
tors that the government will not revoke them once they are granted. Second, LNG producers currently require 
federal permission to export natural gas. This requirement—created a half-century ago, when many believed that 
America was in imminent danger of running out of energy—is an anachronism and needs to be abolished.

Accelerating America’s LNG exports would greatly expand the domestic economic benefits from shale gas. Amer-
ica’s natural gas industry already employs some 3 million Americans and adds more than $350 billion to the 
economy.2 Expanding exports would continue price pressure on world gas markets, to the benefit of citizens ev-
erywhere. Finally, if the U.S. becomes the world’s dominant LNG exporter, such geopolitical “soft power” would 
counterbalance the influence of Russia and the Middle East on the world stage.

Executive Summary
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THE REAL FUEL OF THE FUTURE: 
NATURAL GAS

Introduction

The world will consume far more energy over the next two decades 
(Figure 1). That reality is locked in by two immutable facts: rising 
population and wealth will lead to greater consumption of goods and 

services; and energy is required to fabricate and operate everything, whether 
cars and computers or aircraft and air conditioners. Even as efficiency 
inexorably improves, global growth will increase energy demand by an 
amount equal to the entire consumption of the U.S. 

Many policymakers and “new energy 
economy” enthusiasts believe that the future 
is now centered on a hoped-for revolution 
in supply coming from wind and solar tech-
nologies.3 The real revolution—not based 
on hope—centers on natural gas. Wind and 
solar power combined provide less than 2% 
of world energy; natural gas supplies 23% 
and is on track to displace oil as the num-
ber-one global energy form.4 

The dramatic impact of the shale revolution 
in restructuring world oil supply has been 
widely reported and analyzed. Until recent-
ly, far less attention has been afforded the 
implications of the contemporaneous—and, 
in some ways, more remarkable—rise of U.S. 
natural gas.

U.S. shale technology was responsible for 
nearly one-third of the world’s increased 
production of natural gas over the past 
decade: the Middle East was slightly ahead, 
accounting for 40% of the new supply.5 And, over that period, American growth in shale gas pro-
duction added 400% more to U.S. energy supply than did the combined growth of wind and solar, 
even though the latter had the advantage of policy preferences as well as at least $150 billion in 
subsidies over that period (Figure 2).6

FIGURE 1.

Historical and Projected Global GDP 
and Energy Consumption

*BOE, barrels of oil equivalent, is the energy released by burning one barrel  
of crude oil. The U.S. consumed 17 billion BOE in 2017.

Source: Data drawn from U.S. Energy Information Agency (EIA), International 
Energy Outlook 2018

*

https://www.eia.gov/outlooks/ieo/
https://www.eia.gov/outlooks/ieo/
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In light of physics (discussed below), it is far more likely 
that wind and solar power will fail to meet forecast 
expectations than to exceed them. Any shortfall means 
more demand for natural gas. Fortunately, the U.S. 
is now the fastest-growing producer and exporter of 
natural gas. The biggest energy wild card on the near-
term horizon is in how much and how quickly U.S. 
export capability might yet grow.

The U.S. position in world energy markets today is 
similar to its position circa 1918. At that time, the world 
demand for oil, thanks to automobiles and airplanes, 
began a steep ascent. The U.S. became the single largest 
source of new petroleum and then, for a half-century, 
the dominant supplier of crude oil to the world.

The central energy story today is the fast-growing 
electrification of the world’s economies, thanks in 
large measure to the digitalization of everything. With 
abundant low-cost natural gas becoming the single 
largest source of new fuel to power grids, the U.S. has 
the opportunity to once again become a dominant 
supplier of fuel for global growth. 

This paper summarizes the remarkable increase in 
natural gas production and exports that has already 
occurred, along with the prospects for even greater 
expansion. It explores the domestic economic and 
geopolitical implications of the U.S. becoming the 
dominant supplier to world gas markets. Finally, it 
identifies the government actions needed to ensure 
that America captures all the benefits from the natural 
gas revolution.

Natural Gas vs. Wind and 
Solar: State of Play

Natural Gas
The same class of shale technology—hydraulic fractur-
ing, or fracking—that has revolutionized U.S. oil pro-
duction has also revolutionized natural gas production. 
Natural gas output is at this country’s highest level in 
history, and it is rising rapidly. Remarkably, total U.S. 
natural gas production is 150% greater than crude oil 
in energy-equivalent terms.7 As a result—and unlike 
the case with petroleum—the U.S. has already become 
a net exporter of natural gas.

All this has occurred for an energy source that was 
once considered so limited and precious that, in 1978, 
Congress enacted and President Carter signed into law 
the Power Plant and Industrial Fuel Use Act in order 
to limit and even prohibit such uses for natural gas. 
Congress had similarly (in 1977) passed legislation to 
establish the Department of Energy (DOE), giving that 
agency the authority to permit or deny U.S. produc-
ers the right to sell natural gas to any foreign entity. 
The 1978 Fuel Use Act was repealed in 1988, during 
the Reagan administration. But DOE’s export control 
is still on the books.

