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 n North American oil reserves 
(U.S., Canadian, and Mexican) 
total nearly 1.8 trillion barrels of 
recoverable oil.

 n Lifting restrictions on energy 
production that have little, if any, 
environmental benefit, will add 
700,000 jobs and $3.7 trillion 
in GDP through 2035. Electric-
ity expenditures for households 
will decline by up to 10.19 percent 
per year. For a family of four, this 
means an additional $40,000 of 
income by 2035.

 n The resulting energy—used all 
across the economy—becomes 
less expensive. Cheaper energy 
lowers the cost of doing business, 
making American companies 
more competitive and enabling 
them to invest and expand.

 n Congress and the next Admin-
istration should open access to 
America’s abundant reserves, 
reduce the regulatory burden, and 
let states regulate energy produc-
tion within their borders.

 n The Energy Department has too 
much arbitrary power to decide 
where a company may export 
natural gas. Congress should 
remove the department from the 
natural-gas-permitting process.

Abstract
The doubling of U.S. oil production between 2008 and 2015 is an 
amazing story of American ingenuity, persistence, and, of course, 
drilling. The story is made more amazing by the fact that federal en-
ergy policy actively hindered this energy renaissance as it was taking 
place. What sort of energy powerhouse, then, could the U.S. be with an 
energy policy that unleashes America’s total energy productivity? The 
combination of a rational regulatory environment with open access to 
energy sources would put a 50 percent increase within reach. Heritage 
Foundation energy policy analysts explain the Heritage Energy Model 
that shows these results, and how needless regulations hurt American 
consumers and companies.

In march 2012 president barack Obama stated, “We can’t just 
drill our way to lower gas prices.”1 He said the same thing earlier 
that year on the campaign trail.2 He said it a lot.3 perhaps the line 
polled well, but it was not true. the U.S. did drill its way to lower gas 
prices over the past several years (for both natural gas and gasoline) 
and broke the back of the Organization of the petroleum exporting 
Countries (OpeC) in the process.4

the doubling of U.S. oil production between 2008 and 2015 is an 
amazing story of American ingenuity, persistence, and, of course, 
drilling. the story is made more amazing by the fact that federal 
energy policy actively hindered this energy renaissance as it was 
taking place. In the first few months of the Obama Administration, 
the Department of the Interior cancelled oil and gas lease sales.5 In 
2011, the Obama Department of the Interior blocked access to most 
of America’s offshore oil and gas reserves, placing a de facto mora-
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torium on drilling.6 the environmental protection 
Agency’s (epA’s) hostility to the oil and gas indus-
try was exemplified by regional administrator and 
Obama appointee Al Armendariz, who was captured 
on tape explaining that his policy was to “crucify” 
select oil and gas firms in order to terrify the others.7

In spite of the Administration’s policies, the ener-
gy sector thrived because of production on private 
and state-owned lands. As companies in the U.S. 
drilled their way to low petroleum prices, oil produc-
tion from the federal estate was stagnant or declin-
ing.8 So, it is reasonable to ask: What sort of energy 
powerhouse could the U.S. be with an energy policy 
that unleashes America’s total energy potential?

In its Annual Energy Outlook, the federal govern-
ment’s energy Information Administration (eIA) 
makes projections of energy production, consump-
tion, and prices. the reference case assumes mid-
point projections for energy resources and assumes 
that regulations follow their legislative timelines. As 
part of its sensitivity analysis, the eIA also produces 
two side cases where energy resources are assumed 
to be (a) 50 percent higher and (b) 50 percent lower 
than the reference case. though these side cases 
are not intended to model policy changes, the High 
resource Case offers a glimpse of what might be.

It should be noted that a 50 percent increase in 
resource availability is not a “pie-in-the-sky" fanta-
sy.  U.S. petroleum production in 2015 was about 50 
percent higher than the projection the eIA made for 

2015 in 2008.9 Natural gas production in 2015 was 
about 40 percent higher than the eIA’s 2008 pro-
jection. the comparative pessimism on the part of 
the eIA was largely due to not fully appreciating the 
impacts of smart drilling technology and hydraulic 
fracturing (fracking) at that time.

