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As requested by the organizers, this note briefly addresses four questions to help seed the workshop discussions:

 ▪ How does energy play a role in the U.S. economy? How has this changed over time? 

 ▪ How is it expected to change going forward? What are the major uncertainties?

How Does Energy Play a Role in the U.S. Economy? How Has This Changed  
over Time?

BASIC DATA

Energy intensity of GDP: Use of energy per dollar of real GDP has been steadily declining since at least 
the mid-1950s, but the rate of decline has varied over time. Energy intensity declined 16 percent over 
the 2007-17 period after having declined 21 percent between 1997 and 2007, a period of generally rising 
energy prices. Energy intensity experience is closely linked to both changes in the sectoral composition 
of the U.S. economy and energy price trends. Looking back even further, energy intensity declines were 
just 12 percent over 1987-97 (another period of low energy prices), 26 percent over 1977-87, but only 3 
percent over 1967-77.

Energy’s role by sector: The industrial share of total energy use has been declining since the 1950s, while 
the commercial and transportation shares have been rising. Changes here generally reflect what is going 
on in the U.S. economy—with a growth in services and declines in manufacturing.  

Carbon intensity of energy: The carbon intensity energy declined 12 percent over the past decade, 
reflecting the rise of natural gas and renewables in the nation’s energy mix. This is a marked change 
from experience over the prior 30 years—carbon intensity was virtually unchanged over 1997-2007 after 
experiencing declines of 3 percent and 2 percent respectively over the prior two decades.       
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INFLUENCE OF ENERGY PRICE SHOCKS ON THE ECONOMY

Notwithstanding the growing role of renewables and natural gas, oil accounted for roughly 55 percent 
of total U.S. energy expenditures in 2017, near the midpoint of its expenditure share range of 44 to 65 
percent between 1970 and 2016. Significant volatility in oil prices is the primary driver of changes in U.S. 
energy expenditures. For example, in recent years oil expenditures rose $178 billion between 2010 and 
2011 then fell by $240 billion between 2014 and 2015.   

Starting in the 1970s, as the United States became a significant net oil importer and the world experienced 
several supply shocks, widespread reliance on oil throughout the economy, as well as the volatility and 
visibility of oil prices, have focused attention on oil prices as a key channel through which energy markets 
are likely to affect the U.S. macroeconomy.  

While major oil supply shocks have been infrequent over the past several decades, significant oil price 
shocks, both up and down, occur frequently. The relationship between oil price shocks and economic 
performance still matters, whether or not the price shocks we observe in the data come from demand 
shocks, technology developments, or some other cause.   

Recent research suggests that the U.S. economy is significantly less sensitive to oil price shocks than 
suggested by the literature developed from the 1970s through the early 2000s. A recent study of the 
oil security premium by Resources for the Future reviewed the relationship between oil price shocks and 
economic performance. The older literature shows a wide range of values for the elasticity of U.S. GDP 
with respect to oil price shocks. (–0.012 to –0.078), with a point estimate of –0.044, so that a 10 percent 
price shock translates into a bit less than a ½ percent reduction in GDP. However, more recent empirical 
research suggests elasticities in the range of -0.006 to -0.029, with a point estimate of -0.018, less than half 
that of the older literature.   

Differences between the newer and the older estimates may owe to improved monetary policy; increased 
familiarity with oil supply disruptions, making it easier for the economy to adjust; improved modeling 
techniques; and the lack of major oil supply disruptions in the past decade. With the doubling of U.S. crude 
oil production over the past decade, net U.S. oil import reliance has declined sharply, reducing the terms of 
trade shift associated with oil price shocks. Even the newer literature and the new modeling work included 
in the study use data that only partially reflect the recent rise in U.S. oil production.