Today, more than a dozen states are significant produc-
ers of natural gas, but Pennsylvania, Ohio, and West 
Virginia now account for 40% of U.S. gas production 
and supplied 60% of the increased supply in the past 

FIGURE 2.

Growth in U.S. Energy Supply:  
Natural Gas vs. Solar and Wind

Source: Data drawn from EIA, Monthly Energy Review, July 2018

FIGURE 3.

Growth in U.S. Natural Gas Production, by 
Region

Source: EIA, Natural Gas Explained

https://www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf
https://www.eia.gov/energyexplained/index.php?page=natural_gas_where
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decade.8 Fracking has vaulted America’s Appalachian 
region to become one of the world’s biggest producers 
of natural gas (Figure 3).

Will the Gas Bounty Continue?

Depending on assumptions, the U.S. Energy Information 
Agency (EIA) and other organizations forecast U.S. shale 
production to increase 25% to 100% over the next two 
decades.9 Even in the case of the lower growth, America 
would become the world’s second-largest source of new 
natural gas, only slightly behind all Middle East produc-
ers combined (Figure 4). While most analysts expect 
that China will occupy the number-three position in 
terms of net new growth in natural gas production, it will 
still need to import to meet internal demand (as we will 
discuss shortly).10 

America’s remarkable transformation in natural gas pro-
duction did not arise from the discovery of new resources, 
nor was it the result of high prices making it more prof-
itable to drill for expensive reserves. The price of natural 
gas has remained consistently low over the past decade, 
at about one-fifth the cost of oil (in energy-equivalent 
terms). The number of gas-drilling rigs in operation has 
collapsed to almost one-tenth the peak (Figure 5). This 
juxtaposition of low costs and less hardware leading to 
rising output came about through revolutionary technol-
ogy progress.

The expectations for future natural gas production are 
typically based on gauging the pace of improvement in 
existing techniques and tools. This forecasting task has 

become easier, given the sheer quantity of data and ex-
perience now available from the shale industry. Thus, 
the conventional wisdom now is that incremental gains 
in shale technology will lead to continued production ex-
pansion, even if today’s historically low prices continue 
unabated.11

But forecasts of U.S. natural gas production do not take 
into account technological surprises. That’s why nearly 
every forecaster missed the shale revolution in the first 
place.

The shale gas (and oil) industry is entering a new era of 
productivity, driven by machine learning, artificial intelli-
gence, robotics, and sensors linked by low-cost networks 
to algorithms in the Cloud.12 These techniques and tools, 
more common in other industrial sectors, are now pen-
etrating the oil and gas industry, enabling lower costs, 
faster and more efficient production, and often radical-
ly improving productivity.13 The complexity and variety 
of data, as well as the nature of hardware, make shale 
businesses, as noted by the International Energy Agency 
(IEA),14 ideal targets for digitalization.

One indicator of the coming digital transformation: 
recent alliances between oil-service giants Schlumberger, 
Halliburton, and Weatherford with Microsoft and Intel, 
as well as a new business unit within Google Cloud, all 
targeting gas and oil.15 There is also a new ecosystem of 
Silicon Valley–like startups developing software and 
digital tools for the gas and oil industries. 

With digital gas and oil technologies still in the early 
days, we can expect to see the rapid progress of drilling 

FIGURE 4.

Projected Increase in Natural Gas  
Production, 2015–40

*The leading Middle East producers are Iran, Qatar, and Saudi Arabia. 
Source: EIA, “International Energy Outlook 2017,” Sept. 14, 2017

FIGURE 5.

U.S. Natural Gas Productivity, 2008–18

Source: Data drawn from EIA, “Natural Gas Weekly Update” (rig count) and “U.S. Natural 
Gas Marketed Production” (production)

   2008      2010         2012           2014               2016                 2018

http://www.eia.gov/ieo
https://www.eia.gov/naturalgas/weekly/
https://www.eia.gov/dnav/ng/hist/n9050us2M.htm
https://www.eia.gov/dnav/ng/hist/n9050us2M.htm
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productivity (energy output per rig) continue. Output per 
rig (wherein rig costs having remained relatively constant) 
is doubling every three years. Last year, rig productivity 
jumped from 30% to 40% across the various shale plays. 
No other energy source is experiencing technological 
progress on this scale.16

Digital technologies are squeezing more money from 
rocks. While shale tech, like all technologies, will reach 
physics limits, the data make it clear that those limits are 
still a long way off. The underlying geophysics points to 
a roughly 500% gap between what today’s shale tech can 
extract and what nature ultimately permits.17 EIA’s “high 
tech” forecast envisions natural gas production increasing 
more than four times as much in the coming two decades 
than it did over the past two.18

How much natural gas is ultimately available? The U.S. 
Geological Survey (USGS) identifies 100 years of U.S. 
natural gas resources, but its estimate radically under-
states the actual resource. As the USGS itself specifically 
notes, that estimate is based on “current technology” and 
includes only “some of the shale basins.”19 

The speed with which more natural gas production can 
come online will not depend so much on price as on the 
velocity of technology progress and the willingness of gov-
ernments to permit, if not facilitate, the construction of 
the necessary infrastructures. EIA’s base-case forecast—
which is inherently technologically conservative—sees 
incremental shale gas production rising in the coming 
two decades by an amount 200% greater than the energy 
added by the combined growth of wind and solar.20

New Physics for Wind and Solar?

