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THE ENERGY INFORMATION ADMINISTRA-
TION’S ANNUAL ENERGY OUTLOOK FOR
2015

THURSDAY, APRIL 16, 2015

U.S. SENATE,
COMMITTEE ON ENERGY AND NATURAL RESOURCES,
Washington, DC.

The Committee met, pursuant to notice, at 10:06 a.m. in room
SD-366, Dirksen Senate Office Building, Hon. Lisa Murkowski,
Chairman of the Committee, presiding.

OPENING STATEMENT OF HON. LISA MURKOWSKI, U.S.
SENATOR FROM ALASKA

The CHAIRMAN. I call to order the meeting of the Energy Com-
mittee.

Good morning, everyone. I would like to welcome you, Mr.
Sieminski, here to present on the Energy Information Administra-
tion’s (EIA) Annual Energy Outlook for 2015.

Mr. Sieminski, you have appeared before the Committee many
times. We appreciate your work. You have ably served as EIA’s Ad-
ministrator since June of 2012, and again, we are pleased to have
you back before the Committee today.

The EIA, as we know, is an important agency and one that we
take very seriously here on the Energy Committee. The volume, the
breadth and the frequency of its many publications are very, very
impressive.

The publication that brings us here today is the Annual Energy
Outlook for 2015 which was released earlier this week. It is a love-
ly, glossy, thick, not too thick, very readable book with good charts
and great information as well as the Executive summary that’s in
there—but it is chock full of good information.

It is my understanding that this is a projective document rather
than a predictive one. In other words, you are not telling us what
will happen in the future. Instead you are telling us what may hap-
pen in certain reference cases under certain assumptions.

This is a useful annual exercise. Over the past five years the
EIA’s projections in the Annual Energy Outlook have painted a pic-
ture of a brighter American future at least in the terms of energy.

So before we proceed to your testimony, Mr. Sieminski, I want
to highlight two items from EIA’s Executive Summary that I found
interesting. I think that Committee members will, perhaps, have a
number of questions on these items.
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First, according to EIA we could see zero net energy imports in
2028 under the reference case or as early as the year 2019 in the
high oil price and high oil and gas resources scenarios. I believe
this is enormously good news for our nation. The projected zeroing
out of our net energy imports portends a future in which the
United States is a net energy exporter. It does not require much
of an imagination to see how that will potentially enhance our geo-
political position around the world.

The second point is that EIA’s report also recognizes the growth
in crude oil and dry natural gas production vary significantly
across regions. As a result increased investment or realignment of
pipelines and other midstream infrastructure is necessary.

Now as we all know this Committee is working on a bipartisan
energy bill. We will have both infrastructure and supply titles in
that bill, along with titles on efficiency and accountability. It is my
hope this morning in this hearing as we look at the Annual Energy
Outlook that we will gain some numerical grounding to that effort
and that EIA will continue to be a resource for the Committee
going forward.

So, Mr. Sieminski, we look forward to your presentation on this
annual report. Again, thank you for the good work that has led up
to this point in time.

With that, I will turn to Senator Cantwell as the Ranking Mem-
ber and then we will turn to you, Mr. Sieminski.

STATEMENT OF HON. MARIA CANTWELL, U.S. SENATOR FROM
WASHINGTON

Senator CANTWELL. Thank you, Madam Chair, and thank you for
this annual hearing and for the update.

Mr. Sieminski, thank you so much. It is a pleasure to be working
with you on such an important issue. We are here today to look at
the findings in this report.

First, I think it is important that the U.S. is likely to become less
reliant on imported energy but will still remain a net oil importer
for the entire forecast period. Within the context of the debate
about current export policy, this is a key factor that we have to
keep in mind.

Second, carbon pollution is still expected to increase, even while
it remains below the 2005 levels. This highlights the fact that we
must take steps to bend the curve even further downward, given
the tremendous cost to our climate and what is already being im-
posed on businesses and communities in my state and around the
country.

We need to look at policies where we can be mindful that these
analyses, as my colleague just said, are predictive about what is
happening right now, but not 100 percent certain about what is
going to happen in the future. Keeping that in mind we need to in-
crease energy efficiency, make it a larger variable in the equation
and keep carbon pollution below the 2005 levels.

For example, carbon pollution from the residential sector is pro-
jected to decline by five percent from 2013 to 2040. These reduc-
tions come from appliance and building efficiencies, which more
than offset the growth in the number of houses that will need to
be heated and cooled. I know a lot of my colleagues appreciate that
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we can do much more to drive energy efficiency solutions into the
marketplace, and it is a policy that ultimately pays for itself.

Another important finding in the report is that electricity prices
are likely to increase because of fuel costs. In the reference case na-
tional electricity prices are projected to rise 18 percent between
2013 and 2040, and these price projections are driven by coal prices
rising by nearly 25 percent and natural gas prices rising by 88 per-
cent.

In contrast, the renewable generation technologies, which use
wind and solar and fuel, are going to be comparatively less expen-
sive, potentially seeing different technology costs dropping 10 to 20
percent. These projections don’t even take into account the rapid
technology changes that can further drive the cost curve down.

So it seems like sensible policies to me that we should still do
more to connect these technologies to the electricity grid. Along
those lines I should note that I do have an ongoing concern that
EIA continually underestimates the potential of renewable energy
in the Annual Energy Outlook report, but maybe that is something
we can work on for the future.

In these projections renewables meet much of the growth in elec-
tricity demand. In fact, renewables are likely to become cost com-
petitive in many regions in the coming years. According to the De-
partment of Energy’s own 2014 Revolution Now Report, “by 2014
roof top solar panels cost about one percent of what they did 35
years ago and solar PV installations were about 15 times what they
were in 2008. So between 2008 and 2014 the cost of PV model de-
clined from $3.40/watt to $0.79/watt.”

Also in the same report DOE found a similar finding for wind.
There seems to be an internal disconnect at the Department of En-
ergy because other offices at DOE are noting how much better
these technologies are performing than forecasted, and yet, EIA is
predicting the same high-cost, low-growth scenarios.

So I cannot imagine your job, Mr. Sieminski, balancing all of
these variables any time you have this many scenarios and trying
to keep them all on a similar line of a level of whether it is now
or in the future. Maybe we can talk again about how we get some
of this in future reports.

Another example, as of the end of 2014, the American Wind En-
ergy Association’s market report reported that the United States
had a wind capacity of over 65 gigawatts. Your 2013 report, just
two years ago, projected that wind capacity wouldn’t exceed 65
g}ilgawatts until 2034. So in reality it happened 20 years before
that.

Many organizations and associations have found that EIA’s as-
sumptions are lagging behind the real world when it comes to clean
energy development, and these assumptions, if incorrect, dras-
tically impact the projections of renewables and can paint a mis-
leading picture about the power of renewables.

So while this EIA analysis is very useful, I think we need to take
a holistic approach about how different energy sources are faring
against others and the policies. This analysis is just one tool that
helps us look at market predictions.

I am a very big supporter of EIA and actually want to enhance
its capacity because I think in an information age energy policy is
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so important and you can play a role on so many different avenues.
I think it is very important we continue to strengthen your office
and organization, and I am sure we will get a chance to talk about
it in the Q and A.

I would also like to commend the EIA on its announcement that
effective in March it is now able to provide monthly data on rail
movements of crude oil. I suspect that reaching an agreement with
the U.S. Surface Transportation Board and Canada’s National En-
ergy Board to get this data were not a simple task. The data shows
that over the past five years crude-by-rail shipments have in-
creased 17 times nationally. Let me put it in the percentage. That’s
a 1,751 percent increase in the shipment of crude-by-rail.
20,000,000 barrels in 2010 to 370,000,000 barrels in 2014. That is,
to say, a big impact on us in the Pacific Northwest. The hard facts
make it clear the responsibility lies with policy makers to consider
the public health and safety-related impacts of this emerging trend.

Neither the oil industry nor the rail industry should enjoy unfet-
tered profits from the shale boom without being required to step up
and make sure that they have the safety precautions in place for
the kinds of rail explosions that we are seeing across America.

So once again, Mr. Sieminski, thank you and your staff so much
for providing this information. I want to continue to work with EIA
to make additional progress in this area.

One other thing I want to mention, a lingering concern about the
data and analysis associated with another pressing topic before the
Committee, namely the completeness of EIA’s crude oil export anal-
ysis. In February 2014, Senator Wyden, who was the Chair of this
Committee, and I joined to ask you for a comprehensive analysis
of the regional price and transportation impacts on any change to
current export policies. We live in a part of the country, Wash-
ington and Oregon, that depends on Alaska crude oil, and our mar-
ket has been relatively isolated from the rest of the country.

I am sure my colleagues will remember that both Senator Wyden
and I constantly talk about this issue.

We have to talk about it because we have some of the highest
gasoline prices in the nation, and we are always asking why. Let’s
just say that now as we look at the discussion in a few weeks in
our export hearing we want to understand more completely this
issue. From what we have seen thus far in EIA’s piecemeal anal-
ysis on crude oil exports, there has been no analysis on what this
policy change might mean for consumers in the Pacific Northwest,
who pay, as I said, among the highest gas prices. We also see head-
lines from other organizations suggesting that crude-by-rail traffic
could double if the export ban is lifted. We need EIA to provide
some enlightenment and additional analysis on this. I do not think
Senator Wyden and I are satisfied with where we are, and we want
to see this information as soon as possible.

Again, Madam Chair, thank you for holding this hearing. And
again, Mr. Sieminski, we want more information. That is the bot-
tom line, and we want to help build as robust an organization un-
derneath you as we possibly can in an information age where this
is such a vital, important issue to our country. Thank you.

The CHAIRMAN. Thank you, Senator Cantwell.
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Mr. Sieminski, again, welcome to the Committee. We look for-
ward to your comments this morning.

STATEMENT OF HON. ADAM SIEMINSKI, ADMINISTRATOR, U.S.
ENERGY INFORMATION ADMINISTRATION, U.S. DEPART-
MENT OF ENERGY

Mr. SiEMINSKI. Thank you very much, Chairman Murkowski,
Ranking Member Cantwell, Senator Manchin, Senator Gardner.
It’s a pleasure to be here. I really appreciate the opportunity to
talk about the Annual Energy Outlook.

And I'd like to start off with a request. I hope it would be okay
if I would run over by two or three minutes of the five minute allo-
cation in trying to summarize that.

Thank you.

The CHAIRMAN. Absolutely. We don’t have to turn to anybody
else on the panel——

[Laughter.]

Mr. SIEMINSKI. The second thing that I would like to say is that
when I appeared before this Committee in early 2012 during my
confirmation hearing I mentioned a number of things that I
thought that EIA needed to do. And one of those was to do crude-
by-rail information. Another one was to have much better, more
timely data on the production of light, tight oil in the United
States.

And EIA has delivered on both of those promises. And we have
a few more things that we’re working on but in general, I think,
that the flow of information is pretty good.

EIA is the statistical and analytical agency within the Depart-
ment of Energy. And by law, EIA’s data and analyses are inde-
pendent of approval by any other Federal office. So my remarks
today really represent EIA and not the Department of Energy or
any other Federal agency.

I'd like to start off with just a few comments about the short
term energy outlook. What’s happening in the global oil markets,
in particular. And then discuss the recently released Annual En-
ergy Outlook in more detail.

In the short run EIA is expecting generally rising crude oil prices
over the next few years. But we recognize the very high uncer-
tainty as reflected in recent transactions in the futures and options
markets. EIA forecasts that Brent crude oil which is a global water
borne bench-mark will average about $59 in 2015 and $75 a barrel
in 2016.

West Texas Intermediate or WTI crude, the land-locked U.S.
bench-mark is expected to continue to sell at a $5 to $7 discount
to Brent.

Some of the key factors in the near term pricing uncertainty in-
clude the global economic outlook, what’s happening in China, es-
pecially. And geopolitical issues affecting supply in countries as di-
verse as Venezuela where the economic situation is really bad and
Iran where the nuclear talks are underway and might result in a
lifting of sanctions. And this could have big impacts on the avail-
ability of oil in the global markets.

Total domestic crude oil production averaged about 8.7 million
barrels a day in 2014. We think that it hit close to 9.2 million bar-
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rels a day in the last quarter of 2014, but should be relatively flat
in 2015 then rising to 9.3 million barrels a day in 2016. EIA ex-
pects drilling activity to begin to increase in the second half of 2015
as companies respond to somewhat higher prices and lower costs
for leasing, drilling and completion.

On the consumer side there’s some really good news from lower
oil prices. This should save the average household something like
$700 in 2015 compared to 2014. U.S. average regular gasoline
prices at the retail level, about $2.40 or so now, are expected to re-
main near that level through the summer and might hit $2.75 or
so next year.

Natural gas storage and working inventories are in much better
shape at the end of this winter than they were last winter. And
EIA projects that natural gas inventories will end October 2015
looking out towards the end of this year at nearly 3.8 trillion cubic
feet following an injection season that’s expected to be the fourth
highest on record.

Natural gas spot prices averaged just under $4.40 a million
BTUs in 2014. And we think that that number will be down closer
to $3.10 a million BTU in 2015. And still under $3.50 in 2016.

That’s pretty good news for consumers in the mid part of the
United States that depend on natural gas for heating fuel. Pri-
marily because lower natural gas prices relative to coal prices gen-
erators are using more natural gas than they were last year. Nat-
ural gas’ share of generation is projected to be 30.4 percent of total
generation this year compared to 27.4 last year. The share of coal
fueled generation is forecast to be down about three percentage
points from about 39 to 36 percent in 2015.

EIA expects the share of total electricity generation from renew-
ables, all renewables, including hydropower to increase from 13
percent in 2014 to a little over 14 percent in 2016 with wind alone
providing more than 5.2 percent of total generation.

I'm going to turn now to the Annual Energy Outlook which pro-
vides longer term projections focused on factors that shape U.S. en-
ergy markets through 2040 under the assumption that current
laws and regulations remain unchanged throughout the projection
period. Consistent with this approach neither EPA’s proposed
Clean Power Plant rules for existing fossil fired electric generating
units, nor the effects of possible changes in current limits on crude
oil exports are considered. These topics will be addressed in two
forthcoming EIA reports.

Senator Cantwell, let me just mention very quickly that using
the assumption that current law and regulations remains in place,
generally tends to underplay EIA’s forecasts for renewables simply
because of the positive impact on renewables that come from the
tax credits and other Federal incentives. And since we allow those
to sunset as they do in existing law, it shows lower numbers in the
reference case. If you look at our no sunset cases, which assumes
continuation of the tax incentives, the results are in line with the
recent experience of short term extensions.

The AEO reference case and the five alternative cases really do
provide a good basis for examination and discussion of energy mar-
ket trends. And they serve as a starting point for the analysis of
potential changes in U.S. energy policies.
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I don’t have any doubt at all that there are going to be big dif-
ferences with our forecast for what 2040 looks like and what will
really be the case in 2040. But it’s super, super helpful to have a
reference case against which you can test changes in law and regu-
lation and changes in the economy, changes in oil and gas and
other prices to see what the sensitivities are. It’s really important
we do that.

In the reference case Brent crude oil rises steadily after 2015 in
response to global oil demand and keeps moving. The variation
prices that we show in the AEO is quite wide. There’s a high case
of oil getting to $252 a barrel by 2040, a low case of $76 a barrel.

I think of these as stress tests. It’s not that we really believe that
oil is going to go to $250 a barrel, but we want to look at what hap-
pens in the economy if we were to have such an event take place.

Figure two in my testimony shows net energy imports aggregated
across all fuels. And that’s the point that we were making earlier.
In our reference case net energy imports cross over at around 2028
to zero net energy imports.

Most of the heavy lifting in those numbers occurs actually in the
period running up to 2020. So it’s possible that the U.S. could be-
come a zero net importer of energy even sooner than the reference
case numbers. A lot depends on geopolitical events and what hap-
pens in the markets, what happens with the economy.

Strong growth in domestic crude oil production from tight forma-
tion leads to a decline in petroleum imports in all of the cases. In
the reference case, the U.S. is importing about 20 percent of its
consumption in 2015. That’s in contrast to 60 percent of demand
for liquid fuels being met by imports back in 2005. It was only ten
years ago.

The possibility, that with higher oil prices or a high oil and gas
resource case, that the U.S. would become a net exporter of total
liquids is a real one.

Turning to natural gas.

Prices in the U.S. market are mainly influenced by domestic re-
source availability and technology. They're also affected by world
energy prices and natural gas demand. In the reference case, the
Henry Hub price rises to nearly $5 a million BTU in 2020 and to
nearly $8 a million BTU in 2040 as increased demand in domestic
and international markets leads to the production of increasingly
expensive resources.

In alternative cases the Henry Hub price could be substantially
lower, $3 a million BTU in 2020, 36 below the reference case. That
would be if we simply find more oil and natural gas than is in our
reference case.

Beyond 2020 prices vary across the different cases, closer well
spacing, greater technology than the reference case that give sig-
nificantly lower numbers for gas prices and to oil prices as well
than are in our reference case.

Figure four in my testimony shows exports of liquefied natural
gas in the reference case, the high oil and gas resources case, in
the low oil price case, that natural gas trade including LNG ex-
ports depends largely on the effects of resource levels and world en-
ergy prices. In all cases, as we show in the testimony, the United
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States transitions from being a net importer of natural gas to a net
exporter by 2017.

Senator Murkowski said that we would be a zero importer before
the end of the next decade and that growth differences across re-
gions were important. And Senator Murkowski, we do find that re-
gional variations in domestic crude oil production and natural gas
production could drive significant changes in flows between regions
requiring an investment or realignment in things like pipelines and
other midstream infrastructure.

Some of the biggest differences in the high oil and gas resource
case, for example, are a lot more oil in the Dakotas and Rocky
Mountains area that requires transportation out to refineries and
markets and a lot more production potentially of natural gas in
places like Pennsylvania, Ohio and West Virginia that would re-
quire the movement of gas out of those regions.

Figure six in my testimony shows manufacturing output, where
all of the growth in natural gas goes that the United States is
going to see, in our view, over the next 25 years or so. Both chemi-
cals industry, the food processing industry, the refining industry
and metal smelting, would all be beneficiaries of this growth in
natural gas production.

Figure seven in my testimony talks about the rise in electricity
prices and increasing with rising fuel costs. The—one of the key
things there is that electricity demand itself is not growing very
much, only by about eight tenths of a percent per year. And as a
consequence it’s very hard for new fuels, like renewables, to pene-
trate the electric markets. Although renewables are growing quite
substantially in EIA’s forecast, it’s still very hard for renewables to
compete against some of the established, coal, nuclear and natural
gas base load plants.

Rising costs for electric power generation, transmission distribu-
tion coupled with relatively slow growth of electricity demand lead
to an 18 percent increase in average retail prices in the reference
case over the period. And we see that in virtually all of our cases.

I'm going to conclude on just a couple of comments concerning
growth in wind and solar generation.

By the end of the forecast period even with the existing law and
regulation constraint that we have in the Annual Energy Outlook,
wind power generation exceeds power from traditional hydropower
by the end of the forecast period. And across all of the cases wind
and solar generation meet a significant portion of the projected
growth in total electricity load. So to the extent that electricity de-
mand would rise faster there could even be more room for things
like renewables generation. We’ll just have to see how that works
out.

A final comment on carbon dioxide emissions.

CO2 emissions are very sensitive to the influence of future eco-
nomic growth assumptions and energy price trends. They vary
across all of our cases. In the reference case, however, carbon diox-
ide emissions remain below 5.5 billion metric tons, well below the
peak of six billion metric tons that was reached back in 2005, 6 and
7. And they shift away from more carbon intensive fuels, especially
for electric power does help to stabilize those numbers.
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The last comment I would make and I appreciate the extra time
very much, Senator, is that this is a shorter edition of the Annual
Energy Outlook. It was completed under a new two year cycle.

The reason I bring this up is that is that by doing a somewhat
shorter version every two years it enables us to use those re-
sources, people, time and money, on doing an international energy
outlook in the international energy outlook is increasingly impor-
tant in trying to understand what’s happening in the United
States. Most of the energy growth globally is going to be occurring
outside of the developed economies and it’s critical that EIA do
more work in the international area. And we’re finding ways within
our existing budget to do that.

I'd like to thank you very, very much for the opportunity to be
here this morning. And I look forward to your questions.

Thank you.

[The prepared statement of Mr. Sieminski follows:]
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Chairman Murkowski, Ranking Member Cantwell and Members of the Committee, | appreciate

the opportunity to appear before you today to provide testimony on the U.S. energy outlook.

The U.S. Energy Information Administration (EIA) is the statistical and analytical agency within
the U.S. Department of Energy. EIA collects, analyzes, and disseminates independent and
impartial energy information to promote sound policymaking, efficient markets, and public
understanding regarding energy and its interaction with the economy and the environment.
EIA is the Nation's primary source of energy information and, by law, its data, analyses, and
forecasts are independent of approval by any other officer or employee of the United States
Government. The views expressed in our reports, therefore, should not be construed as

representing those of the Department of Energy or other federal agencies.

The energy information and projections that | will discuss today are widely used by government
agencies, the private sector, and academia as a starting point for their own energy analyses.
For the U.S. energy sector, EIA prepares both short-term energy outlooks, examining monthly
trends over the next one to two years, and long-term outlooks, with annual projections over
the next 20-to-25 years. | will summarize some key findings from our April Short-Term Energy

QOutlook {STEO) and the recently released Annual Energy Outlook 2015 (AEQ2015).
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The short-term energy outlook

Crude oil prices are projected to increase over next two years

Recent values of futures and options contracts suggest very high uncertainty in the price
outlook — the implied 95% confidence interval for market expectations for West Texas
Intermediate (WT!) prices in December 2015 calculated for the current STEO ranges from
$32/barrel (b) to $97/b. In EIA’s latest monthly outlook, WTI prices in 2015 and 2016 are
expected to average $7/b and $5/b, respectively, below the global waterborne market North
Sea Brent, which is forecast to average $59/b in 2015 and $75/b in 2016. The projected
discount of WTI crude oil to Brent, which fell with the decline in oil prices in 2014, has widened
in recent months reflecting continuing large builds in U.S. crude oil inventories, including at the

Cushing, Oklahoma storage hub.

On April 2, Iran and the five permanent members of the United Nations Security Council plus
Germany (P5 +1) reached a framework agreement that could result in the lifting of oil related
sanctions against Iran, which in turn could significantly change EIA’s outlook for oil supply,
demand, and prices. If and when sanctions are lifted, EIA’s baseline forecast for world crude oil

prices in 2016 could be reduced $5-515/b from the level presented in EIA’s April STEO.

U.S. crude oil production to remain relatively flat in 2015 and 2016
Total U.S. crude oil production, which averaged 8.7 million barrels/day (b/d) in 2014, is

estimated to have averaged 9.3 million b/d in March, the same as in December 2014. Given
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EiA’s price forecast, projected total crude oil production averages 9.2 million b/d in 2015 and
9.3 million b/d in 2016. EIA expects onshore production to decline from June through
September 2015 because of unattractive economic returns in some areas of both emerging and
mature oil producing regions. Under EIA’s baseline forecast of rising WTI crude oil prices during
the second half of 2015, drilling activity is expected to increase again as companies take
advantage of lower costs for leasing, drilling, and well completion services, resulting in a

resumption of production growth in the fourth quarter.

Total liquids consumption increases through 2016

Total U.S. liquid fuels consumption fell from an average 20.8 million b/d in 2005 to 19.0 million
b/d in 2014. EIA expects total consumption to rise slowly through 2016 to an average of 19.5
million b/d, driven by an increase in consumption of distillate fuel and gasoline, with jet fuel

remaining flat.

Lower gasoline prices expected to save average household $700 in 2015 compared with 2014
U.S. average regular gasoline retail prices averaged $2.46/gallon (gal) in March, and are
expected to remain near that level through the summer. EIA expects U.S. regular gasoline retail
prices, which averaged $3.36/gal in 2014, to average $2.40/gal in 2015 and $2.73/gal in 2016.
The average household is expected to spend $700 less for gasoline in 2015 compared with last
year because of lower gasoline prices. Differences from EIA's baseline forecast in crude oil
prices, which as noted above are subject to a wide range of market expectations, or in refinery

margins would be reflected in pump prices. Additionally, prices for gasoline and other
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petroleum products are very sensitive to unplanned refinery outages, and any sudden loss of

gasoline supply from the market could cause gasoline prices to be higher than forecast.

Natural gas prices remain below 2014 levels in both 2015 and 2016

Natural gas storage in working inventories was 1,461 billion cubic feet (Bcf) on March 27, which
was 75% higher than a year earlier, but 12% lower than the previous five-year {2010-14)
average. E|A projects natural gas inventories will end October 2015 at 3,781 Bcf, a net injection
of 2,310 Bef. This would be the fourth-highest injection season on record, but it would be 420
Bef lower than last year's net March—October injection. EIA expects the Henry Hub natural gas
spot price, which averaged $4.39/million British thermal units (Btu) in 2014, to average

$3.07/million Btu in 2015 and $3.45/million Btu in 2016.

Natural gas share of electric power generation expected to increase over 2014 level, reflecting
lower natural gas prices

Power generators are using more natural gas than last year, primarily because of lower natural
gas prices relative to coal prices. The use of natural-gas-fired generation is projected to average
30.4% of total generation in 2015 compared with 27.4% during 2014. In contrast, the share of

total generation fueled by coal falls from 38.7% in 2014 to 35.8% in 2015.

Generation from renewable sources continues to rise
EIA expects the share of total electricity generation from all renewables to increase from 13.0%

in 2014 to 14.2% in 2016. Total renewables used for electricity and heat generation grow by
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3.4% in 2015, as a result of 6.3% growth in conventional hydropower generation and 1.9%
growth in non-hydropower renewables generation. in 2016, total renewables consumption for
electric power and heat generation increases by an additional 2.6% as a result of 2 5.2%
increase in non-hydropower renewables, partially offset by a 2.5% decline in conventional
hydropower generation. Wind is the largest source of non-hydropower renewable generation,

contributing 5.2% to total electricity generation in 2016.

Long-term energy outlook

Projections in the Annual Energy Outlook 2015 {(AEO2015) focus on the factors that shape U.S.
energy markets through 2040 under the assumption that current laws and regulations remain
generally unchanged throughout the projection period. Consistent with this approach, EPA’s
proposed Clean Power Plan rules for existing fossil-fired electric generating units or the effects
of possible changes in current limits on crude oil exports are not considered in AE02015. These

topics will be addressed in two forthcoming EIA reports.

The AEO2015 discusses the Reference and five alternative cases {Low and High Economic
Growth, Low and High OQil Prices, and a High Oil and Gas Resource). The AE02015 cases provide
the basis for examination and discussion of energy market trends and serves as a starting point
for analysis of potential changes in U.S. energy policies, rules, or regulations or potential
technology breakthroughs. AEO2015 is a shorter edition of the AEO completed under a newly-

adopted two-year release cycle that alternates full editions containing a broader complement
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of side cases and “issues in focus” discussions with shorter editions in order to free up
resources in order to provide more current energy content in publications such as Today in
Energy and the Drilling Productivity Report and to improve EIA’s capability to address
international data and market linkages which are increasingly important to domestic energy
market developments and other topics of interest to policymakers. EIA will also be releasing a

more extensive International Energy Outlook (IEO) later this year.

Major highlights in the AEQ2015 include:

AEQ2015 considers a wide range of future crude oil price paths

AEO2015 recognizes the uncertainty of future crude oil prices, which are driven by numerous
factors including changes in worldwide demand for petroleum products, crude oil production,
and supplies of other liquid fuels. In the AEO2015 Reference case, the price of global marker
Brent crude oil rises steadily after 2015 in response to growth in global oil demand; however,
downward price pressure from rising U.S. crude oil production keeps the Brent price below
$80/b (in 2013 dollars)! through 2020. U.S. crude oil production starts to decline after 2020,
but increased output from non-OECD and OPEC producers helps to keep the Brent price below
$100/b through most of the next decade and limits price increases through 2040, when Brent

reaches roughly $140/b.

! Unlike EIA’s short-term outlook, which reports prices in nominal dollars, all prices in AEO2015 are
reported in year 2013 dollars to avoid confusion between trends in real energy prices and general
inflation.
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There is significant oil price variation in the alternative cases considered in the AEQ2015 (Figure
1). In the Low Qil Price case, the Brent price is $52/b in 2015 and reaches $76/b in 2040. In the
High Oil Price case, the Brent price reaches $252/b in 2040. In the High Oil and Gas Resource
case, with significantly more U.S. production than the Reference case, Brent is under $130/b in

2040, more than $10/b below its Reference case price.

U.S. net energy imports, aggregated across all fuels, decline and ultimately end in most
AEQ2015 cases.

Aggregate net energy imports decline to zero before 2030 in the AEO2015 Reference case and
before 2020 in the High Oil Price and High Oil and Gas Resource cases (Figure 2). Significant net
energy imports persist only in the Low Oil Price and High Economic Growth cases, where U.S.
supply is lower and demand is higher. The decline in net energy imports is driven by growth in
U.S. energy production—led by crude oil and natural gas—increased use of renewables, and

only modest growth in demand.

Continued strong growth in domestic tight oil production reduces and possibly eliminates net
liquid fuel imports.

Through 2020, strong growth in domestic crude oil production from tight formations leads to a
decline in net petroleum imports and growth in condensate and product exports in all AEO2015
cases. The net import share of petroleum and other liquid products supplied falls from 26% in
2014 to 15% in 2025 and then rises slightly to 17% in 2040 in the Reference case {Figure 3).

With greater U.S. crude oil production in the High Oil Price and High Oil and Gas Resource
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cases, the United States becomes a net petroleum exporter after 2020.

Future natural gas prices will be influenced by a number of factors, including global energy
prices, resource availability, and demand for natural gas

Projections of natural gas prices are influenced by assumptions about world energy prices,
resource availability, and natural gas demand. In the Reference case, the Henry Hub natural gas
spot price rises to $4.88/million Btu in 2020 and to $7.85/million Btu in 2040, as increased
demand in domestic and international markets leads to the production of increasingly

expensive resources.