Without comprehensive seismic mapping and 
exploration, an accurate estimate of the recover-
able natural resources that are currently locked up 
on federal lands and the continental shelf is unlikely. 
However, the combination of a rational regulatory 
environment with open access would likely put a 50 
percent increase within reach.

Using a clone of the eIA’s National energy mod-
eling system, Heritage Foundation analysts looked 
at the impact of the High resource Case on income 
and employment, as well as the impact on ener-
gy markets.

Heritage analysis shows that lifting needless and 
duplicative restrictions on energy production will 
increase employment by an average of 700,000 jobs 
through 2035. Along with the jobs comes $3.7 tril-
lion in additional gross domestic product (GDp) that 
translates to an additional $40,000 of income per 
family of four by 2035.

Abundant Energy Reserves on U.S. Soil
many believe that America has only a small 

fraction of the world’s oil resources and that sup-
plies will soon be exhausted. In fact, America has 

1. News release, “Weekly Address: Investing in a Clean Energy Future,” The White House, March 10, 2012, 
https://www.whitehouse.gov/the-press-office/2012/03/10/weekly-address-investing-clean-energy-future (accessed June 17, 2016).

2. “Obama: Can’t Drill Our Way to Lower Gas Prices,” video, YouTube, https://www.youtube.com/watch?v=bEyPkY0Kf-Y (accessed June 17, 2016).

3. See, for instance, Andrew Restuccia, “Obama: Nation Can’t Drill its Way out of Soaring Gas Prices,” The Hill, May 6, 2011, 
http://thehill.com/policy/energy-environment/159705-obama-more-drilling-is-not-the-solution (accessed June 17, 2016).

4. Chriss Street, “OPEC Accepts Defeat in Anti-Fracking War with U.S.,” American Thinker, May 30 2015, http://www.americanthinker.com/
blog/2015/05/opec_accepts_defeat_in_antifracking_war_with_us.html (accessed June 17, 2016), and Alahdal A. Hussein, “Why OPEC Is 
Losing Control Over Oil Prices & How Shale Oil Controls It Indirectly,” Oil Voice, February 29, 2016, http://www.oilvoice.com/n/Why-OPEC-is-
Losing-Control-Over-Oil-Prices-How-Shale-Oil-Controls-It-Indirectly/04daf34bd620.aspx?ovs=side (accessed June 17, 2016).

5. Amy Joi O’Donoghue, “Salazar Halts Sale of Utah Oil, Gas Leases,” Deseret News, February 5, 2009, 
http://www.deseretnews.com/article/705282698/Salazar-halts-sale-of-Utah-oil-gas-leases.html?pg=all (accessed June 17, 2016).

6. Institute for Energy Research, “Obama’s Offshore Plan: One Giant Leap Backwards,” May 8, 2012, 
http://instituteforenergyresearch.org/analysis/obamas-offshore-plan-one-giant-leap-backwards/ (accessed June 17, 2016).

7. Christopher Helman, “EPA Official Not Only Touted ‘Crucifying’ Oil Companies, He Tried It,” Forbes, April 26, 2012, 
http://www.forbes.com/sites/christopherhelman/2012/04/26/epa-official-not-only-touted-crucifying-oil-companies-he-tried-it/#e26e2097ac32 
(accessed June 17, 2016).