As for renewable energy? Over the past two decades, 
there has been a greater than 10-fold reduction in the 
costs of wind and solar power (Figure 6). Today, there 
is a general sense—in some cases, a specific claim21—that 
these two energy sources have the potential to improve 
at the speed of information technologies. But every 
expert forecast today, including those from IEA and the 
National Renewable Energy Laboratory (NREL), sees a 
future with only a slow rate of improvement in underly-
ing wind and solar technologies. The reason? The tech-
nologies are approaching the limits of physics.

Solar arrays and wind turbines are so efficient now 
that they are approaching the point where there is no 
more energy in the wind or arriving from the sun to be 
converted into electricity. Thus, one sees underlying 
progress in improving efficiencies now measured in sin-
gle-digit percentages.22

There is nothing unusual in this slowdown. Throughout 
history, engineers have achieved big gains in the early 
years of a technology’s development, whether wind tur-
bines and PV cells, aircraft engines, steamships, or com-
puter processors. With time, engineers start to approach 
the limits of physics. Bragging rights for gains in effi-
ciency or speed, or any other equivalent metric, shrink 
from double-digit percentages to fractional changes. 
These days, aircraft turbine manufacturers eagerly tout 
single-digit percentage gains in fuel efficiency because 
those machines are now near the thermodynamic limits 
of how much heat can be converted to thrust. Wind and 
solar have entered that domain of limits.

The physics limit for a wind turbine, called the Betz 
Limit, permits capturing about 60% of the kinetic 
energy in moving air.23 (Physics dictates that one can 
never capture 100% of any potential energy.) Modern 
turbines already exceed 40% capture. That leaves 
gains to be made, but nothing revolutionary. In addi-
tion, there are no game-changing economies of scale 
left for the underlying components to make wind 

FIGURE 6. 

Cost Reductions for Wind and Solar Power, 
1980–2030 (Projected)

Source: Data drawn from Massachusetts Institute of Technology, Energy Initiative, “The 
Future of Solar Energy: An Interdisciplinary MIT Study,” 2015; Johannes N. Mayer, 
“Current and Future Cost of Photovoltaics,” Agora Energiewende, February 2015; David 
Feldman et al., “NREL Photovoltaic Pricing Trends: Historical, Recent, and Near-Term 
Projections,” National Renewable Energy Laboratory, Aug. 25, 2015; Ryan Wiser et 
al., “Forecasting Wind Energy Costs and Cost Drivers,” Lawrence Berkeley National Labo-
ratory, June 2016

https://energy.mit.edu/wp-content/uploads/2015/05/MITEI-The-Future-of-Solar-Energy.pdf
https://energy.mit.edu/wp-content/uploads/2015/05/MITEI-The-Future-of-Solar-Energy.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/AgoraEnergiewende_Current_and_Future_Cost_of_PV_Feb2015_web.pdf
https://www.nrel.gov/docs/fy15osti/64898.pdf
https://www.nrel.gov/docs/fy15osti/64898.pdf
https://emp.lbl.gov/sites/all/files/lbnl-1005717.pdf
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farms—concrete, steel, fiberglass—which are already 
in mass production.  

Similarly, photovoltaic cells are now approaching na-
ture’s limits. The physics of using silicon to convert 
photons into electrons ends at about a 33% conversion 
(called the Shockley-Queisser Limit.)24 The most recent 
announcements of high-efficiency silicon cells with 26% 
efficiency are approaching the limit. Again, more ef-
ficiency is possible, but there are no 10-fold gains left. 
Similarly, there are no opportunities for big cost reduc-
tions in the associated materials to make solar farms 
(silicon, steel, copper wires, glass), since they, too, are 
already being mass-produced.

Researchers will doubtless continue to find new non-sil-
icon photovoltaic options that will offer both incremen-
tal efficiency gains and cost reductions.25 But even the 
most exotic and expensive laboratory cells cannot beat a 
roughly 50% limit.

After stripping out hyperbole and subsidies, one can 
usefully compare the underlying engineering costs 
for producing electricity—the only market for wind/
solar and the biggest market for natural gas. At today’s 
costs, $1 million invested in a modern wind turbine will 
produce, over 30 years of operation, about 50 million 
kWh. And $1 million spent on utility-grade solar panels 

will produce about 25 million kWh over 30 years. 
Meanwhile, $1 million spent on a shale rig will produce 
enough natural gas to generate 400 million kWh over 
the same 30 years (Figure 7). 