In the AEO2015 alternative cases, the Henry Hub natural gas spot price is lowest in the High Ol
and Gas Resource case, which assumes greater estimated ultimate recovery per well, closer
well spacing, and greater gains in technological development, and highest in the High Qil Price
case, which assumes the same level of resource availability as the AEQ2015 Reference case, but
much higher oil prices. In the High Oil and Gas Resource case, the Henry Hub natural gas spot
price is $3.12/million Btu in 2020 {36% below the Reference case price), rising to $4.38/million
Btu in 2040 {44% below the Reference case price). In the High Qil Price case, which assumes
the same resource scenario as the reference case, the Henry Hub natural gas spot price remains
close to the Reference case price through 2020; however, higher overseas demand for U.S. LNG
exports raises the average Henry Hub price to $10.63/million Btu in 2040, which is 35% above

the Reference case price.
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Net natural gas trade, including LNG exports, depends largely on the effects of resource levels
and world energy prices.

The United States transitions from being a net importer of natural gas to a net exporter by 2017
in all cases. U.S. export growth continues after 2017, with annual net exports in 2040 ranging
from 3.0 trillion cubic feet (Tcf) in the Low OQil Price case to 13.1 Tcf in the High Oil and Gas

Resource case (Figure 4).

Regional variations in domestic crude oil and natural gas production can force significant
shifts in flows between regions, requiring investment in or realignment of pipelines and other
midstream infrastructure.

In most AEO2015 cases, lower 48 crude oil production shows the strongest growth in the
Dakotas/Rocky Mountains region, followed by the Southwest region (Figure 5). The strongest
growth of natural gas production occurs in the East region, followed by the Gulf Coast onshore
and the Dakotas/Rocky Mountains regions. Interregional flows to serve downstream markets

vary significantly among the cases.

Technology and policy promote slower growth of energy demand.

U.S. energy use grows modestly, at an annual rate of 0.3%/year from 2013 through 2040 in the
Reference case, far below the rates of economic growth (2.4%/year) and population growth
(0.7%/year). Decreases in transportation and residential sector energy consumption partially
offset growth in other sectors. Declines in energy use reflect the use of more energy-efficient

technologies and existing policies that promote increased energy efficiency. Fuel economy
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standards and changing driver behavior keep motor gasoline consumption below recent levels

through 2040 in the Reference case. Diesel consumption, however, does rise over the period.

Industrial energy use rises with growth of shale gas supply

Growth in production of dry natural gas and natural gas plant liquids (NGPL) contributes to the
expansion of several manufacturing industries {such as bulk chemicals and primary metals) and
the increased use of NGPL feedstocks in place of petroleum-based naphtha feedstocks (Figure

6).

Electricity prices increase with rising fuel costs and expenditures on electric transmission and
distribution infrastructure

Rising costs for electric power generation, transmission, and distribution, coupled with
relatively slow growth of electricity demand, produce an 18% increase in the average retail

price of electricity over the period from 2013 to 2040 in the AEQ2015 Reference case (Figure 7).

Renewables meet much of the growth in electricity demand
Continued growth in renewable electricity production—combined with slower growth in
electricity demand, rising natural gas prices, and fewer nuclear retirements—leads to relatively

limited growth in natural gas use for electricity generation. (Figure 8).
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Energy-related carbon dioxide emissions stabilize with lower energy and carbon intensity.
Improved efficiency in the end-use sectors and a shift away from more carbon-intensive fuels,
especially for electric power, help to stabilize U.S. energy-related carbon dioxide (CO2)

emissions, which remain below the 2005 level through 2040 (Figure 9).

Conclusion

As | noted at the outset, while EIA does not take policy positions, its data, analyses, and
projections are meant to assist energy policymakers in their deliberations. In addition to the
work on the projections that | have reviewed this morning, EIA has often responded to requests
from this Committee and others for analyses of the energy and economic impacts of energy

policy proposals.

This concludes my testimony, Madam Chairman and Members of the Committee. | would be

happy to answer any questions you may have.

12
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The CHAIRMAN. Thank you, Mr. Sieminski. I appreciate not only
your recap here this morning, but again, the very serious and sub-
stantive work that EIA does.

I want to remind members we do, apparently, have a vote at
11:00. I am assuming it is just one vote, so we will move through
our questions. We will keep going through that vote in case you
have not had an opportunity to ask your question by the time the
vote is called.

You started off your comments this morning by referencing the
short term energy outlook and some of the information contained
in that. There is a lot of focus here in the Senate on the situation
with Iran and the negotiations that have been taking place, so I
want to start my questions on the topic of the Iran situation.

In the short term report it is noted that Iran holds about
30,000,000 barrels of crude in storage and that they can ramp up
in production by some 700,000 barrels a day by the end of 2016 in
the event that sanctions are lifted. Obviously there is a great deal
of discussion about when any sanctions might be lifted but one
thing that we do know is that we understand that sanctions have
cost Iran some $40 billion in oil revenues just last year alone.

A couple quick questions for you this morning, Mr. Sieminski.

If an agreement is reached that does lift those sanctions on
Iran’s exports would you expect that most of these new barrels to
be exported would be to global markets?

Mr. SIEMINSKI. Thank you for the reminder.

Iran has, we believe, about 30,000,000 barrels of oil in storage.
The removal of sanctions and how the sanctions are removed and
whether it happens slowly over time or immediately is still unde-
cided, as far as we can tell in the negotiations, would make a big
difference.

Iran’s production of crude oil, very recently, is around 2.8 million
barrels a day, a couple million barrels a day of that is being used
internally. So their exports are fairly low now. They will go up if
the sanctions are removed.

How rapidly the oil in storage goes into the markets will depend
a lot on how the markets behave themselves.

If they were to try to put all 30,000,000 barrels a day on the
market very quickly it could lower the price and they would get
lower revenue than they would expect.

If you assumed that they might try to move that over, let’s say,
a 100 day period the impact would be .3 million barrels a day.

We believe that Iran, over time, could increase its current pro-
duction and exports by about .7 million barrels a day. So the total
amount would be about a million barrels a day of production com-
ing on to the market. It’s really hard to see right now, Senator,
how that could be absorbed without causing either other production
to go down or the price to go down.

The CHAIRMAN. The direction of my question is if we are assum-
ing that if sanctions are lifted and there is that opportunity for ex-
port, not just internally within the country but opportunity for ex-
port, that there will be additional revenue that is generated to Iran
that they would otherwise not have had. Then our situation here
in the United States is American companies are subjected to an ex-
port ban here. So you have got an incongruence going on here
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where we will have Iran able to make money off selling oil to our
friends, our allies and using that new revenue for whatever pur-
poses, perhaps nefarious purposes. We do not know.

At the same time, if we were to go to this snap back that every-
one keeps talking about or re-impose sanctions, it would be helpful
here in this country if we were willing to lead from the front on
this and lift our own outdated restrictions on exports, helping other
countries. This is more of a political statement than the analysis
that you have given us.

I think it is important for us to recognize that if these sanctions
are lifted and we, in fact, keep our own domestic sanctions in place,
if you will, our ability to export a product that, again, could help
our friends and allies and help our own country. It effectively ends
up being a liability for us.

Mr. SIEMINSKI. I did bring with me a list of the studies that
we've completed on the topic of crude oil exports in response to the
letter that I received from you and Senator Cantwell. And one of
those does deal with the issue of how gasoline prices are set in the
U.S. markets. They generally tend to be tied to the global oil price
rather than the West Texas Intermediate bench mark.

What that does suggest is that if more crude oil enters the global
markets whether it’s from U.S. exports or from Iran or from pro-
duction anywhere, it would tend to lower the global oil price which
would tend to lower gasoline prices in the U.S. So one of reports
does suggest that allowing more exports of crude oil would either
be neutral or lower the gasoline price.

There were a few studies that suggested that it could cause gaso-
line prices to go up. That seems to be a pretty low probability in
our view.

The CHAIRMAN. We appreciate the work that you did on that re-
port. Again, I thought that the overall conclusion there to be drawn
that we would see an ultimate lowering in price, not only world-
wide but here in this country, was very beneficial for the discussion
and the debate going forward.

Senator Cantwell.

Senator CANTWELL. Thank you, Madam Chair.

Again, let me just reiterate how important I think good informa-
tion is.

Mr. SiEMINSKI. Thank you.

Senator CANTWELL. Good information is, I think, like science.
Usually like science you can get people to agree on that because it
is basic information, so I hope we can do more.

I did want to make a point about what you just said about the
renewables and the tax credit. It is almost like we have a perverse
relationship, because we have permanency in the oil and gas tax
credits and so they receive better treatment in the report. The re-
newables don’t have as much predictability and certainty so they
don’t receive as good of treatment in the report. And then con-
versely the people look at the report and then make assumptions
about policy. So it is really a perverse incentive that is dem-
onstrated, because they do not have the same permanency and
treatment.

I personally believe that you incent things that are nascent early
technologies, and once things are well established that is when you
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stop the incentives. But we can continue that debate in the future.
I want to ask you a couple questions.

One. What do you think the increase in the Dakotas and Rocky
Mountain region in crude oil production could mean for those
crude-by-rail numbers compared to the historic pattern that we've
already been seeing? Are we going to see an even greater increase
in crude-by-rail if the Rocky Mountain production increases?

Secondly, when can Senator Wyden and I likely see our regional
data on energy price impacts of lifting the crude export ban?

Third, can you talk about why coal is going to become more ex-
pensive even under current law?

Oviously the biggest, if we move more quickly than your forecast
shows on electricity with no-cost fuels like the renewables, could
consumers see even lower overall electricity costs?

Mr. SIEMINSKI. Senator Cantwell, on a number of these things it
would probably help if I try to give you the best view that I have
now and get back to you for the record.

Senator CANTWELL. Yes.

Mr. SIEMINSKI. With some more detailed numbers.

Senator CANTWELL. I appreciate that.

[The information referred to follows:]

The Annual Energy Outlook 2015 Reference case projects an increase in crude oil
production from the Dakotas/Rocky Mountains region; with growth from 1.7 million
barrels per day (b/d) in 2014 to 2.5 million b/d in 2020 and 2.6 million b/d from 2021
through 2025, followed by a slow decline. Much of the increase is projected to come
from the Bakken/Three Forks play in North Dakota and Montana, which increases
from 1.1 million b/d in 2014 to 1.7 million b/d from 2020 through 2025 before slowly
declining. If resources and/or oil prices are higher than assumed in the Reference
case, projected production would be higher and production growth would persist for
a longer period. Lower resources or prices would lower the projected production tra-
jectory.

The Dakotas and Rockies production region includes parts of Petroleum Adminis-
tration for Defense District (PADD) 2 (Dakotas and Midwest) and PADD 4 (Rockies).
EIA’s crude-by-rail (CBR) data, which are developed at the PADD level, show that
rail shipments do not have a 1:1 to field production in those regions. Analysis CBR
data from July 2012 through December 2014 indicates that the rate of growth of
PADD 2 and PADD 4 field production far exceeds any increase in crude-by-rail
movements from those regions to PADD 5 (West Coast). Future increases in rail
shipments to West Coast refineries will depend on the economic viability of crude-
by-rail versus imported crude oil, the type of crude oil refineries are able to process,
and the regulatory outcomes for new or existing crude-by-rail facilities.

EIA will be releasing a report on transportation fuels in Petroleum Administra-
tion for Defense Districts 5 in July. The study covers the market with a detailed
analysis of infrastructure from refineries to retail facilities.

In our October, 2014 report titled “What Drives U.S. Gasoline Prices”, EIA con-
cluded that gasoline prices throughout the United States are more related to
changes in international crude prices than to changes in domestic crude prices. To
the extent that changes to current crude export policies would increase global crude
supplies, we would expect international crude prices to directionally decline, thereby
lowering gasoline prices. On a regional basis, however, many other factors can influ-
ence gasoline prices, potentially negating any effect from enhanced crude exports.

The effect of a relaxation of current restrictions on crude exports on the actual
level of such exports would depend to a significant extent on the level of U.S. crude
oil production. Projected production is sensitive to both resource and technology as-
sumptions and oil prices. In production scenarios where domestic production in-
creases by enough to result in more crude oil exports than would occur under exist-
ing crude export policies, the most likely export pathway for crude from the Dako-
tas/Rockies region would be for increased pipeline capacity to move crude to the
Gulf Coast, where it could be most easily exported.

Mr. SIEMINSKI. But let me try to go through that.
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Thinking about production in the Bakken area and that’s where
most of the growth is occurring in the Rockies, some in the
Niobrara which is also an oil area in Colorado in that part of the
country. About a million barrels a day is coming out of the Bakken
now. The upper end of the estimates that I've seen for the next few
years are in the neighborhood of a million and a half, possibly as
high as two million barrels a day.

So it’s potentially possible that another half a million barrels a
day, let’s say, could be on the rails or in pipeline systems coming
out of that region over the next few years.

Senator CANTWELL. I would just say no one is proposing these
East/West pipelines. So while 1 appreciate where this debate has
been about the Keystone pipeline, the issue is that we’re talking
about the demand. Our refineries are telling us it would have min-
uscule impact on the amount of crude that would move from the
i:entral part to the West Coast. So no one is proposing that pipe-
ine.

Mr. SIEMINSKI. Right. In the crude-by-rail data that we have put
out, most of the oil from that region is actually, the greatest por-
tion of it, is moving toward the East Coast, some towards the Gulf
Coast and a smaller amount towards the West Coast. How that
would change over time would depend on a lot of things.

You also asked about regional price variations. I think that’s
something that probably I could come back to the record for you.

Mr. SIEMINSKI. There are——

Senator CANTWELL. When do

Mr. SiEMINSKI. Regional variations in gasoline prices. They tend
to be high on the West Coast and East Coast and lower in the Gulf
Coast. A lot of that has to do with state and local rules on taxation
and fuel, quality rules. And location of refineries makes a big dif-
ference and that sort of thing too.

On your question of why electricity prices go up.

There are going to be with relatively low growth, but the need
for replacing existing plants as retirements occur for improvements
in transmission and distribution. There’s just not as much—there
aren’t as many people to spread the cost over, so the cost gets
spread over roughly the same number of people and it causes rates
to rise.

We also have increasing natural gas, oil over time and coal prices
over time as well, kind of in line with inflation. So an 18 percent
increase in electricity prices over a 25-year period is significant but
it’s, you know, less than one percent a year.

Senator CANTWELL. Could you get this information for Senator
Wyden and me by the end of this year?

Mr. SIEMINSKI. I'm sure we could get something to you.

Senator CANTWELL. Okay. I have a feeling the export debate is
going to continue, and I think every member of this Committee is
going to be interested in what that would look like and the impact
on U.S. pricing. So it won’t be just Senator Wyden and me, but we
certainly appreciate that commitment. Thank you.

Mr. SIEMINSKI. Thank you.

The CHAIRMAN. Senator Gardner.

Senator GARDNER. Thank you, Madam Chair, and I appreciate
Mr. Sieminski for being here this morning.
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A couple questions to follow up on what the Chairwoman had
asked about the Iran sanctions. You say you don’t have an idea on
what impact it would have on price because you don’t quite know
how much would be released daily, monthly, what would be re-
leased and put on the market by Iran. Is that correct?

Mr. SIEMINSKI. We actually did say in the short term energy out-
look that depending on the timing and how much could actually be
moved into the markets that there could be as much as a $5 to $15
per barrel impact lower on oil prices from Iranian crude reentering
the market.

And the basis of that, Senator, is just sort of looking at what
happens when you add a million barrels a day, let’s say, to the
global oil markets, what kind of effect does that have, you know,
relative to supply and demand balances. And typically we come up
with numbers that for a million barrels a day would be something
like $10 a barrel.

Senator GARDNER. Do you know what production impact that
would have? Did you make a production impact projection on the
U.S. then?

Mr. SiEMINSKI. We did not, but it would certainly be the case
that lower oil prices would lead to, in the short run, lower produc-
tion.

We have actually seen and EIA has published this in something
we call the Drilling Productivity Report that three of the four big
shale areas. So the four big areas are Eagle Ford and Permian
Basin in Texas, the Niobrara, kind of in the midcontinent and the
Bakken in North Dakota and Montana. Three of those areas, so the
only area that’s still, where oil production is still rising, is the Per-
mian and those other three areas we believe oil production has flat-
tened off.

And I would believe, Senator, that that’s a reaction to the dif-
ference between $100 oil that we had, you know, a year ago and
$60 oil that we had this year.

Senator GARDNER. Would it be possible to get a projected eco-
nomic impact of Iranian oil exports as it relates to a decline in U.S.
production?

Mr. SIEMINSKI. We could try to do some back of the envelope cal-
culations for you.

Senator GARDNER. That would be great to see.

[The information referred to follows:]

The economic impacts of increasing Iranian exports will depend on whether and
how much oil prices and production in other countries, including the United States,
change in response. Generally, all things equal, when oil prices decline, the U.S.
economy should benefit as the U.S. continues to be a net oil importer, with oil con-
suming activities making up a larger share of the overall economy than oil produc-
tion activities. Certain regions in the U.S. where oil production is concentrated may
experience reduced growth, especially if that region specializes in energy production
and does not have a varied industrial base. Other factors will impact economic
growth more than oil prices, such as what happens to exchange rates or whether
consumers will spend or save the additional savings coming from lower energy
prices. Many macroeconomic models estimate increases in U.S. GDP of between 0.1
and 0.5 percent for every 10% reduction in the oil price if exchange rates do not

change. A strengthening exchange rate could affect the competitiveness of U.S. ex-
ports.

Senator GARDNER. Just a question as we talk about crude oil ex-
ports, as we talk about LNG exports. You and I have talked about



32

this before. We would not be in a position to even have a conversa-
tion on exportation of LNG if it weren’t for hydraulic fracturing. Is
that correct?

Mr. SiEMINSKI. Well, we could be talking about LNG, Senator,
but we’d be talking about LNG imports instead of exports.

Senator GARDNER. And it’s the hydraulic fracturing, the capabili-
tieséthat have allowed us to enter into the export conversation on
LNG.

Mr. SiEMINSKI. That’s correct.

Senator GARDNER. Thank you, and we count rig counts. We have
seen rigs being laid down in Colorado across the United States, but
recent news reports have shown that we are actually increasing
production in Colorado with several of our wind energy manufac-
turing centers. Wind turbine production is up.

Do we have a way of counting production at facilities like that
in Colorado? I mean, we count rigs. Do we count turbines being
produced in this country?

Mr. SIEMINSKI. I don’t think that EIA actually has that on the
state-by-state numbers for production of things like wind turbines,
but we are looking at generation electricity on a state regional
basis.

Senator GARDNER. Right.

Mr. SIEMINSKI. And in fact, one of the things that we’ll be doing
before the year is out here is reporting generation of electricity on
an hourly basis. As far as I can tell when we begin this, this will
be the first time that any statistical agency has collected data on
anything on an hourly basis. So we’ll be showing electricity genera-
tion hourly.

Senator GARDNER. Very good. In the Energy Outlook it talks
about the capital costs of renewable technology decreasing over
time resulting in more competition accounting for about 18 percent
of total electricity generation in 2040. Do you believe at this point
that we are accelerating renewable energy and efficiency tech-
nology into the grid at the scale we need to meet that energy pro-
duction by 20407

Mr. SIEMINSKI. I think on that I'd like to come back to you for
the record so that we could get our electricity people to have a look
at it.

These things get really complicated. I was thinking even about
your earlier question about GDP with lower oil prices, you know,
what effect does that have on the economy. And it actually, in the
very near term, the lower oil prices tend to boost economic growth
gecause there are more consumers of oil than there are of pro-

ucers.

So in the United States we would expect GDP to go up a little
bit, but it would obviously vary across states and states that are
more dependent on production would tend to suffer.

And in trying to answer your question, I think I would, I'd like
to be able to dig more into the numbers.

Senator GARDNER. Absolutely. Absolutely.

Mr. SIEMINSKI. And make sure we get the right numbers.

[The information referred to follows:]

In EIA’s Annual Energy Outlook 2015, electricity demand grows slowly, less than
1 percent per year between now and 2040. The slowing growth in demand for elec-
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tricity is in part due to improvement in energy efficiency in buildings and industry.
During this period, renewable generated electricity grows by 2 percent and natural
gas-fired generation grows by 1.3 percent. The projections include electric gener-
ating technologies that are commercially available or reasonably expected to be so
over the time frame of EIA’ s projections. EIA believes that the capacity expansion
for renewable electricity generation resources and energy efficiency improvements
projected in the AEO 2015 Reference case are achievable under current laws and
policies.

Senator GARDNER. Thank you, Madam Chair.

Thank you.

The CHAIRMAN. Senator Franken.

Senator FRANKEN. I do have some questions I want to ask but
can I give Senator Manchin my spot, then go next? Am I allowed
to do that?

The CHAIRMAN. No.

Senator FRANKEN. I'm not?

The CHAIRMAN. You asked?

Senator FRANKEN. I asked and I'm not?

The CHAIRMAN. Well, we typically go back and forth from side to
side.

Senator FRANKEN. No, no, no, no, no. I would not go next. I know
that would be Senator Barrasso, but could I be next in order on
this side? That is what I meant. I know the back and forth thing.

I yield to my good friend from the great State of West Virginia.

Senator MANCHIN. Thank you to my friend who has allowed me
to have this opportunity real quick before we go to vote.

Mr. Sieminski, thank you so much for being here, and I appre-
ciate it. We have had a chance to speak before, and sir, you know
I have a real problem with what is going on. The demonizing of
coal, it seems by a whole group of people who do not seem to un-
derstand the life that we all have is because of the domestic energy
that we have right here in this country. We have developed to be
one of the greatest industrial mites and built the middle class off
of coal.

Now, with that being said, if there is another source of energy
that will replace that we, in West Virginia, are fine. The bottom
line is that we produce a lot of gas and a lot of coal and we do wind
and we are trying to do everything. The thing that I am concerned
about is no one has raised the alarm as far as the reliability of the
system that we have right now and how we are dependent on that
reliability, and that is basically base load fuels. And base load fuel
is something that 24/7 will run.

It will produce whatever you want. You want to keep your refrig-
erator cool. You want your house cool. You want your factory to be
working to where you have a job. You want all this to happen, but
you have to have something that produces that energy and it has
to be 24/7.

The only two base loads you have right now are coal and nuclear.
Gas, I think, will become a base load fuel. It is not integrated
enough yet because of the supply chain, correct? With the pipelines
and things that we are——

Mr. SIEMINSKI. Well there certainly are places now where nat-
ural gas

Senator MANCHIN. Has become——

Mr. SIEMINSKI. Is being used as base load.
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Senator MANCHIN. Right.

Mr. SIEMINSKI. In our forecast we see more of that going out into
the future, but you’re absolutely right.

Senator MANCHIN. Let me just ask this question.

Mr. SIEMINSKI. I mean coal is more than a third, almost, right
now, close to 40 percent of electricity.

Senator MANCHIN. And it anticipates being that until 2040. If
there is a difference, if there is another fuel on the horizon, fine.
But why in the world are we beating it to death and making it so
impossible to produce the energy the country needs? The only thing
I would ask you is this, sir. The aging of traditional electric base
loads, the aging of these plants of coal and nuclear since they have
been demonized and beaten the living crap out of. The age of them
by 2040 will be the unit age of 60 years old. Those plants cannot
expect to give the energy this country needs past 2040 at the reli-
ability factor we have now.

What do we do? I have read your report. We have gone through
your report. If we do not do any upgrading to the plants that are
producing the energy right now, what do we do in 2041? Do you
expect they will all be replaced in one year or do we just fall on
our face as far as reliability? That is what scares me, and no one
has raised that alarm.

Mr. SIEMINSKI. We have coal, nuclear and natural gas still ac-
counting for a huge amount of our——

Senator MANCHIN. 75 percent.

Mr. SIEMINSKI. Yeah, exactly.

Senator MANCHIN. Yeah.

Mr. SIEMINSKI. And renewables do grow very rapidly, but they’re,
you know, a little below 20 percent.

Senator MANCHIN. Right. They're never going to carry the load,
and we know that.

Mr. SIEMINSKI. Or the generation mix.

Senator MANCHIN. Right.

Mr. SIEMINSKI. Right.

Senator MANCHIN. I am just saying though you have particularly
for 250 gigawatts of coal units remaining in 2040 with an average
unit age of 65 years the expectation of operating of 75 percent of
capacity. Your report says

Mr. SIEMINSKI. Well, we don’t have everything retiring in 2041.

Senator MANCHIN. Could you conduct?

Mr. SIEMINSKI. It would happen over time. We could show you.
I'd be happy to provide for the record, Senator, how we see the re-
tirement schedule. In our reference case, there are coal retire-
ments, there are also nuclear retirements, and even some of the
older natural gas plants retire. They do get replaced by better tech-
nology.

[The information referred to follows:]

The AEO2015 only extends to 2040, so projections for the post-2040 period, includ-
ing coal plant retirements, are not available. Although EIA does not project beyond
2040, some inferences can be made about retirements in the early years after 2040
given our understanding of retirement decisions.

Coal plants do not retire upon reaching a certain age. Instead, a decision is made
on the economics of the continued operation of the plant. In its modeling, EIA as-

sumes $7 per kW annualized capital charge is incurred for coal plants that operate
beyond 30 years of age. These added age-related costs account for major repairs or
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retrofits, decreases in plant performance, and/or increases in maintenance costs to
mitigate the effects of aging. In our projections, coal plants are assumed to retire
if the expected revenues from operating the plant are lower than the annual going-
forward costs (including age-related costs, fuel, O&M costs and annual capital addi-
tions) and if the overall cost of producing electricity is lower by building and oper-
ating new replacement capacity.

In addition, the majority of the retirements that occur in the AEO2015 occur early
in the projection period, and two major factors contribute to these retirements—low
gas prices and the implementation of the Mercury Air Toxics Standards (MATS). Of
the 40 gigawatts of projected coal plant retirements, 78% retire by 2016, the year
that EIA models MATS implementation. The last projected coal retirement takes
place in 2025, well ahead of the last AEO projection year of 2040.

Both market and policy factors do affect projected retirements of coal-fired plants.
For example projected coal-pant retirements are higher in EIA’ s High Oil and Gas
Resource case, which assumes more resources and better technology that results in
significantly lower projections of natural gas prices than the Reference case, which
increasing the incentive to increase gas generation and reduce coal generation. Pol-
icy also matters, as exemplified in EIA’s recent analysis of the Environmental Pro-
tection Agency’s proposed clean Power Plan rule; compliance with that rule, as mod-
eled in EIA’s analysis, caused projected coal-fired generation to decrease substan-
tially and coal plant retirements to increase substantially.

Presuming current laws and regulations, rising gas prices, and rising electricity
demand while continuing to include age-related costs, and no other explicit technical
limitations on expected plant life, a sudden onset of coal plant retirements in the
early 2040s would seem unlikely. Because of the inherent uncertainty in aging re-
lated costs, EIA periodically reviews its methodology and gathers industry expertise
and advice on the subject of aging. EIA held a workshop on the subject following
its 2015 Energy Conference.

Senator MANCHIN. Here is the other thing. To properly reflect
the energy security benefits of combined CTL, basically with EOR,
enhanced oil recovery, it seems to me it would make good strategic
sense for us as a country to where we have these oil productions
now. If you go to coal to liquids and use the EOR so we have no
emissions. It is going down to produce more oil that gives us the
reliability.

We do not see anybody planning out for this. Everybody thinks
in this perfect world that we’re going to be able to extract out of
the air or the water, the energy that we need. I hope that day
would come, but I like to prepare in case it doesn’t come and the
demands we have we are able to meet. That is all I am trying to
find is the balance, sir. You all have been pretty balanced and real-
istic. What do you recommend and how should we proceed from
here?

Mr. SiEMINSKI. Well, as I said at the beginning of my remarks,
we try to stay out of the business of making recommendations. We
leave that to the policy makers.

Senator MANCHIN. But has anybody questioned in your:

Mr. SIEMINSKI. I'd be happy to pass your concerns along to the
Office of Fossil Energy at DOE and they could probably help an-
swer.

Senator MANCHIN. But you have heard us all. We all trust, and
basically we know, that you have people who are doing pretty accu-
rate forecasts.

Mr. SiEMINSKI. Right. Right.

Senator MANCHIN. These forecasts have not been that far off in
the past, yet no one seems to be heeding your forecast warnings of
what we are going to be facing as a country. That is what scares
me. I do not know how to get that to a level. It is just like you are
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saying, well, you come from West Virginia. We expect you to rattle
the cages.

If someone told us in West Virginia you could have commercial
hydrogen by 2040.

Mr. SIEMINSKI. Right.

Senator MANCHIN. And you do not need any fossil whatsoever.
We will find a way to make it, trust me. We always have in West
Virginia.

But you are going to be needing the products that we produce.
We want to make sure that we are able to do the job you need for
our country, and we need somebody to help rattle the cages with
us.
Mr. SIEMINSKI. Well, we do try to provide the information, and
we try to let the policy makers come up with the solutions. [Laugh-
ter.]

Senator MANCHIN. What you are saying is I need more help,
right? [Laughter.]

Mr. SIEMINSKI. Well, we’ll do as much as we can with——

Senator MANCHIN. Your job and you are doing a good job and I
appreciate it, sir.

Senator FRANKEN. Madam Chair, may I say I regret allowing the
Senator from West Virginia go before me? [Laughter.]

The CHAIRMAN. You cannot pull back that, Senator Franken.

Senator Manchin, the monkey is still on our back here to make
sure that we do this.

Let’s go to Senator Daines since Senator Barrasso has stepped
out, and then we will turn to Senator Franken.

Senator DAINES. Thank you, and Senator Manchin, I am grateful
for you, just so you know—you betcha.

Mr. Sieminski, your assessment talks about strong growth in do-
mestic crude oil production from the tight formations. I assume
that includes the Bakken formation in Montana as well as North
Dakota?

Mr. SIEMINSKI. Yes, Senator, yes.

Senator DAINES. As you know when you cross the state line going
west from North Dakota into Montana we have a lot more federal
land in Montana than our neighbors in North Dakota. How much
of the projected growth in production do you believe will come from
Federal lands versus state or private lands?

Mr. SIEMINSKI. I'd be happy to try to supply some of that for the
record for you. We do a report. We published one that shows the
location of oil production by private, Federal and American Indian
lands. The bulk of the resources and we have overlaid the shale ba-
sins that we know of with a map of who the landowners are, tends
to show that the bulk of the shale resources are on private lands.
That is obviously going to vary from state to state, and perhaps we
could get you some information on that.

Senator DAINES. You would not want to venture a prediction on
that at all or just wait to get the information from you?