Model Short-Run Price 
Elasticity of  

World Supply

Short-Run Price 
Elasticity of  

World Demand

U.S. Income 
Elasticity of Demand

Elasticity of U.S. 
GDP with Respect to 

Oil Price Shocks
Benchmark-O 0.05

0.025 to 0.075

–0.055

–0.02 to –0.09

0.7

0.55 to 0.075

–0.044

–0.012 to –0.078
Benchmark-N 0.05

0.025 to 0.075

–0.175

–0.01 to –0.25

0.7

0.55 to 0.075

–0.018

–0.006 to –0.029

ENERGY AND INVESTMENT

Available data for 2015-17 suggests that the energy sector now accounts for about 10 percent of U.S. non-
residential fixed investment.  

Electricity system network investment has grown steadily. For example, transmission infrastructure 
capital spending by investor-owned utilities increased more than fourfold in real terms over the last 15 
years to reach over $20 billion, while real distribution infrastructure investment also doubled to about 
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$25 billion. In contrast to generation, substantial parts of which were removed from rate-based regulation 
with as many electricity markets were restructured, network investment remains largely a cost-of-service 
regulated industry.

Oil and natural gas investment, both upstream and downstream, has also been important. Upstream 
investment has proven to be particularly sensitive to oil and natural gas price developments. Midstream 
and downstream investments have been more responsive to increasing production volumes.

Beyond investment in the energy sector itself, significant investments are occurring in petrochemical 
plants that are being located in the United States due to fuel and feedstock cost advantages arising from 
the advent of shale gas production which has lowered natural gas and hydrocarbon gas liquids prices. The 
American Chemistry Council estimates petrochemical investment in recent years of over $70 billion. 

ENERGY AND JOBS

There are many claims made regarding the importance of energy for jobs. There are several distinct flavors 
to this discussion:

 ▪ Loss of jobs in some traditional energy sectors—for example, concerns regarding the so-called “war on 
coal” expressed by the Trump administration 

 ▪ Clean energy policies/transitions as a source of jobs—for example the inclusion of clean energy programs 
in the 2009 economic stimulus package following the great recession and financial meltdown

 ▪ Claims regarding the favorable impact on U.S. manufacturing competitiveness and employment of 
growth in oil and natural gas production growth from shale resources

Energy projects, whether driven by policies or market forces, provide identifiable jobs. However, identifying 
net job gains associated with policy-driven energy-related activities can be challenging, as the state of the 
overall economy and whether the costs associated with particular programs or initiatives are reflected in the 
loss of other jobs can play a role. In some cases, job losses may be less visible than job gains.

Employment changes in the U.S. over the past decade reflect the combined effect of economic and 
energy developments, with the former being dominant.

 ▪ Overall non-farm employment fell from 138 million in 2007 to 130.34 million in 2010 then rebounded to 
146.6 million in 2017. Over the 2007-17 period, growth in private services employment grew from 93.5 
million to 104.2 million, accounting for more than 100 percent of the growth in overall employment. 

 ▪ In contrast, manufacturing employment fell from 13.9 million in 2007 to 11.5 million in 2010. By 
2017, it had recovered to 12.4 million, recovering less than half of the decline between 2007 and 2010.   

With respect to manufacturing, it is important to keep in mind that energy is a relatively small share of 
overall manufacturing costs. Taking account of trends in both energy prices and shipment values, it is likely 
that energy costs accounted for roughly 2 percent of the total manufacturing shipment value in 2017.    

 ▪ Total manufacturing expenditures on energy in 2014 ($149 billion) were about 2.5 percent of the value 
of their total shipments ($5.9 trillion) reported by the U.S. Census Bureau—data from latest EIA MECS. 
About $75 billion in 2014 manufacturing energy costs were for natural gas and petroleum products, 
whose cost fell significantly after 2014, with electricity, where prices have remained stable, accounting 
for about $55 billion in costs. While energy costs matter a great deal to a group of energy-intensive 
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industries, including refining, bulk chemicals, and primary metals, these most energy-intensive 
sectors account for relatively modest amounts of employment.   

Employment outside of manufacturing has shown more responsiveness to energy market developments 
than manufacturing employment. Oil and gas employment rose from 341,000 in 2007 to a peak of 
522,000 in 2014, declining to about 375,000 in 2017. It has certainly risen again in 2018 but has yet to 
approach its 2014 peak level.  Oil and natural gas pipeline employment grew from 40,000 in 2007 to 48,000 
in 2017 with the increase also well below the percentage increase in pipeline shipment volumes. 