8. Institute for Energy Research, “Energy Production on Federal Lands Lags Behind Private and State Lands,” July 21, 2015, 
http://instituteforenergyresearch.org/analysis/energy-production-on-federal-lands-lags-behind-private-and-state-lands/ 
(accessed June 17, 2016), and U.S. Energy Information Administration, “U.S. Field Production of Crude Oil,” May 31, 2016, 
https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRFPUS2&f=A (accessed June 17, 2016).
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an abundance of energy resources. though not all 
reserves are recoverable with today’s technology, 
recent estimates project that the United States has 
over five times as much oil as Saudi Arabia. In fact, 
when American, Canadian, and mexican reserves 
are combined, North American oil reserves total 
nearly 1.8 trillion barrels of recoverable oil.

to put this figure in perspective, the single conti-
nent of North America currently has more recover-
able oil than the entire world has used since edwin 
Drake drilled the first commercial oil well in titus-
ville, pennsylvania, in the mid-1800s. much of the oil 
in the United States is concentrated in the bakken 
Formation in montana and North Dakota, but also 
occurs in many other areas of the country includ-
ing Alaska, California, Oklahoma, and texas.  the 
resources in North America could continue to meet 
current energy demands across the country for well 
over the next 200 years.

these estimates are also always in flux. For 
example, in 1980, the United States was thought to 
have roughly 30 billion barrels of oil reserves. Over 
the subsequent 30 years, the U.S. produced nearly 
80 billion barrels.10

much of this oil, known as tight oil or shale oil 
had not been accessible with conventional extrac-
tion techniques. Improvements in technologies, pri-
marily horizontal drilling and fracking, now enable 
producers to extract the oil and gas from these 
tight formations.

Furthermore, technological advancements have 
significantly increased the amount of recoverable 
natural gas in the United States. the estimated 
2,200 trillion cubic feet of recoverable natural gas in 
the U.S. is equivalent to 84 years of consumption at 
current rates.11

Companies have safely used such processes for 
decades in the U.S. to extract oil and gas from hun-

dreds of wells across the country. In fact, the tech-
nology has improved so dramatically that compa-
nies are re-fracking wells to extract even more oil 
and gas from previously drilled wells.

The Economic Effects of Freeing Up 
America’s Resources

Fracking and horizontal drilling have been criti-
cally important technologies in the extraction of 
the vast amount of recoverable oil and gas in vari-
ous parts of the country and the revitalization 
of America’s energy sector.12 Drilling and extrac-
tion create jobs, but there are often tremendous 

9. U.S. Energy Information Administration, Annual Energy Outlook 2008, June 2008, https://www.eia.gov/oiaf/archive/aeo08/index.html 
(accessed June 20, 2016), and U.S. Energy Information Administration, Annual Energy Outlook 2016, July 7, 2016, 
http://www.eia.gov/forecasts/aeo/ (accessed June 20, 2016).

10. Institute for Energy Research, “North American Energy Inventory,” December 2011, 
http://instituteforenergyresearch.org/wp-content/uploads/2013/01/Energy-Inventory.pdf (accessed July 1, 2016).

11. U.S. Energy Information Administration, “How Much Natural Gas Does the United States Have, and How Long Will it Last?” November 18, 
2015, http://www.eia.gov/tools/faqs/faq.cfm?id=58&t=8 (accessed July 6, 2016).

12. See, for example, Institute for Energy Research, “Bakken Shale Fact Sheet,” August 2012, http://instituteforenergyresearch.org/wp-content/
uploads/2012/08/Bakken-Fact-Sheet.pdf (accessed June 30, 2016), and Diana Furchtgott-Roth, “Government May Be Shut Down, But the 
Energy Industry Is Booming,” Economics 21, October 4, 2013, http://www.economics21.org/html/government-may-be-shut-down-energy-
industry-booming-608.html (accessed July 1, 2016).
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SOURCE: Institute for Energy Research, Studies and Data, 
“Energy Inventory,” http://instituteforenergyresearch.org/
studies/energy-inventory/ (accessed July 19, 2016). 
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job opportunities for engineers, geologists, math-
ematicians, truck drivers, welders, and others as 
well. there are also increased needs for associated 
manufacturing as well as demand for repair shops, 
menders, hardware stores, restaurants, hotels, and 
laundromats among many others. Natural gas and 
butane, ethane, and propane removed from natu-
ral gas provide feedstock for fertilizers, chemicals, 
and pharmaceuticals. the shale gas boom resulted 
in more than $100 billion in new chemical manu-
facturing investment.13