Mr. SIEMINSKI. I would rather have the numbers.

Senator DAINES. Yeah.

Mr. SIEMINSKI. Than to make a guess.

Senator DAINES. I think——
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Mr. SIEMINSKI. I do know that the production on private land is
way above the level of production on Federal land.

Senator DAINES. I think over the last six years or so the produc-
tion on private and state land is up around 50 or 60 percent. I
think we are actually down single digits on Federal lands over the
last six years, but I would be interested to get your——

Mr. SIEMINSKI. Yeah.

Senator DAINES. Go forward.

Mr. SIEMINSKI. And we will provide you with those numbers,
Senator.

[The information referred to follows:]

Roughly 35% of the nearly 2.0 million barrel per day projected growth in domestic
crude oil production between 2014 and 2020 is estimated to come from federal lands,
defined to include both onshore and offshore areas. The federal Gulf of Mexico ac-
counts for 95% of the growth in production from federal lands during this period,
as new deep water projects start up.

Historical oil production information is available from the ETA study “Sales of

Fossil Fuels Produced from Federal and Indian Lands, FY 2003 through FY 2013”
at http:/ /www.eia.gov | analysis [ requests/ federallands / pdf] table7.pdf.

Senator DAINES. Another question. Was the Department of Inte-
rior’s recently announced rule on hydraulic fracturing for Federal
lands factored into your projected growth numbers? )

Mr. SIEMINSKI. Not specifically. There are different views about
what that possible impact would be. The industry itself is moving
towards greener completions across the board. So on both private
and Federal lands it does tend to lift costs a little bit, but there
are offsetting factors too.

It’s one of the issues and greenhouse gas emissions. Perhaps we
could come back to you on that with more information too.

[The information referred to follows:]

The BLM hydraulic fracturing rule was released in March 2015, after the Annual
Energy Outlook 2015 analysis was completed. The rule is not expected to have a
major impact on drilling because (1) the rule only applies to drilling on federal and
American Indian lands and tight/shale formations that are primarily situated on
nonfederal lands; (2) many provisions in the rule are similar to or based on current
practices and State requirements; and (3) BLM estimates the incremental cost will

be less than 0.25% of the cost to drill the wells (e.g. less than $12,500 on a $5 mil-
lion well).

Senator DAINES. Yes, we were disappointed in Montana. We have
very robust and rigorous regulations.

Mr. SIEMINSKI. Right.

Senator DAINES. Because we have got to live near where the ac-
tivity is occurring. We want to make sure we protect our environ-
ment and just do while this additional layer of regulations. We did
not see that as helpful, certainly in Montana, when we think we
have got that well regulated ourselves. Your assessment talks
about an 18 percent increase in the average retail price of elec-
tricity over the projection period. What were the factors contrib-
uting to the projected increase in electricity rates in your assess-
ment?

Mr. SIEMINSKI. Senator, let me just take a quick look at what
some of those numbers were.

Senator DAINES. As you are looking that is important, certainly,
for many, many states and for all of us. I think we are about 40
percent of things like

Mr. SIEMINSKI. Right.
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So what we said was——

Senator DAINES. Coal.

Mr. SIEMINSKI. You have rising costs for electric power genera-
tion, transmission and distribution coupled with the slow growth of
electricity demand or what add up into that 18 percent number.

So within the generation area some of that is going to be fuel in-
creases and some of that will be the capital costs of expansion.

Senator DAINES. I do not think your assessments, though, take
into account the EPA’s clean power plan.

Mr. SiEMINSKI. That’s correct.

Senator DAINES. I can tell you Montanans are very concerned
given that 51 percent of our electricity comes from coal that this
plan would further increase electricity rates for Montanans, for
Montana families, while also damaging our state’s ability and our
tribe’s ability to produce coal.

I did a field hearing on the Crow Reservation last week. Their
unemployment rate is 47 percent today. If they lost those coal jobs
it raises to over 80 percent unemployment rate. Certainly it is a
concern back home. It is killing jobs, affecting our tax revenues
which fund our schools, our teachers, our infrastructure and sup-
porting overall essential services.

Given these factors to electricity rates I remain highly concerned
about the EPA’s proposed actions which would severely impact
Montana’s coal sector. We have the most recoverable coal deposits
in the United States.

I am out of time, thank you.

Mr. SIEMINSKI. Thank you, Senator.

The CHAIRMAN. Thank you, Senator Daines.

Senator Franken.

Senator FRANKEN. Thank you.

I am actually concerned also about climate change, so that is
why I regretted yielding to the Senator from West Virginia.
[Laughter.]

And coal and we had all this coal talk. Okay. [Laughter.]

You state very clearly in your report that energy market projec-
tions are subject to a lot of uncertainty, and one reason for this un-
certainty is that you cannot predict technological breakthroughs,
for example. No one could have predicted the magnitude of the
shale revolution when hydro fracking was in its infancy. Now be-
cause of decades of major Federal investments, the commercializa-
tion of this technology has made the United States an energy super
power. Similarly advanced energy storage will be a game changer
for the utilities industry. It will allow us to incorporate more re-
newables so we can utilize wind and solar power when needed, if
you can store wind that blows at night then that is the game
changer.

So instead of very modest growth in renewables which you
project in this report, advanced energy storage could allow renew-
ables to play a much more prominent role in our electricity genera-
tion mix.

Can you talk about the next big breakthrough in grid scale stor-
age and how it would impact the amount of electricity that would
be generated from renewable sources?
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Mr. SIEMINSKI. I'm sure we could supply you with some data for
the record.

[The information referred to follows:]

Availability of grid-scale electricity storage could impact the amount of renewable
resources that could be accommodated on the grid. Wind and solar resources
produce variable, intermittent generation that may or may not match patterns of
local or regional electricity demand on a daily or seasonal basis. Incorporating elec-
tricity storage with renewable generation could enable better operator control of
these resources by storing excess generation and redeploying it during peak-demand
periods. While the presence of energy storage may help the grid accommodate high-
er levels of wind or solar generation, EIA does not believe that renewable generation
levels projected in the AEO2015 or its side cases would require the addition of stor-
age to be realized.

Currently EIA collects data from a number of utility-scale storage facilities located
within the U.S. These technologies include pumped-hydroelectric generation, com-
pressed air energy storage, flywheel, and a variety of battery technologies. EIA does
not specifically model new storage technologies in the Annual Energy Outlook and
does not predict which technology might be the next breakthrough technology.

Mr. SIEMINSKI. In general, battery technology simply makes
things like wind which tends to be stronger at night and solar
which, obviously, is during the daytime, usable across the 24 hours
of demand.

There are some interesting things. Just recently I've been read-
ing about aluminum as a battery material rather than lithium. It’s
cheaper. It would have more cycles associated with recharging. It
could be a huge development.

That kind of thing doesn’t really have—doesn’t work its way, as
you said, Senator, into EIA’s forecast because——

Senator FRANKEN. Sure.

Mr. SIEMINSKI. We're not. We try to forecast the future, but we
don’t have our own crystal ball in that sense.

We do have workshops at EIA and conferences all the time and
one of those conferences coming up is actually going to deal with
questions like yours. I'd be happy to make sure that your staff is
invited to that. We’d be delighted to have you come, if you'd like
to.

Senator FRANKEN. When is it?

Mr. SIEMINSKI. Um.

Senator FRANKEN. Well, you can get that information to us.

Mr. SIEMINSKI. Yeah, well——

Senator FRANKEN. I would love to——

Mr. SIEMINSKI. Love to do that.

I think it is important. I mean we have looked from time to time
at the technology, even on the generation side. I think we are doing
pretty well with our wind numbers.

A lot of the issues associated with whether or not we’re cap-
turing, the number is properly, along the lines of Senator
Cantwell’s questions, are in the solar area where the costs have
been coming down. The technology is improving. And whether
we’re fully capturing that or not, you know, I grant you, it’s an
open question.

Senator FRANKEN. Okay. I want to turn to LNG exports. The dif-
ferent scenarios considered in the Annual Energy Outlook highlight
the risk that large volumes of LNG exports can drive up domestic
natural gas prices. For example, in one of the scenarios where LNG
exports exceed eight trillion cubic feet per year you project a 35
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percent increase in domestic natural gas prices. The EIA found
similar price increases in its previous studies which looked specifi-
cally at how increased levels of LNG exports would impact Amer-
ican consumers and industries.

That is very serious to a state like Minnesota which produces no
natural gas, but uses a lot of electricity for its manufacturing and
uses a lot of, also, natural gas in its manufacturing.

What impact would these kind of price increases have on the
manufacturing sector, particularly for natural gas intensive indus-
trie% such as the paper pulp and primary metal manufacturing sec-
tors?

Mr. SIEMINSKI. The EIA actually did a report at the request of
the Office of Fossil Energy at the Department of Energy on the im-
pact of increased LNG exports to the U.S. energy markets. First we
were asked to look at possible export rates as high as 20 billion
cubic feet a day.

Across all of the cases in the current Annual Energy Outlook the
highest we get is 13 or 14 billion cubic feet a day. I would kind of
look at that 20 billion cubic feet a day request as a stress test, sort
of like, what happens if oil goes to $250. We don’t really expect it
to. What if LNG exports were to go 20 billion cubic feet a day?
What would it do?

Across all of those estimates we had end use consumer bills in
residential, commercial and industrial sector going up anywhere
between one to eight percent. I would think that in thinking about
this it probably would be towards the lower end. We do find that
prices would go up.

A couple of other things, Senator, that I think actually would be
important.

One is that we, although natural gas prices would go up and it
could have a differential impact as you said between those states
that are producing gas and those that are doing more consumption.
But a state like Minnesota actually has a fairly decent industrial
base in things like heavy construction and services that would be
useful in the producing industry. So there would be opportunities
for the State of Minnesota to sell to those people who are making
more money.

One of the other things that I think would be important is that
if we are right about how gasoline prices are set in the U.S. mar-
kets. That is based on the global oil price. Putting more U.S. nat-
ural gas into the global markets would probably tend to lower the
prices for all fuels, including oil, which would then be reflected in
lower gasoline prices in the U.S. and Minnesota, obviously, is a
consumer of gasoline as are all the other states.

So there are offsets, and I think some of the times I know about
the EIA models. Look, we try really hard to get it right, but we
can’t possibly get a lot of these secondary and complicated effects
in there. And some of them that would go the other way and would
actually help, I think, rather that hurt a state like Minnesota.

Senator FRANKEN. Alright. Well, thank you for your answer.

We are way over my time, but I want to continue this conversa-
tion.

Mr. SIEMINSKI. Thank you, sir.

Senator FRANKEN. Thank you, Madam Chair.
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Mr. SIEMINSKI. It’s very serious because——

Senator FRANKEN. It is.

Mr. SIEMINSKI. And it should be addressed. We're trying the best
we can.

Senator FRANKEN. Thank you.

Mr. SIEMINSKI. Thank you.

The CHAIRMAN. Well, it is serious. It will be continued in this
Committee and in others because as we look at those policies that
may, in fact, inadvertedly be keeping our prices higher than we
might like. We need to look to how we might refresh those policies.

Senator Barrasso.

Senator BARRASSO. Thank you very much, Madam Chairman.

I want to continue on this line of questioning because in Feb-
ruary of this year President Obama’s Council on Economic Advisors
issued its report. It said, “An increase in U.S. exports of natural
gas would have a number of mostly beneficial effects on natural
gas producers, unemployment, on U.S. geopolitical security and the
environment.”

The President’s advisors explain that natural gas exports of six
billion cubic feet per day could support as many as 65,000 jobs.
They go on to say that expanded natural gas exports will create
new jobs in a range of sectors including natural gas extraction, in-
frastructure investment and transportation. So the President’s eco-
nomic advisors also go on to say that the natural gas exports for
the United States would have, “a positive geopolitical impact.”

Specifically they explain that U.S. natural gas supply builds li-
quidity in the global gas market, reduces European dependence on
the current primary suppliers of Russia and Iran. So I am encour-
aged that your agency, the EIA, predicts that the U.S. will be a net
exporter of natural gas by 2017. Would you expand on additional
benefits that you see the natural gas exports bring to the United
States, if you see additional ones?

Mr. SIEMINSKI. Senator, I think it’s actually hard to expand on
the list that you just went through. I didn’t hear anything in there
that I would disagree with.

One of the things, if Senator Franken were here, the NERA
study did find that there might be some impacts on wages from
higher natural gas prices. And from what I can tell in the models,
many of the models don’t deal very well with questions like that.
And the effects seem to be pretty small so that I think that the
overall direction that virtually everybody who has looked at this
comes to is that trade, generally speaking, has positive benefits
across the economy. And LNG trade is no different.

Senator BARRASSO. Great. I also wanted to follow up on Senator
Gardner’s questions about Iran. Last month the Wall Street Jour-
nal ran a front page article that I have here. “Iran Nuclear Deal
Portends Rush of Oil, New Price Drop.”

The article explains that independent observers believe that lift-
ing sanctions on Iran could result in boosting Iran’s exports by
800,000 barrels per day within the year. Meanwhile the Wall
Street Journal yesterday, that was a month ago, ran a story yester-
day, and this is on page B1. “Oil industry layoffs hit a 100,000 and
counting in the United States.”
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Would you discuss the impact that lifting sanctions on Iran
would have on American workers in the oil and gas industry?

Mr. SIEMINSKI. We, EIA, actually published in our short term en-
ergy outlook our assessment. And we talked a little bit about that
earlier. But refreshing, there’s 30 million barrels of oil that Iran
has in storage that could come out at any time. And how quickly
that comes out is hard to decipher.

We believe that the Wall Street Journal article that you men-
tioned said 800,000 barrels a day of growth in production. We think
the number is 600,000 to 700,000 barrels a day, could be 800,000
barrels a day, let’s say, by the end of 2016.

Senator BARRASSO. Yes, the Economist this past week said
800,000.

Mr. SIEMINSKI. Right.

Senator BARRASSO. Well, but roughly, yes.

Mr. SIEMINSKI. So, again, our roughest estimate is that this could
lower the price. If everything else held constant, that much more
oil on the market would lower the price anywhere between $5 to
$15 a barrel. That lower price implies lower drilling activity which
would then influence the numbers that you were citing.

How quickly all that comes to pass? Whether something else
might happen in the global markets?

Just as an example, Senator, we are seeing a little bit of a lift
in demand over the past few months. EIA has increased its esti-
mate of gasoline demand on the back of better income and lower
gasoline prices, along with interestingly, employment, that as the
employment numbers have recovered we’re beginning to see people
drive more which leads to gasoline. And trying to get all those
numbers to balance is tricky.

Senator BARRASSO. I had a final question on the predictions that
EIA makes on the average retail price of electricity. It predicted it
will increase as much as, I think, 28 percent by the year 2040.

Mr. SIEMINSKI. Right.

Senator BARRASSO. It explains that its predictions now do not
take into account the EPA’s forthcoming Greenhouse Gas Regula-
tions for the existing power plants. In other words any increases
in electricity prices resulting from these greenhouse gas rules will
be in addition to the increases that you currently predict, the 28
percent.

So I understand that EIA plans to issue a separate report on the
impact of the EPA’s greenhouse gas rule. Can you tell me when
you expect to see that report?

Mr. SIEMINSKI. Yes, Senator.

I think the reference case number was 18 percent out to 2040 for
retail electricity prices. A lot of that coming from higher generation
costs because of fuel and largely because of our assumptions of ris-
ing natural gas prices.

Specifically to your question of will we look at the Clean Power
Plan impact? Yes, we will, and I hope to have that report out in
May.

Senator BARRASSO. Because I know that in the past EIA has
sometimes underestimated electricity prices in the reports. I am
just curious if any specific steps are being taken now to ensure that
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there isn’t an underestimation of the impact of the EPA’s rules on
retail electricity rates.

Mr. SiEMINSKI. Well, we’re looking very closely at that, and I
would be happy to come up and discuss it with you when we have
the report.

Senator BARRASSO. Thanks, I appreciate it.

Mr. SIEMINSKI. Thank you, Senator.

Senator BARRASSO. Thank you, Madam Chairman.

The CHAIRMAN. Thank you, Senator Barrasso.

Senator Hirono.

Senator HIRONO. Thank you, Madam Chair.

Aloha, Mr. Sieminski. In 2008 Hawaii set a 40 percent renewable
energy goal and a 30 percent increase in energy efficiency both by
2030, and this is the most ambitious goal in the country. Why? Be-
cause Hawaii residents were paying, still do, pay the highest elec-
tricity rates in the country. We needed to get away from our over
reliance on imported oil for 90 percent of our energy, so Hawaii
now produces 18 percent of its electricity from renewable sources
and achieved a 16 percent improvement in energy efficiency.

I see that EIA projects that nationwide the U.S. will only achieve
18 percent renewable energy by 2040 if we continue our current
policies. Do you agree that the U.S. could develop much greater use
of renewable energy if we establish national standards for renew-
able energy and energy efficiency like Hawaii has done? Because
when we set these national standards it does spur the private sec-
tor to engage in research and development into alternatives in re-
newables, we think. Do you agree with that? And if we did that,
couldn’t we achieve renewable goals greater than what you are pro-
jecting by 20407

Mr. SIEMINSKI. Senator, my opinion on whether we should do
that or not is—I like to think of myself as one policy remark away
from returning to the private sector. [Laughter.]

Senator HIRONO. Oh, take a chance. [Laughter.]

Mr. SIEMINSKI. On the issue, you know, if we had state renew-
able standards. In fact, state renewable standards and the Federal
tax credits are a very important part of what’s driving renewables
in our models, the technology and the role that cost reductions
driven by technology would also be very important. Yes, it’s cer-
tainly possible that the numbers that we’re showing could be high-
er, and they definitely are, even under our no sunset case.

John Conti and Paul Holtberg, who are here with me today, they
are the ones generating a lot of this material. I could ask them, you
know, have we in the past done a high technology case to look at
things like this? I think we have and we’ll be doing more of that
in next year’s Annual Energy Outlook. We'll have a broader set of
cases. And so perhaps next year I could come back and report on
those outcomes.

Senator HIRONO. Yes, I think there definitely is a connection be-
tween setting certain standards and the spurring of developments
that would help us meet those standards.

In looking at your figure eight, you show the growth of wind and
solar. So that makes energy storage, I would say, a priority for us.
According to a recent analysis by the Rocky Mountain Institute, a
system of solar panels and battery storage that is connected to the
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electric grid would be the most affordable option for places like
Honolulu, Hawaii in 2016 and many other states in the next dec-
ade.

A March 2014 analyst at Morgan Stanley concluded prices for en-
ergy storage could drop by more than half in the near future, and
they expect batteries, including them, to be cost competitive with
the grid in many states and think investors generally do not appre-
ciate the potential size of the market, meaning the storage market.

Does EIA acknowledge or appreciate the potential size of the bat-
tery storage market? And has the EIA include a recent assess-
ments of storage costs in its projections of renewable energy de-
ployment in the Annual Energy Outlook?

Mr. SIEMINSKI. Our electricity group does look at things like
that, very carefully, and cost is still an issue. I do understand the
position that states like Hawaii and some of our territories, Puerto
Rico and the U.S. Virgin Islands are largely dependent on oil for
generation of electricity, and it does put them in a very tough posi-
tion.

I guess the good news, Senator, is that oil prices are half the cost
of this year of where they were last year which should make elec-
tricity lower in Hawaii. And it would be interesting to see those
numbers as they come out. Can we move to these other fuels?

One of the things you didn’t mention that I know is being looked
at by people in Hawaii is whether or not liquefied natural gas.

Senator HIRONO. Yes.

Mr. SIEMINSKI. Possibly coming from Alaska could help to gen-
erate power in Hawaii at prices competitive with some of the other
fuels and lower than what you're currently paying.

Senator HIRONO. Madam Chair, if you don’t mind?

Clearly when we rely on oil then we do have climate change
issues. So states like Hawaii will make a commitment to get away
from oil reliance and into the renewables and alternatives. I would
say that the developments R and D are making on storage are a
really important part of our energy future.

Thank you, Madam Chair.

Mr. SIEMINSKI. I absolutely agree with you, Senator, and we
could look at a range of how electricity prices could change or how
renewables could move into the mainstream faster with improve-
ments and things like battery technology and some of the trans-
mission. And as I said, I think in the next year’s Annual Energy
Outlook we’ll have more of that. Thank you.

The CHAIRMAN. Senator King.

I also want to acknowledge that, in reference to your comment,
Mr. Sieminski, we would love to be supplying our friends to the
South in Hawaii with some of our natural gas. [Laughter.]

The CHAIRMAN. We have got to get there first.

Senator King.

Senator KING. Thank you, Madam Chair.

First, I want to thank you for the work that you do. I consult the
data from your agency probably two or three times a week and now
that I am on this Committee it will probably be even more fre-
quent.

Mr. SiEMINSKI. Thank you, Senator.
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Senator KING. This is 50 shades of grey for a data geek. [Laugh-
ter.]

I just really appreciate the work you do, and I also appreciate
your resistance to being dragged into the policy discussions because
the data is so important.

In my experience having good data is what drives good policy,
and if people can share an understanding of the data they can gen-
erally get to the policy conclusions without that much difficulty.

This has been a fascinating hearing because of the regional dif-
ferences. I would ask Senator Barrasso to come to Maine and tell
the people of Maine the virtues of higher oil prices. How $1.00 dim-
inution in gasoline and heating oil prices is $1 million into the
pockets of the people of Maine.

I just did the calculation, and that comes to $770 for every man,
woman and child in the state.

Mr. SIEMINSKI. Right.

Senator KING. So lower oil prices. I noticed he used the phrases
would cost jobs in the oil and gas industry, but the larger question,
of course, is what would be the benefit to the economy at large?

We are seeing a rejuvenation of manufacturing in this country,
for example, because of the low prices of energy which is a competi-
tive advantage we now have with other parts of the world, particu-
larly in natural gas. So a fascinating discussion all about your
point of view, I think.

The other piece, of course, was the Senator from Montana talking
about electricity prices and coal. New England prices are about 35
percent above places that are dependent on coal. The problem is we
do not get the cheap power, but we do get the pollution.

We did a study some years ago in Maine that if we shut down
every factory in Maine, took every car off the road, we would still
have ozone violations along our coast because of pollution being
transported by the westerly winds, so it is a very interesting re-
gional discussion here.

I just have a quick couple of questions. I apologize for the speech.

In a nutshell, what will the effect of opening up oil exports be
on domestic oil prices? My assumption is it will not be much be-
cause we have got a worldwide oil price anyway. But is that what
your data shows?

Mr. SIEMINSKI. Yes, sir. At least looking at history what our
study showed was that because gasoline prices in the U.S., heating
oil prices as well, tend to be tied to the global markets. And the
reason for that is we’re both big exporters and importers of oil
products like gasoline, diesel fuel, jet fuel and so on. The net effect
that we saw was a slight decrease in the price of petroleum prod-
ucts if the U.S. were to export crude oil.

Senator KING. And that would include decrease of those products
in the U.S.?

Mr. SIEMINSKI. In the U.S.

Senator KING. Okay. By the way, on the question of Iran that
30,000,000 barrels that is stored in the ships, they think.

Mr. SIEMINSKI. Yes, sir.

Senator KING. What is the daily worldwide consumption of 0il?

Mr. SIEMINSKI. Worldwide consumption is about 92,000,000—
93,000,000 barrels a day.
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hSenator KING. So we are talking about an eight hour supply on
ships.

Mr. SiEMINSKI. Worldwide.

Senator KING. I just think we need to put that in perspective.

Mr. SIEMINSKI. What you wouldn’t want is to see it all come in
at the same time.

Senator KING. Clearly, I understand that, but it is not like it is
a month’s supply. It is a third of a day’s supply.

Mr. SIEMINSKI. Correct, and Iran would have its own financial in-
centives to try to minimize the impact on the global market.

Senator KING. When you did your estimates about the penetra-
tion of renewables, did you make any assumptions about tech-
nology advancements in storage or energy storage capacity because
as you've testified that would make a big difference in the ability
to integrate wind and solar into the grid, for example.

Mr. SIEMINSKI. We do make assumptions about improvements in
technology across all of the fuels, and I think where the arguments
come, Senator, is on the pace of those changes in technology.

Senator KING. And the only thing we can say for sure about any
of our predictions is that they will be wrong. [Laughter.]

Mr. SIEMINSKI. I know that we’re going to be wrong. I'd like to
not be wrong right away. [Laughter.]

Senator KING. I would subscribe to that as well. I would like to
be proven wrong long after I am gone. [Laughter.]

But how about any assumptions about CO; sequestration in your
calculations because that could make a huge—Senator Manchin is
right. We have a huge coal asset. If we could figure out how to deal
with the CO,, that would be that would be a plus for everybody.

Mr. SiEMINSKI. There actually is one of the things—and Senator
Manchin didn’t mention it directly, but he alluded to the Kemper
Facility that’s being built by, I think, the Southern Company that
will take coal and turn it into natural gas and hydrogen, capture
a good portion, I think more than half of the carbon dioxide. And
move that by pipeline to an old oil field that would benefit from
having CO: injection to help increase the oil production. What we
found. I mean, this is a very early stages, really nobody has tried
to do this at this scale before, is that it’s been costly. I think that
if we’re going to do this economically at scale where you have more
of these, we're going to have to find ways to improve the cost of
doing it.

Senator KING. One of the realities here is that none of us can
really predict where the technology will go. Hydro fracking, I think
Senator Franken mentioned, was developed under Federal research
and development support. Nobody predicted that even eight or nine
years ago in terms of the impact that it was going to have, and
there may be some kid somewhere who is figuring out how to se-
quester coal CO,. And it is going to change the whole world.

Mr. SIEMINSKI. It would really help actually. And finding ways
to do that, the Department of Energy, other part, obviously not
EIA, but there are parts of the Department of Energy, Fossil En-
ergy and the labs who are working very hard on trying to find
ways to make that happen.

Senator KING. I am over time. Thank you very much. I look for-
ward to continuing the discussion.
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I think another issue is distributed energy. Distributive solar on
the roof is going to have broad effects, but I will leave that for an-
other time.

Mr. SIEMINSKI. Senator, with your permission, 30 seconds on
that. We're really interested in that issue at EIA. It’s very hard for
us, actually to do because it’s behind the meter. It’s hard for us to
do that. We tried it on an annual basis.

We have looked at rooftop solar and its impact, residential and
commercial. It’s easier to get the commercial numbers than resi-
dential.

We are looking for ways now, and I think we’ll be successful at
this. This year I think we’re going to start to find ways to make
estimates on a monthly basis of what the impact is of rooftop solar
on the electricity generation markets, and it’s one of those other
areas that we’ve been trying to emphasize as an important part of
the ongoing effort at EIA to stay up with current technology.

Senator KING. It could very shortly turn into a true disruptive
technology.

Mr. SIEMINSKI. It could very well do that. I mean we do know
that the combination of tax incentives and the environmental posi-
tive nature that many people who were installing it want to see is
pushing this, so the growth in that area

Senator KING. It could dramatically lower costs——

Mr. SiEMINSKI. Right. Correct.

Senator KING. Thank you. Thank you, Madam Chair.

Mr. SIEMINSKI. Thank you, Senator.

The CHAIRMAN. Thank you, Senator King.

Senator Hoeven.

Senator HOEVEN. Thank you, Madam Chairman. Thanks for
holding this hearing today. Mr. Sieminski, thanks for being here.

Mr. SIEMINSKI. Thank you, Senator.

Senator HOEVEN. And for your very, very important work. I
would mention, pursuant to one of the last questions brought up
by the good Senator from Maine, in North Dakota the Dakota Gas-
ification Company takes lignite coal and converts it to synthetic
natural gas. That natural gas is put in the pipeline and sent off
to a number of different states for use.

We also capture the CO,, condense it, cool it, condense it, put it
in a pipeline and ship it to what is called the Weyburn oil fields
which are actually in Canada just over the border from North Da-
kota. That CO is put down a hole or sequestered and used for ter-
tiary oil recovery in the Weyburn oil fields.

So we are doing just exactly what you described, producing nat-
ural gas from coal, capturing the CO, and sequestering it and pro-
ducing more oil and gas in the process.

I think, Mr. Sieminski, your point is exactly right. The problem,
the reason we are not doing more and more and more of it is we
have got to make it economically viable, and that means we both
have to reduce the cost of carbon capture and there has to be
enough benefit in the molle patch to use CO, for tertiary recovery
rather than water floods or something along those lines.

Mr. SIEMINSKI. That’s correct.

Senator HOEVEN. My question to you is right now today the
world price for oil as posted for Brent crude is $63 a barrel. The
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domestic price for oil is West Texas Intermediate crude. That’s $55
a barrel. That means our producers get $8 less per barrel of oil
than foreign producers.

So here we are locked in a battle to determine who is going to
supply energy in the future, who is going to produce energy in the
future, and our producers are at an $8 disadvantage against pro-
ducers in places like the Middle East and Russia and Venezuela.

At the same time our consumers do not benefit because gasoline
is benchmarked off world crude which is the higher price at Brent,
so we lose both on the production end which hurts our ability to
produce more energy, be more energy secure here at home. It also
hurts our consumers at the pump, so we need to lift the export ban
on oil. Everybody wins in that equation all the way from the pro-
ducer to the consumer at the pump.

How can you help get that information out so that when we go
to the Senate Floor we can get more than 60 votes and pass that
legislation?

Mr. SiEMINSKI. Well, Senator Hoeven, we appreciate the support
that you’ve shown us over the years in terms of our budget. Our
budget enables us to do that, and I know that you’re there.

You know, on this difference, it actually goes back to something
that Senator Murkowski mentioned at the very beginning of the
hearing that measurement of the WTI price is in the midcontinent
at Cushing, Oklahoma. And as long as you can’t consume as much
of oil in that midcontinent area as youre producing, prices are
going to be depressed. And you know very well, Senator, that prices
can often even be lower in North Dakota because you're even fur-
ther away from the refineries that will consume the oil.

I think that the infrastructure issues are critically important as
we build out.

Senator HOEVEN. I am glad you brought that up. Thank you.
[Laughter.]

Mr. SIEMINSKI. As we build out the infrastructure some of that
differential could disappear and our producers would be getting
closer to world prices.

Senator, you also missed an interesting dialogue between Sen-
ator Murkowski and the Senator from Hawaii. Hawaii is paying
very, very high prices for electricity. And you know, that might be
helped if you could get LNG from Alaska down to Hawaii, for ex-
ample.