Subsidies and preferences can disguise or partly fill 
such huge cost disparities in the underlying econom-
ics between natural gas and wind/solar for electricity 
generation. But the proposition that further subsidies 
will lead to dramatic efficiency gains or cost reduc-
tions has no basis in physics. To obtain more wind and 
solar power, policymakers will necessarily need to pay 
more subsidies.26 

As it stands, wind/solar projects in America receive 
45%–140% of the installed capital costs in the form of 
state rebates, utility programs, federal incentives, and 
tax credits. (Similar subsidies exist in much of Europe.) 
If subsidies continue, and wind/solar increases from 
today’s 5% share of U.S. energy supply to, say, the oft-cit-
ed “green” goal of 50%, the overall economic burden 
from subsidies will necessarily rise dramatically. 

The wild card for the future of wind/solar, in short, is 
not technology but public tolerance for subsidies. In 
California, “green” subsidies have led to overall electric-
ity rates that are double the national average and likely 
to rise. Meanwhile, Germany, where aggressively subsi-
dized wind/solar on a national scale has led to a 300% 
increase in national average electricity rates, is showing 
signs of an end to the tolerance for subsidies.27 

New Demands for Natural Gas

There are three primary uses for natural gas: to gen-
erate electricity (the biggest market); in industry (half 
as a chemical feedstock and half for process heat); and 
to heat residential and commercial buildings. Thus far, 
over the past decade, 80% of the increased supply of 
U.S. natural gas has been used to produce electricity in 
the U.S. and for exports in roughly equal proportions, 
even though the latter began just two years ago.28

EIA forecasts that over the coming two decades, 90% 
of the additional supply of America’s electricity will 
come from wind/solar and natural gas in almost equal 
shares. The extent to which even more natural gas is 
needed for domestic electricity generation will be de-
termined significantly by policies relating to preserving 
and extending old coal and nuclear plants, as well as the 
public appetite to preserve and expand wind/solar sub-
sidies. But in nearly any scenario, domestic electricity 
demands are unlikely to consume even 20% of the ex-
pected increase in domestic gas production.

FIGURE 7.

Electricity Produced per $1 Million of  
Hardware over 30 Years 

Source: Author calculations26
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The biggest new demand for domestic U.S. natural gas 
is abroad. Within two decades, the world demand for 
electricity will increase by an amount equal to adding 
an entire U.S. grid. More than 80% of the demand will 
come from emerging economies, none of which have 
sufficient domestic resources to meet their needs. Mean-
while, Europe will also increase gas imports to power its 
domestic grids, because natural gas production from 
the North Sea fields is rapidly declining and expected to 
drop by about 50% over the coming decade.29

As with U.S. domestic forecasts, global projections for 
new electricity supplies are also heavily weighted by the 
expectation that wind/solar will capture nearly half the 
net new supply of kilowatt-hours, requiring a 300%–
500% increase in wind/solar generation in the next two 
decades.30 These optimistic forecasts are predicated on 
continuing technological improvements and global gov-
ernment incentives.

Meanwhile, the second-biggest driver in increased 
demand for domestic natural gas has been in chemical 
manufacturing. Natural gas is a feedstock used to fabri-
cate chemicals such as plastics, fertilizers, pharmaceu-
ticals, biochemical products, polymers, solvents, and 
various additives. The rising and long-term availability 
of low-cost natural gas has thus caused this sector of 
U.S. manufacturing to boom. 

Since 2010, businesses (domestic and foreign) have 
poured more than $180 million into 260 new U.S. 
chemical manufacturing projects. All are expected to 
come online by 2020, to generate more than 400,000 
jobs, and to consume more gas.31 Overall, these planned 
chemical projects exceed all the existing similar projects 
in the Middle East.32 

While over half of the shale-inspired manufacturing ac-
tivity is along the Gulf Coast, the shale gas revolution 
is also converting Pennsylvania, Ohio, and the North-
east into a second U.S. “chemicals hub.”33 No other U.S. 
manufacturing sector is on track for such rapid expan-
sion. The chemical industry already accounts for about 
15% of all U.S. exports, but this sector of the industry 
is growing at a rate that would, if it continues, lead to 
a doubling of output in the next decade. Yet even this 
torrid growth will not absorb more than 20% of the ex-
pected rise in domestic gas production.

As for transportation, it accounts for only 2% of global 
natural gas consumption, and much of that is to power 
pipeline compressors to transport natural gas itself. As 
for cars, compared with using batteries, compressed 
natural gas (CNG) or LNG comes far closer to match-
ing gasoline in terms of vehicle range and fueling con-
venience. There are currently sevenfold more CNG than 

battery-powered cars on the world’s roads, but only 
0.1% of those are in America.34 Even a (sensible) 10-fold 
increase in natural gas use in U.S. vehicles would have 
a de minimus impact on the surplus of gas production 
to come. 