Unfortunately, however, anti-energy politicians 
and government bureaucrats have instituted a vari-
ety of policies and regulations that have rendered 
at least 60 percent of recoverable oil inaccessible.14 
many of these regulations are based on concerns 
regarding the safety and potential contamination of 
water. However, a multi-year study recently conduct-
ed by the epA found that fracking has not significant-
ly or systemically impacted drinking water.15 prop-
er enforcement of property rights, in conjunction 
with appropriate regulations implemented by state 
and local governments, not only enable the extrac-
tion of potentially valuable resources, but also have 
remarkable ability to protect the environment.16

We used the Heritage energy model (Hem), a 
clone of the eIA’s National energy model (Nem), to 
quantify the impact of freeing up the energy markets 
by lifting the crude export ban as well as increasing 
the availability of domestic petroleum and natural 
gas. the Hem was used to compare current policy 
(the reference case) to a policy with broader access to 
energy resources (the alternative case). to model the 
impact of lifting burdensome regulations on the oil 
and gas industry, several assumptions were changed. 
Under this policy alternative, recoverable shale oil 
and shale gas and their variants are 50 percent high-
er, and well spacing is 50 percent lower than the ref-

erence case. there are a few less impactful assump-
tions, which are discussed in the appendix.

these results are quite striking. by 2035, the econ-
omy would experience an average positive employ-
ment differential of over 700,000 jobs with a peak 
employment differential of 1.5 million jobs. Chart 2 

13. News release, “U.S. Chemical Investment Linked to Shale Gas Reaches $100 Billion,” American Chemistry Council, February 20, 2014, 
https://www.americanchemistry.com/Media/PressReleasesTranscripts/ACC-news-releases/US-Chemical-Investment-Linked-to-Shale-Gas-
Reaches-100-Billion.html (accessed July 7, 2016).

14. Bureau of Land Management, “EPCA Phase III: Questions and Answers,” http://www.blm.gov/wo/st/en/prog/energy/oil_and_gas/EPCA_III/
EPCA_III_faq.print.html (accessed July 6, 2016), and Institute for Energy Research, “Oil and Natural Gas Booms on Private and State Lands,” 
April 14, 2015, http://instituteforenergyresearch.org/analysis/oil-and-natural-gas-production-booms-on-private-and-state-lands-plummets-
on-federal-lands/ (accessed July 22, 2016).

15. Environmental Protection Agency, “Assessment of the Potential Impacts of Hydraulic Fracturing for Oil and Gas on Drinking Water Resources,” 
June 2015, https://www.epa.gov/sites/production/files/2015-06/documents/hf_es_erd_jun2015.pdf (accessed July 1, 2016).

16. Nicolas D. Loris, “Free Markets Supply Affordable Energy and a Clean Environment,” Heritage Foundation Backgrounder No. 2966, 
October 31, 2014, http://www.heritage.org/research/reports/2014/10/free-markets-supply-affordable-energy-and-a-clean-environment.
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SOURCE: Heritage Foundation calculations using the Heritage 
Energy Model. See methodology for details.
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SOURCE: Heritage Foundation calculations using the Heritage Energy Model. See methodology for details.

PERCENTAGE CHANGE IN EMPLOYMENT DIFFERENTIAL OF SELECT INDUSTRIES, BY YEAR

How Unleashing 
America’s Oil 
and Gas Would 
A�ect Select 
Industries
Tapping into U.S. 
recoverable oil would 
energize job growth, 
peaking at a 1.5 million 
employment 
di�erential in 2035.