I remember last time I was up here Senator Baldwin was saying
that the paper industry in Wisconsin was really getting hammered
by high energy prices, and they don’t use a lot. They could use
more natural gas there, and I remember you saying that you’d love
to sell some of that gas that’s not being used and get that down
to Wisconsin.

Those are the kinds of infrastructure issues that need to be ad-
dressed so that we can get the energy from where it’s being pro-
duced to where consumers need it.

Senator HOEVEN. So infrastructure is vital. But also in your ex-
pert opinion the ability to export LNG, liquefied natural gas, and
the ability to export oil will benefit our consumers because we will
produce more here at home. The price at the pump is benchmarked
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off the world price. More supply pushes prices down so the con-
sumer benefits. Is that correct?

Mr. SIEMINSKI. I'd say that in general, trade generally tends to
boost GDP and GDP is obviously, ultimately, helping everybody. I
think there are some very serious regional issues that——

Senator HOEVEN. But apart from the regional issues, overall you
are always going to have imbalances, particularly when we can’t
when we are blocked from building vital infrastructure. To build an
energy plant for the country we need the right mix of pipelines, rail
and road. We need the energy infrastructure. We need trans-
mission lines.

You cited some great examples, but producing more energy at
home, more supply here at home, helps our consumer, correct? At
the same time that prices are priced off a global market.

Mr. SiEMINSKI. That is correct.

Senator HOEVEN. And we are competing in a global market.

Mr. SIEMINSKI. I agree with that. Yes, sir.

Senator HOEVEN. Yes, sir.

My second question is the imbalance of light and heavy. What
can we do to help our refiners modify their refineries so that we
can process more of the light, sweet crude we produce which would
help us, of course, with energy production here at home, energy se-
curity and again, benefit the consumer? What kinds of things can
we do to help our refiners address this imbalance of light and
heavy crude?

Mr. SIEMINSKI. The

Senator HOEVEN. In terms of refining capacity?

Mr. SIEMINSKI. Yeah, you know, I'm not—beyond the issues that
have been talked about in terms of what happens if you allow ex-
ports or don’t allow exports EIA has been looking at this from a
couple of different angles.

In April, we published earlier in this month, we published a
paper on the options for petroleum refineries to run more light,
sweet crude oil. So it was, kind of, along the lines of what they
could do. You know, what are the things they can do in a refinery
to run more light, sweet crude oil?

In another month and maybe by the end of this month we will
have a report out that looks at the question of well what would
they do given the existing set of costs and so on. And it will try
to look at the question of what refiners would actually do in re-
sponse to the current production of light, sweet crude oil and the
refining kit that’s available to run it.

The final report that we’ll have out, I hope in June, will look at
the costs, the impacts on production and the impacts on trade from
either having the crude oil export ban, you know, or rules continue
as is or changing those to make it more open.

Senator HOEVEN. So you said your next study will actually focus
on some of the things refineries can do to address——

Mr. SIEMINSKI. We will do that. Yes, sir.

Senator HOEVEN. This imbalance between light and heavy and
process——

Mr. SiEMINSKI. Right. We’ll have that out relatively soon.
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Senator HOEVEN. Madam Chair, I do have one more question. I
am certainly willing to wait, but I would like to ask one more ques-
tion.

The CHAIRMAN. We are going to do one more quick round, if you
do not mind waiting.

Senator HOEVEN. Thank you.

The CHAIRMAN. Okay.

Mr. Sieminski, thank you for, kind of, the continual plug here for
Alaska to move its LNG. We believe, of course, that we have con-
siderable opportunity, not only for our state, for Hawaii, but what
it represents beyond that. Know that we are working it, but the
need is clearly there.

We are talking about the infrastructure and the alignment that
is going to be needed going forward. I appreciate some of the spe-
cifics you’ve outlined here just with Senator Hoeven, but as you
know within the State of Alaska we have an extraordinary piece
of energy infrastructure, the TransAlaska pipeline.

Right now we are moving about 500,000 barrels a day, but your
forecast projects 420,000 barrels a day by 2020, 320,000 barrels per
day in 2025 and then just 180,000 barrels a day when we hit 2035.
This is a terrifying prospect for us right now because the concern
is that there gets to a point where that throughput is so low it
brings into question the ability of that pipeline to function as safely
as we need it to be.

If it cannot function safely then we stop moving the oil through
the line, and when you stop moving the oil through the line the law
requires that we decommission that incredible energy infrastruc-
ture. For those who wonder how long it might take to permit a new
TransAlaska pipeline, I do not even want to speculate about where
that might take us.

So when we are talking about infrastructure and the need to re-
align, I think we also need to recognize that we have very good in-
frastructure that effectively needs to be filled up in Alaska’s case.

The question to you this morning is in your reference case I am
assuming you have factored in a steady state in Federal policy.

Mr. SIEMINSKI. Right.

The CHAIRMAN. Some of what we are dealing with in Alaska, of
course, is being able to access other areas, other Federal areas so
we can fill up that pipeline whether it may be the ANWR area, our
offshore prospects or being able to tap into some resources within
the National Petroleum Reserve. How does the issue of access fac-
tor into your projections?

Mr. SiEMINSKI. Well we do follow existing law and regulation,
and unless there are changes to the ability to lease in the Arctic
refuge, for example, or we see other things like a lowering in the
cost of doing shale oil developments. There are shale oils on the
North Slope of Alaska that right now it seems in our models uneco-
nomic to do that.

At $100 it was getting closer at $60 or $75, maybe not as much,
but those sorts of things would enter into those calculations.

Senator, we did do a study specifically of the Alaska oil pipeline
in, I think it was the 2013 Annual Energy Outlook, where we high-
lighted the fact that there could be a step change down at some
point as production flow through the TransAlaska pipeline gets
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down to about 300,000 barrels a day. The mechanical ability of the
pumps to work at that level of throughput comes into question, and
it’s very possible that it would have to drop.

It was one of the things that we thought should be looked at be-
cause a change of 300,000 to 500,000 barrels a day in the global
oil markets is enough to make a difference, and it was something
that we wanted to look at.

I understand your concern. It’s policy issues. That’s another one
of those policy issues that EIA generally tries to provide the facts
so the people can understand what’s happening but not a rec-
ommendation to

The CHAIRMAN. That is greatly appreciated, but I think it is im-
portant for people to not assume this is just going to be continuing
with a flow from the north if we cannot have access to these re-
sources, those reserves.

Mr. SIEMINSKI. Right.

The CHAIRMAN. That are, in fact, in place up there.

Can I just ask one quick question about, again, Alaska LNG and
the fact that the reference case does include a completion of the
Alaska LNG project? Which, of course, I fully support and Alaskans
fully support. But in terms of the economics that derive from that
project coming out of Alaska, can you speak briefly to that?

Mr. SiEMINSKI. Sure. We have LNG from Alaska coming in
around the year 2025. It seems like a long way away, but 10 years
is not a lot when you are developing a project the size and scope
associated with that.

It is dependent on our reference case forecast for oil hitting $75
a barrel next year and then moving up over time. Higher oil prices
make LNG more attractive in overseas markets where fuels tend
to get priced against each other where there’s oil linked contracts
for gas. So the higher oil prices would help that.

Two other cases that we ran, Senator, we don’t have Alaska LNG
coming in.

One of those is the low oil prices case. As I said low oil, low glob-
al oil, prices just make it harder for the economics to work for Alas-
ka LNG.

And the other one, interestingly, is high oil and gas resource
case. If there are more oil and gas resources let’s say in the lower
48 states relative to Alaska then Alaska’s standing in the queue of
projects that would get done on an economic basis might slip down.
So there’s a lot of moving parts.

The reference case though does have LNG from Alaska coming
in. And it would, I think, most of it would probably go to Asia. But
I think some of that actually might end up in Hawaii as well.

The CHAIRMAN. As I have told Senator Hirono, Hawaii is on the
way to Asia. [Laughter.]

So we can make that work. Thank you for that.

Senator Cantwell.

Senator CANTWELL. Just to clarify on that point. So Alaska being
able to export LNG and possibly being successful on a pipeline
would not have an impact on the U.S. market?

Mr. SIEMINSKI. It would have a minimal impact mainly because
it’s separated from the lower 48 state markets.
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So it would have more of an impact on the global markets. I
mean, you know, again, to the extent that you get more fuel wheth-
er it’s oil or gas or renewables into the markets you’re going to
tend to lower prices. Certainly that would be the case for oil and
gas. And the net effect of that would be to bring fuel costs down
for everybody.

Senator CANTWELL. Can I talk for—

Mr. SIEMINSKI. And Senator Cantwell, if I, just a second.

We are working really hard on a study of gasoline on the West
Coast markets. And we hope to have that out fairly shortly. And
I think that’s something that you’d be very interested in.

Senator CANTWELL. Good because I gave you up to the end of
this year. Now that it is going to be very shortly, I love that an-
swer. So, thank you.

Mr. SIEMINSKI. Right.

Senator CANTWELL. I liked this part of your report on page four
about liquid fuel consumption falling, and I am sure that is directly
related to transportation fuel.

Mr. SIEMINSKI. That’s correct.

Senator CANTWELL. Do you see that trend continuing?

Mr. SIEMINSKI. In the reference case total liquid fuels consump-
tion comes down a little bit over the forecast period. It’s very dif-
ferent between the different fuels of gasoline comes down pretty
sharply. Diesel fuel and jet fuel actually go up a little bit. The rea-
son jet fuel goes up is there’s just more people flying.

Senator CANTWELL. Yes.

Mr. SIEMINSKI. And diesel fuel—

Senator CANTWELL. Which is why——

Mr. SiEMINSKI. Diesel fuel goes up because, with population and
economic growth, there is more trucking occurring and train trans-
portation as well. And both trucks and trains use diesel fuel.

Senator CANTWELL. Well, we are definitely working on those on
the R and D side. [Laughter.]

Both on jet fuel and on other biofuels, so that is why it is so im-
portant. But——

Mr. SIEMINSKI. Biofuels are in that forecast too in a portion of
the diesel fuel category there’s bio diesel.

Senator CANTWELL. I am sure tax credits, but I am sure the tax
credits are not. So then their predictions are not as robust. Okay,
we will not go there.

Mr. SIEMINSKI. We would love to get help from the Senate and
House of the United States on clarity on the path forward for those
tax credits. It would help in our analysis a lot, but I'm not counting
on it.

Senator CANTWELL. One of my top priorities for energy is to get
that predictability. We are going to continue to see a savings at
least within transportation fuel. We are going to continue to see
that consumption savings.

Mr. SIEMINSKI. Right.

And it’s an important part of our forecast for the question of net
oil imports and the benefits to the economy as we produce more of
the fuels that we’re consuming. The flatness in the overall liquids
fuels and the drop in gasoline consumption that’s being encouraged
by fuel efficiency standards and changes to other fuels in the trans-
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portation sector helps to keep that oil import number down at that
15 percent level that we have in the reference case. And that’s a
huge improvement over what the U.S. situation was just ten years
ago.

Senator CANTWELL. Yes, I agree. You had some interesting pro-
jections on hydro. So what are some of the factors that are driving
those projections? It sounds to me like there are efficiencies being
implemented, new turbo——

Mr. SIEMINSKI. One of the charts in the Annual Energy Outlook
basically shows all renewables. And EIA includes hydro as one of
the renewables. We, right now, hydropower is just about equal to
all of the other renewables combined.

But we think hydropower over the 25 year forecast is going to
be relatively flat. The reasons behind that is there just aren’t that
many more places where youre going to put big dams in the
United States. So with hydropower relatively flat and increases
coming in in other renewables like solar and especially wind—we
have a lot of growth in wind that by the end of our forecast period
wind generation, actually exceeds hydro generation for the first
time ever in the United States.

And it could then happen sooner. Yes, it could, you know, if we
ran that in the no sunset case we would have more growth than
wind and solar than are shown in our current charts.

Senator CANTWELL. Thank you for bringing that point up about
virlind. I was definitely going to go there, so thank you for explaining
that.

On hydro, I just want to emphasize how much new technology
is helping us drive efficiencies there.

Mr. SIEMINSKI. Right, to the extent that better generators can
convert the energy that’s in the water into something that’s deliv-
erable across the lines. It would be a real benefit out in the North-
west. Also the transmission, I mean, we’re making progress in the
efficiency associated with the transmission grids and the more of
that electricity that you can get to the end user the better off ev-
erybody is. And so there is progress being made in that area.

Senator CANTWELL. We definitely want a dialogue with you
about how you would start to model some of that information.
Again, you are modeling what is in place, right, not what is not in
place?

Mr. SIEMINSKI: Right.

Senator CANTWELL. We are seeing huge efficiencies from smart
grid technologies, and they are just basic things in the various sec-
tors, everything from synchophasors to other things, resulting in
huge savings. So I think your report is actually showing the end
result in some of that data already, and that is why we want to
keep emphasizing how important efficiency is. So thank you.

Thank you, Madam Chair.

The CHAIRMAN. Senator Hoeven.

Senator HOEVEN. Thanks, Madam Chair.

I just had the one question that I wanted to follow up with you
on.
I know you have addressed it to some extent but let’s talk for a
minute about the impact on Iran’s economy that would result from
a lifting of the sanctions. You addressed some of the front end as-
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pects in terms of the oil that is currently being stored, but the fact
is our sanctions have reduced Iran’s ability to sell oil from 2.5 mil-
lion barrels a day in 2011 down to 1.1 million barrels a day in
2013. Very, very significant for an economy that is pretty much en-
tirely dependent on petro sales.

Would you please talk about both the immediate term and the
longer term impact on Iran’s economy that lifting of the sanctions
would have.

Mr. SIEMINSKI. I think in very rough numbers, Senator, that you
could think about another million barrels a day of oil could be out
on the global markets from Iran at $60 to $75 a barrel.

Senator HOEVEN. Again at a higher price than our domestic pro-
ducers get by $8 a barrel. Correct? 63 Brent versus 55

Mr. SiEMINSKI. I think we’d want to look at that to try and see
whether or not the quality of the oil that Iran is selling is, what
the differentials would be there. But in rough terms if you just said
$60 at a million barrels a day it’s $60 million a day of additional
revenue that Iran would be receiving.

Senator HOEVEN. Thank you.

Mr. SIEMINSKI. About $25 billion a year. I wish I had a million
barrels a day of production.

Senator HOEVEN. So you would say it is a huge impact to their
economy?

Mr. SIEMINSKI. Oh yeah, it would be very big.

Senator HOEVEN. Thank you, I appreciate it.

Thank you, Madam Chairman.

The CHAIRMAN. Senator Hoeven, I appreciate you drilling down
on that. There have been several questions about the impact of re-
moving these sanctions on Iran and just the value to Iran and how
it effectively puts us at a disadvantage then when we are not able
to export our oil into that global market.

I think it does just push the discussion on what we do here in
this country to relook, critically relook, at these export policies that
are inhibiting not only our job growth, our economic opportunity,
but really our ability to utilize a resource, a strategic resource, for
the benefit of the geopolitics surrounding, not only oil, but other re-
sources as well and how the United States can play as an inter-
national leader with, effectively, this oil diplomacy, if you will.

What we are seeing right now playing out in real time should be
a reminder to us that we have in place policies that were put in
place many decades ago for reasons that are no longer necessarily
applicable. I think that is our role and our job here as a Committee
to look at these policies and see if it is time that we address and
change them. I believe it is time, and I think you would agree as
well.

Senator HOEVEN. Madam Chairman, if I may, I want to again
thank you for holding this hearing. I think it is so important be-
cause it not only demonstrates the economic benefit and impact of
the right policies here at home, but also the geopolitical influence
we can have on a global basis with the right approach both in
terms of what we do with our energy policy and in terms of what
we do with our international approach to energy as part of diplo-
macy. I think you have done an excellent job with the Adminis-
trator highlighting that here today.
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It is so important on all these fronts, not just on the economic
front here at home, but the impact we can have in terms of foreign
relations and diplomacy above and beyond military strength. We
can have a real impact here, and I think the Administrator high-
lighted this when he talked about a million barrels a day and what
that does for Iran’s economy if these sanctions are lifted.

We have to understand how powerful that sanction is and cer-
tainly make sure that when we are dealing with something like a
nuclear Iran that we understand the leverage we have with these
sanctions. So I thank you, again, for holding this hearing today,
Madam Chairman.

The CHAIRMAN. I think we also need to appreciate that these
sanctions that have been in place, that have brought Iran to the
table with these negotiations, these sanctions could not have been
near as effective if we did not have our own resources to rely on.
The figures that you gave us, Mr. Sieminski, were back in 2005
when we were importing 60 percent of our oil. Today, it is 15 per-
cent. That is incredible. It is absolutely incredible how quickly we
have moved that dial.

When we were more than 50 percent dependent on a resource
coming from others, including others who do not like us, there is
a vulnerability. When we can move to the place where we are today
where we are not only in a position to influence and lead but to
ultimately get to that point where we are a net exporter, this is a
dramatic change, a dramatic shift, and I think only for the better-
ment of our country.

So this is all good information today. I know you have, again,
couched all of this in terms of these are reference cases. We are not
always right, but you hope to be proven not wrong today. I appre-
ciate that. [Laughter.]

The CHAIRMAN. We recognize, again, that this is projective. You
are projecting out. It is not predictive. We put it in those terms,
but I think the good work that EIA does not only with your Annual
Outlook, but truly on a day-to-day is greatly appreciated. We thank
you and your work and that of your great staff that stand behind
you.

Know that we will use this as a resource going forward. I under-
stand you will be traveling to the State of Alaska, so you will have
an opportunity to become even more informed with the

Mr. SIEMINSKI. Senator, before you hit the gavel, just 30 seconds.

The CHAIRMAN. Please.

Mr. SIEMINSKI. The impact of U.S. production goes beyond just
the Iranian sanctions issue. Back in 2012 and ’13 there were some
really serious interruptions in oil production in countries like
Libya.

The CHAIRMAN. Libya.

Mr. SIEMINSKI. Sudan, Yemen, Syria and others. They add up to
a huge amount of oil, over 2,000,000 barrels a day, at one point ap-
proaching something like 3,000,000 barrels a day. And had it not
been for the growth in shale production in the U.S. and production
in a few other countries, including Canada, the price of oil would
have been a lot higher.

Obviously that would have been a benefit to producers but the
overall impact to the economy could have been pretty devastating.
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And I think that the growth in production in the U.S. played a very
important role in stabilizing that global oil markets.

The CHAIRMAN. That is an important factor to keep in mind. Be-
cause when we do not see the disaster that could have come, it is
like, well, nothing really bad happened. The fact of the matter is
nothing really bad happened because we had built a cushion, a
cushion that we did not have before. It becomes more difficult for
people to appreciate exactly how significant that was, that we were
able to weather those pretty considerable disruptions.

Mr. SIEMINSKI. Right.

The CHAIRMAN. Because of what we were producing here in this
country at an unprecedented rate, again, going from 60 percent re-
liant on imports to the level that we are at today.

So we thank our friends from North Dakota. It really bothers us
that North Dakota has pushed Alaska out of its leadership position
there, but we are just glad somebody is doing it.

Senator HOEVEN. If I may, Madam Chairman? You made such a
great point today. You talked about the Alaskan pipeline and how
it is in jeopardy if we do not have the right policies.

The CHAIRMAN. Yes.

Senator HOEVEN. So that we can continue to produce domestic
energy rather than rely on energy from the Middle East. You have
highlighted that so well here today with the Administrator. I hope
people are really paying attention, not just what it means to us
here at home and our economy, but to our security in the world.

The CHAIRMAN. Yes.

Senator HOEVEN. I think this hearing has really brought that out
very dramatically. So, thank you.

The CHAIRMAN. I wish all 100 of us were here instead of just the
two of us concluding it. [Laughter.]

But we will make sure that that word gets out.

Again, Mr. Sieminski, thank you so very much.

Mr. SIEMINSKI. Senator, thank you very much. Senator Hoeven.

The CHAIRMAN. We stand adjourned.

[Whereupon, at 12:10 p.m. the hearing was adjourned.]
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QUESTIONS FROM SENATOR JOHN BARRASSO

In response to Senator Franken’s question about the effects of exports of liquefied natural
gas (LNG) in Minnesota, you said that “a state like Minnesota actually has a fairly decent
industrial base in things like heavy construction and services that would be useful in the
[natural gas] producing industry so there would be opportunities for the state of
Minnesota to sell” to natural gas producers. Would you please elaborate on the economic
opportunities that LNG exports would provide Minnesota?

The following manufacturing industries supply goods needed by industries involved
primarily production of oil and gas: non-metallic mineral products, primary metals,
fabricated metals, machinery, computers, and transportation equipment. In 2013, these
industries accounted for 42% of Minnesota’s manufacturing value added, contributing
$23 billion out of the total Minnesota manufacturing value added of $56 billion. Other
service industries support increased oil and gas production, including finance,
transportation services, and information services all of which contributes to Minnesota’s
gross state product. Recent figures for the service sector’s contribution to Minnesota’s
economy are not available, but University of Minnesota Extension analyses indicate
regional strength in these activities,

You also stated that “putting more U.S. natural gas into the global markets would
probably tend to lower the prices for all fuels, including oil, which would then be
reflected in lower gasoline prices in the U.S.” Some might find this to be
counterintuitive, Would you please explain in detail how U.S. natural gas exports would
lower global oil prices and lower gasoline prices in the U.S.?

The additional supply of natural gas into the world market from exports out of the United
States could put downward pressure on global natural gas prices. Lower global natural
gas prices would tend to encourage international consumers to invest in technologies that

consume natural gas in lieu of petroleum products, such as gas-fired power plants and

natural gas vehicles.
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Any displacement of petroleum products by natural gas in the global market would tend
to reduce demand for crude oil and lower global crude oil prices. As crude oil prices are
the main determinant of gasoline prices and as chaunges in crude oil prices are passed
through to gasoline prices, lower crude oil prices would, all other things equal, result in
lower gasoline prices. Although these linkages are clear, the extent to which they would

actually change crude oil and gasoline prices cannot easily be determined.

The relationship between crude oil prices and U.S. gasoline prices is discussed in detail in
a recent EIA report What Drives U.S. Gasoline Prices. The report presents the results of
analysis that demonstrates global (Brent) crude oil prices are more important than U.S.
domestic (WTTI} crude oil prices as a determinant of U.S. gasoline prices. As a result,
lower global crude prices resulting from increased U.S. natural gas prices exports would
tend to lower U.S. gasoline prices. It is important to understand that U.S. gasoline prices
are linked to global crude oil prices through U.S. participation in the global gasoline
market. Gasoline is a globally traded commodity and the United States is an active
participant in the global gasoline market as both an importer and exporter. The United
States relies on imports into the U.S. Northeast, much of which is produced in Europe

from global crude, and exports gasoline from both the Gulf Coast and the West Coast.
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QUESTIONS FROM RANKING MEMBER MARIA CANTWELL

in EIA’s new crude-by-rail (CBR) data series, CBR activity is tracked between pairs of

Petroleum Administration for Defense District (PADD) regions (inter-PADD), within

each region (intra-PADD), and across the U.S.-Canada border.

a) Are there breakdowns of CBR movements specifically by state instead of just by
PADD, especially for Washington within PADD 57

b) Are there plans to add state-level granularity to this data set?

¢) What are the challenges associated with collecting and publishing state-level data for
CBR?

a) No, there are no state breakdowns of CBR data within a PADD.
b) No, there are no plans to add state-level granularity.
¢} The primary challenges are accuracy and protecting confidential data. The data are
estimated from a Carload Waybill Sample, and the sampling approach does not guarantee
that all the appropriate rail movements have been sampled, especially within a region or
state where short line railroads are likely operating. Revealing confidential data is likely
at the state level where fewer than three companies’ data will be revealed or one
company may represent more than 60% of the movements.
EIA initiated the new CBR series with monthly data from January 2010 through the
January 2015 reporting month.
a) What are EIA’s plans for projecting future CBR movements going forward?
b) What are the challenges of projecting CBR movements?
¢} How are CBR movements represented in the modeling and results of the
Annual Energy Outlook?
d) How are CBR movements represented in the modeling and results of the
Short-Term Energy Outlook?
a) EIA’s immediate plans include improving the CBR data by verifying accuracy of the
sampled movements and working with stakeholders, including Canada’s National Energy

Board and the Association of American Railroads (AAR) to verify inclusion of all CBR

imports from Canada and improving near-month estimates.
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b) There are many challenges involved in predicting a lumpy time series that can
experience large month-to-month changes due to the timing of unit train unloadings,
trade-offs with other petroleum and biofuels moved by rail as well as crude oil moved by
other modes (pipeline, tanker or barge), responsiveness to spot oil prices and refinery
economics, seemingly unusual movements due to the regional boundaries of logistics,

uncertainty surrounding derailments and potential regulations, etc.

¢) CBR is not directly represented in AEO2015. When estimates of crude delivery to
refineries were made by AEO analysts in 2014, we did not have historic information on
inter-regional and cross-border CBR movements. Our assumptions about transportation
in specific regions in future AEOs will address the importance of rail as we now

understand if,

d) CBR is not directly represented in STEQO, which is a national-level forecast without

regional balances. EIA’s analysis and forecasting of regional and national petroleum

markets is expected to be greatly enhanced through the use of this newly released data.

In EIA’s testimony, it was stated that the Dakotas/Rocky Mountains region will likely see

the strongest growth in crude oil production.

a)  How would further increases in production from that region affect movements of
crude oil throughout the country, especially by rail?

b)  What have the patterns in the historical data shown us to date?

a) The Dakotas (PADD 2) and Rocky Mountains (PADD 4) are dependent on rail, but

pipelines move more crude than rail from these regions. In 2014, rail moved almost half

of the crude from PADD 2 across PADD borders and one-third of the crude out of PADD
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4. Growth in rail movements from PADDs 2 and 4 depend on the extent of crude

pipeline development.

b) The patterns in historical data have shown that there is tremendous potential for

growth in rail movements, which grew from almost zero in 2010 to 266 million barrels

from PADD 2 and 97 million barrels from PADD 4 in 2014. Pipeline movements have

aiso grown from 2010 to 2014, but the rate of growth for rail has been greater.

Senator Cantwell noted an ongoing concern that EIA continually underestimates the

potential of renewable energy in the Annual Energy Outlook reports.

a) Do you believe the Annual Energy Outlook’s modeling assumptions are keeping up
with the rapidly decreasing costs of renewables, particularly wind and solar?

b)  How can this be improved?

¢)  What kind of resources does EIA need to ensure its modeling tools and surveys are
keeping up with developments in these markets?

Over the past six AEO cycles, EIA has about an even record of overestimating and

underestimating near-term capacity additions for wind in the U.S. when accounting for

projections that correctly align with Federal tax policy for wind. That is, for the years

that the AEO or its side cases indicated the Production Tax Credit was in place, and it

actually was in place, EIA has a well centered wind capacity estimate. While AEO

renewable projections generally perform well when compared with outcomes consistent

with the modeled laws and policies, the pace of development in the solar PV market has

presented a challenge. As aresult, EIA has increased its attention to short-term changes

in capital costs as well as ensuring the accurate representation of projects planned for the

near term.



62

a) While tracking changes in capital costs of just about any generating technology is
difficult due to the lack of timely, consistently collected data, wind and solar markets
have been somewhat easier to track because of the regular release of market reports from
DOE, as well as from EIA’s own periodic assessment of project costs. While EIA’s
assessment is intended to provide a more comprehensive look at the full scope of costs
incurred by developers than the methods used by DOE, the DOE reports are produced
more frequently, and have allowed EIA to adjust costs as warranted for each AEQ cycle
when both reports have been available (approximately the most recent five AEO cycles).
Other, less reliable assessments for these costs, particularly solar PV costs, are available,
and EIA monitors these assessments because they provide still more frequent views of
cost dynamics (quarterly, compared to annual DOE reports and the less frequent EIA

reports).

b) Capital cost estimation is particularly challenging for technologies for which few if
any commercial scale projects have recently been undertaken in the United States.

Unlike wind and solar, with their substantial and recently installed capacity base to draw
from, many technologies, such as coal, nuclear, and advanced carbon capture plants have
little to no recent domestic experience from which to draw capital cost estimates. Even
with technologies like combustion turbines and combined cycle units, there are no
comparable efforts by DOE or other sources to comprehensively track installation costs.
EIA is partially addressing shortcomings in capital cost data collection by including
limited questions on capital cost on the Form EIA-860 (The Annual Electric Generator
Report). Even to the extent that EIA is able to consistently collect actual capital cost data

from new utility-scale plants, the data may have limitations in terms of the lack of
6
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consistent understanding of the survey questions by respondents, as well as timeliness of
the cost information, Additionally, this approach will still not produce reliable
information for technologies without recent construction activity. Therefore, EIA expects
to continue to use private, DOE, and EIA-commissioned studies to provide the most
complete view of capital costs and capital cost trends for wind, solar, and the wide

variety of other technologies evaluated by EIA.

