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Policy interestin energy tends to ebb and flow.
When prices are high or volatile, policy makers
focus on actions to improve markets, diversify
fuel and technology options, open up access to
new resources, and improve the efficiency of
how we use energy. When events cause high
levels of pollution or natural resource dam-
ages related to energy production or delivery,
the focus shifts to finding energy options with
lower environmental risk. Typically, energy
policy action occurs in the context of crises, not
during calmer times that might allow for more
measured consideration of the inevitable trade-
offs and balancing of interests.

In July 2007, for example, only three and a
half years ago but a year before the global eco-
nomic collapse would help to drive down energy
prices, the National Petroleum Council’s study,
“Facing Hard Truths About Energy,” opened
with “The American people are very concerned
about energy—its availability, reliability, cost,
and environmental impact.” Coming only two
years behind the enactment of the compre-
hensive Energy Policy Act of 2005, the NPC
report noted that energy was still “a subject
of urgent policy discussions.” By the end
of 2007, Congress had enacted the Energy
Independence and Security Act, designed to
support those named goals by increasing the
production of clean renewable fuels and the
efficiency of products, buildings, and vehicles,
by promoting research on and deployment of
greenhouse gas capture and storage options,
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and by improving the energy performance of
the federal government.

Just a few months later, in July 2008, well-
head prices of natural gas peaked at $10.79 per
million cubic feet (mcf); by the end of 2010,
prices were a third as high ($3.71 per mcf).!
Overall energy demand dropped, of course,
with the economic collapse, and by 2010 was
still almost 5% lower than it was in 2007.2 And
while energy is still on the agenda of some poli-
cy makers, consumers and producers (a notable
example being this past summer’s oil spill in
the Gulf of Mexico), energy is hardly the sub-
ject of “urgent” discussions in very many places.

Thus, thisyear’s Aspen Institute Congressional
Program explores our nation’s energy secu-
rity needs in the absence of a perceived crisis.
Recent polls indicate that Americans do not
list energy issues as among “important issues
facing the country now.” In fact, there may be
as much good news on energy security issues
as there is bad, with recent developments in
natural gas being the best example of a good
news story. But the challenges are still real
and the issues important. The papers and ses-
sions at this year’s meeting examine separate
in-depth issues related to oil drilling, coal,
transportation, green jobs, and adapting to cli-
mate change. The topic of this paper, then, is
to examine the overall context for our energy
economy, with more attention to issues not cov-
ered in other panels: natural gas, renewables,
nuclear, and energy efficiency.




Setting the stage—some facts:

What are the energy resources that Americans

depend upon, and where do they come from?
There are some simple but important features
of the U.S. energy landscape:

1.

Overall Energy Use: Overall energy use
has risen approximately 20% since 1980.
(Figure 1). Before the recent economic
decline which caused energy demand to
fall in absolute terms, U.S. energy use from
1980 to 2007 had grown by 30%.

Trends in Energy Use by Customer Type:
Households and industries use most of the
nation’s energy, with commercial customers
not far behind. This may sound intuitively
obvious, but this fact is inherently hidden in
the traditional governmental data on ener-
gy use, which often depict “the power sec-
tor” and the “transportation sector” as users
of energy, alongside of residential, commer-
cial and industrial customers, muddying the
fact that it is citizens and businesses who
are the ultimate users of energy. (Figure
2). Considering that residential custom-
ers (households) currently make up over
1/3 of the transportation sector’s energy
use (in driving motor vehicles) and nearly
2/5 of all electricity (in their homes), and
industrial customers use approximately 1/4
of all electricity and a substantial portion
of energy used for transportation, then the
data would show that these two sectors use
most energy today. Commercial users’ elec-
tricity use, however, is growing relatively fast
(especially due to growth in electricity use
in commercial buildings), so that commer-
cial customers’ overall share of total energy
is slowly rising. In parallel, industrial cus-
tomers’ share of total energy is dropping
the fastest over time, with industrial energy
use having peaked in absolute terms in 1997
at a level 20% higher than it is at present.
(Figure 3). Over time, electricity produc-
tion and delivery takes up an increasing
share of total energy.

3. Household Energy Use: Taking into account

energy used in homes and motor vehicles,
half of the typical person’s direct energy
use is electricity in buildings,* 30% is from
driving cars, and the rest is for some other
energy sources (e.g., natural gas or oil for
heating homes).’