Finally, there is the emerging demand for extremely re-
liable electricity. Demand for reliability is growing faster 
than the overall demand for the underlying commodity 
kilowatt-hours. Critical sectors of the economy—includ-
ing anything related to computing and the Internet—
cannot tolerate grid outages.35

More reliable grids are costly to build, and it doesn’t 
make economic sense to construct a super-reliable 
overall grid when, say, only 10% of loads require it. 
So far, solutions are centering on on-site backup gen-
eration, usually based on high-maintenance oil-fired 
engines. Commercially viable on-site fuel cells offer a 
new option, since they have nearly no moving parts and 
the fuel comes from the natural gas pipeline network; 
the latter has a 10- to 100-fold greater reliability than 
the grid’s wires.36

Until recently, fuel-cell “engines” were themselves too 
expensive, as was the cost of natural gas. The latest low-
er-cost commercial fuel cells combined with cheap gas 
unlock a new market. But if fuel cells powered half of 
all critical loads (assuming, say, 20% of the grid were 
deemed critical), that would absorb less than 5% of 
America’s natural gas abundance.37

The bottom line is that in any scenario, the U.S. economy 
cannot absorb half of the expected increase of 40–60 
billion cubic feet per day (40–60 bcf/day is the energy 
equivalent of 7–10 million barrels of oil per day) in U.S. 
natural gas production over the coming two decades. 
But there is more than ample demand coming from 
global markets.38

The LNG export business requires specialized, cap-
ital-intensive facilities that chill natural gas down 
to –260oF, at which point it becomes a liquid and is 
reduced 600-fold by volume. The LNG can then be car-
ried in specialized tankers designed to keep the liquid 
cold. The all-in cost of liquefaction is about $7/BOE (a 
cost obviously not associated with crude oil). Shipping 
in specialized tankers costs about $8/BOE (compared 
with approximately $1 for crude). But the low cost of 
natural gas production (less than $15 per barrel of oil 
equivalent) enables LNG to reach world markets for a 
final cost of about $35/BOE, depending on the distance 
traveled.39
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The New Energy Market 
For decades, petroleum has dominated energy poli-
cymaking and geopolitics. The 1973 Arab oil embargo 
shocked the world, especially the United States. By that 
year, U.S. oil imports had increased eightfold over the 
preceding two decades. And at that time, transporta-
tion was America’s biggest overall energy-consuming 
sector; the second-largest, electricity, accounted for 
10% less of overall U.S. energy use.

These dynamics have all reversed. U.S. oil imports 
are trending down and have dropped by 25% in the 
past decade. Today, the electric sector uses 50% more 
energy than transportation.40 And demand for electric-
ity is growing faster than demand for transportation 
fuels. This same electrification transformation is hap-
pening globally.

Rising demand for electricity over the coming two 
decades will account for 70% of all the net increase in 
global energy supply.41 A billion people in the world 
still lack any access to electricity.42 And electricity is 
the primary or sole power for nearly every feature of a 
modern economy, from buildings and data centers to 
hospitals and factories.

In the energy economy of the 21st century, the new dis-
ruptive market dynamic is the increase in demand for 
natural gas and the emergence of America as the single 
most important supplier. Global natural gas consump-
tion is nearly 200% greater today than it was in 1990, 
and is forecast to double again within the coming two 
decades.43

In every future scenario, roughly 80% of the world’s 
new energy supplies will come from the combination 
of natural gas and alternative energy, the latter mainly 
as wind and solar.44 Thus, as with U.S. domestic fore-
casts, the key variable influencing future gas demand 
is whether wind and solar actually reach the current 
aggressive forecasts. 

In any case, natural gas overall is on track over the 
coming two decades to become the largest single source 
of world energy supply, overtaking the position that oil 
has occupied since 1960. Behind this trend, consider 
several recent occurrences, all related to the U.S. shale 
gas boom, that epitomize the radical change in global 
energy markets now under way.

A Spot Market for Natural Gas Exports

America’s second operational LNG terminal—at Cove 
Point, near Lusby, Maryland—sent its first shipment 

offshore in March 2018. While that ship was under 
way, it was diverted from its Asian destination and 
made landfall in the United Kingdom, to provide fuel 
to deal with a cold spell. That was the first time ever 
that an LNG ship’s cargo was sold to a higher bidder 
and changed destinations mid-route.

LNG shipments, unlike oil, have long been based on 
firm, long-term, point-to-point supplier-seller agree-
ments, with prices linked to global petroleum prices. 
Until now, there has never been a commodity-like 
market for global LNG trade. Until recently, LNG was 
linked to oil markets; they are now de-linked.

In 2008, the average LNG contract term was 18 years 
and for large volumes; the average has dropped to five 
years, and there is a rapidly growing spot market.45 
The evolution of LNG exports from a slow-moving, na-
tion-state-dominated market to a more freewheeling, 
commodity-like, and episodically oversupplied busi-
ness brings into play all the features of trade that have 
benefited world consumers with regard to other critical 
commodities. 

The Panama Canal

On one single day this year, April 17, three LNG tankers 
sailed through the recently expanded Panama Canal.46 
Those ships carried natural gas from America’s shale 
fields to energy-hungry Asian markets. Without the 
canal’s recently completed $5 billion expansion, such 
ships would have been forced to make a far longer 
and more expensive voyage. And without the boom in 
America’s shale gas, there would not be the supply to 
make such transits.