¢) EIA regularly assesses its analytical and statistical programs and develops program
and funding requests to enable them to reflect the changing dynamics of the energy
landscape. EIA’s FY 2016 budget request of $131 million includes funding to address

these and other renewables related challenges faced by EIA.
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QUESTIONS FROM SENATOR SHELLY MOORE CAPITO

Mr. Sieminski, as you know, coal and natural gas are extremely important to my home
state of West Virginia. According to your agency’s outlook for 2015, coal use ina
reference case grows from 18 quadrillion BTU in 2013 to 19 quadrillion BTU in 2040.
The outlook also stipulates that said reference case does not take the EPA’s proposed
Clean Power Plan into account, Does this report maintain that, absent this
Administration’s Clean Power Plan, coal usage in the US would increase through 20407
The Annual Energy Outlook 2015 (AEO2015) Reference case takes into account existing
legislation and regulations and therefore excludes EPA’s proposed Clean Power Plan
(CPP). However, the projections do include EPA’s Mercury and Air Toxics Standards
(MATS), the Northeast’s Regional Greenhouse Gas Initiative (RGGI), the California
Global Warming Solutions Act of 2006 (Assembly Bill 32, or AB 32), state Renewable

Portfolio Standards (RPS), and an assessment of investment risks associated with high

carbon dioxide emitting projects,

Coal use is projected to rise by 0.7% per year between 2013 and 2024 and then level off,
growing by a more modest 0.1% per year thereafter through 2040. Coal consumption is
5.5% higher in 2040 than in 2013, but still 6,.5% lower than peak coal consumption in
2007. This outcome is primarily the result of increased utilization of existing coal plants,
from 60% in 2013 to 75% in 2040, which occurs as a result of rising natural gas prices
relative to coal in the Reference case. Competitive natural gas prices, low electric
demand growth, relatively high capital costs, and existing legislation and regulations
result in 40 GW of retirements from 2013 to 2025 and less than 1 GW of coal-fired

additions through 2040 in the Reference case.
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As illustrated in the AEO2015 side cases, higher economic growth and higher natural gas
and oil prices, can lead to greater consumption of coal than represented in the Reference
case, but lower economic growth can also lead to lower coal consumption compared to
the Reference case. The High Oil and Gas Resource case shows coal consumption falling
from 2013 levels under natural gas resource and technology assumptions that result in

natural gas prices below $4 per million btu through 2033,

Your agency’s 2015 Top 2015 100 US Oil and Gas Fields report released in March of
this year notes that the Marcellus — a shale formation very important to my home state of
West Virginia for obvious reasons - became the number one U.S. gas field by estimated
proved reserves in 2013. In fact, in the AEO2015 reference case, over half of the
increase in shale gas production comes from two formations — one of which is the
Marcellus, Shale gas production has been an economic driver for West Virginia and
other states in the region. Additionally, the Annual Energy Outlook 2015 report states that
“In the AEO2015 Reference Case, the U.S. becomes an overall net exporter of natural
gas in 2017, one year earlier than in AEO 2014.” The opportunity is clearly massive, In
the meantime, there are some very serious regulatory threats coming at the industry that
could negatively affect natural gas producer’s ability to continue their safe and
responsible development of natural gas including the new BLM hydraulic fracturing rule
and the to—-be—proposed methane regulations as promised by the Obama Administration
under 111{(d). What assumptions about these regulations did you incorporate into your
projections? How would you think the implementation of these regulations affect your
projections?

The cases in EIA’s Annual Energy Outlook 2015 (AEQ2015) assume that current laws
and regulations remain generally unchanged throughout the projection period. The BLM
recently released final standards regarding hydraulic fracturing on public and American
Indian lands were not included, as the modeling for AEO was finalized prior to the March
20, 2015 release of those standards. Similarly, the methane regulations under 111 (d)

were not included as they have not been proposed or implemented.

EIA has not produced an analysis regarding the effects that either of these regulations

would have on natural gas production in EIA’s projections.
9
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QUESTIONS FROM SENATOR JOE MANCHIN 1

In the AEO’15 Reference case, traditional electricity baseload assets (coal and nuclear)
see existing units® average age grow considerably, as few new units are introduced. After
near term retirements, coal-fired generation experiences | GW of new capacity and
approximately 250 GW remains in 2040, with an average unit age of approximately 65
years. For nuclear generation, by 2040 and the average age is approximately 60 years for
roughly 100 GW of capacity. 10 GW of new coal and nuclear capacity over 25 years
stands in contrast to 18 past years with introduction of more than 10 GW of coal and
nuclear capacity in one year. These traditional baseload assets have produced over two
thirds of all electricity generation in the U.S. over the last 16 years. Has EIA considered
the reliability implications and the size of deferred costs for asset replacement, associated
with allowing roughly 350 GW of baseload assets to reach an average age of 60 years or
more, by 2040?

EIA does consider age-related expenses for baseload assets. As noted in the Assumptions
documentation to the Annual Energy Outlook (AEQ), an additional $7 per kW capital
charge for fossil plants and $33 per kW capital charge for nuclear plants in constant 2013
dollars is added to the annual fixed operation and maintenance (O&M) costs for plants
beyond 30 years of age. These added age-related costs account for major repairs or
retrofits, decreases in plant performance, and/or increases in maintenance costs to
mitigate the effects of aging. In the AEO, a generating unit is assumed to retire if the
expected revenues from the generator are lower than the annual going-forward costs —
including age-related costs, fuel, O&M costs and annual capital additions, which are unit-
specific and based on historical data -- and if the overall cost of producing electricity can
be lowered by building new replacement capacity. The average annual cost attributed to

capital improvements for existing plants are $17 per kW for coal plants and $22 per kW

for nuclear plants (in 2013 dollars).

Reserve margin —the percentage of capacity in excess of peak demand required to

adequately maintain reliability during unforeseeable outages—in the AEO2015
10
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Reference case is set based on regional Reference Margins reported to NERC and ranges
from 14% to 17%. No further assumptions are made in the AEO2015 regarding the

reliability or availability of aging generation assets.

Though not included in the menu of side cases for the AE0O2013, the AE02014 did
include a series of side cases evaluating the impacts of higher levels of coal and nuclear
retirements. For instance, in the AEO2014 Accelerated Coal Retirements case, higher
fuel prices and O&M costs serve as a proxy for assumptions that might lead to increased
coal plant retirements. In this case, 110 GW of coal plants retire by 2040, 117% more
than the AEO2014 Reference case. Across these various retirement cases, increases in
natural gas-fired generation primarily compensate for lost baseload capacity resulting in
increases in the delivered price of natural gas to the electric sector and in the aggregate
retail electricity prices of up to 11% and 12%, respectively.

Particularly, for the 250 Gigawatts of coal units remaining in 2040 (in the Reference
case), with an average unit age of approximately 65 years, the expectation of operating at
75% capacity factor (reference page 25 of AEO’15 report) is optimistic and not supported
by historic coal unit performance data, based on age. If the units do perform in
accordance with historic operating performance of coal plants with age, they will not
reliably meet baseload demand requirements and a significant share of generation in the
forecast, particularly from 2030 through 2040, will not be available as expected. This
topic has been discussed with EIA. Could EIA agree to conduct further analysis with
coal and electricity industry specialists to reevaluate their assumptions for the likely
operating performance of coal units with age?

EIA recognizes that this is an important area of concern and is involved in efforts to
further research the issue. Within the past year, EIA staff conducted meetings with
National Energy Technology Laboratory (NETL) staff who have also been investigating
coal-fleet aging issues, and both EIA and NETL staff recently participated in a public

meeting of the Coal Utilization and Research Council on the subject. EIA is currently
i1
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considering options for further assessment, such as a public workshop featuring industry
and government representation, to further explore the costs and operating performance
issues associated with aging coal plants.

The High Oil Price side case may be especially relevant due to current turmoil in critical
energy producing regions of the world. Coal-to-liquids (CTL) appears as a additional
domestic technelogy in support of national energy security, with 710,000 barrels per day
forecast in 2040, Integral to this overall process, is an opportunity for Enhanced Oil
Recovery (EOR) using the CO2 byproduct of the CTL production. This byproduct can
be used in EOR to produce 2 to 3 barrels of additional oil from each ton of CO2. In order
to properly reflect the full energy security benefit of the complete CTL with CO2-EOR
process, can EIA endeavor to more clearly characterize the total incremental oil
production that has been modeled for the entire process? In addition, can EIA identify
the amounts of CO2 stored through EOR, in their modeling of this process, as a reflection
of parallel climate benefits to be derived in this scenario?

In the High Oil Price case, incremental EOR production using CO- from CTL increases
from 10,000 bbl/d in 2025 to 155,000 bbl/d in 2040, with cumulative incremental crude
oil production totaling nearly 560 million barrels over this period. Roughly 185 million
metric tons of CO; is purchased from CTL plants from 2025 through 2040 for use in
EOR operations at an average of $85 per metric ton (2013 dollars). The CO; could
remain stored at the original EOR site or extracted for use in other EOR projects. This
secondary recycling of CO2 is not reflected in the current AEO but would result in
additional incremental oil production. The outlook does not include the additional cost to

producers if legislation is passed that would require the EOR operator to guarantee the

long-term storage of CO,.
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QUESTIONS FROM CHAIRMAN LISA MURKOWSKI

According to the Annual Energy Outlook 2015 Reference Case (Table A13), EIA projects
that in 2040 the United States will be consuming 29.70 trillion cubic feet of natural gas
per year, producing 29.90 trillion cubic feet of natural gas per year, and exporting (in net
terms) 5.62 trillion cubic feet of natural gas per year. Please comment on the impact such
exports may have on natural gas prices.

EIA did not perform analysis in the Annual Energy Outlook 2015(AEQ2015) on a case
that limited natural gas exports. As such, the price effects of exports in the AEQ2015

Reference case are not quantifiable.

In October, EIA released the study, at the request of the Department of Energy’s Office
of Fossil Energy, Effects of Increased Levels of Liguefied Natural Gas Exports on U.S.
Energy Markets (http://www.eia.gov/analysis/requests/fe/). In this study, EIA examined
the impact of increasing LNG export levels in several cases from the Annual Energy
Outlook 2014 (AEO2014). One finding of that study was that increased LNG exports led
to increased domestic natural gas prices. For example, starting from the AEQ2014
Reference case baseline, which included 7.4 billion cubic feet per day (Bef/d) of LNG
exports, projected average natural gas prices in the Lower 48 states received by producers
in the export scenarios are 4% (12-Bef/d scenario) to 11% (20-Bef/d scenario) more than
their base projection on average over the 2015-40 period. Percentage changes in
delivered natural gas prices, which include charges for gas transportation and
distribution, are lower than percentage changes in producer prices, particularly for
residential and commercial customers. Starting from the AEO2014 Reference case

baseline, projected average residential natural gas prices in the export scenarios are 2%
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(12-Bef/d scenario) to 5% (20-Bef/d scenario) above their base projection over the 2015-

40 period.

Note: Dry natural gas production in the Annual Energy Outlook 2015 Reference case
reaches 35.45 trillion cubic feet in 2040. The production volume cited in the question,
29.90 trillion cubic feet, is incorrect. Total supply, which is inclusive of net imports, in
the Reference case is 29.90 trillion cubic feet in 2040,

In the Short-Term Energy Outlook released on April 7, EIA notes that Iran holds some 30

million barrels of crude oil in storage and can “ramp up” production by some 700,000
barrels per day by the end of 2016 in the event that sanctions are lifted.

a) If Iran is allowed to export freely to global markets, would you expect most of
this new projected production to be exported? If so, approximately how much?

b) EIA notes in the Short-Term Energy Outlook that the price of Brent crude oil
could fall between $5 and $15 per barrel if sanctions are lifted. All else equal,
would you expect domestic U.S. benchmarks to also decline?

¢) Generally speaking, would lower domestic oil prices put upward or downward
pressure on U.S. crude oil production?

a) EIA estimates that the maximum level of growth in crude oil production that Iran could
achieve by the end of 2016 is 700,000 barrels per day, but this is dependent on a host of
factors, such as the timing of sanctions relief and any technical output challenges Iran
may face. Furthermore, the global oil market is currently well supplied, as reflected by
global net inventory builds through 2014 and projected during 2015, even without an
increase to Iran’s production, Iran’s ability to ramp up production will most likely be
challenged by its ability to find buyers. If sanctions are lifted, EIA does expect that
increases in Iran’s crude oil production will result in increases to the country’s crude oil

exports. However, the amount that Iran can increase production and exports if sanctions

are lifted is still unclear, particularly because of current market conditions. The $5-$15
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lower price compared to our current forecast reflects the uncertainty surrounding the

timing and magnitude of those additional Iranian barrels entering the global market.

b) Yes. In the event that sanctions were to be lifted, and in the absence of other market
developments, EIA expects that U.S. domestic crude oil prices would decline by a similar
amount compared to international crude oil benchmarks. The relationship between Brent
and West Texas Intermediate (WTI) crude oil prices is primarily driven by transportation
costs, construction of U.S. infrastructure to transport crude oil, and refinery economics.
The presence of additional volumes of Iranian crude oil in the global market would likely

have little to no effect on the Brent-WTI spread.

¢) Lower domestic oil prices put downward pressure on U.S. crude oil production.
However, the relationship is not necessarily directly proportional. Many U.S, crude oil
producers (operators) use hedging to lock in the price they receive for production, which
insulates them from oil price market fluctuations. Additionally, operators use different
business strategies for purchasing drilling rig services and well completion services.
Some producers will terminate contracts early, while others will not renew contracts.

Finally, cash flow and debt service requirements impact operator production decisions.

15
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QUESTIONS FROM SENATOR DEBBIE STABENOW

The Annual Energy Outlook projects that under existing policies electricity from wind
power will increase 32 percent to 86 gigawatts by 2030. The Department of Energy’s
recent Wind Vision report estimates that the United States could produce 224 gigawatts
of wind energy by 2030 -- enough to power 61 million homes. Do you agree with the
Wind Vision report that with the right set of policies we could produce three and half
times as much wind power by 2030?

The Annual Energy Outlook includes only existing policies. While EIA does not take a
position on policy issues, recent EIA analyses show that policy choices can significantly
affect projected wind generation. EIA’s analysis of EPA’s proposed Clean Power Plan
rule, issued on May 22, is one example. With the specified requirement that states reduce
carbon dioxide emissions from existing generating units to meet state-specific emission
rate goals, EIA projects significant wind capacity additions as an important compliance
strategy. Projected levels of wind capacity by 2030 vary significantly, depending on the
particular case being analyzed, and range from about 142 GW with high availability of
natural gas resources, up to 218 GW if the rule results in extensive cooperation among
states in meeting the emission rate goals. Although compliance with the proposed Clean
Power Plan rule as modeled in EIA’s study significantly boosts wind generation, the
analysis was not intended to determine policy mechanisms to achieve a specified level of
wind capacity, and does not necessarily reflect EIA’s view about what other policies may
or may not be able to achieve a given capacity level. Furthermore, the study did not
consider the same set of policy assumptions implicitly embedded in the Wind Vision
report.

If wind generates between 86 gigawatts and 224 gigawatts by 2030, does the Department

project that rates for electricity from wind would be at or below the cost of electricity
from fossil fuels?
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EIA projects in the AEO2015 Reference case that having reached 87 GW of capacity by
2030, wind’s national average levelized cost of electricity (LCOE) is $73/megawatt hour
{MWh) — below the $76/MWh national average for an advanced natural gas combined
cycle plant. The 224 GW estimate cited in the question refers to the Wind Vision Study.
An unrelated recent EIA analysis of EPA’s proposed Clean Power Plan rule for existing
fossil-fueled generating units found that compliance with the proposed rule, assuming
extensive cooperation across states, would result in 218 GW of wind capacity by 2030.
In this case, in 2030 the average wind LCOE is $76/MWh, compared to $68/MWh for
advanced natural gas combined cycle. Wind costs are somewhat higher, as increasing
wind builds tend to push new wind builds to lower quality, higher cost sites; natural gas
generation costs somewhat less, as reduced use of this fuel reduces pressure on natural

gas supplies,

However, LCOE comparisons among specific technologies do not necessarily provide an
accurate accounting of the economic competitiveness of a technology. It is important to
also consider ~ as do project developers, grid operators, and utilities - the relative values
of the technologies as well as the need for new sources of generation and capacity. The
existing generation mix, time-of-day and seasonal overlap with generation and demand,
and contribution to system reliability also have substantial effect on the value of
intermittent resources like wind. A more meaningful assessment of the competitiveness
of wind takes into account both its cost and its system value. For a more detailed
discussion of this topic, please see EIA’s publication “Levelized Cost and Levelized

Avoided Cost of New Generation Resources in the Annual Energy Qutlook 2015”.
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Given slow growth in electricity demand, new generation from wind may often displace
generation from existing capacity whose fixed cost has already been incurred. In such
settings, a decision to add wind capacity saves only the fuel cost of the resource it
displaced, which in the case of goal and nuclear generators is a small fraction of their

LCOE.

In sum, both the cost and value of new wind capacity (and the cost and value of the
alternative sources of generation) would be highly sensitive to the particular policy,
technology, or market pathway used to promote or encourage capacity adgiitions.
Mechanisms such as technology tax credits, carbon taxes, or renewable portfolio
requirements all affect the market in different ways, and will distribute costs and impacts

in different ways.
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Preface

The Annual Energy Outiook 2015 (AEQZ015), prepared by the U.S. Energy Information Administration (E1A), presents fong-term
annual projections of energy supply, demand, and prices through 2040. The projections, focused on U.S. energy markets, are
based on results from EIA's National Energy Modeling System (NEMS). NEMS enables EIA to make projections under alternative,
internally-consistent sets of assumptions, the results of which are presented as cases. The analysis in AEQ2015 focuses on six
cases: Reference case, Low and High Economic Growth cases, Low and High Qil Price cases, and High Oll and Gas Resource case.

For the first time, the Annual Energy Outlook (AEQ) is presented as a shorter edition under a newly adopted two-year release cycle.
With this approach, full editions and shorter editions of the AEO will be produced in alternating years. This approach will allow
EIA to focus more resources on rapidly changing energy markets both in the United States and internationally and how they might
avolve over the next few years. The shorter edition of the AEQ includes a more limited number of model updates, predominantly
to reflect historical data updates and changes in legislation and regulation. The AEQ shorter editions will include this publication,
which discusses the Reference case and five alternative cases, and an accompanying Assumptions Report! Other documentation—
including documentation for each of the NEMS models and a Retrospective Review—will be completed only in vears when the full
edition of the AEQ is published.

This AEQ2015 report includes the following major sections:

-

Executive summary, highlighting key results of the projections

°

Economic growth, discussing the economic outlooks completed for each of the AEG2015 cases

B

Energy prices, discussing trends in the markets and prices for crude oif, petroleum and other liquids,” natural gas, coal, and
electricity for each of the AEC2015 cases

Delivered energy consumption by sector, discussing energy consumption trends in the transportation, industrial, residential,
and commercial sectors

-

Energy consumption by primary fuel, discussing trends in energy consumption by fuel, including natural gas, renewables, coal,
nuclear, liquid biofuels, and oit and other liquids

®

Energy intensity, examining trends in energy use per capita, energy use per 2009 dollar of gross domestic product (GDP), and
carbon dioxide (CO2) emissions per 2009 dollar of GDP

Energy production, imports, and exports, examining production, import, and export trends for petroleumn and other liquids,
natural gas, and coal

°

Electricity generation, discussing trends in electricity generation by fuel and prime mover for each of the AEQ2015 cases

Energy-related CO2 emissions, examining trends in CO2 emissions by sector and AEQ2015 case.

Summary tables far the Six cases are provoded in Appendixes A through D, Complete tables are available in a table browser on EIA's
website, at hiip . Appendix E provides a short discussion of the major changes adopted in
AEQ2015 and a brief companson of the AEQ2075 and Annual Energy Qutiook 2074 results. Appendix F provides a summary of the
regional formats, and Appendix G provides a summary of the snergy conversion factors used in AEQ2015,

The AEO2015 projections are based generally on federal, state, and local laws and regulations in effect as of the end of October 2014,
The potential impacts of pending or proposed legisiation, regulations, and standards (and sections of existing legislation that require
implementing regulations or funds that have not been appropriated) are not reflected in the projections (for example, the proposed
Clean Power Plan®). In certain situations, however, where it is clear that a law or a regulation will take effect shortly after AEO2015
is completed, it may be considered in the projection.

AEQ2075 is published in accordance with Section 205¢ of the U.S, Department of Energy (DOE) Organization Act of 1977 (Public
taw 95-91), which requires the EIA Administrator to prepare annual reports on trends and projections for energy use and supply.

S. Energy information Adm ration, Assumptions to the Arnual Energy Outicok 2015, DOE/EIA-0554(2015) {Washington, DC, to be published),

ndd other liguids) include crude oft and products of petroteum refining, natural gas liquids, biofuels, and iquids derived from
ncluding coal-to-liguids and gas-to-liquids)

on Agency, “Carbon Poliution Emission Guidelines for Existing Stationary Sourc
June 18, 2014),
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Execuntive summary

Projections in the Annual Energy Quilook 2015 (AEO2015) focus on the factors expected to shape U.S. energy markets through
2040. The projections provide a basis for examination and discussion of energy market trends and serve as a starting point for
analysis of potential changes in U.S, energy policies, rules, and regulations, as well as the potential role of advanced technologies.
Key results from the AEQ2015 Reference and alternative cases include the following:

The future path of crude oil and natural gas prices can vary substantially, depending on assumptions about the size of global
and domestic resources, demand for petroleun products and natural gas (particularly in non-Organization for Economic
Cooperation and Development (non-OECD) countries), levels of production, and supplies of other fuels. AEC2015 considers
these factors in examining alternative price and resource availabiity cases,

Growthin U.S, energy production—led by crude oil and natural gas—and only modest growth in demand reduces U.S, reliance on
imported energy supplies. Energy imports and exports come into balance in the United States starting in 2028 in the AEO2015
Reference case and in 2019 in the High Oil Price and High Oil and Gas Resource cases. Natural gas is the dominant US, energy
export, while liquid fuels® continue to be imported.

Through 2020, strong growth in domestic crude ofl production from tight formations leads to a decline in net petroleum imports®
and growth in net petroleurn product exports in all AEG2015 cases. In the High Oi and Gas Resource case, increased crude
production before 2020 results in increased processed condensate® exports. Slowing growth in domestic production after 2020
is offset by increased vehicle fuel economy standards that Jimit growth in domestic demand. The net import share of crude ol
and petroleum products supplied falls from 33% of total supply in 2013 to 17% of total supply in 2040 in the Reference case.
The United States becomes a net exporter of petrolewrn and other liquids after 2020 in the High Oil Price and High Oil and Gas
Resource cases because of greater U.S. crude oil production,

The United States transitions from being a modest net importer of natural gas to a net exporter by 2017, U.S. export growth
continues after 2017, with net exports in 2040 ranging from 3.0 trillion cubic feet (Tef) in the Low Oif Price case to 131 Tef in
the High Qif and Gas Resource case,

Growth in crude ofl and dry natural gas production varies significantly across oil and natural gas supply regions and cases,
forcing shifts in crude oil and natural gas flows between U.S. regions, and requiring investment in or realignment of pipefines
and other midstream infrastructure.

U.S. energy consumiption grows at a modest rate over the AEQ2015 projection period, averaging 0.3%/vear from 2013 through
2040 in the Reference case. A marginal decrease in transportation sector energy consumption contrasts with growth in most
ather sectors. Declines in energy consumption tend to result from the adoption of more energy-efficient technologies and
existing policies that promote increased energy efficiency.

Growth in production of dry natural gas and natural gas plant liquids (NGPL) contributes to the expansion of several
manufacturing industries (such as bulk chemicals and primary metals) and the increased use of NGPL feedstocks in place of
petroleum-based naphtha’ feedstocks.

Rising long-term natural gas prices, the high capital costs of new coal and nuclear generation capacity, state-level policies, and
costreductions for renewable generation in a market characterized by relatively slow electricity demand growth favor increased
use of renewables.

Rising costs for electric power generation, transmission, and distribution, coupled with relatively slow growth of electricity
demand, produce an 18% increase in the average retall price of electricity over the period from 2013 to 2040 in the AED2015
Reference case. The AEC2075 cases do not include the proposed Clean Power Plan.®

tmproved efficiency in the end-use sectors and a shift away from more carbon-intensive fuels help to stabilize U.S. energy-
related carbon dioxide {CO2) emissions, which remain below the 2005 level through 2040,

The futore path of crude oil prices can vary substastially, depending on assumptions about the size of the
resource and growth in demand, particularly in non-QECD countries

AEQ2015 considers a number of factors related to the uncertainty of future crude oil prices, including changes in worldwide
demand for petroleum products, crude ol production, and supplies of other fiquid fuels. In all the AEO2015 cases, the North Sea
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Brent crude oil price reflects the waorld market price for light sweet crude, and all the cases account for market conditions in 2014,
including the 10% decline in the average Brent spot price to $97/barrel (bb) in 2013 dollars.

In the AEQ2015 Reference case, continued growth in U.S. crude ofl production contributes to a 43% decrease in the Brent crude
oil price, to $56,/bbl in 2015 (Figure EST), Prices rise steadily after 2015 in response to growth in demand from countries outside
the OECD; however, downward price pressure from continued increases in U.S. crude oil production keeps the Brent price below
$80/bblthrough 2020. U.S. crude off production starts to decline after 2020, but increased production from non-OECD countries
and from countries in the Organization of the Petroleum Exporting Countries (OPEC) contributes to the Brent price remaining
below $100/bbi through 2028 and limits the Brent price increase through 2040, when it reaches $141/bbl.

There is significant price variation in the alternative cases using different assumptions. In the Low Oif Price case, the Brent price
drops to $52/bbl in 2015, 7% lower than in the Reference case, and reaches $76/bbl in 2040, 47% lower than in the Reference
case, largely as a result of lower non-OECD demand and higher upstream investment by OPEC. In the High Oil Price case, the
Brent price increases to $122/bblin 2015 and to $252/bblin 2040, largely in response to significantly lower OPEC production and
higher non-QECD demand. In the High Gl and Gas Resource case, assumptions about overseas demand and supply decisions do
not vary from those in the Reference case, but U.S. crude oil production growth is significantly greater, resulting in lower U.S. net
imports of crude ofl, and causing the Brent spot price to average $129/bbl in 2040, which is 8% lower than in the Reference case.

Future natural gas prices will be influenced by a number of facters, including oil prices, resource availability,
and demand for natural gas

Projections of natural gas prices are influenced by assumptions about off prices, resource availability, and natural gas demand.
In the Reference case, the Henry Hub natural gas spot price (in 2013 dollars) rises from $3.69/million British thermal units (Btw)
in 2015 to $4.88/million Btu in 2020 and to $7.85/million Btu in 2040 (Figure ES2), as increased demand in domestic and
international markets leads o the production of increasingly expensive resources.

In the AEQ2015 alternative cases, the Henry Hub natural gas spot price is lowest iny the High Oil and Gas Resource case, which
assumes greater estimated ultimate recovery per well, closer well spacing, and greater gains in technological development. In the
High Oil and Gas Resource case, the Henry Hub natural gas spot price falls from $3.14/million Btu in 2015 to $3.12/million Btu in
2020 {36% below the Reference case price) before rising to $4.38/million Btu in 2040 (44% below the Reference case price).
Curnulative U.S. domestic dry natural gas production from 2015 to 2040 is 26% higher in the High Oil and Gas Resource case
than in the Reference case and is sufficient te meet rising domestic consumption and exports—both pipeline gas and liquefied
natural gas (LNG)—even as prices remain low.

Henry Hub natural gas spot prices are highest in the High Ol Price case, which assumes the same level of resource availability as the
AEQ2015 Reference case, but different Brent crude off prices. The higher Brent crude oil prices in the High Ol Price case affect the
level of overseas demand for U.S. LNG exports, because international LNG contracts are often linked to crude oil prices—although the
finkage is expected to weaken with changing market conditions, When the Brent spot price rises in the High Ol Price case, world LNG
contracts that are linked to ofl prices become relatively more competitive, making LNG exports from the United States more desirable.

In the High Oil Price case, the Henry Hub natural gas spot price remains close to the Reference case price through 2020; however,
higher overseas demand for U.S. LNG exports raises the average Henry Hub price to $10.63/miflion Btu in 2040, which is 35%
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above the Reference case price. Cumulative U.S. exports of LNG from 2015 to 2040 in the High Qil Price case are more than
twice those in the Reference case. The opposite ocours in the Low Oil Price case: fow Brent crude oil prices cause oil-linked LNG
contracts to become relatively less competitive and make U.S, LNG exports less desirable. Lower overseas demand for U.S. LNG
exports causes the average Henry Hub price to reach only $7.15/million Btu in 2040, 9% lower than in the Reference case.

Global growth and trade weaken beyond 2025, creating headwinds for U.S. export-orienied industries

Inthe AEQ2015 projections, growth in U.S. net exports contributes more to GDP growth than it has over the past 30 years (partially
due to a reduction in net energy imports); however, its impact diminishes in the later years of the projection, reflecting slowing
GDP growth in nations that are U S, trading partners, along with the impacts of exchange rates and prices on trade. As economic
growth in the rest of the world slows (as shown in Table ES1), so does U.S. export growth, with commensurate impacts on growth
in manufacturing output, particularly in the paper, chemicals, primary metals, and other energy-intensive industries. The impact
varies across industries.

Recent model revisions to the underlying industrial supply and demand relationships® have emphasized the importance of trade
to manufacturing industries, so that the composition of trade determines the level of industrial output. Consumer goods and
industrial supplies show higher levels of net export growth than other categories throughout the projection. The diminishing net

export growth in all categories in the later years of the projection explains much of the leveling off of growth that occurs in some
trade-sensitive industries.

1.8, net energy imports decline and ultimately end,

3. net s imports i “R3ES, largely in response to increased oil and dry natural
gas production
a0 History 2013 Projections Energy imports and exports come into balance in the United

States in the AEQ2015 Reference case, starting in 2028, In
the High Oif Price and High Gil and Gas Resource cases, with
higher U.S. crude ofl and dry natural gas production and lower
imports, the United States becomes a net exporter of energy
in 2019, tncontrast, inthe Low Of Price case, the United States
remains a net energy importer through 2040 (Figure ES3).

Economic growth assumptions alsa affect the U.S. energy
trade balance. in the Low Economic Growth case, U.S. energy
imports are lower than in the Reference case, and the United
States becomes a net energy exporter in 2022, In the High
Economic Growth case, the United States remains a net

. ‘/ .
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20 i) energy importer through 2040,
. . The share of total U.S. energy production from crude oil and
=30 - High Ofl and Gas Resaurce tease condensate rises from 19% in 2013 to 25% in 2040 in
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change in the Reference case. Dry natural gas production remains the largest contributor to total U.S. energy production through
2040 in ail the AEC2075 cases, with a higher share in the High Qil and Gas Resource case (38%) than in the Reference case
{34%) and all other cases. In 2013, dry natural gas accounted for 30% of total U.S. energy production.