CHART 3

heritage.orgBG 3148

MACHINERY APPLIANCE AND 
ELECTRICAL 
EQUIPMENT

MISCELLANEOUS 
MANUFACTURING

FABRICATED METAL 
PRODUCTS

WHOLESALE 
AND TRADE

0%  

2%  

4%  

6%  

0%  

2%  

4%  

6%  

8%  

0%  

2%  

4%  

COMPUTERS AND
ELECTRONIC 
PRODUCTS

RETAIL AND 
TRADE

TRANSPORTATION 
EQUIPMENT

FINANCE, INSURANCE, 
AND REAL ESTATE 

BROADCASTING AND
TELECOMMUNICATIONS

OTHER SERVICES

2016 2035

2016 2035

2016 2035



6

BACKGROUNDER | NO. 3148
September 1, 2016  

illustrates the impact of lifting these regulations on 
overall employment, across the American economy.

Chart 3 shows some of the industries that would 
see significant job gains as a result of a federal pro-
energy policy.

these percentage differentials are quite sub-
stantial with respect to the overall economy, which 
has an average differential of 0.5 percent annu-
ally between the baseline and alternative scenario. 
these results are not surprising, as certain compo-
nents of the economy will benefit tremendously not 
only from the reduced energy prices but also from 
the increased demand as the quest for cheaper and 
more affordable energy continues.

Although manufacturing employment declines 
in certain years, that change is simply a result of 
the American free market at its best. As a market 
expands, new jobs replace old jobs and the economy 
grows. Chart 4 provides the impact on manufactur-
ing employment.

these economic gains arise for a variety of rea-
sons. First, there is an increase in job creation directly 
associated with producing shale oil and gas not other-
wise under current policy. In addition, the resulting 
energy—used all across the economy—becomes less 
expensive. Cheaper energy lowers the cost of doing 
business, making American companies more com-
petitive and enabling them to invest and expand.

Americans stand to benefit from the increased 
economic activity. Chart 5 depicts this growth in 
terms of personal income for a family of four. As 
Chart 5 illustrates, annual income rises by thou-
sands of dollars per family as a result of improved 
energy policy. In particular, by 2035, the average 
American family would enjoy a total gain of more 
than $40,000 in personal income. In terms of aggre-
gate GDp, these gains translate into almost $3.7 tril-
lion of increased aggregate GDp through 2035.

Finally, there is a drop in household electricity 
expenditures. this decline is due to the more effi-
cient and less expensive forms of energy dominat-
ing the market and becoming a commonplace form 
of electricity generation for American households. 
(See Chart 6.)

How Congress and the Next 
Administration Should Lead

the economic potential of unleashing America’s 
energy resources is tremendous. to achieve these 
gains, Congress and the next Administration should:

 n Open access to energy exploration of feder-
al waters and lands. the next Administration 
should open all federal waters and federal lands 
that are not part of the national park system or 
congressionally designated areas to explora-
tion and production for all of America’s natural 
resources. Congress should require the Depart-
ment of the Interior to conduct lease sales if a 
commercial interest exists.

 n Prevent and reverse federal regulations 
on fracking. the federal government should 
allow states to regulate fracking without fed-
eral interference. the Department of the Inte-
rior has issued federal regulations on frack-
ing on federal and Indian lands. recently, the 
epA released methane regulations for oil and 
gas activities. but federal regulations duplicate 
existing state regulation of fracking since com-
panies must obtain state permits for all wells, 
including federal wells, and must comply with 

heritage.orgBG 3148

SOURCE: Heritage Foundation calculations using the Heritage 
Energy Model. See methodology for details.

MANUFACTURING EMPLOYMENT DIFFERENTIAL, 
BY YEAR, IN THOUSANDS 

Unleashing America’s Oil and 
Gas: Manufacturing 
Employment

CHART 4

-50

0

50

100

150

2016 2026 2035



7

BACKGROUNDER | NO. 3148
September 1, 2016  

all state regulations. Citizens working with state 
and local bureaucrats have a significantly better 
sense about their environment than Washing-
ton bureaucrats who may be thousands of miles 
away. Local government officials should there-
fore have the prerogative of instituting regula-
tions regarding fracturing.