Energy Use in Buildings: Buildings (that is,
residential and commercial buildings) and
the activities inside of them (including heat-
ing, cooling, lighting, electrical equipment
and appliances) now use approximately 43%
of all energy in the U.S. economy, higher
than in the transportation sector (29%) or
the industrial sector (30%). And electricity
in buildings now constitutes approximately
3/4 of total energy use in buildings.

Manufacturing Use of Energy: The largest
manufacturing users of energy are petro-
leum and coal products (33%), chemicals
(24%), paper (11%), and food (6%). Not
counting use of non-fuel energy products
by the petroleum/coal products group, nat-
ural gas is the dominant fuel used in manu-
facturing, and makes up just under 2/5 of
energy used in manufacturing. Electricity,
including on-site generation, makes up
another fifth.

More Efficient Use of Energy: The U.S.
economy has become more “energy inten-
sive” over time: It takes less energy to pro-
duce economic output today compared to
all other years in the last three decades.
(Figure 4). This is a measure of underlying
productivity improvements as well as the
extent to which energy efficiency measures
have been adopted by households, busi-
nesses and others, in buildings and motor
vehicles. End-use efficiency is particularly
important, since buildings use so much
electricity and in light of the fact that for
every unit of fuel consumed in the production of
electricity, 2/3 of its full energy value is lost to
conversion inefficiencies (at the power plant) and
delivery losses (on the wires). Electricity, while
vitally important to the economy, exacts
an inefficient toll as fuel is turned into




power to run motors and computers, light
up spaces, and perhaps a large number of
tomorrow’s cars.

Fuel Shares: The portion of U.S. energy
supplied by different fuels has remained
remarkably stable over the years. (Figure
5). In 2009, more oil was used than any
other fuel (37% of total energy), with most
oil used for transportation (except in the
Northeast, where heating oil is important).
Natural gas now provides 25% of total
energy, with coal supplying 21% (almost
entirely used for electricity), nuclear 9%,
and renewables 7%. The shares were only
slightly different in 1980, with 44% oil, 26%
natural gas, 20% coal, but only 4% nuclear
and 7% renewable. Fossil fuels continue to
play the dominant energy role, providing
83% today, with nuclear, wind and biomass
making up the growth in non-fossil energy
in recent decades.

Domestic Production of Energy—Part 1: By
far, the U.S. produces most of the energy its
consumers use. (Figure 6). Imports make
up 40% of total energy production and pro-
vide 30% of total energy use. The amount
of oil imports has steadily increased (until
the post-2008 economic downturn): rough-
ly 3 out of every 5 barrels of oil now used
in the U.S. economy come from outside
the U.S. (Figure 7). Oil imports account
for 92% of all energy imported into the
U.S,, and nearly 3/4 of the oil consumed
in the U.S. goes to move people and things.
The transportation sector, thus, is the most
dependent on foreign energy sources.

Domestic Production of Energy—Part 2:
By far, the two energy resources which have
undergone significant growth in recent
years are natural gas and renewable energy.
Figure 8 shows the growth in production of
natural gas relative to production of onshore
and offshore oil in recent years. The tra-
jectory for natural gas is significant, with
new resources now economically available
from shale gas and other unconventional

10.

gas areas. U.S. shale gas production has
increased 14-fold in 10 years.® Additionally,
domestic production of biofuels is strong, as
is wind generation—which has dramatically
increased, both in number and capacity of
wind turbines and total output from these
facilities. (Figure 9).

Domestic Power Production: Almost all of
the nation’s electricity comes from domestic
energy resources,” with over 2/3 generated
at power plants that use a fossil fuel: coal
(45%), natural gas (23%); and oil (1%).
(Figure 10). The remainder comes primar-
ily from low-carbon fuels: nuclear (20%),
conventional hydroelectric power (7%),
and wind (2%). The last nuclear plant to
come on line was in 1996, but “uprates” (or
added capacity) at existing plants since then
have totaled 4,582 MW (roughly the size of
4-5 large new reactors).® All of the nation’s
commercial nuclear energy and nine out of
every ten tons of coal go into power produc-
tion. By contrast, only 29% of U.S. natural
gas produces electricity; the rest heats and
cools buildings and runs industrial pro-
cesses. The vast majority of power plant
capacity added in the past decade is fueled
by natural gas or wind, however. Given the
combined effects of the cost advantage of
natural gas, the policies supporting renew-
able energy, and the low cost to build a new
gasfired plant rather than a coal or nuclear
facility, most of the new generating capacity
likely to be added in the near term will be
gas-fired and renewable capacity. By con-
trast, most of the oldest and least efficient
generating capacity on the grid today burns
coal; a third of coalfired capacity is older
than 40 years old. Half of the older plants
have no pollution control equipment to
address conventional air pollutants—like
sulfur dioxide (contributing to acid rain),
nitrogen oxides (contributing to smog),
and mercury—and may face economic pres-
sure to retire. The prospects for investment
in nuclear plants are weak in the near term,
especially in the absence of policies that




value low-carbon power production.