Coal's share of total U.S, energy production in the High Oif and Gas Resource case falls from 26% in 2013 t0 15% in 2040. Inthe
Reference case and most of the other AED2015 cases, the coal share remains slightly above 20% of total U.S, energy production
through 2040; in the Low Oif Price case, with fower oil and gas production levels, it remains essentially flat at 23% through 2040,

Continued strong growth in domestic production of crude oil from tight formations leads to a decline in net
impeorts of crude oil and petroleum products

U.S. crude oif production from tight formations leads the growth in total U.S. crude off production in all the AEO2075 cases. Inthe
Reference case, lower levels of domestic consumption of iquid fuels and higher levels of domestic production of crude off push
the net import share of crude oil and petroleum products supplied down from 33% in 2013 t0 17% in 2040 (Figure ES4),

In the High Qil Price and High O and Gas Resource cases, growth in tight off production results in significantly higher levels of
total U.S. crude oif production than in the Reference case. Crude oil production in the High Off and Gas Resource case increases
to 16.6 million barrels per day (bbi/d) in 2040, compared with a peak of 10.6 million bbi/d in 2020 in the Reference case. In the
High Oil Price case, production reaches a high of 13.0 million bbl/d in 2026, then declines to 8.9 million bbl/d in 2040 as a result of
earlier resource development. in the Low Cil Price case, U.S. crude ofl production totals 7.1 million bbl/d in 2040. The United States
becomes a net petroleum exporter in 2021 in both the High Ol Price and High Oif and Gas Resource cases, With lower levels of
domestic production and higher domestic consumption in the Low Oil Price case, the net import share of total liquid fuels supply
increases to 36% of total domestic supply in 2040.

Net natural gas trade, including LNG exports, depends largely on the effects of resource levels and oil prices

In all the AEO2015 cases, the United States transitions from a net importer of 1.3 Tef of natural gas in 2013 (5.5% of the 23.7 Tcf
delivered to consumers) to a net exporter in 2017. Net exports continue to grow after 2017, to 3 2040 range between 3.0 Tef in
the Low Qil Price case and 13.1 Tcf in the High Oil and Gas Resource case (Figure ES5).

In the Reference case, LNG exports reach 3.4 Tef in 2030 and remain at that level through 2040, when they account for 46% of
total U.S. natural gas exports. The growth in U.S. NG exports is supported by differences between international and domestic
natural gas prices. LNG supplied to international rarkets is primarily priced on the basis of world oil prices, among other factors.
This results in significantly higher prices for global LNG than for domestic natural gas supply, particularly In the near term.
However, the relationship between the price of international natural gas supplies and world oil prices is assumed to weaken later
in the projection period, in part as a result of growth in U.S. LNG export capacity. U.S. natural gas prices are determined primarily
by the availability and cost of domestic natural gas resources,

in the High Oil Price case, with higher world oif prices resulting in higher international natural gas prices, U.S. LNG exports climb
1o 8.1 Tt in 2033 and account for 73% of total U.S. natural gas exports in 2040. In the High Oil and Gas Resource case, abundant
U.S. dry natural gas production keeps domestic natural gas prices fower than international prices, supporting the growth of U.S.
LNG exports, which total 10.3 Tef in 2037 and account for 66% of total ULS, natural gas exports in 2040, In the Low Oil Price case,
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with lower world off prices, U.S. LNG exports are less competitive and grow more slowly, to a peak of 0.8 Tefin 2018, and account
for 13% of total U.S. natural gas exports in 2040,

Additional growth in net natural gas exports comes from growing natural gas pipeline exports to Mexico, which reach a high of
4.7 Tef in 2040 in the High Oif and Gas Resource case (compared with 0.7 Tef in 2013). In the High Oil Price case, U.S. natural gas
pipeline exports to Mexico peak at 2.2 Tcf in 2040, as higher domestic natural gas prices resulting from increased world demand
for LNG reduce the incentive to export natural gas via pipeline. Natural gas pipeline net imports from Canada remain below 2013
levels through 2040 in all the AEO2015 cases, but these imports do increase in response to higher natural gas prices in the latter
part of the projection period.

Regional variations in domestic crude oil and dry natural gas production can force significant shifts in erude

oil and natural gas flows between U.S, regions, requiring investment in or realignment of pipelines and other
midstream infrastructure

U.S. crude oif and dry natural gas production levels haveincreased rapidly inrecent years. From 2008 to 2013, crude oil production
grew from 5.0 million bbl/d to 7.4 million bbl/d, and annual dry natural gas production grew from 20.2 Tcf to 24.3 Tcf. All the
AEQ2015 cases project continued growth in U.S. dry natural gas production, whereas crude oft preduction continues to increase
but eventually declines in all cases except the High Oil and Gas Resource case. In maost of the cases, Lower 48 onshore crude ol
production shows the strongest growth in the Dakotas/Rocky Mountains region (which includes the Bakken formation), followed
by the Southwest region (which includes the Permian Basin) (Figure ES6). The strongest growth of dry natural gas productioninthe
Lower 48 onshore in most of the AEQ2015 cases occurs in the East region (which includes the Marcellus Shale and Utica Shale),
followed by the Gulf Coast onshore region and the Dakotas/Rocky Mountains region. Interregional flows to serve downstream
markets vary significantly among the different cases.

1n the High Ol Price case, higher prices for crude ol and increased demand for LNG support higher levels of Lower 48 onshore
crude oll and dry natural gas production than in the Reference case. Production in the High Oil Price case is excesded only in the
High O and Gas Resource case, where greater availability of oif and natural gas resources leads to more rapid production growth.
The higher production levels in the High Ol Price and High Ol and Gas Resource cases are sustained through the entire projection
period. Onshore Lower 48 crude off production in 2040 drops below its 2013 level only in the Low Oil Price case, which also shows
the fowest growth of dry natural gas production.

Crude oit imports into the East Coast and Midwest Petroleumn Administration for Defense Districts (PADDs) 1and 2 grow from
20713 to 2040 in all cases except the High Oil and Gas Resource case. All cases, including the High Ol and Gas Resource case,
maintain significant crude il imports into the Gulf Coast (PADD 3) and West Coast (PADD 5) through 2040. The Dakotas/Rocky
Mountains (PADD 4) has significant crude ofl imports only through 2040 in the High Qi Price case. The high fevels of crude oif
imports in all cases except the High Oil and Gas Resource case support growing levels of gasaline, diesel, and jet fuel exports as
U.S. refineries continue to have a competitive advantage over refineries in the rest of the world, The High Oil and Gas Resource
case is the only case with significant crude oil exports, which occur as a result of additional crude oil exports to Canada. The High
Oil and Gas Resource case also shows significantly higher amounts of natural gas flowing out of the Mid-Atlantic and Dakotas/
Rocky Mountains regions than most other cases, and higher LNG exports out of the Gulf Coast than any other case,

LS. energy consumption grows at a modest rate over
ore crushe the projection with reductions in energy intensity
resulting from improved technologies and from
policies in place
10 U.S. energy consumption grows at a relatively modest rate
over the AEQ2015 projection period, averaging 0.3%/
vear from 2013 through 2040 in the Reference case. The
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projections. This uncertainty is especially relevant as the United States continues o recover fromthe latest economic recession and
resumes more normal economic growth. Although demand for energy often grew with economic recoveries during the second half
of the 20th century, technology and policy factors currently are acting in combination to dampen growth in energy consumption,

The AEO2015 alternative cases demonstrate these dynamics. The High and Low Economic Growth cases project higher and
lower levels of travel demand, respectively, and of energy consumption growth, while holding policy and technology assumptions
constant. In the High Economic Growth case and the High Of and Gas Resource case, energy consumptlion growth (0.6%/year
and 0.5%/year, respectively) is higher than in the Reference case. Energy consumption growth in the Low Economic Growth casels
lower than in the Reference case (nearly flat). In the High Oif Price case, it is higher than in the Reference case, at 0.5%/vear, mainly
as a result of increased dormestic energy production and more consumption of diesel fuel for freight transportation and trucking.

In the AEQ2015 Reference case, as a result of increasingly stringent fuel economy standards, gasoline consumption in the
transportation sector in 2040 is 219% lower than in 2013. In contrast, diesel fuel consumption, largely for freight transportation
and trucking, grows at an average rate of 0.8%/year from 2013 to 2040, as economic growth results in more shipments of goods.
Because the United States consumes more gasoline than diesel fual, the patiern of gasoline consumption strongly influences the
overall trend of energy consumption in the transpaortation sector (Figure ES7).

Industrial energy use rises with growth of shale gas supply

Production of dry natural gas and natural gas plant liguids (NGPL) in the United States has increased markedly over the past few
vears, and the upward production trend continues in the AEQ2015 Reference, High Oif Price, and High Oil and Gas Resource cases,
with the High Qil and Gas Resource case showing the strongest growth in production of both dry natural gas and NGPL. Sustained
high levels of dry natural gas and NGPL production at prices that are attractive to industry in all three cases contribute to the
growth of industrial energy consumption over the 2013-40 projection period and expand the range of fuel and feedstock choices.

Increased supply of natural gas from shale resources and the associated liquids contributes to lower prices for natural gas and
hydrocarbon gas liquids (HGL), which support higher levels of industrial output. The energy-intensive bulk chemicals industry
benefits from lower prices for fuel (primarily natural gas) and feedstocks (natural gas and HGL), as consumption of natural
gas and HGL feedstocks increases by more than 50% from 2013 to 2040 in the Reference case, mostly as a result of growth
in the total capacity of U.S. methanol, ammonia (mostly for nitrogenous fertilizers), and ethylene catalytic crackers. Increased
availability of HGL leads to much slower growth in the use of heavy petroleum-based naphtha feedstocks compared to the lighter
HGL feedstocks (ethane, propane, and butane). With sustained fow HGL prices, the feedstock slate continues to favor HGL at
unprecedented levels.

Other energy-intensive industries, such as primary metals and pulp and papeyr, also benefit from the availability and pricing of dry
natural gas production from shale resources. However, factors other than lower natural gas and HGL prices, such as changes in
nonenergy costs and export demand, also play significant roles in increasing manufacturing output.’?

Manufacturing gross output in the High Qil and Gas Resource case is only slightly higher than in the Reference case, and most
of the difference in industrial natural gas use between the two cases is attributable to the mining industry—specifically, oil and
gas extraction. With increased extraction activity in the High Qil and Gas Resource case, natural gas consumption for lease and
plant use in 2040 is 1.6 quadrillion Btu (68%; higher than in
the Reference case.

snsamption for
S 340 (quadrillion Bin) Increased production of dry natural gas from shale resources
History 2013 Projections (e.g., as seen in the High Of and Gas Resource case relative to
0 i the Reference case) leads to a lower natural gas price, which
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to 18% in 2040. Federal tax credits and state renewable portfolio standards that do not expire (sunset) continue to drive the
relatively robust near-term growth of nonhydropower renewable sources, with total ranewable generation increasing by 25% from
2013 to 2018, Howevar, from 2018 through about 2030, the growth of renewable capacity moderates, as relatively slow growth of
electricity demand reduces the need for new generation capacity. In addition, the combination of relatively low natural gas prices
and the expiration of several key federal and state policies results in a challenging economic environment for renewables. After
2030, renewable capacity growth again accelerates, as natural gas prices increase over ime and renewables become increasingly
cost-competitive in some regions.

Wind and solar generation account for nearly two-thirds of the increase in total renewable generation In the AEO2015 Reference
case. Solar photovoltaic (PV) technology is the fastest-growing energy source for renewable generation, at an annual average
rate of 6.8%. Wind energy accounts for the largest absolute increase in renewable generation and for 40.0% of the growth in
renewable generation from 2013 to 2038, displacing hydropower and becoming the largest source of renewable generation by
2040. PV capacity accounts for nearly all the growth in solar generation, split between the electric power sector and the end-use
sectors (e.g, distributed or customer-sited generation). Geothermal generation grows at an average annual rate of about 5.5%
over the projection period, but because geothermal resources are concentrated geographically, the growth is limited to the western
United States. Biomass generation increases by an average of 3.1%/year, led by cofiring at existing coal plants through about 2030,
After 2030, new dedicated biomass plants account for most of the growth in generation from biomass energy sources.

In the High Economic Growth and High Ol Price cases, renewable generation growth exceeds the levels in the Reference case—
more than doubling from 2013 to 2040 in both cases (Figure ESS), primarily as a result of increased demand for new generation
capacity in the High Economic Growth case and relatively more expensive competing fuel prices in the High Qif Price case. In
the Low Economic Growth and Low Oil Price cases, with slower load growth and lower natural gas prices, the overall increase
in renewable generation from 2013 to 2040 is somewhat smaller than in the Reference case but still grows by 49% and 61%,
respectively, from 2013 1o 2040. Wind and solar PV generation in the electric power sector, the sector most affected by renewable
electric generation, account for most of the variation across the alternative cases in the later years of the projections,

Electricity prices increase with rising fuel costs and expenditures on electric transmission and distribution
infrastructure

In the AEO2015 Reference case, increasing costs of electric power generation and transmission and distribution, coupled with
relatively stow growth of electricity sales (averaging 0.7%/vear), result in an 18% increase in the average retall price of electricity
(in real 2013 dolars) over the projection period. In the Reference case, prices increase from 10.1 cents/kilowatthour (kWh) in
2013 to 1.8 cents/kWhin 2040, In comparison, over the same period, the largest increase in retail electricity prices (28%) is in
the High Oil Price case (to 12.9 cents/kWh in 2040}, and the smallest increase (2% is in the High Oil and Gas Resource case (1o
10.3 cents/kWh in 2040). Electricity prices are determined by economic conditions, efficiency of energy use, competitiveness
of electricity supply, investment in new generation capacity, investment in transmission and distribution infrastructure, and the
costs of operating and maintaining plants in service. Those factors vary in the alternative cases.

Fuel costs {mostly for coal and natural gas) account for the largest portion of generation costs in consumer electricity bills. In

2013, coal accounted for 44% and natural gas accounted for 42% of the total fuel costs for electricity generation. In the AEQ2015

Reference case, coal accounts for 35% and natural gas for 55% of total fuel costs in 2040. Coal prices rise on average by 0.8%

per year and natural gas prices by 2.4%/year in the Reference

penerst i case, compared with 1.3%/year and 3.19%/ year, respectively,

2048 in the High Oil Price case and 0.5%/vear and 0.2%/year,
respectively, in the High Oif and Gas Resource case.

1,250 There has been a fivefold increase in investment in new
electricity transmission capacity in the United States since
1997, as well as large increases in spending for distribution
capacity. Although investments in new transmission and
distribution capacity do not continue at the same rates in
AEQ2015, spending continues on additional transmission and
distribution capacity to connect to new renewable energy
sources; improvements in the reliability and resiliency of the
grid; enhancements to community aesthetics (underground
fines); and smart grid construction,
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a shift in the economy toward a larger share of consumption in fess energy-intensive industries. In the AEQ2015 Reference case,
.S, electricity use grows by an average of 0.8%/year from 2013 to 2040.

Energy-velated CO2 emissions stabilize with improvements in the energy intensity and carbon intensity of
electricity generation

U.S. energy-related CO2 emissions in 2013 totaled 5,405 mitfion metric tons (mi)." In the AFQ2015 Reference case, CO2
emissions increase by 144 million mt (2.7%) from 2013 to 2040, to 5,549 million mt—still 444 million mt below the 2005 fevel
of 5,993 million mt, Among the AEO2015 alternative cases, total emissions in 2040 range from a high of 5,979 million mt in the
High Economic Growth case to a low of 5,160 million mt in the Low Economic Growth case,

In the Reference case:

CQ2 emissions from the electric power sector increase by an average of 0.2%/year from 2013 to 2040, as a result of relatively
stow growth in electricity sales (averaging 0.7%/vear) and increasing substitution of lower-carbon fuels, such as natural gas
and renewable energy sources, for coal in electricity generation.

CO2 emissions from the transportation sector decline by an average of 0.2%/year, with overall improvements in vehicle energy
efficiency offsetting increased travel demand, growth in diesel consumption in freight trucks, and consumer's preference for
larger, less-efficient vehicles as a result of the lower fuel prices that accompany strong growth of domestic oil and dry natural
gas production.

.

CO2 emissions from the industrial sector increase by an average of 0.5%/year, reflecting a resurgence of industrial activity
fueled by low energy prices, particularly for natural gas and HGL feedstocks in the bulk chemical sector.

COZ emissions from the residential sector decline by an average of 0.2%/year, with improvements in appliance and building
shell efficiencies more than offsetting growth in housing units.

CO2 emissions from the commercial sector increase by an average of 0.3%/year even with improvements in equipment and
building shell efficiency, as a result of increased electricity consumption resulting from the growing proliferation of data centers
and electric devices, such as networking equipment and video displays, as well as greater use of natural gas-fueled combined
heat and power distributed generation.

"Rased on EIA, Monthly Energy Review (November 2014), and reported here for consistency with data and other calculations in the AEQ2075 tables
e 2013 total was subsequently updated to lion metric tons in EIA's February 2015 Monthly Energy Review, DOE/EIA-0Q35(2015/02),
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introduction

In preparing the Annual Energy Outivok 2075 (AEOZQ15)—a shorter edition; see text box on page 2—the U.S. Energy Information
Administration (E1A) evaluated a range of trends and issues that could have major implications for U.S. energy markets. This
report presents the AEQZ(G15 Reference case and compares it with five alternative cases (Low and High Qi Price, Low and High
Economic Growth, and High Oil and Gas Resource) that were completed as part of AEQ2015 (see Appendixes A, B, C, and D).

Because of the uncertainties inherent in any energy market projection, the Reference case results should not be viewad in
isolation. Readers are encouraged to review the alternative cases to gain perspective on how variations in key assumptions can
lead to different outlooks for energy markets. In addition to the alternative cases prepared for AEQ2015, EIA has examined many
proposed policies affecting energy markets over the past few years. Reports describing the results of those analyses are available
on EIA's website

Table 1 provides a summary of the six casas produced as part of AEQ2015. For each case, the table gives the name used in
AEQ2015 and a brief description of the major assumptions underlying the projections. Regional results and other details of the
projections are available at hil aov : > i

Summary of ALOI0LS cases
Case name Description
Reference Reat gross domestic product (GDP) grows at an average annual rate of 2.4% from 2013 to 2040, under the
assumption that current laws and r tions remain generally unchanged throughout the projection period,

North Sea Brent crude oif prices rise to $141/barrel (bbl) (2013 dollars) in 204C. Comple gl'o}ortion‘tabws

are provided in Appendix A.

Low Economic Growth Real GDP grows at an average annual rate of 1.8% from 2013 to 2040, Other ens
are the same as in the Reference case. Pa

¥ market assumptions
ial projection tables are provided in Appendix B

High Economic Growth Real GOP grows at an average annual rate of 2.9% from 2013 to 2040, Other energy market assumptions
are the same as in the Reference case. Partiat projection tables are provided in Appendix B,

Low Qil Price Low oif prices resuli from a combination of low demand for petroleum and other liquids in nations outside
the Organization for Economic Cooperation and Development (non-CECD nations) and v global
supply. On the supply side, the Orgar n of Petroleum Exporting Countries (OPEC) increases its liguids
market share from 40% in 2013 to and the costs of other liquids production technolagics are
lower than in the Refe: > case, Lig (Brent) crude ofl prices remain around $52/bbi (2013 dollars)
through 2017, and then rise slowly to $76/bbl in 2040, Other energy market assumptions are the same as
in the Reference case, Partial projection tables are provided in Appendix C

High Oif Price High oil prices result from a combination of higher demand for liquid fuels in non-OECD nations and lower
global crude oil supply. OPEC's liquids market share averages 32% throughout the projection. Non-CGPEC
de oil production expands more slowly in short- to mid-term relative to the Reference case. Brent crude
prices rise to $252/bbl (2013 doflars) in 2040, Other energy market assumptions are the same as in the
Reference case, Partial projection tables are provided in Appendix €.

High Ol and Gas Resource  Estimated ultimate recovery (EUR) per shale gas, tight gas, and tight oil well is 50% hi
i5 509 closer (Le, the number of wells drilled is

rand well spacing
00% higher) than in the Reference case. In addition,

tight off resou ve added fo reflect naw plays or the expansion of known t ol plays, and the EUR for

tight and sh creases by 1%/year more than the annual increase in the Reference case to reflect

additional technotogy improvements, This case also includes kerogen development; undiscovered resources

in the offshore Lower 48 states and Alaska; and coalbed methane and shale gas resources in Canada

that are 50% higher than in the Reference case, Other energy market assum

Referance case. Partial projection tables are provided in Appendix D,

e well

ns are the same as in the

See “Congressional and other requests,”
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Changes in release cycle for EIA's Annual Energy Outlook

Te focus more resources onrapidly changing energy markets and the ways in which they might evolve over the next few vears, the
UL.S. Energy Information Administration (E1A) is revising the schedule and approach for production of the Annual Energy Qutlook
(AEQ), Starting with this Annuai Energy Outlook 2015 (AEQ2015), EIA is adopting a two-year release cycle for the AEO, with full
and shorter editions of the AEO produced in alternating years. AEO2015 is a shorter edition of the AEQ.

The shorter AEO includes a limited number of model updates, which are selected predominantly to reflect historical data updates
and changes in legisiation and regulations. A complete listing of the changes made for AEO2015 is shown in Appendix E. The
shorter edition includes a Reference case and five alternative cases: Low Qil Price, High Qil Price, Low Economic Growth, High
Economic Growth, and High Ol and Gas Resource.

The shorter AEQ will include this publication, which discusses the Reference case and alternative cases, as well as the report,
Assumptions to the Annual Energy Outiook 2015.% Other documentation—including model documentation for each of the National
Energy Modeling Systemy (NEMS) models and the Retrospective Review—will be completed only for the years when a full edition
of the AEQ is produced.

To provide a basis against which alternative cases and policies can be compared, the AEO Referance case generally assumes
that current laws and regulations affecting the energy sector remain unchanged throughout the projection (including the
assumption that laws that include sunset dates do, in fact, expire at the time of those sunset dates). This assumption enables
policy analysis with less uncertainty regarding unstated legal or regulatory assumptions.

Economic growih

The AEQ economic forecasts are trend projections, with no major shocks assumed and with potential growth determined by the
economy’s supply capability. Growth in aggregate supply depends on increases in the labor force, growth of capital stocks, and
improvements in productivity. Long-term demand growth depends on labor force growth, income growth, and population growth.
The AED2015 Reference case uses the U.S. Census Bureau's December 2012 middie population projection: U.S. population grows
at an average annual rate of 0.7%, real GDP at 2.4%, labor
force at 0.6%, and nonfarm labor productivity at 2.0% from
201310 2040,

s in histord

owih in key economic f
data and in the Reference case

AEQ2018 Previous - . ; ot
(2013-40) 30 Years Table 2 compares key long-run economic growth projections
in AEQ2015 with actual growth rates over the past 30 years,
Real 2009 doflars (annual average percent change) . in the AEQ2015 Reference case, U.S. real GDP grows at an
GDP 24 28 average annual rate of 2.4% from 2013 to 2040~a rate that
GOP per capita 17 18 is 0.4 percentage points sfower than the average over the
Dieposab o5 59 past 30 years. GDP expands in the Reference case by 3.1% in
- - 2015, 2.5% in 2016, 2.6% from 2015 to 2025, and 2.4% from
_Consumer's R 24 N 3‘7 e 201510 2040, As a share of GDP, consumption expenditures
Private investment 3.0 35 account for more than two-thirds of total GDP. In terms of
Exports 19 8.1 growth, it is exports and business fixed investment that
. o contribute the most to GDP. Growth in these is relatively
Imports 90 o strong during the first 10 years of the projection and then
Government 0. 24 moderates for the remaining years. The growth rates for
_ expenditure both exports and business fixed invesiment are above the
GDP: Major trading 1.9 2.4 rate of GDP growth with exports dominating throughout the
countries projection Figure 1.
GDP: Other trading 38 a7 In the AEQ2015 Reference case, nominal interest rates over
countries the 2013-40 period are generally lower than those observed
Average annual rate for the preceding 30 years, based on an expectation of fower
Federal funds rate 32 T inflation rates in the projection period. At present, the term
: 2 ; - P structure of interest rates is still at the lowest level seen over
Unemployment rate 53 o the past 40 years. In 2012, the federal funds rate averaged
Nonfarm business 20 20 0.1%. Longer-term nominal interest rates are projected to
output per hour average around 6,0%, which is lower than the previous 30~
Source: AEO2015 Reference case D021915a, based on IHS vear average of 7.8%. After 2015, interest rates in ensuing
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istration, Assumptions to the Annual Energy Quitook 2018, DOE/EIA-0554(2015) (Washington, DC, tobe published),
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five-year periods through 2040 are expected to stabilize at a slightly higher tevel than the five-year averages through 2013, 2014,
and 2015, as the result of a modest inflation rate.

Appreciation in the U.S. doflar exchange rate dampens export growth during the first five years of the projections; however, the
dotlar is expected to depreciate relative to the currencies of major ULS. trading partners after 2020, which combined with modest
growth in unit labor costs stimutates U.S. export growth toward the end of the projection, eventually improving the U.S, current
account balance. Real exports of goods and services grow at an average annual rate of 4.9%—and real imports of goods and
services grow at an average annual rate of 4.0%—from 2013 to 2040 in the Reference case. The inflation rate, as measured by
growth in the Consumer Price index (CP1), averages 2.0% from 2013 to 2040 in the Reference case, compared with the average
annual CPlinflation rate of 2.9% from 1983 to 2013.

Annual growth in total gross output of all goods and services, which includes both final and intermediate products, averages
19%/vear from 2013 to 2040, with growth in the service sector (19%/year) just below manufacturing growth (2.0%/yean
over the long term. In 2040, the manufacturing share of total gross output (17%) rises slightly above the 2013 level (16%) in the
AEQ2075 Reference case.

Total industrial production (which includes manufacturing, construction, agriculture, and mining) grows by 18%/year from 2013
to 2040 in the AEQ2015 Reference case, with slower growth in key manufacturing industries, such as paper, primary metals,
and aspects of chemicals excluding the plastic resin and pharmaceutical industries. Except for trade of industrial supplies, which
mostly affect energy-intensive industries, net exports show weak growth until 2020, After 2020, export growth recovers as the
dollar begins to depreciate and the economic growth of trading partners continues. Net export growth is strongest from the late
2020s through 2034 and declines from 2035 to 2040,

Updated information on how industries supply other industries and meet the demand of different types of GDP expenditures has
influenced certain industrial projections.” For example, as a result of a better understanding of how the pulp and paper industry
supplies other industries, trade of consumer goods and industrial supplies has a greater effect on productionin the pulp and paper
industry. Nonenergy-intensive manufacturing industries show higher growth than total industrial production, primarily as a result
of growth in metal-based durables (Figure 2).

1n the AEQ2015 Reference case, manufacturing output goes through two distinct growth periods, with the clearest difference
between periods seen in the energy-intensive industries. Stronger growth in U.S. manufacturing through 2025 results in part from
increased shale gas production, which affects U.S. competitivenass and also results in higher GDP growth early in the projection
period. In the Reference case, manufacturing output grows at an average annual rate of 2.3% from 2013 to 2025. After 2025,
growth slows to 1.7% as a result of increased foreign competition and rising energy prices, with energy-intensive, trade-exposed
industries showing the largest drop in growth. The energy-intensive industries grow at average rates of 1.8%/year from 2013 to
2025 and 0.7%/year from 2025 to 2040, Growth rates in the sector are uneven, with pulp and paper output decreasing at an
average annual rate of 0.1% and the cement industry growing at an average annual rate of 3.1% from 2013 to 2040,

1
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AEQ2015 presents three economic growth cases: Reference, High, and Low. The High Economic Growth case assumes higher growth
and lower inflation, compared with the Reference case, and the Low Economic Growth case assumes lower growth and higher inflation.
Differences among the Reference, High Economic Growth, and Low Economic Growth cases reflect different expectations for growth
in population (specifically, net immigration), labor force, capital stock, and productivity, which are above trend in the High Economic
Growth case and below trend in the Low Economic Growth case. The average annual growth rate for real GDP from 2013 to 2040
in the Reference case is 2.4%, compared with 2.9% in the Migh Economic Growth case and 1.8% in the Low Economic Growth case,
In the High Economic Growth case, with greater productivity gains and a larger labor force, the U.S. economy expands by 4.19%
in 2015, 3.6% in 2016, 3.2% from 2015 to 2025, and 2.9% from 2015 to 2040. in the Low Economic Growth case, the current
economic recovery (which is now more than five years old) stalls in the near term, and productivity and labor force growth are
weak in the long term. As a result, economic growth averages 2.4% in 2015, 1.6% in 2016, 1.7% from 2015 to 2025, and 1.8% from
2015 to 2040 in the Low Economic Growth case {Table 3).

Energy prices

Crude ol

AED2015 considers a number of factors related to the uncertainty of future world crude oil prices, including changes in worldwide
demand for petroleurn products, crude oif production, and supplies of other liquid fuels."” Inthe Reference, High Oil Price, and Low
Oil Price cases, the North Sea Brent (Brent) crude off price reflects the market price for light sweet crude oil free on board (FOB)
at the Sullen Voe oif terminal in Scotland.

The Reference case reflects global ofl market events through the end of 2014, Over the past two years, growth in U.S. crude ol
production, along with the late-2014 drop in global crude oil prices, has altered the econormics of the oil market. These new market
conditions ave assumed to continue in the Reference case, with the average Brent price dropping from $105/barrel (bbD) in 2013
to $56/bbl in 2015, before increasing to $76/bbl in 2018. After 2018, growth in demand from non-QECD countries—countries
outside the Organization for Economic Cooperation and Development (OECD)—pushes the Brent price to $141/bbl in 2040 (in
2013 dollars). The increase in ol prices supports growth in domestic crude oil production,

The High Oil Price case assumes higher world demand for petroleum products, less upstream investment by the Organization of
the Petroleum Exporting Countries (OPEC), and higher non-OPEC exploration and development costs. These factors all contribute
to a rise in the average spot market price for Brent crude ofl to $252/bbl in 2040, 78% above the Reference case. The reverse is
true in the Low Qil Price case: lower non-OECD demand, higher OPEC upstream investment, and lower non-OPEC exploration

enit, ingwne, pud conswnption in three

2015 2016 2015-25 2015-40
Productivity
High Economic Growth 23 23 24 23
. ;R‘;‘fu;en S s 1.6 5 T
Low Economic Growth 13 ) 08 17 ) 1.8
Non-farm employment
High Economic Growth 28 1.9 1.2 08
§ofuronco 22 1.6 0.8 07
Low Economic Growth 18 11 0.8 085
Real personal income
High Econsmic Growth 38 33 34 28
Reference 33 T es 28 25
- Low Economic Growth 27 2.4 2.4 23

Real personal consumption
38 35 32 29

High Econior
Reference 3.0 3.0 25 24
Low Economic Growth 28 28 17 17

Source: AEQ2015 Reference case D021915a, based on IHS Global Insight T201114.wf1.
"liguid fuels, or petroleum and other liquids, includes crude oil and products of petroleum refining, natural gas fiquids, biofuels, and fiquids derived
from other hydrocarbon sources (inciuding coal-to-liquids and gas-to-liquids)
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and development costs cause the Brent spot price to increase slowly to $76/bbl, or 47% below the price in the Reference case,
in 2040 (Figure 3).