 n Allow states to manage energy development. 
permitting fracking on federally owned land 
will result in even more oil and gas extraction 
and create jobs in areas that would otherwise 
not see such economic growth. Congress should 
explore ways to sell federal lands to states and 
private individuals who are in a better posi-

tion to reap the benefits from energy produc-
tion while protecting the environment. Short of 
that, however, Congress should grant authority 
to states for environmental review and permit-
ting of energy projects on federal lands within 
their borders.

 n Avoid useless global-warming taxes and reg-
ulations. Any carbon-dioxide tax or carbon-
capture-related policies will discourage the use 
of conventional fuels, including shale oil and 
gas. these policies will drive up energy costs 
for everyone and destroy jobs, while providing a 
negligible impact on global temperatures.17 Con-
gress and the next Administration should pre-
vent any agency from regulating greenhouse-gas 

17. Kevin D. Dayaratna, Nicolas D. Loris, and David W. Kreutzer, “Consequences of Paris Protocol: Devastating Economic Costs, Essentially Zero 
Environmental Benefits,” Heritage Foundation Backgrounder No. 3080, April 13, 2016, http://www.heritage.org/research/reports/2016/04/
consequences-of-paris-protocol-devastating-economic-costs-essentially-zero-environmental-benefits.

heritage.orgBG 3148

SOURCE: Heritage Foundation calculations using the Heritage 
Energy Model. See methodology for details.
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emissions without compelling and scientifically 
unambiguous evidence of need and regulato-
ry effectiveness.

 n Expand free trade for energy sources. Own-
ers of energy resources should be allowed to seek 
the best options for selling their products and 
assets. In a similar vein, consumers should be 
free to choose the supplier that offers the best 
combination of price, quality, and convenience. 
Freedom to trade is one of the great strengths of 
the American economy. the federal government 
should treat energy sources like all other goods 
that companies trade regularly, and lift restric-
tions on energy exports and imports.

Conclusion
Often taken for granted, energy is an integral 

component of human life all across the world. by 
tapping many of its uncovered resources, America 
has the potential to be the world’s largest producer 
of energy. With the right policies in place, tapping 
this energy can help create a vibrant and prosperous 
economy for decades to come.

—Kevin D. Dayaratna, PhD, is Senior Statistician 
and Research Programmer in the Center for Data 
Analysis, of the Institute for Economic Freedom and 
Opportunity, at The Heritage Foundation. David 
W. Kreutzer, PhD, is Senior Research Fellow for 
Energy Economics and Climate Change in the Center 
for Data Analysis. Nicolas D. Loris is Herbert and 
Joyce Morgan Fellow in Energy and Environmental 
Policy in the Thomas A. Roe Institute for Economic 
Policy Studies, of the Institute for Economic Freedom 
and Opportunity.
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Appendix: Methodology

The Heritage Energy Model (HEM)
the analysis in this Backgrounder uses the Heritage 

energy model (Hem), a derivative of the National ener-
gy model System 2015 Full release (NemS).18 NemS is 
used by the eIA in the Department of energy as well as 
by various nongovernmental organizations for a variety 
of purposes, including forecasting the effects of energy 
policy changes on a plethora of leading economic indi-
cators. the methodologies, assumptions, conclusions, 
and opinions in this Backgrounder are entirely the work 
of statisticians and economists in the Center for Data 
Analysis (CDA) at the Heritage Foundation, and have 
not been endorsed by, and do not necessarily reflect the 
views of, the developers of NemS.