11. Energy Prices: Energy prices continue to
exhibit mixed trends. (Figure 11). On the
one hand, both oil and coal prices have
risen recently, after having dropped with
the economic collapse in 2008. Meanwhile,
natural gas prices are much lower than their
all-time highs in 2008, in part the result
of significant improvements in technology
that provide economical access to shale gas
resources in the U.S. These countervail-
ing trends tend to make natural gas all
the more economically attractive—relative
to other fossil fuels and new nuclear and
renewable power plants as well.

12. Greenhouse Gas Emissions: Finally,
although greenhouse gas emissions from
the energy sector have dropped in recent
years in conjunction with lower energy
use, energy activity (especially oil used for
transportation and coal used for power
generation) remains a key source of GHG
emissions and other pollutants. And with-
out additional policy action, the long-term
trend indicates increasing emissions and
increasing requirements for significant
adaptation to climate change.

Some observations and issues:

Different lenses help to make sense of today’s
complex U.S. energy landscape. Each provides
a different angle on the realities of energy in
America: the structure of its markets, key pat-
terns of production and use, their relationships
to larger strategic issues in the nation, and
their implications for policy. Because issues
relating to the transportation sector and coal
are addressed by others, the observations here
focus on key themes in the overall context.

1. Regional variations: Major regional differ-
ences are central to understanding energy
systems, politics and policy in the U.S.
These regional variations affect the char-
acter of the energy economy in different
parts of the nation—whether, for example,

a region views itself as an energy producer
versus a consumer, or what are the prevail-
ing attitudes about different fuels and their
value. Texas and Louisiana are oil-produc-
ing areas; Appalachia and the Rockies have
large coal resources; Pennsylvania is an up-
and-coming shale gas production region,
with prospects for a small role for coal;
the sunny Southwest and the windy Upper
Plains states have renewable energy poten-
tial; the Northeast is increasingly a gate-
way to offshore wind resources and energy
imports. These facts create challenges for
energy policy. Those aimed at creating
incentives to build new transmission to
connect remote windy areas with distant
population centers, for example, face major
hurdles, in part because the new lines may
need to cross areas with people who don’t
want or need the power. (Figures 12-14).

Regional differences in attitudes about coal
versus gas for power generation provide
another good example: “coal country”
states (Figure 15) have economies that are
based, in part, on access to relatively inex-
pensive power; these states tend to have
higher than average energy consumption
per capita. (Figures 16-17). States like
California, Texas, and New York that have
little coal in their energy mix, rely more
heavily on gas and nuclear power; these
areas’ historically poor air quality made it
hard to site new power plants (such as coal
plants) with high air emissions. These are
also places that have had high electricity
costs and restructured their electric indus-
tries to introduce competition as a way to
help lower energy prices. These regional
variations mean that environmental regula-
tions affecting coal plants pose significantly
different impacts and politics in parts of the
nation.

Natural gas—especially shale gas—is per-
haps the best energy story in decades.’
Changes in production technology (“direc-
tional drilling” and “fracking”) have opened