World liquid fuels consumption varies in the three cases as a result of different assumptions about future trends in ofl prices,
world off supply, and the rate of non-QOECD demand growth. Uncertainty about world crude off production is also captured in
the three cases. In the Reference case, world production is 991 million bbl/d in 2040, In comparison to the Reference case, total
fiquid fuel supplies and OPEC’s market share are higher in the Low Oil Price case and lower in the High Oil Price case. For OPEC
countries in the Middle East, Africa, and South America, combined production grows from less than 32.6 million bbl/d in 2013 to
58.3 miltion bbl/d in 2040 in the Low Ol Price case, compared with 43.5 million bbl/d in 2040 in the Reference case and 35.0
miflion bbl/d in 2040 in the High Oil Price case.

As increased OPEC production depresses world oif prices in the Low Ol Price case, development of some non-OPEC resources
that are viable in the Reference case become uneconomical. As a result, non-OPEC production increases only slightly in the Low
Qil Price case, from 45.3 million bbi/d in 2013 to 46.8 million bbl/d in 2040. In the High Ol Price case, non-OPEC production
totals 63.8 million bbl/d in 2040, Unlike the High Oil and Gas Resource case, which assumes higher estimated ultimate recovery
of crude oit and natural gas per well, closer well spacing, and greater advancement in production technology than the Reference
case, the High Oil Price and Low Qi Price cases assume no changes in those factors from the Reference case.

Petrelewm and oth

ds products
The prices charged for petroleum products and other liquid products in the United States reflect the price that refiners pay
for crude ail inputs, as well as operation, transportation, and distribution costs, and the margins that refiners receive. Changes
in gasoline and distillate fuel ofl prices generally move in the
sama direction as changes in the world crude oil price, but
) o the changes in price are also influenced by demand factors. A
300 - hstory 2013 Projections . 309 rise in the North Sea Brent crude oil spot price from 2013
10 2040 in the Reference case results in the weighted average
U.S, petroleurn product price rising by 159, from $3.16/gallon
High il Fricg, to $3.62/gallon (in 2013 dollars), However, the effect of rising
crude oil prices on distillate fuel use in the United States is
200 tess than for motor gasoline, because of a greater increase
in distillate fuel demand as freight requirements continue
150 - to grow and the mix of light-duty vehicle fuels shifts from
Referance, gasoline to diesel fuel. U.S. distillate fuel prices rise by 23%
through 2040 in the Reference case, compared to an 11%
increase for motor gasoline (Figure 4 and Figure 5). However,
distillate fuel consumption rises by 15%, compared to a 20%
decrease in motor gasoline consumption.

a Brent ¢
2013 dollars p

250

In the High Ol Price case, higher demand for crude oif in non-

0 v . . QECD countries and lower supply of OPEC crude oif push
2005 2013 2020 2025 2030 2035 2040 world crude oil prices up. As a result, the weighted average
Hate three cases,
__ History 2013 Projections s History 2013 Projections
High Oif Price
oh O Bri

5 High Olf Price 5
2 Reference
2
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price for U.S. petroleum products increases by 849, from $3.16/gallon in 2013 to §5.81/gallon in 2040. In the Low Oil Price
case, with lower non-QECD demand and higher OPEC supply pushing world oil prices down, the weighted average price for U.S.
petroleum products drops by 26%, from $3.16/gallon in 2013 to $2,32/gallon in 2040,

In all the AEQ2015 cases, U.S. laws and regulations shape demand and, consequently, the price of petroleum products in the
United States. The Corporate Average Fuel Economy (CAFE) standards for new light-duty vehicles (LDVs), which typically use
gasoline, rise from 30 miles per gallon (mpg) in 2013 to 54 mpg in 2040 under the fleet composition assumptions used inthe final
rule issued by the U.S, Environmental Protection Agency (EPA) and National Highway Transportation Safety Administration.'® The
rise in vehicle miles traveled (VMT) for LDVs does not fully offset the increase in fuel efficiency, and motor gasoline consumption
declines through 2040 in all the AED2015 cases. However, the effect of the standards varies by case because of the use of
different assumptions about prices and economic growth. The 32% decrease in motor gasoline consumption in the High Ol Price
case is larger than the decrease in the Reference case because higher gasoline prices reduce VMT, reducing consumption. In the
Low Oil Price case, the decrease in gasoline consumption (1196) is smaller than in the Reference case because lower gasoline
prices stimulate enough increased VMT to offset a part of the impact of fuel efficiency improvements resulting from regulation.

The efficiency and greenhouse gas (GHG) standard for heavy-duty vehicles, which typically consume distillate fuel, rises by about
16% through 2040, remaining below 8 mpg in all AEQ2075 cases. Unlike the case for LDVs, the higher VMT in the Low Oil Price
case more than offsets the increase in vehicle fuel efficiency, and distillate fuel consumption increases by 2196 from 2013 to 2040.
The increase in fuel consumption in the Low Oif Price case is greater than in the Reference case as a result of a 22% decrease in
distillate fuel prices, to $2.97/gallon in 2040, In the High Cil Price case, the price of distillate fuel oil increases to $7.55/gallon in
2040-—61% higher than in the Reference case—resulting in a 2% decline in distiltate fuel consumption,

Nagsral
Henry Hub natural gas spot prices vary according to assumptions about the availability of domestically produced natural gas
resources, overseas demand for US. liquefied natural gas (LNG), and trends in domestic consumption. In all cases, prices are
fower in 2015 than the $3.73/million British thermal units (Btu) average Henry Hub spot price in 2013, and in most cases they are
above that level by 2020 (Figure 6). In the AEQ2015 Reference case, the Henry Hub spot price is $4.88/million Btu (2013 dollars)
in 2020 and $7.85/million Btuin 2040, as increased demand in domestic and international markets requires an increased number
of well completions to achieve higher levels of production. In addition, lower cost resources generally are expected to be produced
earlier, with more expensive production occurring later in the projection period.

In the High Of and Gas Resource case, U.S. domestic production from tight ofl and natural gas formations is higher than in the
Reference case as a result of assumed greater estimated uftimate recovery (EUR) per well, closer well spacing, and greater gains in
technological development. Consequently, sven with low natural gas prices, total U.S. domestic dry natural gas production grows
sufficiently to satisfy higher jevels of domestic consumption, as well as higher pipeline and LNG exports. With the abundance
of natural gas produced domestically, the Henry Hub spot price (in 2013 dollars) falls from $3.34/million Btu in 2015 to $3.72/
mitlion Blu in 2020 (36% below the Reference case price)
before rising to $4.38/million Btu in 2040 (44% below the
Reference case price).

per million Bu) The Low and High Oil Price cases assume the same level of
History 2013 Projections resource avallability as the Reference case but different world

12 oil prices, which affect the level of overseas demand for U.S.
LNG exports. International LNG contracts are often linked

High O p,y’ to crude off prices, even though their relationship may be

9 \ weakening, Global demand for LNG is also directly influenced

U by ofl prices, as LNG competes directly with petroleum
W products in many applications, When the North Sea Brent

w,wf spot price, which is the principal benchmark price for crude

oil on world markets, rises in the High Ol Price case, world

LNG contracts linked to ofl prices become more expensive,
making LNG exports from the United States more desirable.

In the High Oil Price case, the Henry Hub natural gas spot
price remains close to the Reference case price through 2020,
However, higher overseas demand for US. LNG exports
raises the average Henry Hub spot price to $10.63/million
Btu in 2040, which is 35% above the Reference case price.

“High Oil and Gas Resource
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In the Low Oil Price case, with lower demand for U.S. LNG exports, the Henry Hub spot price is only $7.15/million Btu in 2040—
which is 9% lower than in the Reference case but 63% higher than in the High Oi and Gas Resource case.

Changes in the Henry Hub natural gas spot price generally translate to changes in the price of natural gas delivered to end users.
The delivered price of natural gas to the electric power sector is highest in the High Olf Price case, where it rises from $4.40/
million Btu in 2013 to $10.08/million Btu in 2040, compared with $8.28/million Btu in the Reference case. Higher delivered
natural gas prices result in a decline in natural gas consumption inthe electric power sector in the High Ol Price case, from 8.2 Tef
in 2013 t0 6.8 Tcf in 2040, compared with an increase in natural gas consumption in the electric power sector to 9.4 Tef in 2040
in the Reference case. In the Low Off Price and High Ot and Gas Resource cases, smaller increases in delivered natural gas prices
result in more consumption for power generation than in the Reference case or High Ol Price case in 2040,

As in the electric power sector, natural gas consumption in the U.S. industrial sector also changes in response to delivered natural
gas prices. However, industrial natural gas consumption also changes in response to shifts in the mix of industrial output, as
well as changes in refinery output and utilization. Consumption also varies with the relative economics of using natural gas for
electricity generation in industrial combined heat and power (CHP) {acilities. The largest increase in the price of natural gas
delivered to the industrial sector, from $4.56/million Btu in 2013 to $11.03/million Btu in 2040, is seen in the High Oil Price case,
followed by the Reference case ($8.78/million Btu in 2040), Low Ol Price case ($8.25/million Btu in 2040), and High Oif and Gas
Resource case ($5.22/million Bty in 2040). Of those four cases, the largest increase in industrial natural gas consumption occurs
in the High Ol and Gas Resource case, in which fower prices contribute to higher consumption. The next largest increase occurs
in the High Oil Price case, where higher prices spur a significant increase in U.S, crude oil production and, accordingly, natural gas
consumption at U.S, ofl refineries”

The price of natural gas defivered to the residential and commercial sectors increases from 2013 to 2040 in ail the AEQ2015
cases. The largest increase in delivered natural gas prices to both sectors through 2040 is in the High Oil Price case, followed by
the Reference, Low Ofl Price, and High Oif and Gas Resource cases. In the commercial sector, natural gas consumption increases
in all cases, mainly as a result of increased commercial CHP use and growth in aggregate commercial square footage. Conversely,
consumption in the residential sector decreases in all cases despite economic growth, as overall demand is reduced by population
shifts to warmer areas, improvements in appliance efficiency, and increased use of electricity for home heating,

al

The average minemouth coal price increases by 1.0%/year in the AEQ2015 Reference case, from $1.84/million Btu in 2013 to
$2.44/million Btu in 2040. Higher prices result primarily from declines in coal mining productivity in several key supply regions,
including Central Appalachia and Wyoming's Powder River Basin,

Across the AEQ2015 alternative cases, the most significant changes in the average minemouth ceal price compared with the
Reference case occur in the Low and High Ol Price cases. In 2040, the average minemouth price is 6% lower in the Low Oil
Price case and 7% higher in the High Gil Price case than in
the Reference case. These variations from the Reference case
are primarily the result of differences in the projections for
diesel fuel and electricity pricas in the Low and High Ol Price
cases, because diesel fuet and electricity are key inputs to the
coal mining process. The AEQ2015 cases do not include the 4.0
EPA's proposed Clean Power Plan,'® which if implemented

would likely have a substantial impact on coal use for power
generation and coal markets more generally.

History 2013 Projections

increases in minemouth coal prices (in dolars/million Btw)
occur in all coal-producing regions (Figure 7). In Appalachia
and in the West, increases of 1.2%/year and 1.5%/vear
between 2012 and 2040, respectively, are primarily the
result of continuing declines in coal mining productivity. In
the interior region, a more optimistic outlook for coal mining
productivity, combined with substantially higher production
quantities, results in stower average price growth of 0.8%/
year fram 2013 to 2040, Increased output from large, highly
productive longwall mines in the Interior region support labor
productivity gains averaging 0.3%/year over the same period,
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The average delivered price of coal (the sum of minemouth and coal transporiation costs) increases at a similar, but slightly
slower pace of 0.8%/vear than minemouth prices, with prices rising from $2.50/million Btu in 2013 to $3.09/million Btu in 2040
in the AEQ2015 Reference case (Figure 8). A relatively flat outlook for coal transportation rates results in a slightly lower growth
rate for the average delivered price of coal.

Electricity

The average retail price of electricity in real 2013 dollars increases in the AEQ2015 Reference case by 18% from 2013 to 2040
as a result of rising costs for power generation and delivery, coupled with relatively slow growth in electricity demand (0.79%/
vear on average). Electricity prices are determined by a complex set of factors that include economic conditions; energy use
and efficiency; the competitiveness of electricity supply; investment in new generation, transmission, and distribution capacity;
and the fuel, operation, and maintenance costs of plants in service. Figure 9 Hlustrates effects on retail electricity prices in the
AED2015 Reference and alternative cases resulting from different assumptions about the factors determining prices.

In the AEQ2015 Reference case, average retall electricity prices (2013 dollars) increase by an average of 0.6%/year, from 101
cents/kilowatthour (KWH in 2013 to 1.8 cents/kWh in 2040, an overall increase of 18%. The High Ol Price case shows the
{argest overall average price increase, at 28%, to 12.9 cents/kWh in 2040. The High Oif and Gas Resource case shows the
smallest average increase, at 2%, to 10.3 cents/kWh in 2040. With more fuel resources available to meet demand from power
producers in the High Oif and Gas Resource case, lower fuel prices lead to lower generation costs and lower retall electricity prices
for consumers. In the High Economic Growth case, stronger economic growth increases demand for electricity, putting price
pressure on the fuel costs and the construction cost of new generating plants. In the Low Economic Growth case, weaker growth
results in lower electricity demand and associated costs.

The average annual growth in electricity use (including sales and direct use) in the United States has slowed from 9.8%/year
in the 1950s to 0.5%/vear over the past decade. Contributing factors include slowing population growth, market saturation of
major electricity-using appliances, efficiency improvements in appliances, and a shift in the economy toward a larger share of
consumption in less energy-intensive industries. In the AEO2015 Reference case, U.S. electricity use grows by 0.8%/year on
average from 2013 to 2040,

Combined electricity demand in the residential and commercial sectors made up over 70% of total electricity demand in 2013,
with each sector using roughly the same amount of electricity. From 2013 to 2040, residential and commercial electricity prices
increase by 19% and 16%, respectively, in the Reference case; by 30% and 279% in the High Oil Price case; and by 5% and 0%
in the High Oil and Gas Resource case. These variations largely reflect the importance of natural gas prices to electricity prices.
Industrial electricity prices grow by 22% in the Reference case, from 6.9 cents/kWh in 2013 10 8.4 cents/kWh in 2040. Among
the alternative cases, growth in industrial electricity prices ranges from 35% (9.3 cents/kWh in 2040) in the High Oil Price case
o 2% (7.1 cents/KWh in 2040) in the High Ol and Gas Resource case. In the industrial sector, electricity use increases in most
industries but falls throughout the projection period for the energy-imtensive refining and paper industries and, after 2024, in the
atuminum, bulk chemical, and mining industries,

Retail electricity prices include generation, transmission, and distribution components. In the AEQ2015 cases, about two-thirds
of the retail price of electricity (betwean 59% and §79%) is atiributable to the price of generation, which includes generation costs
and retail taxes, with the remaining portion attributable to transmission and distribution costs, The generation price increases by
0.5% annually in the Reference case, from 6.6 cents/kWh in 2013 to 7.6 cents/kWh in 2040. In the High Qif Price Case, the price
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of generation increases by 19%/vear to 8.6 cents/kWh in 2040; and in the High Qi and Gas Resource Case, it falls by 0.3%/vear
to 6.1 cents/kWhin 2040

Generation prices are determined differently in states with regulated and compatitive electricity supplies. The AEQ2015 Reference
case assumes that 67% of eleciricity sales are subject to regulated average-cost pricing and 33% are priced competitively, based
on the marginal cost of energy. In fully regulated regions, the price of generation is determined by both fixed costs (such as the
costs of paying off electricity plant construction and fixed operation and maintenance costs) and variable costs (fuel and variable
operation and maintenance costs).

Inthe Reference case, new generation capacity added through the projection period includes 144 GW of natural gas capacity, 77
GW of renewable capacity (45% is wind and 44% solar), 9 GW of nuclear capacity, and 1 GW of coal-fired capacity, Significant
variation in the mix of generation capacity types added in the different AEO2015 cases also affects generation prices. Natural gas
capacity additions vary substantially, with only 117 GW added in the Low Economic Growth case and 236 GW added in the High
Economic Growth case. In the High Economic Growth case, a more vibrant economy teads to more industrial and commercial
activity, more consumer demand for electric devices and appliances, and consequently greater demand for electricity.

Renewable generation capacity additions vary the most, with 66 GW added in the High Oil and Gas Resource case, but 194 GW
added in the High Economic Growth case. Only 6 GW of new nuclear capacity is built in the Low Economic Growth and High
Oil and Gas Resource cases, but 22 GW of new nuclear capacity is added in the High Off Price case where natural gas prices are
significantly above those in the Reference case. Across all the AEQ2015 cases, very little new coal-fired capacity—and no new
ail-fired capacity—is built through 2040.

Most generating fuel costs are attributed to coal and natural gas. In 2013, coal made up 44% of total generation fuel costs, and
natural gas made up 42%. In 2040, coal makes up only 35% of total fuel costs in the Reference case, compared with 55% for
natural gas. Oil, which is the most expensive fuel for generation, accounted for 6% of the total generating fuel costs in 2013 and
from 2019 through 2040 accounts for only 3% of the total, Nuclear fuel accounts for 6% to 8% of electricity generation fuel costs
throughout the projection period.

In regions with competitive wholesale electricity markets, the generation price generally folfows the natural gas price. The price
of electricity in wholesale markets is determined by the marginal cost of energy—the cost of serving the next increment of
demand for a determined time period. Natural gas fuels the marginal generators during most peak and some off-peak periods
in many regions.

There has been a fivefold increase in investment in new electricity transmission capacity since 1997, as well as large increases in
spending for distribution capacity. Since 1997, roughly $107 hillion has been spent on new transmission infrastructure and $318
billion on new distribution infrastructure, both in 2013 dollars. Those investments are paid off gradually over the projection period.

Although investment in new transmission and distribution capacity does not continue in the AEO2015 Reference case at the pace
seen in recent years, spending still occurs at a rate greater than that needed to keep up with demand driven by reguirements
for additional transmission and distribution capacity to inferconnect with new renewable energy sources, grid reliability and
resiliency improvements, community aesthetics (ncluding burying fines), and smart grid construction. Inthe AEO2015 Reference
case, the transmission portion of the price of electricity increases by 1.2%/year, from 0.9 cents/kWh in 2013 to 1.3 cents/kWh
in 2040, The distribution portion of the elactricity price increases by 0.6%/year over the projection period, from 2.6 cents/
kKWitin 2013 to 3.0 cents/kWh in 2040, The investments in distribution capacity are undertaken mainly to serve residential and
commercial customers. As a result, residential and commercial customers typically pay significantly higher distribution charges
per kilowatthour than those paid by industrial customers,

Delivered s consuwnpiion by sector

Transporiation

Energy consumption in the transportation sector declines in the AEQ2015 Reference case from 27.0 quadritlion Btu (13.8 million
bbl/d) in 2013 to 26.4 quadrillion Btu (13.5 million bbi/d) in 2040. Energy consumption falls most rapidly through 2030, primarily
as a result of improvement in light-duty vehicle (LDV) fuel economy with the implementation of corporate average fuel economy
(CAFE) standards and greenhouse gas emissions (GHG) standards (Figure 100, This projection is a significant departure from
the historical trend. Transportation energy consumption grew by an average of 1.3%/year from 1973 to 2007—when it peaked
at 28.7 quadrillion Btu—as a result of increases in demand for personal travel and movement of goods that outstripped gains in
fuel efficiency.

Transportation sector energy consumplion varies across the alternative cases (Figure 17, Compared with the Reference case,
energy consumption tevels in 2040 are higher in the High Economic Growth case (by 3.0 quadrillion Btu), Low Oil Price case
(by 1.4 quadrillion Btw), and High Ol and Gas Resource case (by 1.2 quadrillion Btu) and lower in the High Oif Price case (by 1.4
quadriflion Btw) and Low Economic Growth case (by 2.6 quadriliion Btw).
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In the Reference case, energy consumption by LDVs—including passenger cars, light-duty trucks, and commercial light-duty
trucks—falls from 15.7 quadrillion Btu in 2013 to 12.6 quadrillion Btu in 2040, as increases in fuel economy more than offset
increases in LDV travel, Total vehicle miles traveled (VMT) for LDVs increase by 36% from 2013 (2,711 billion miles) to 2040
(3,675 billion miles), and the average VMT per licensad driver increase from about 12,200 miles in 2073 to 13,300 miles in 2040,
The fuel economy of new vehicles increases from 32.8 mpg in 2013 to 48.1 mpg in 2040, as more stringent CAFE and GHG
emissions standards take effect. As a result, the average fuel economy of the LDV stock increases by 69%, from 21.9 mpg in 2013
to 37.0 mpg in 2040,

Passenger vehicles fueled exclusively by motor gasofine for all motive and accessory power, excluding any hybridization and
flex~fuel capabilities, accounted for 83% of new sales in 2013, In the AEQ2015 Reference case, gasoline-only vehicles, excluding
hybridization or flex-fuel capabilities, still represent the largest share of new sales in 2040, at 46% of the total (see the first box
below for comparison of relative economics of various technologies). However, alternative fuel vehicles and vehicles with hybrid
technologies gain significant market shares, including gasoline vehicles equipped with micro hybrid systems (339, £85 flex-fuel
vehicles (10%;, full hybrid electric vehicles (596), diesel vehicles (4%, and plug-in hybrid vehicles and electric vehicles (2%). (BIA
considers severat types of hybrid electric vehicles—micro, mild, full, and plug-in—as described in the box on page 11)

In comparison with the Reference case, LDV energy consumption in 2040 is higher in the Low Oil Price case (14.3 quadrillion
Btw), High Economic Growth case (13.2 quadrillion Btw), and High Oif and Gas Resource case (12.9 quadrillion Btu), as a result
of projected higher VMT in all three cases and lower fuel economy in the Low Oil Price and High Oil and Gas Resource cases.
Conversely, LDV energy consumption in 2040 in the High Qil Price case (10.6 quadrillion Btu) and the Low Economic Growth
case (11.3 quadrillion Btu) is lower than projected in the Reference case, as a result of lower VMT In both cases and higher fuel
economy in the High Oil Price case,

Energy use by all heavy-duty vehicles (HDVs)—including tractor trailers, buses, vocational vehicles,"” and heavy-duty pickups
and vans—increases from 5.8 quadrillion Btu (2.8 million bbl/d) in 2013 to 7.3 quadrillion Btu (3.5 million bbl/d) in 2040, with
higher VMT only partially offset by improved fuel economy. HDV travel grows by 489% in the Reference case—as a result of
increases in industrial output—from 268 billion miles in 2013 to 397 billion miles in 2040, while average HDV fuel economy
increases from 6.7 mpg in 2013 to 7.8 mpg in 2040 as a result of HDV fuel efficiency standards and GHG emissions standards.
Diesel remains the most widely used HDV fuel. The share of diesel falls from 92% of total HDV energy use in 2013—with the
remainder 7% motor gasoline and 1% gaseous {propane, natural gas, liquefied natural gas)—to 87% diesel in 2040, with natural
gas, either compressed or liquefied, accounting for 79% of HDV energy use in 2040 as the economics of natural gas fuels improve
and the refueling infrastructure expands.

The largest differences from the Reference case level of HDV energy consumption in 2040 are in the High and Low Economic
Growth cases (9.4 quadrillion Btu and 6.3 quadrillion Btu, respectively), as a result of their higher and lower projections for travel
demand, respectively, Notably, the use of natural gas is significantly higher in the High Qil Price case than in the Reference case,
at nearly 30% of total HDV energy use in 2040,

- History 2013 Projections

¥ Ah, e

" High Off and Gas Resource e
Lo | tos P
28 e

enerqy use 26 \/\/ S —

Marine Shares of
2013 2040
e Light-duty vehicles 58% 8%
Pipeline Heavy-duty vehicles, 21%  28%
A % 12% 24
Rail Marine % 4%
S Pipeline 3% 4%

Rail 2% 2%
Other, 3% 3% 2

R

0 u T v
¢ 10 20 30 2008 2013 2020 2025 2030 2035 2040

Note: The sum of the shares may not equal 100% due to independent

®ocational vehicles include a diverse group of heavy-duty trucks, such as box/defivery tricks, refuse haulers, dump trucks, etc

10 U.S. Energy information Administration | Annual Energy Qutlook 2015



101

Future gasoline vehicles are strong competitors when compared with other vehicle technology types on the basis
of fuel economics

Several fuel-efficient technologies are currently, or are expected to be, available for all vehicle fuel types. Those technologies will
enable manufacturers to meet upcoming CAFE and GHG emissions standards at a relatively modest cost, predominately with vehicles
powered by gasoline only or with gasoline-powered vehicles employing micro hybrid systems. Because of diminishing returns from
improved fuel economy, future gasoline vehicles, including those with micro hybrid systems, are strong competitors when compared
with other, more expensive vehicle technology types on the basis of fuel economics. Even though the price of vehicles that use some
electric drive for motive power is projected to decling, in some cases significantly, their relative cost-effectiveness does not improve
over the projection period, due to advances in gasoline-only and gasoline micro hybrid vehicles, While the reasons for consumer
vehicle purchases vary and are not always on a strictly economic basis, wider market acceptance would reguire more favorable fuel
economics—as seen in the High Oif Price case, where sales of plug-in hybrid and electric vehicle sales more than double.

Midsize passenger cav foel economy and vehicle price by techrology type in the Referenve case, 2 S2040
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1n 2040, compared with gasoline vehicles, fuel cost savings would be $227/year for an electric-gasoline hybrid, with a “payback
period” of approximately 13 years for recovery of the difference in vehicle purchase price comparad with a conventional gasoline
vehicle; $247/year for a PHEVI0, with a 27-year payback period; $271/year for a PHEVA0, with a 46-year payback period; and
$469/year for a 100% electric drive vehicle, with a 19-year payback period. These results are based on the following assumptions
for each vehicle type: 12,000 miles traveled per year; average motor gasoline price of $3.90 per gallon; average electricity price of
$0.12 per kilowatthour; and 0% discount rate. For plug-in hybrids it is assumed that a hybrid electric 10 (PHEVI0) will use electric
drive power for 21% of total miles traveled, and a hybrid electric 40 (PHEV4Q) for 58% of total miles traveled. The assumed
vehicle purchase prices do not reflect national or local tax incentives.

The Annual Energy Outlook 2015 includes several types of light-duty vehicle hybrid technology

Micro hybrids, also known as start/stop technology, are those vehicles with an electrically powered auxiliary system that allow
the internal combustion engine to be turned off when the vehicle is coasting or idle and then quickly restarted. These systems do
not provide power to the wheels for traction and can use regenerative braking to recharge the batteries.

Mild hybrids are those vehicles that, in addition to start/stop capability, provide some power assist to the wheels but no electric-
only motive power,

Fulf hybrid electric vehicles can, in addition to start/stop and mild capabilities, operate atf slow speeds for limited distances onthe
electric motor and assists the drivetrain throughout its drive cycle. Full hybrid electric vehicle systems are configured in parallel,
series, or power split systems, depending on how power is delivered to the drivetrain,

Plug-in hybrid electric vehicles have larger batteries to provide power to drive the vehidle for some distance in charge-depleting
mode, until a minimum level of battery power is reached (a “minimum state of charge™), at which point they operate on a mixture
of battery and internal combustion engine power (“charge-sustaining mode™. PHEVS also can be engineered to run in a “blended
mode,” using an onboard computer to determine the most efficient use of battery and engine power. The battery can be recharged
either from the grid {plugging a power cord into an electrical outlet) or by the engine,
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Alrcraft energy consumption increases from 2.3 guadriflion Btu in 2073 to 3.1 quadrillion Btu in 2040, with growth in personal air
travel partially offset by gains in aircraft fuel efficiency. Energy consumption by marine vessels (including international marine,
recreational boating, and domestic marine) remains flat, as increases in demand for international marine and recreational boating
are offset by declines in fuel use for domestic marine vessels, The decline in domestic marine energy use is the result of improved
efficiency and the continuation of the historical decline in travel demand. In the near term, distillate fuel provides a farger share
of the fuel used by marine vessels, the result of stricter fuel and emissions standards. Pipeline energy use increases slowly, with
growing volumes of natural gas produced from tight formations that are relatively close to end-use markets. Energy consumption
for rail travel (freight and passenger) also remains flat, as improvement in locomotive fuel efficiency offsets growth in travel
demand. In 2040, natural gas provides about a third of the fuel used for freight rail.

Industrial

Delivered energy consumption in the industrial sector totaled 24.5 quadrillion Btu in 2073, representing approximately 34% of
total U.S, delivered energy consumption. In the AEO2015 Reference case, industrial delivered energy consumption grows at an
annual rate of 0.7% from 2013 to 2040, The annual growth rate is much higher from 2013 to 2025 (1.3%) than from 2025 10 2040
(0.2%), as increased international competition slows industrial production growth and energy efficiency continues to improve in
the industrial sector over the long term, Among the alternative cases, delivered industrial energy consumption grows most rapidly
in the High Economic Growth case at 1.2%/year, almost twice the rate in the Reference case. The slowest growth in industrial
energy consumption is projected in the Low Economic Growth case, at 0.4%//year from 2013 to 2040 (Figure 12).

Total industrial natural gas consumption in the AEQ2015 Reference case increases from 91 quadrillion Btu in 2013 to 11.2
quadriliion Btu in 2040. Natural gas is used in the industrial sector for heat and power, bulk chemical feedstocks, natural gas-to-
liquids (GTL) heat and power, and lease and plant fuel. The 6.7 quadritfion Btu of natural gas used for heat and power in 2013 was
74% of total industrial natural gas consumplion for the vear. From 2013 to 2040, natural gas use for heat and power grows by an
average of 0.4%/year in the Reference case, with 41% of the total growth occurring between 2013 and 2020, In the High Oif and
Gas Resource case, natural gas use for heat and power grows by 0.7%/year from 2013 to 2040, largely as a result of oit and gas
extraction activity (Figure 13).