Hem is based on well-established economic theory 
as well as historical data, and contains a variety of mod-
ules that interact with each other for long-term fore-
casting. In particular, Hem focuses on the interactions 
among (1) the supply, conversion, and demand of ener-
gy in its various forms; (2) American energy and the 
overall American economy; (3) the American energy 
market and the world petroleum market; and (4) cur-
rent production and consumption decisions as well as 
expectations about the future.19 these 12 modules are:

1. macroeconomic Activity module,20

2. transportation Demand module,

3. residential Demand module,

4. Industrial Demand module,

5. Commercial Demand module,

6. Coal market module,

7. electricity market module,

8. Liquid Fuels market module

9. Oil and Gas Supply module,

10. renewable Fuels module,

11. International energy Activity module, and

12. Natural Gas transmission and Distribution module.

Hem is identical to the eIA’s NemS with the 
exception of the Commercial Demand module. the 
Commercial Demand module makes projections 
regarding commercial floor-space data of pertinent 
commercial buildings. Other than Hem not having 
this module, Hem is identical to NemS.

Overarching the 12 modules is the Integrating 
module, which consistently cycles, iteratively exe-
cuting and allowing these various modules to inter-
act with each other. Unknown variables that are 
related, such as a component of a particular mod-
ule, are grouped together, and a pertinent subsys-
tem of equations and inequalities corresponding 
to each group is solved via a variety of commonly 
used numerical analytic techniques, using approxi-
mate values for the other unknowns. Once a group’s 
values are computed, the next group is solved simi-
larly, and the process iterates. Convergence checks 
are performed for each price and quantity statistic 
to determine whether subsequent changes in that 
particular statistic fall within a given tolerance. 
After all group values for the current cycle are 
determined, the next cycle begins.21 Hem provides 
a number of diagnostic measures, based on differ-

18. U.S. Energy Information Administration, “The National Energy Modeling System: An Overview,” October 2009, 
http://www.eia.gov/oiaf/aeo/overview/pdf/0581(2009).pdf (accessed April 3, 2013).

19. Ibid., pp. 3–4.

20. HEM’s Macroeconomic Activity Module uses the IHS Global Insight model, which is used by government agencies and Fortune 500 
organizations to forecast the effects of economic events and policy changes on notable economic indicators. The methodologies, assumptions, 
conclusions, and opinions in this Backgrounder are entirely the work of CDA statisticians and economists, and have not been endorsed by, and 
do not necessarily reflect the view of, the owners of the IHS Global Insight model.

21. Steven A. Gabriel, Andy S. Kydes, and Peter Whitman, “The National Energy Modeling System: A Large-Scale Energy-Economic Equilibrium 
Model,” Operations Research, Vol. 49, No. 1 (January–February 2001), pp. 14–25, 
http://pubsonline.informs.org/doi/pdf/10.1287/opre.49.1.14.11195 (accessed December 23, 2014).
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ences between cycles, to indicate whether a stable 
solution has been achieved.

We used Hem to analyze the impact of making 
hydraulic fracturing more feasible by increasing the 
availability of petroleum in North America. In par-
ticular, we ran two of the same simulations that the 

eIA used in “effects of removing restrictions on 
U.S. Crude Oil exports,” in comparing the impact 
of lifting the export ban to the impact of lifting the 
export ban coupled with greater availability of shale 
oil, shale gas, and its variants in North America.22

22. U.S. Energy Information Administration, “Petroleum & Other Liquids: Effects of Removing Restrictions on U.S. Crude Oil Exports,” September 
1, 2015, http://www.eia.gov/analysis/requests/crude-exports/ (accessed July 1, 2016). See also U.S. Energy Information Administration, 

“Assumptions to the Annual Energy Outlook 2015,” September 2015, https://www.eia.gov/forecasts/aeo/assumptions/pdf/introduction.pdf 
(accessed July 22, 2016): “Estimated ultimate recovery per shale gas, tight gas, and tight oil well is 50% higher and well spacing is 50% closer 
(or the number of wells left to be drilled is 100% higher) than in the Reference case. In addition, tight oil resources are added to reflect new plays 
or the expansion of known tight oil plays, and the estimated ultimate recovery for tight and shale wells increases by 1% per year more than the 
annual increase in the Reference case to reflect additional technology improvements. Also includes kerogen development; and undiscovered 
resources in the lower 48 offshore and Alaska, and shale gas and coalbed resources in Canada that are 50% higher than in the Reference case.”