up vast areas of U.S. shale gas formations
for economical development. (Figure 18).
According to the newly released Annual
Energy Outlook, “The technically recoverable
unproved shale gas resource is 827 trillion
cubic feet (as of January 1, 2009)..., 480
trillion cubic feet larger than in [last year’s]
Annual Energy Outlook... The larger resource
leads to about double the shale gas produc-
tion and over 20 percent higher total lower
48 natural gas production in 2035, with
lower natural gas prices, than was projected
[last year]....Shale gas offsets declines in
other U.S. supply to meet consumption
growth and lower import need.”® (Figure
19). This is such big news because it offers
the promise of access to relatively low-cost,
abundant and relatively low-carbon gas to
consumers in industry, at power plants, and
in homes and office buildings. It means
relatively stable, non-volatile prices—some-
thing that was unheard of just five years
ago. Shale gas reserves are located close
to consumers, with implications for pipe-
line and storage infrastructure. Domestic
and international gas and oil prices may
no longer move in tandem; international
gas resources may no longer be so strongly
controlled by countries (like Russia) willing
to use gas for strategic advantage. Low gas
prices are putting pressure on old and inef-
ficient coal plants to retire—with improve-
ments in air emissions; but they also put
pressure on new nuclear and renewable
projects because when the gas alternative
is so attractive, it is harder to justify invest-
ment in these other technologies that can’t
be supported by investment in the near
term based on market prices alone. Also,
access to shale gas resources involves large
quantities of water, raising concerns about
water supply, water quality and industry
practices that more resemble manufactur-
ing activities than traditional oil and gas
extraction.

Buildings are a big deal in the energy sys-
tem. They use a lot of energy (43% of

total energy use). Since 1980, residential
and commercial buildings’ energy use grew
55% (compared to 21% overall growth in
U.S. energy use, and 37% growth in trans-
portation energy use). Commercial build-
ings’ energy use, especially, has dramatically
increased: up 71% in that period, in light of
overall growth trends in commercial square
footage, the heavy air conditioning loads
of such buildings, and the proliferation
of electrical equipment. Electricity use in
buildings has grown 104%, and now consti-
tutes approximately one-third of all energy
used in the U.S. economy. This means that
energy use in buildings is heavily respon-
sible for driving growth in the power sector.
And changes in buildings’ use of energy
(through such things as building codes,
appliance efficiency standards, efficiency
programs, and “demand response” pricing
models) can have a profound impact on
companies’ total energy requirements, their
expenditures on energy, and the environ-
mental impacts associated with production
and delivery of electricity.

In fact, electricity itself is a big deal. This is
hardly news: around the globe and histori-
cally, economies evolve and develop as they
electrify their energy systems. This is part
of the reason for the establishment of the
Tennessee Valley Authority nearly 80 years
ago. Electricity is a powerfully flexible form
of energy for consumers, but it also suffers
from inherent inefficiencies in that consid-
erable energy (2/3 of the total energy value
of fuels used to produce power) is lost in
the process of converting fuel (such as coal,
or natural gas, or uranium) into electric-
ity, and then delivering electricity to retail
customers. This means that for each unit
of electricity able to be “conserved,” there
are two units of fuel not consumed, thereby
avoiding its emissions to the atmosphere.
Future growth of electricity depends upon
such things as the adoption rates for energy
efficiency measures and appliance/building
efficiency standards, additions of electricity-




using equipment (e.g., battery technology,
electro-technologies), the pace of economic
recovery, and the impact of future environ-
mental policies. In fact, deep reliance on
electric vehicles in the future might lead
to even-faster growth in overall electricity
requirements.

Americans are becoming more energy
efficient: The trend shows considerable
improvement in the productivity of energy
in the economy. (Figure 4). “Since 1992,
the energy intensity of the U.S. economy
has declined on average by 2 percent per
year, in large part because the economic
output of the service sectors, which use
relatively less energy per dollar of output,
has grown at a pace almost 6 times that
of the industrial sector (in constant dollar
terms).” There is still a huge potential for
further improvement, both in the existing
buildings and in the energy use of new
appliances, buildings, and manufacturing
processes. Appliance efficiency levels are
set by the U.S. Department of Energy; build-
ing codes tend to be governed by state and
local policies, with considerable variation in
efficiency levels and enforcement of stan-
dards. China sets a clear example of hav-
ing aggressive overall efficiency targets for
its economy as a matter of national policy:
Since 2005, Chinese policies have led to the
closure of inefficient factories and power
plants and a major push on energy efficien-
cy (in vehicles, buildings, appliances), lead-
ing to a nearly 15% improvement in overall
energy intensity in five years.”? China has
recently proposed to reduce its energy
intensity by another 17% by 2016.* By con-
trast, the EIA estimates that market forces
and existing policies will lead the U.S. to
reduce its energy intensity by 40% between
2009 and 2035.'