The natural gas in those three LNG ships alone could 
produce 20 times more electricity than all U.S. wind 
turbines produce daily.47 Since the first-ever LNG 
export left the Sabine Pass terminal in February 2016, 
more than 300 LNG shipments have left U.S. ports—
the equivalent of more than five years’ worth of total 
U.S. wind energy production.48

“Negative Prices”

Largely unnoticed outside expert circles, shale gas wells 
are unlike conventional wells that typically produce 
either oil or natural gas. In many shale fields, the wells 
produce both oil and natural gas simultaneously.49 

Coproduction in shale fields is so large that many pro-
ducers have to pay to have the gas taken away. Natural 
gas typically sells on the wholesale market for about 
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$2.50 per thousand cubic feet; but in parts of the 
Permian Shale Basin (located largely in Texas), its 
value can be negative $2–$3 per thousand cubic feet.50 
The challenge for American natural gas producers is 
finding markets for a product where supply is growing 
far faster than domestic demand.

Micro-Grids

The U.S. natural gas glut has led to another emerging 
shift in market dynamics: replacing oil with micro-LNG 
exports to power so-called micro-grids. In January, a 
micro-LNG receiving facility came online in Nassau, 
Bahamas;51 and America’s first micro-LNG export ter-
minal is expected to come online later this year on Elba 
Island, Georgia. This terminal’s export capacity is only 
about one-tenth the standard size, but it is still capable 
of shipping the energy equivalent of 12 million barrels 
of oil annually.

Instead of massive, special-purpose tankers, mi-
cro-LNG terminals use conventional cargo ships car-
rying small tanks configured around standardized 
containers. Micro-LNG terminals cannot capture their 
bigger cousins’ economies of scale. Nevertheless, the 
combination of low-cost gas and the latest-generation 
micro-LNG hardware means that these micro-ter-
minals can deliver natural gas for the equivalent of 
$45–$50 per barrel of oil.52 Diesel fuel, by contrast, 
costs over $150 per barrel in the Caribbean and Central 
American markets.53 

Today, diesel-fueled, engine-based generators are com-
monly used for electric micro-grids. Now, more than a 
dozen companies have announced plans to build U.S. 
micro-LNG shipping terminals focused initially on re-
gional markets, including the Caribbean.54 

A New Export Dynamic 
The world LNG trade grew by a record 10% in 2017 
alone, outpacing the growth of gas exported by pipe-
lines. Some 80% of that new LNG supply came from 
Australia and the U.S. in roughly equally shares.55 Last 
year was also the first time LNG was shipped from the 
Arctic, specifically from Russia’s newly commissioned 
Yamal LNG facility. Yamal made news in January 
of this year, when a cargo was rerouted to Boston to 
help alleviate a gas shortage created by a late-winter 
cold snap (a shortage that would have been supplied 
by American gas if New York State had not opposed a 
planned pipeline).56

While Asian nations account for the largest share of 
rising LNG demand, Europe’s need for imports will in-
crease faster than India’s and rival the growth expected 
for all of Southeast Asia. China is expected to obtain 
roughly equal growth in imports from LNG and pipe-
lines—the latter, notably, from Russia.57

If the U.S. were to meet half the new demand for which 
global export capacity has yet to be built or planned 
(~30 bcf per day more global LNG demand is forecast 
for 2040 than existing capacity and plans), that would 
result in a nearly 10-fold increase over current Ameri-
can LNG exports. Increasing U.S. natural gas produc-
tion and export capacity sufficient to meet that export 
demand would yield domestic economic benefits of 
about $200 billion a year.58 And long before new ca-
pacity comes on line, bullish pro-export policies would 
permanently reshape the geopolitical landscape.

The Geopolitical 
Advantages 
The U.S. is the world’s top producer of natural gas, 
with an annual output of 27 trillion cubic feet (TCF) 
versus 22 TCF in Russia, 23 TCF in the Middle East, 
and 5 TCF in China.59 And America could yet, as noted 
earlier, double current production.60

Aside from the domestic economic benefits from 
an expanded shale gas industry, other implications 
are associated with a potential American upset of 
the former hegemony in global gas trade. Consider a 
little-noted event in 2018: the media preoccupation 
with Russian social-media meddling in the 2016 U.S. 
presidential election obscured a comparable attempt 
by Russia to sow discord in our domestic energy 
debates. In March, a report from the House Committee 
on Science, Space, and Technology found that more 
than 4,000 social-media accounts linked to Russian 
entities were engaged in inflaming online debates over 
pipelines, fossil fuels, and climate change.61 The fake 
accounts, for example, advocated for “the complete 
abandonment of specific fuel sources, such as fossil 
fuels, by touting exaggerated claims about alternative 
energy sources,” while sometimes both promoting 
and mocking climate change, all intended to “generate 
further domestic [U.S.] controversy.”62