While not well-tracked in current statistical programs, employment in renewables, including distributed 
solar installation that shows up as construction jobs, has clearly risen substantially over the past decade. 
Utility employment remained approximately flat over the past decade, while the effects of high levels of 
investment in energy and energy-related projects are also contributing to heavy and civil engineering and 
nonresidential specialty construction, where employment is now close to 2007 levels.  

Despite the tendency of many commentators to focus on employment in and around U.S. energy 
production, the largest contribution to overall U.S. employment may arise from the impact of U.S. 
energy production on the global supply/demand balance. To see this, consider a counterfactual world 
in which U.S. crude oil production, which averaged over 10.5 million barrels/day in the second quarter of 
218, were 5 million barrels per day lower, as in the mid-2000s before the rise in shale oil production. The 
evolution of world oil markets over the past decade would have been dramatically different, and it is quite 
possible, although uncertain, that oil prices would have evolved along a very different path. Higher oil 
prices would likely have resulted in different economic growth patterns. 

Notably, while the biggest category for growth in service employment over the past decade was education 
and health services, which alone rose by 4.6 million jobs, leisure and hospitality jobs were another major 
service sector winner, rising by 2.7 million jobs (13.6 million to 16.1 million). Notably, about 1 million 
leisure and hospitality jobs were added following the significant drop in oil prices after 2014, which helps 
to highlight the importance of looking at broad as well as narrow effects of energy on employment.    

How is it expected to change going forward? What are the major uncertainties?
Both market forces and policies jointly shaped past energy transitions and are currently driving new ones. 
Beyond the growth in production from hydrocarbons located in shale resources and other tight formations, 
a second ongoing transition involves growing reliance on wind and solar energy for electricity generation. 
The transportation sector, where a high proportion of travel over the past 50 years has been provided 
by personally owned and driven vehicles fueled by oil, is also in the early stages of transition with the 
emergence of ridesharing systems, autonomous vehicle technologies, and electrification.

Differences from past transitions: While energy transitions in the nineteenth and twentieth centuries 
occurred in the context of growth in overall energy use and even faster growth in electricity use, both 
primary energy use and electricity use in the United States have been stagnant for over a decade. The 
plateau in energy use reflects both the pace and direction of U.S. economic growth, widespread saturation 
of services that were key drivers of past growth in energy use, and also the effectiveness of both markets 
and policies in advancing energy efficiency. The absence of growth in overall energy use means that 
reductions in a given fuel’s market share are now directly reflected as an absolute decline in its use. 

Mitigation of carbon dioxide emissions from fossil fuel combustion, a major current focus, is qualitatively 
different from environmental drivers of past energy transitions, which primarily focused on making 
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existing fuels cleaner rather than changing fuels. While it is technically possible to capture and sequester 
carbon dioxide emissions, a strategy of greatly reduced dependence on fossil fuels, which currently account 
for roughly 80 percent of total U.S. and global energy use, is often less costly and more effective.  

Unlike shifts in the U.S. electricity generation mix throughout the twentieth century that generally 
involved switches among dispatchable technologies and fuels, the current rapid transition towards wind 
and solar resources, which together provided more than 8 percent of U.S. generation in 2017 (up from 
less than 1 percent in 2007), will likely require new strategies and technologies to maintain continuous 
balance between electricity supply and demand. Options to supplement dispatchable technologies 
include electricity storage, technologies or market incentives that enable electricity loads to flexibly 
respond to variation in generation, and greater interconnection of electricity systems to help smooth 
localized changes in wind speed and insolation.   