The environmental footprint of energy pro-
duction, delivery and use has improved in
the U.S., but remains challenging. This was
obvious during the summer of 2010, as the

Gulf of Mexico’s natural resources and fish-
eries were hit by the oil spill resulting from
the Macondo offshore incident. More rou-
tinely, combustion of fossil fuels emits pol-
lutants affecting public health, natural sys-
tems, visibility, and global climate change.
Extraction of shale gas requires significant
quantities of water. Hilltop coal mining
can lead to run-offs, affecting the quality in
neighboring water systems. From a technol-
ogy point of view, the game changers would
be tied to:

* improvements in the efficiency of power
production, delivery and use;

¢ the ability to develop or otherwise gain
access to technologies and practices that
produce electricity with lower greenhouse
gas emissions, and lower harmful and haz-
ardous air pollutants;

¢ the development of storage devices to ren-
der low-carbon but intermittent renewable
resources more steady sources of power;

¢ the application of “smart” grid technolo-
gies (an array of hardware and software
technologies and systems) that will allow
current systems to be operated more reli-
ably and at lower cost over the long run;

¢ the ability to safely extract natural gas and
oil safely and with minimum use of other
natural resources like water;

® processes to safely manage high-level radio-
active wastes from nuclear generation.

8. Energy infrastructure is very long-lived,

and near-term investment decisions have
long-lasting impacts. Many of the nation’s
current energy facilities—natural gas pipe-
lines, electric transmission lines, coal power
plants, large hydroelectric and nuclear facil-
ities, refineries, and other facilities—are
old. Many are aging, having served decades
beyond their original planned lives. Many
will need to be replaced with more modern
technology and materials. These invest-
ments will undoubtedly lead to efficiency
gains but will come through investment




needed to just maintain the system, rather
than to grow or improve it. From a short-
term economic point of view, adoption of
currently available technology to replace
the old may minimize costs (and prices to
today’s consumers), but introduce long-
term obligations for energy use with poten-
tially large environmental and energy secu-
rity impacts. Advanced technology (such as
coal gasification with carbon capture, large
and small-scale nuclear reactors, gasifica-
tion systems that use various waste streams
as a feedstock, energy storage systems to
support more efficient grid operations, or
offshore wind supported by high-voltage
transmission systems) may face significant
hurdles in entering commercial markets,
but offer improvements over current tech-
nology and long-term pay-off from an inter-
generational point of view. The fact that
a significant share of energy systems in
the U.S. are supplied through competitive
markets means that, although they pro-
vide many economic benefits to consumers,
such markets also can make it harder for
new advanced technologies to gain traction.
Many, in fact, may require public support
in one form or another in order to move
into commercial demonstration projects in
U.S. installations.'® This may be particularly
true in light of the otherwise “good news”
about low natural gas prices, which raises
the relative cost of other fuel/technology
combinations. But such support may con-
stitute a big bet that could pay off in the
long-term for American economic, energy
and environmental security, but involve
costs in the near-term that may be hard to
swallow in times of tight budgets and hopes
for economic recovery.

Some policy issues and suggestions:

These observations point to several potential

priorities in U.S. energy policy:

First is ensuring that the opportunities
afforded by America’s vast shale gas resourc-

es are realized with minimum-to-no bad
surprises. This means adoption of practices
and policies to support safe exploitation of
the gas supply with acceptable risks to natu-
ral resources and the environment. Several
studies are underway to assess industry prac-
tices and identify the trade-offs associated
with new forms of regulation by state or fed-
eral environmental authorities (or both).
The goal should be to find a workable
combination that supports prudent devel-
opment of the shale-gas resource potential
for near- and long-term strategic advantage
for the U.S.

Second is tapping deep reserves of energy
efficiency and demand reduction in existing
buildings and industrial processes, and to
adopt standards for efficient electrical and
other energy use in new buildings, appli-
ances and equipment. Statutory authorities
supporting energy efficiency reside in many
places within federal and state jurisdictions,
including under the Department of Energy,
policies of the Federal Energy Regulatory
Commission and state public utility com-
missions, state building codes, market rules
and practices of grid operators, practices of
energy efficiency service providers, public
housing authorities, city and town govern-
ments, and countless others.

A third suggestion is to find and adopt poli-
cies to improve the pathways to develop and
deploy modern and advanced energy tech-
nologies. Some of these may include tap-
ping the purchasing power of large entities,
such as the Department of Defense with its
long-term strategic interests in improving
the efficiency of its energy use and securing
alternative fuels, and in reducing taxpayers’
payments for energy.

Other ideas may involve relying on utilities
as agents to accomplish larger public poli-
cy objectives, through providing long-term
contracts to support investment in renew-
able energy projects, or small-scale nuclear
plants, or access to natural gas fields.