It’s not hard to discern why Russia cares about 
Americans’ opinions on energy issues. Almost 40% of 
Russia’s federal budget comes from exporting natural 
gas and petroleum.63 And the speed and scale of what 
America might yet do with regard to exporting gas is 
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intimately related to political attitudes and decisions 
in Washington, D.C., and dozens of state capitals. Even 
before America began exporting, the U.S. oversupply of 
natural gas, combined with the prospects of imminent 
exports, triggered a global collapse in gas prices. In 
order to lock in market share, Gazprom, Russia’s 
state-owned natural gas company, sharply reduced its 
European prices by nearly 30% in 2009 and another 
10% in 2014.64 

Until recently, two of the biggest suppliers of natural gas 
into world trade have been Russia (mainly via pipelines) 
and LNG from the Middle East (mainly Qatar, Iran, and 
Saudi Arabia). Current forecasts for 2040 see Europe 
increasing its dependence on Russian gas from today’s 
one-third to 50%.65 And until very recently, options for 
China and much of Asia have been similar. But now two 
new suppliers have upset the old status quo. First came 
the completion of enormous offshore projects in Aus-
tralia, adding that nation as a major player in the world 
LNG export game. And now comes the U.S., as poten-
tially the biggest player in the global gas trade.

The implications of the new geopolitical era are inher-
ent in the trajectories of national import dependen-
cies for energy. Of the five major economic regions of 
the world that make up 85% of global GDP—the U.S., 
China, Europe, Japan, and India—every region but one 
is becoming rapidly more dependent on imports of both 
oil and natural gas. And import dependencies are rising 
faster for natural gas than for petroleum (Figure 8).66

Nowhere is the intersection of geopolitics and econom-
ics more obvious than in the Sturm und Drang fol-
lowing President Trump’s meeting with Jean-Claude 
Juncker, president of the European Commission, this 
summer. The two discussed Europe’s rising depen-
dence on Russian gas and the opportunity to offset that 
with U.S. LNG. The discussion was motivated by Rus-
sia’s Nord Stream 2 pipeline, currently under construc-
tion, which will double Gazprom’s ability to sell gas to 
Europe.67 One member of Germany’s Green Party sum-
marized the concerns of those opposed to Nord Stream 
2: “We’re concerned that this project will destabilize 
Ukraine, divide the European Union, and give the Rus-
sians more excuses to militarize the Baltic Sea.”68

One can debate the extent to which Europe is political-
ly swayed by reliance on Russian gas, but the underly-
ing facts are not debatable. Massive subsidies for wind 
and solar have not eliminated Europe’s need for more 
natural gas. Europe already imports half its natural gas, 
and that share is rising. Consequently, the EU has pub-
licized support for new LNG terminals, and Germany is 
planning to build its first-ever such terminal.69

But Europe already has 26 LNG terminals, and those 
terminals collectively operate at only 26% of capacity.70 
This means that Europe could easily increase its LNG 
imports some fourfold nearly overnight. Notably, that 
could bring in almost threefold more gas than the Nord 
Stream 2 pipeline’s capacity.71

Germany’s government takes the position that if “the 
LNG coming out of the U.S. came to Germany at com-
petitive prices, that would be fine by us.”72 U.S. shale 
gas arrives in European markets for less than half the 
price of five years ago, but pipelines from Russia can 
still deliver it about 20% cheaper.73 But if all of Eu-
rope’s idle LNG capacity took delivery of U.S. LNG, 
that would result in a less than 2% increase in Europe’s 
total annual energy import bill.74

Pressing the U.S. Natural 
Gas Advantage
Exporting both oil and natural gas requires pipelines, 
ships, and ports. But shipping LNG overseas also re-
quires capital-intensive gas liquefaction facilities. 
Sabine Pass, America’s first operating LNG export ter-
minal, cost $18 billion, and its expansion (under way) 
will bring the total capital invested to $30 billion. That 
one facility will likely generate over $100 billion in 
export revenues over a 30-year operating life. But 
it took DOE five years to issue a final decision that 
Sabine Pass exports were in “the national interest.” 

FIGURE 8.

Imports as a Share of Energy  
Use (2010–20)

Source: EIA, “Oil and Natural Gas Import Reliance of Major Economies Projected to 
Change Rapidly,” Jan. 22, 2014; EIA, International Energy Outlook 2017

https://www.eia.gov/todayinenergy/detail.php?id=14691
https://www.eia.gov/todayinenergy/detail.php?id=14691
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America’s second LNG terminal, at Cove Point, waited 
four years for final permission.

There is ample evidence of significant overseas, not 
just U.S., appetite for investing in American LNG 
export infrastructure.75 But given the magnitude of the 
up-front costs, reducing uncertainty is always critical 
for investors, domestic and foreign. Every additional 
layer of bureaucracy inherently creates potential for 
delays, including the potential for ex post facto can-
cellations. 

Two regulatory reforms are needed to reduce such 
uncertainties and to level the field so that LNG export 
investments are at least as attractive as domestic in-
dustrial infrastructures.