As the use of zero-fuel-cost variable renewable generation grows, traditional electricity pricing systems 
that recover system costs from customers primarily based on total electricity use over a billing period 
without regard to the time pattern of use and its relationship to generation increasingly misaligns 
system cost recovery with the actual costs of providing service. It also fails to encourage load to respond 
flexibly to variation in these non-dispatchable sources. Smart meter technology that has already been 
widely deployed throughout the country can facilitate the adoption of time-of-use pricing systems, which 
are currently being phased-in as the default for residential customers in California, or other dynamic 
pricing schemes that more directly reflect the balance between load and generation.        

Electric vehicles and other transportation changes: While technological options for decarbonizing 
electricity systems are clear, successful pursuit of the Paris Agreement goals for limiting global 
warming would also require additional significant reductions in emissions from direct use of fossil 
fuel uses in other sectors. The current transition in the transportation sector is still in a very early stage. 
One important dimension of the transition involves the electrification of light-duty vehicles and buses. 
While battery-powered vehicles still account for less than one percent of U.S. light-duty vehicle sales 
as of 2017, advances in batteries and rapid cost reductions offer a path to significant electrification if 
widespread consumer acceptance of these vehicles can be achieved. The development of extensive public 
recharging infrastructure is one important strategy, but how this should be done and who should pay is 
still unresolved.

Transportation is also changing through the increased penetration of ridesharing and autonomous vehicle 
technology. Ridesharing can lower overall transportation costs for many customers by cutting the fixed 
cost of vehicle ownership even as it raises the marginal cost of individual trips, which tends to discourage 
low-value trips. Autonomous driving technology can reduce accidents, enable more efficient vehicle 
operation, increase road capacity, and offer increased mobility to young, old, or disabled people who are 
incapable of driving.       

Transitions in transportation and the electricity system interact beyond the prospect of higher 
electricity sales for vehicle charging. Even with low sales penetration of electric vehicles to date, transport 
electrification has been the primary driver of the rapid growth in scale of battery production and a 
fivefold decline in the cost of lithium-ion batteries over the last seven years. Lower battery costs in turn 
are driving significant increases in recent and planned deployment of batteries in a variety of electricity 
system storage applications to provide ancillary services, capacity, energy, backup, and transmission and 
distribution system deferral.
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Projects that combine storage with wind or solar generation enable power generated at times of high 
renewable resource availability, when the value of electricity tends to be low, to be stored for use when 
higher demand and/or lower supply makes electricity more valuable. Such projects are already being 
developed as an alternative to gas-fired peaking plants to serve afternoon and evening loads.

Beyond its effect on battery costs, vehicle electrification also creates a significant amount of electricity 
demand for charging that may, with suitable incentives, be readily adjustable to fluctuations in wind and 
solar generation, providing flexibility to help balance electricity systems. In addition, vehicle batteries 
themselves can be an important storage resource for electricity systems. With an average battery capacity 
of about 70 kilowatt-hours per light-duty vehicle, just 1,500 vehicles could provide batteries capable of 
storing 100 megawatt-hours of energy.  

Implications of transitions for distribution infrastructure. While some legacy infrastructures, such as 
gasoline refueling pumps and stations, can adjust incrementally to match the pace of fuel transitions, 
others, including the infrastructure used to distribute natural gas to residential and commercial 
buildings, could have more difficulty in rescaling. The cost of local natural gas distribution systems 
currently accounts for over half of the delivered cost of natural gas to buildings, which is mainly used for 
winter heating. Electricity already competes effectively with natural gas in many heating applications, 
as reflected in the rising share of buildings that use electricity as their primary heating fuel. As the 
electricity generation mix transitions to emissions-free sources, substitution of heat pumps and other 
electric technologies for natural gas furnaces in heating systems has been considered as a strategy for 
decarbonizing energy use in both new and existing buildings. As a transition from natural gas heating in 
existing buildings would likely take place over decades, local distribution systems would have to be kept in 
operation to serve their remaining customers even as the throughout on those systems steadily declines.

Policymakers will face a significant dilemma in deciding whether distribution system costs should be 
borne solely by the shrinking set of customers remaining on the system or spread more widely. The former 
option could present severe affordability challenges for remaining customers, while the latter one can 
disincentivize customers from transitioning to cleaner energy.   
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