* Another option is to support the imple-
mentation of environmental regulations
of traditional air pollutants under existing
law that will, in combination with low natu-
ral gas prices, encourage some of the old-
est and least efficient coal plants to retire.
This could allow for the introduction of
more modern power plants, yielding a
more efficient fleet of plants, producing
new construction jobs related to replace-
ment capacity, and reducing unhealthy
levels of air pollution.

Other options involve developing mecha-
nisms to map out and fund investment in
advanced energy research, development and
deployment (RD&D), such as was recently
recommended by the President’s Council
of Advisors on Science and Technology.'®
PCAST recommended a substantial increase
in federal support for RD&D and identified
the importance of “roadmaps for key ener-
gy technologies” and the assessment (and
where appropriate, elimination) of existing
energy subsidies and incentives. Similar
recommendations were offered this past
year by the American Energy Innovation
Council,'’” which recognized two reasons
for a governmental role in accelerating
energy innovation:

First, innovations in energy technology
can generate significant, quantifiable pub-
lic benefits that are not reflected in the
market price of energy. These benefits

include cleaner air and improved pub-
lic health, enhanced national security
and international diplomacy, reduced risk
of dangerous climate change, and pro-
tection from energy price shocks and
related economic disruptions. Currently,
these benefits are neither recognized nor
rewarded by the free market. Second, the
energy business requires investments of
capital at a scale that is beyond the risk
threshold of most private-sector investors.
This high level of risk, when combined
with existing market structures, limits the
rate of energy equipment turnover. A
slow turnover rate exacerbates the historic
dearth of investments in new ideas, creat-
ing a vicious cycle of status quo behavior.
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Figure 1 - Change in U.S. Energy Consumption Since 1980
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Figure 3 - Energy Use by Sector: 1980-2009 -
Residential, Commercial, Industrial, Transportation
(with Electricity Use, Production and Delivery Assigned to Each Sector)
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Figure 4 - Improving "Energy Intensity" of the U.S. Economy:
Energy Consumption per Real Dollar of Gross Domestic Product (1980-
2009)
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Figure S - Percentage of U.S. Energy Use by Fuel: 1980-2009
Coal, Natural Gas, 0il, Nuclear, Renewables
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Figure 6 -Net Energy Imports as a Percentage of Total U.S. Energy
Production and Use
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Figure 7 - Net Oil Imports as % of Oil Use: 1949-2009

1993
1995
1997
1999
2001
2003
2005
2007
2009pP

Tierney — Energy Security Figures = Aspen Congressional Program, 2011

Figure 8 - US Domestic Production of Qil (Onshore, Offshore} & Natural Gas
{1980-2009)
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billion Bl Figure9 - Wind Energy Production (1998-2009)
800,000

700,000
600,000
500,000 |
400,000 |
300,000
200,000
100.000 |

0

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009P
source: EIA

Tiermev — Enerov Security Fuzm es — Awen Coneresional Program. 2011

Figure 10 - U.S. Electricity Production by Fuel
Source: 2009
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Figure 11 - Change in Price Since January 2006:
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Figure 12 - Wind Tends to Be Located Where People Are Not
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Figure 13 - The Electric Grid is Weakest in Areas
Where the Best Wind Resources Are Located
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Figure 14 - To Connect Wind Resources to Consumers,
New Transmission Lines Must Cross Multiple Electric Utility Service Territories and States
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Figure 15 - Coal Country — Resources and Power Plants
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Figure 16 — Electricity Use Per Person (KWh) by State and US: 2007

kehpdrsor
Oapgnatzent

25000

20000 - - - — - =
15000 |
10000

= A 8§ . - AE.E 32 ER LR - = LE RS N 4 8 L N R % R,

225585625545 5528

Data: Energy Information Administration, State Energy Data System (most recent annual data avallable as of 3-12-10)

> 9o 9 o Ewazg Y XxXTrzwopazaegdaan
§¥o<§%w553<552—oszggggkozaa;§o§“—:§<

Tierney — Energy Security Figures — Aspen Congressional Program, 2011




Figure 17 - Percentage Coal in a State’s Electricity Generation Mix
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Figure 18 - Location of Shale Gas Plays and
! Gas Production in Conventional Fields, Lower 48 States
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Figure 19 - Increasing Role of Shale Gas in U.S. Dry Gas Production

U.S. dry gas production?rillion cubic feet per year)
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