First, the requirement that companies receive permis-
sion from the Department of Energy to sell natural 
gas to overseas buyers needs to be revoked.

Congress did finally see fit to pass legislation signed 
into law by President Obama in late 2015 to revoke 
the ban on crude oil exports that was enacted as part 
of the 1975 Energy Policy and Conservation Act. Nev-
ertheless, DOE still retains the authority to determine 
if a producer’s interest in exporting natural gas is in 
the “national interest.” This constraint is unneces-
sary: natural gas exports are now de facto in the na-
tional interest for economic and geopolitical reasons. 
The president should issue an executive order declar-
ing as much—and provide preemptive permission to 
any and all LNG export applicants.

To provide long-term confidence among investors and 
buyers, Congress should firmly and completely revoke 
DOE’s export authority. This outdated federal author-
ity finds its roots in the 80-year-old 1938 Natural Gas 
Act that was extended specifically in the 1975 Energy 
Policy Act. At the same time, Congress should repur-
pose DOE’s “permissioning” function with a mission 
to facilitate exports, emulating the U.S. Department 
of Agriculture’s Foreign Agricultural Service, which 
has “a variety of services and programs that help U.S. 
agricultural exporters succeed in the global market-
place.”76

Those in Congress who recognize the gratuitous im-
pediment of lengthy export permissions have already 
proposed legislation to require DOE to expeditiously 
review LNG applications. Unfortunately, there is no 
practicable way a vague, rubbery timeline require-
ment can be enforced by Congress or by a future pres-
ident determined to ignore it. A clean, straightforward 
repeal is the solution.

As a related action, Congress should also direct DOE 
to refocus research funding in order to expand R&D 
in basic science areas relevant to taking advantage 
of the effectively unlimited supply of natural gas. 
Such refocus would also comport with the Office of 
Management and Budget’s plans to streamline and 
reorganize federal energy innovation.77 

Second, the review process under the National En-
vironmental Policy Act (NEPA) needs to be stream-
lined. More than 70 energy projects are currently un-
der NEPA review, nearly one-third of which involve 
natural gas. All 13 of the current LNG export applica-
tions require Environmental Impact Statements, the 
most burdensome level of review, which can cause 
delays ranging from five to nine years.78 

This market is dependent on a smoothly operating 
Federal Energy Regulatory Commission (FERC), the 
agency that leads NEPA review for LNG exports. As 
of this writing, FERC lacks a fifth commissioner, a po-
sition critical to its operations and ability to resolve 
agency disagreements. Appointing the fifth commis-
sioner should be a priority for the administration and 
Senate; delay only adds another layer of uncertainty 
to near-term decisions needed for long-term LNG in-
vestments.

As for those harboring fears that America’s natural 
gas abundance might be a bubble—and thus worry 
that exports risk raising domestic prices79—the 
obvious solution for production is to open up offshore 
acreage, where geophysics promises vast resources.80 
The shale gas boom has come entirely from onshore 
and nonfederal lands. Today, more than 90% of 
America’s offshore acreage is off limits to production 
or even exploration to gather information.81 The U.S. 
is unique among nations averse to accessing its vast 
offshore resources available. Offshore production is 
welcomed and eagerly pursued from Saudi Arabia to 
China, from Norway to Russia, Ireland to Guyana, 
India to Israel, and Brazil to Mexico. 

But America, as the world’s energy colossus, remains 
gratuitously hobbled in both the long-term pursuit of 
its resources and, critically, in the near-term acceler-
ation of massive LNG export opportunities.
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Abstract
The U.S. is now the world’s fastest-growing producer of natural gas, and 
it is on track to becoming the dominant world exporter. Meanwhile, the 
number of nations importing liquefied natural gas (LNG) has jumped from a 
dozen to more than 40 in the past two decades. In the next two decades, the 
international LNG trade is expected to become a $200 billion annual business 
and an increasingly critical fuel for growing economies.

Natural gas, unlike alternative energy sources such as wind and solar, does 
not depend on massive public subsidies or mandates. But it does require 
capital-intensive physical infrastructures—pipes, ports, and, especially, LNG 
terminals. Encouraging investments in these facilities in this country will, 
first of all, require streamlining the environmental review that is necessary 
to acquire building permits and instilling confidence among investors that 
the government will not revoke them once they are granted. Second, LNG 
producers currently require federal permission to export natural gas. This 
requirement—created a half-century ago, when many believed that America 
was in imminent danger of running out of energy—is an anachronism and 
needs to be abolished.

Accelerating America’s LNG exports would greatly expand the domestic 
economic benefits from shale gas. America’s natural gas industry already 
employs 3 million Americans and adds more than $350 billion to the economy. 
Expanding exports would continue price pressure on world gas markets, to 
the benefit of citizens everywhere. Finally, if the U.S. becomes the world’s 
dominant LNG exporter, such geopolitical “soft power” would counterbalance 
the influence of Russia and the Middle East on the world stage.