Natural gas use for GTLis responsible for the rapid post-2025 consumption growth in the High Ol Price compared with the other
two cases shown in Figure 13, In the High Oif Price case, natural gas use for heat and power increases by 1.0%/year from 2013
to 2040, including significant use for GTL production, which grows to about 1 quadrillion Btu in 2040 in the High Oil Price case.
Natural gas use for GTL occurs only in the High Ol Price case. Market conditions (primarily liquid fuel prices) do not support GTL
investments in the other cases.

Purchased electricity (excluding electricity generated and used onsite) used by industrial customers in the AEO2015 Reference
case grows from 3.3 quadrillion Btu in 2013 to 4.1 quadrillion Btu in 2040, Most of the growth occurs between 2013 and 2025,
when it averages 1.7%/year, After 2025, there is little growth in purchased electricity consumption in the Reference case. In
the High Economic Growth case, purchased electricity consumption grows by 1.5%/year from 2013 to 2040, which is almost
twice the rate in the Reference case. Consumption increases significantly from 2025 to 2040 in the High Economic Growth
case, as shipments of industrial products increase relatively more than in the Reference case and do not slow down nearly as
much after 2025,
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Purchased electricity consumption in the five metal-based durables industries,?® which accounted for nearly 25% of the industrial
sector total in 2013, grows at a slightly higher rate than in other industries in the Reference case. Although metal-based durable
industries are not energy-intensive, they are relatively electricity-intensive, and they are by far the largest industry subgroup as
measured by shipments in 2013, In the High Economic Growth case, shipments of metal-based durables grow more rapidly than
shiprnents from many of the other industry segments. As a result, purchased electricity consumption inthe metal-based durables
industries grows by 2.0% per year from 2013 to 2040 in the High Economic Growth case, which is higher than the rate of growth
for the industry in the Reference case.

Combined beat and power (CHP) generation in the industrial sector—almost all of which occurs in the bulk chemicals, food, iron
and steel, paper, and refining industries—grows by 50% from 147 biflfion kWh in 2013 to 221 billion kWh in 2040 in the AEQ2015
Reference case. Most of the CHP generation uses natural gas, although the paper industry alse has a significant amount of
renewables-based generation. Alt of the CHP-intensive industries are also energy intensive, Growth in CHP generation is slightly
higher than growth in purchased electricity consumption, despite a shift toward fower energy intensity in the manufacturing and
service sectors in the United States.

Bulk chemicals are the most energy-intensive segment of the industrial sector. In the AEQ2015 Reference case, energy
consumption in the U.S. bulk chernicals industry, which totaled 5.6 quadrillion Biu in 2013, grows by an average of 2.3%/vear
from 2013 to 2025. After 2025, energy consumption growth in bulk chemicals is negligible, as U.S. shipments of bulk chemicals
begin to decrease because of increased international competition,

Approximately 60% of energy use in the bulk chemicals industry over the projection period is for feedstocks. Hydrocarbon gas
liquids (HGLY and petroleum products (such as naphtha)’? are used as feedstocks for organic chemicals, inorganic chemicals,
and resins. Growth in natural gas production from shale formations has contributed to an increase in the supply of HGL Some
chemicals can use either HGL or petroleum as feedstock; for those chemicals, the feedstock used depends on the relative prices
of natural gas and petroleumn. Although HGL or petroleum is used as a feedstock for most chemicals, natural gas feedstocks are
used to manufacture methanol and agricultural chemicals, Natural gas feedstock consumption, which constituted roughly 13%
of total bulk chemical feedstock consumption in 2013, grows rapidly from 2014 to 2018, reflecting increased capacity inthe U.S.
agricuttural chemicals industry.

Residential vad commerciat

Delivered energy consumption decreases at an average rate of 0,3%/year in the residential sector and grows by 0.6%/year in
the commercial sector fram 2013 through 2040 in the AEQ2015 Reference case (Figure 14 and Figure 15). Over the same period,
the total number of households grows by 0.8%/vear, and commercial floorspace increases by 1.0%/year (Table 4). The AEQ2015
alternative cases illustrate the effects of different assumptions on residential and commercial energy consumption. Higher or
fower economic growth, fuel prices, and fuel resources yield a range of residential and commercial energy demand. Different
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fevels of economic growth affect the number of households more than the amount of commercial floorspace, leading to greater
differences in residential energy demand across the cases.

In the Reference case, electricity consumption in the residential and commerclal sectors increases by 0.5%)/year and 0.8%/year
from 2013 through 2040, respectively, with the growth in residential electricity use ranging from 0.2%/year to 0.9%/year and
the growth in commercial electricity use ranging from 0.7% to 0.9%/year in the alternative cases. In all cases, demand shifts
from space heating to space cooling as a growing share of the population moves to warmer regions of the country. Miscellaneous
electricloads (MELs)—from a variety of devices and appliances that range from microwave ovens to medical imaging equipment—
continue to grow in the residential and commercial sectors, showing both increased market penetration (the share of the potential
market that uses the device) and saturation (the number of devices per building).

In the commercial sector, the use of computer servers continues to grow to meet increasing needs for data storage, data
processing, and other doud-based services; however, only a small number of servers are installed in large, dedicated data center
buildings. Most of the electricity used by servers can be attributed fo equipment located in server rooms at the building site in
offices, education buildings, and healthcare facilities.

Residential natural gas use declines in the Reference case with improvements in equipment and building shell efficiencies, price
increases over time, and reduced heating needs as populations shift. Natural gas consumption in the commercial sector would
be relatively flat as a result of efficiency improvements that offset floorspace growth, but increases in natural gas-fueled CHP
capacity keep sector consumption trending upward throughout the projection. In the residential and commercial sectors, natural
gas prices increase 2.5 and 3.0 times faster, respectively, than electricity prices through 2040 in the Reference case. In the High
Qil and Gas Resources case, with fower natural gas prices, commercial delivered natural gas consumption grows by 0.7%/vear,
or more than twice the rate in the Reference case.

In the residential sector, distillate consumption and propane consumption, primarily for space heating, decline by 2.7%/year and
2.0%/year, respectively, in the Reference case from 2013 t0 2040, The declines are even larger in the High Oil Price case, at 3.1%/
year and 2.3%/year for distillate and propane, respectively, over the same period.

End-use energy intensity, as measured by consumption per residential household or square foot of commerdial floorspace,
decreases in the Reference case as a result of increases in the efficiency of equipment for many end uses (Figure 16 and Figure
17). Federal standards and voluntary market transformation programs (e.g., Energy Star) target uses such as space heating and
cooling, water heating, lighting, and refrigeration, as well as devices that are rapidly proliferating, such as set-top boxes and
external power supplies.

As a result of collaboration among industry, efficiency advocates, and government, a voluntary agreement for set-top boxes
has been issued in lisu of federal standards.?® Commercial refrigeration standards that will affect walk-in and reach-in coolers
and freerers are under discussion among stakeholders,® As mare states adopt new building codes, shell efficiencies of
nawly constructed buildings are improving, which will reduce future energy use for heating and cooling in the residential and
commercial sectors.

in the AEQ2015 Reference case, residential and commercial energy intensities for miscellaneous electric loads (MEL) and

nonelectric miscellaneous uses in 2040 are roughly 18% and 23% higher, respectively, than they were in 2013, These devices
and appliances vary greatly in their energy use characteristics, and their total energy consumption is closely tied to their levels of

Table 4. Residential houscholds and comwercial ind cases, 2013 and 2040

Average annual growth rate, 2013-40

indicator 2013 2040 (percent per year)
Residential households {millions)

High Economic Growth 114.3 158.5 1.2

Reference 114.3 141.0 08

Low Economic Growth 114.3 127.9 04
Commercial floorspace (billion square feet)

High Economic Growth 82.8 112.4 1.1

Reference 828 108.1 1.0

Low Economic Growth 82.8 108.0 0.8
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penetration and saturation in the buildings sectors. As a result, MEL and nonelectric miscellaneous uses are difficult targets for
federal efficiency standards.?®

Penetration of grid-connected distributed generation continues to grow as both equipment and non-equipment costs decline,
slowing delivered electricity demand growth in both residential and commerdial buildings. In the AEQ2015 Reference case, solar
photovoltaic (PV) capacity in the residential sector grows by an average of about 30%/year from 2013 through 2016, compared
with 9%/year for commercial sector PV, driven by the recent popularity of third-party leasing and other innovative financing
options and tax credits. Following expiration of the 30% federal investment tax credit at the end of 2016, the average annual
growth of PV capacity in residential and commercial buildings stows to about 6% in both sectors through 2040,

Natural gas CHP capacity in the commercial sector grows by an average of 9%/vear from 2013 to 2040 in the Reference case and

shows little variation across the alternative cases. Although natural gas prices are lower in the High Oif and Gas Resource case
than in the Reference case, lower electricity prices limit the attractiveness of commercial CHP relative to purchased electricity.
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2040. In the transportation sector, which continues to dominate demand for petroleum and other liquids, there is a shift from
motor gasoline to distillate, The gasoline share of total demand for transportation petroleum and other liquids declines by 10.6
percentage points, while distillate consurmnption increases by 7.2 percentage points. Increased use of compressed natural gas
and LNG in vehicles also replaces about 3% of petroleum and other fiquids consumption in the transportation sector in 2040
Consumption of ethane and propane (the latter including propylene), which are used in chemical production, shows the largest
increase of all petroleum products in the AEQ2015 Reference case from 2013 to 2040. Industrial consumption of ethane and
propane, extracted from wet gas in natural gas processing plants, grows by almost 1 quadrillion Btu (790 thousand bbl/d) as dry
natural gas production increases.

Natural gas consumption in the AEO2015 Reference case increases from 26.9 quadrillion Btu (26.2 Teh) in 2013 to 30.5 quadrillion
Btu (29.7 Tcf) in 2040, The largest share of the growth is for electricity generation in the electric power sector, where demand
for natural gas grows from 8.4 quadriliion Btu (8.2 Tcf) in 2013 to 9.6 quadrillion Btu (9.4 Tch) in 2040, in part as a result of the
retirement of 40.1 GW of coal-fired capacity by 2025. Natural gas consumption in the industrial sector also increases, rapidly
through 2016 and then more slowly through 2040, benefiting from the increase in shale gas production that is accompanied by
stower growth of natural gas prices. Industrias such as bulk chemicals, which use natural gas as a feedstock, are more strongly
affected than others, Natural gas use as a feedstock in the chemical industry increases by about 0.4 quadrillion Btu frem 2013 to
2040. In the residential sector, natural gas consumption declines from 2018 to 2040 and it increases slightly in the commercial
sector over the same period.

Coal use in the Reference case grows from 18.0 quadrillion Btu (925 million short tons) in 2013 to 19.0 quadriliion Btu (988
million short tons) in 2040. As previously noted, the Reference case and other AEO2015 cases do not include EPA's proposed
Clean Power Plan, which if it is implemented is likely to have a significant effect on coal use. Coal use in the industrial sector falls
off slightly over the projection period, as steel production becomes more energy efficient. On the other hand, if oil prices were
significantly higher than projected in the Reference case, coal could be used to make liquids via the Fischer-Tropsch process. In
the High Oit Price case—the only AEQ2015 case in which coal-to-fiquids (CTL) technology becomes economically viable—liquids
production from CTL plants totals about 710,000 bbl/d in 2040, representing about 3.3 quadrillion Btu (including liquids value),
or about 180 million short tons, of coal consumption.

Consumption of marketed renewable energy increases by about 3.6 quadrillion Btu in the Reference case, from 9.0 quadrillion
Btu in 2013 10 12.5 quadrilfion Btu in 2040, with most of the growth in the electric power sector. Hydropower, the largest category
of renewable electricity generation in 2013, contributes little to the increase in renewable fuel consumption. Wind-powered
generation, the second-largest category of renewable electricity generation in 2013, becomes the largest contributor in 2038
{including wind generation by utilities and end-users onsite). However, solar photovoltaics (6.8%/year), geothermal (5.5%/
vean, and biomass {3.1%/year) all increase at faster average annual rates than wind (2.4%)/yean), including all sectors, Modest
penetration of E85 and a small increase in liquids blended into dissel fuel result in a slight increase in consumption of renewable
liquid fuels for transportation, despite a smatler pool for ethanol blending as a result of a projected overall decrease in motor
gasaoline consumption in the AEQ2015 Reference case.

In the High Qil Price case, total primary energy use in 2040 is 109.7 quadrilion Blu, 3.9 quadriilion Btu higher than in the
Reference case, even though total liquids consumption in 2040 is 3.3 quadrillion Btu lower, despite an 0.3 quadrillion Btu increase
in renewable fiquids. The decrease in petroleum and other liquids consumption is more than offset by increased consumption of
natural gas {31.8 quadrilion Btu in 2040, 1.3 quadrillion Btu more than in the Reference case), coal (21.6 quadriliion Btu in 2040,
2.6 quadrillion Btu more, not induding the Fischer-Tropsch coal consumed as liquids), nuclear (9.8 quadrillion Btu in 2040, 11
quadrillion Btu more), and many renewables (13.2 quadrillion Btu in 2040, 2.3 quadrilfion Btu more, not including consumption of
liquids from renewable fuels). The increases in coal and natural gas consumption are explained by the attractiveness of turning
them into iquid fuels, made profitable by higher oil prices despite lower demand for motor gasoline and diesel fuels.

Uncertainty about economic growth results in the widest variation in the projections for total primary energy consumption in
2040, ranging from 98.0 quadrillion Btu in the Low Economic Growth case (1.8% average annual growth in real GDP measured
in 2009 dollars) 10 116.2 guadriltion Btu in the Migh Economic Growth case (2.9% average annual growth in real GDP). Changes
in the assumed rate of economic growth lead to variations in the growth of energy consumption across all fuels, whereas changes
in crude off prices or in the size of the oil and natural gas resource base result in shifts among the fuel types consumed, with
some fuels gaining share and others losing share. In the Low Qil Price case, the petroleum and other liquids share of total energy
consumption is about 36.4% in 2040; in the High Ol Price case, it is 30.0% in the same year. With cheaper natural gas in the
High Oil and Gas Resource case, {ess electricity is generated from coal and renewable fuels.

Energy intensity

Energy intensity (measured both by energy use per capita and by energy use per dollar of GDP) declines inthe AEQ2015 Reference
case over the projection period (Figure 19). While a portion of the decline results from a small shift from energy-intensive to
nonenergy-intensive manufacturing, most of it results from changes in other sectors.
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Increasing energy efficiency reduces the energy intensity of
many residential end uses between 2013 and 2040. Total
energy consumption for space heating is 4.2 quadrilfion
Btu in 2040, 1.7 quadrillion Btu (57%) lower than it was in
2013, despite a 23% increase in the number of households
and an 11% increase in the average size (square feet) of a 20
household, Energy use for lighting is 0.8 quadrillion 8tu in

2040, 1.0 quadrillion Btu lower than it was in 2013 reflecting \

15

History 2013 Projections

a 57% decline in energy use despite an increase in lighting
services. Energy use for computers and related equipment

is 0.1 quadrillion Btu, 0.2 guadrillion Btu lower than it was

in 2013, Improved efficiency also reduces delivered energy

use in the transportation sector from 27.0 quadrillion Btu in .
2013 to 26.5 quadilion Btu in 2040, by 0.5 quadilion By, et E0STGY poT cEp
as motor gasoline consumption declines by 3.4 quadrillion o
Btu. The result is an average annual reduction in energy use

per capita of 0.4%/year from 2013 through 2040 and an 05
average annual decline in energy use per 2009 dollar of GDP

of 2.0%/year. As renewable fuels and natural gas account for

farger shares of total energy consumption, carbon intensity 0 - .
(CO2 emissions per unit of GDP) declines by 2.3%/vear from 1980 1990 2000 2013 2020 2030 2040
201310 2040,

Macroeconomic growth has the largest impact on energy intensity among the AEO2015 alternative cases, Real GDP grows by an
average of 1.8%/year from 2013 to 2040 in the Low Economic Growth case, and population grows by an average of 0.6%/year
over the same period. Even though energy use increases only slightly (growing by 0.9 quadriliion Btu from 2013 to 2040} because
GDP growth is tower than in the other cases, energy intensity as measured in relationship to GDP dedlines the least—an average
rate of 1.8% per year from 2013 to 2040. However, the same case shows the largest decline in energy use per person, averaging
0.5%/year from 2013 to 2040, In the High Economic Growth case, real GDP increases at an average annual rate of 2.9%/year,
population grows at an average annual rate of 0.8%/year, and energy use increases at an average annual rate of 0.7%/year from
2073 to 2040. As a result, the energy intensity of GDP declines at a slightly higher rate than in the Reference case, while the
decline in energy use per person is slower than in the Reference case,

Emissions per doflar

Energy production, imports, and exports

Net U.S. imports of energy declined from 30% of total energy consumption in 2005 to 13% in 2013, as a result of strong growth
in domestic oil and dry natural gas production from tight formations and slow growth of total energy consumption. The decline
in net energy imports is projected to continue at a slower rate in the AEO2015 Reference case, with energy imports and exports
coming into balance around 2028 (although liquid fuel
imports continue, at a reduced level, throughout the Reference
case). From 2035 to 2040, energy exports account for about
23% of total annual U.S. energy production in the Reference
case (Figure 2Q). Economic growth has a major influence on
U.S. energy consumption, imports, and exports. In the High

praduction and consumption

Figure 280, Total encrg
2 {guadriilion B}

Econormic Growth case, the United States remains a net energy 110 Hisory .2018 | Projections
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consumption in 2040. In the High Oil Price case, with stronger growth in production and more incentives for energy efficiency,
the United States becomes and remains a net energy exporter starting in 2019, and net exports increase to 9% of total energy
production in 2040 after peaking at 11% in 2032. in the High Oil and Gas Resource case, with faster growth in domestic natural
gas and crude oil production, U.S. net energy exports, mostly in the form of petroleum and natural gas, grow to almost 19% of
total domestic energy production in 2040,

win and other B
Production from tight formations leads the growth in U.S. crude cil production across all AEO2015 cases. The path of projected
crude oil production varies significantly across the cases, with total U.S. crude oif production reaching high points of 10.6 million
barrels per day (bbl/d) in the Reference case (in 2020, 13.0 million bbl/d in the High Oif Price case (in 2026), 16.6 million bbl/d
in the High Oil and Gas Resource case (in 2039), and 10.0 million bbl/d in the Low Qil Price case (in 2020).

In the Reference case, the existing U.S. competitive advantage in oil refining compared to the rest of the world continues over
the projection period. This advantage results in growing gasoline and diesel exports through 2040 in the Reference case. The
production of motor gasoline blending components, which totaled 7.9 million bbl/d in 2013, begins declining in 2015 and falls to
7.2 million bbl/d by the end of the projection period, while diesel fuel production rises from 4.2 million bbl/d in 2013 to 5.3 million
bbl/d in 2040. As a result of dedlining consumption of liquid fuels and increasing production of domestic crude oil, net imports of
crude ofl and petroleum products falt from 6.2 million bbl/d in 2013 (33% of total domestic consumption) to 3.3 million bbi/d in
2040 (17% of domestic consumption) in the Reference case. Growth in gross exports of refined petroleum products, particularly
of motor gasoline and diesel fuel, results in a significant increase in net petroleum product exports between 2013 and 2040.

tn both the High Oil and Gas Resource and High Oll Price cases, total U.S. crude oif production is higher than in the Reference case
mainly as a result of growth in tight off production, which rises at a substantially faster rate in the near term in both cases than in
the Reference case. In the High Oil and Gas Resource case, tight oil production grows in response to assumed higher estimated
ultimate recovery (EUR) and technology improvements, closer well spacing, and development of new tight oil formations or
additional layers within known tight oil formations. Total crude oil production reaches 16.6 million bbl/d in 2037 in the High Oil
and Gas Resource case, In the High Qil Price case, higher oil prices improve the economics of production from new wells in tight
formations as well as from other domestic production sources, leading to a more rapid increase in production volumes than in
the Reference case. Tight oil production increases through 2022, when it totals 7.4 million bbl/d. After 2022, tight oif production
declines, as drilling moves into less productive areas. Total U.S. crude oil production reaches 13.0 million bbi/d by 2025 in the
High Ol Price case before declining to 9.9 million bbi/d in 2040 (Figure 21and Figure 22,

Recent declines in West Texas Intermediate” oil prices (falling by 59% from June 2014 to January 2015) have triggered interest

in the effect of lower prices on U.S, oif production. In the Low Qil Price case, domaestic crude oil production s 9.8 million bbl/d in
2022, 0.7 million bbi/d lower than the 10.4 million bbl/d in the Reference case. In 2040, U.S. crude oil production is 7.1 million
bbi/d, 2.3 million bbl/d fower than the 9.4 million bbl/d in the Reference case. Most of the difference in total crude oil production
levels between the Reference and Low Oil Price cases reflects changes in production from tight oif formations. However, all
sources of U.S. oit production are adversely affected by low oil prices. As crude oil prices fall and remain at or below $76/
barrel (Brent) in the Low Oil Price case after 2014, poor investment returns lead to fewer wells being drilled in noncore areas of

il production in foor cases,
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formations, which have smaller estimated ultimate recoveries (EURs) than wells drilled in core areas. As aresult, they have a more
fimited impact on total production growth in the near term.

In both the High Oil and Gas Resource and High Ol Price cases, growing production of 27°-35° American Petroleum Institute
(AP medium sour crude ofl from the offshore Gulf of Mexico (GOM) helps balance the crude slate when combined with the
increasing production of light, sweet crude from tight oil formations. In all cases, GOM crude oif production increases through
2019, as offshore deepwater projects have relatively long development cycles that have already begun. GOM production decfines
through at feast 2025 in all cases and fluctuates thereafter as a result of the timing of large, discrete discoveries that are brought
into production. Overall GOM production through 2040 is highest in the High Ol and Gas Resource case, followed closely by the
High Oil Price case and finally by the Reference case and Low O Price case,

in the High Olf Price case, producers take greater advantage of CO2-enhanced oil recovery (CO2-EOR) technologies. CO2-EQR
production increases at a steady pace over the projection period in the Reference case and increases more dramatically in the
High Oil Price case, where higher prices make additional CO2-EOR projects economically viable. In the High Oil and Gas Resource
and Low Ol Price cases, with fower crude ofl prices, fewer CO2-EOR projects are economical than in the Reference case.

Production of natural gas plant Hquids (NGPL), including ethane, propane, butane, isobutane, and natural gasoline, increases from
201310 2023 in all the AEQ2075 cases. After 2023, only the High Ol and Gas Resource case shows increasing NGPL production
through the entire projection period. However, the High Oil Price case also shows significant NGPL production growth through
2026. Maost of the early growth in NGPL production is associated with the continued development of liquids-rich areas in the
Marcellus, Utica, and Eagle Ford formations.

Production of petroleum products at U.S. refineries depends largely on the cost of crude ofl, domestic demand, and the absorption
of petroleum product exports in foreign markets. U.S. refinery production of gasoline blending components declines in the
Reference and Low Oil Price cases but increases in the High Oil Price and High Qi and Gas Resource cases, The steepest decline
in production of motor gasoline blending components is projected inthe Reference case, with production of blending components
declining from 7.9 mitlion bbl/d in 2013 to 7.2 million bbl/d in 2040, inresponse to a drop in U.S. crude oil production, higher crude
oil prices, and lower demand. In the High Oif and Gas Resource case, production of blending components increases to 9.1 million
bbl/d in 2040, because abundant domestic supply of lighter crude ol results in fower feedstock costs for refiners, lower gasoline
prices, increased exports, and relatively higher levels of gasoline consumption (including exports) and production.

Diesel fuel output from U.S. refineries rises in the High Oil and Gas Resource case from 4.2 million bbiAd in 2013 to 6.6 million
bbl/d in 2037, as a result of lower costs for refinery feedstocks. In the Low Qil Price case, lower domestic diesel fuel prices result
in higher fevels of domestic consumption, leading to a 4.7 million bbi/d increase in diesel fuel production in 2040. In the High Gl
Price case, higher ail prices (which are assumed to occur worldwide) make diesel fuel from U.S. refineries more competitive. Total
U.S. diesel fuel output increases to 6.1 million bbl/d in 2040, in the Reference case, U.S. diesel fuel output increases to 5.3 million
bbl/d in 2040.

As in the Reference case, the United States remains a net importer of liquid fuels through 2040 in the Low Ol Price case. in
the High Oil and Gas Resource case, as a result of higher levels of both domestic crude ofl production and petroteumn product
exports, the United States becomes a net exporter of liquid fuels by 2021, Refiners and oil producers gain a competitive
advantage from abundant domestic supply of light crude oil and higher GOM production of lower AP crude oif streams, along
with lower refinery fuel costs as a result of abundant domaestic natural gas supply. In the High Oil Price case, the United States
becomes a net exporter of liquid fuels in 2020, as higher oil
prices reduce U.S. consumption of petroleumn products and
spur additional U.S. crude oil production. U.S. net crude oil £
imports—which fall to 5.5 million bbl/d in 2022 as domestic History 2013
crude oil production grows—rise to 8.9 million bbl/d in 2040 12
as domestic production flattens and begins to decline.
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By 2040, the level of net fiquid fuels exports is significantly

larger in the High Oif and Gas Resource case than in the High g
Gil Price case. In the High Ol Price case, higher world crude
oif prices make overseas refineries less competitive compared
to U.S. refineries. As a result, net U.S. exports of petroleum
products increase by more in the High Oif Price case than in
the High Oit and Gas Rescurce case. However, the availability
of more domestic crude oil resources in the High Oil and
Gas Resource case results in a significantly greater drop in 3
net crude oif imports and a farger overall swing in liguid fuels

trade than in any of the other AEO2015 cases (Figure 23 and
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fn the High Oil and Gas Resource case, the United States swings from net liquid fuels imports equal to 33% of total domestic
product supplied in 2013 to net liquid fuels exports equal to 29% of total domestic product supplied in 2040 (compared with net
axports equal to 3% of total domestic product supplied in 2040 in the High Qil Price case). In the Reference case, net imports fall
to 14% of total domestic product supplied in 2020, before rising to nearly 18% of product supplied in 2033 and remaining around
that level through 2040. Net imports of fiquid fuels fall to 19% of total product supplied in 2020 in the Low Ol Price case before
rising to 36% of total product supplied in 2040.

Cheaper light crude oil production from inland basins and increased production of heavier GOM crude ol teads to a 35% decline
in gross crude ofl imports in the High Oil and Gas Resource case—from 7.7 million bbl/d in 2013 to 5.0 million bbl/d in 2040. This
compares with a 6% increase in the Reference case (1o 8.2 million bbi/d in 2040) and a 12% increase in the Low Qif Price case
(to 8.7 million bbl/d in 2040).

Net petroleumn product exports increase as U.S, refineries become more competitive in all cases except for the Low Ofl Price case.
Net petroleum product exports increase most in the High Oil Price and High Oil and Gas Resource cases (from 1.4 million bbl/d
in 2013 to 9.5 million bbl/d and 9.9 million bbl/d, respectively, in 2040). In the Reference case, net petroleum product exports
increase to 4.3 million bbl/d in 2040, and in the Low Ol Price case they increase to 2,2 million bbl/d in 2020 and then decline to
0.7 million bbi/d in 2040.

In the High Ol and Gas Resource case, gross crude oil exports allowed under current laws and regulations, including exports
to Canada and exports of processed condensate, rise significantly in response to increased production. 1t is assumed that
condensate which has been processed through a distillation tower can be exported in accordance with a clarification from the
U.S. Department of Commerce, Bureau of Industry and Security.”” Gross crude exports increase from 0.1 million bbl/d in 2013 to
a high of 1.3 million bbl/d in 2027 in the High Oil and Gas Resource case, before declining to 0.9 million bbl/d in 2040—compared
with 0.6 million bbl/d in 2040 in the Reference, High Oil Price, and Low Ol Price cases. With 1.5, refinery access to increased
amounts of low-cost domestic crude supplies, gross petroleum product exports increase from 3.4 million bbl/d in 2013 t0 12.0
million bbi/d in the High Off and Gas Resource case and to 1.5 million bbl/d in 2040 in the High Oil Price case, compared with
6.4 million bbl/d in the Reference case and 3.5 million bbl/d in the Low Oll Price case,

Production

Total dry natural gas production in the United States increased by 35% from 2005 to 2013, with the natural gas share of total U.S.
energy consumption rising from 23% to 28%. Production growth resulted largely from the development of shale gas resources in
the Lower 48 states (ncluding natural gas from tight oil formations), which more than offset declines in other Lower 48 onshore
production. In the AEO2015 Reference case, more than half of the total increase in shale gas production over the projection
period comes from the Haynesville and Marcellus formations. Lower 48 shale gas production (including natural gas from tight oil
formations) increases by 73% in the Reference case, from 11.3 Tef in 2013 10 19.6 Tef in 2040, leading to a 45% increase in total
U.S. dry natural gas production, from 24.4 Tcf in 2013 to 35.5 Tcf in 2040. Growth in tight gas, federal offshore, and onshore
Alaska production also contributes to overall production growth over the projection period (Figure 25 and Figure 26).
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Futuredrynatural gas production depends primarily on the size and cost of tight and shale gas resources, technology improvements,
domestic natural gas demand, and the relative price of oil. Projections in the Migh Oil and Gas Resource case assume closer well
spacing; higher EURSs per shale gas well, tight gas well, and tight oil well; development of new tight oil formations either from new
discoveries or additional layers within known tight oil formations; and additional long-term technology improverments that further
increase the EUR per tight gas and shale gas well over the projection period above those in the Reference case. Even with lower
prices, total U.S. dry natural gas production increases in the High Oil and Gas Resource case to 50.6 Tcf in 2040, 43% above the
Reference case level, with Lower 48 shale gas production of 34.6 Tcf in 2040, or 77% above the Reference case level.

The High and Low Qil Price cases use the same natural gas resource assumptions as the Reference case, but production levels
vary inresponse to natural gas demand, primarily from the transportation sector and global demand for U.S.-origin LNG. In the
High Ol Price case, increased demand for natural gas as a fuel for motor vehicles, as LNG for export, and as plant fuel for natural
gas liquefaction facilities accounts for the increase in total domestic dry natural gas production to 411 Tefin 2040 (16% above the
Reference case), U.S. shale gas production in the High Ofl Price case totals 23.6 Tcf in 2040, 21% above the Reference case total.
In the Low Off Price case, with lower demand for natural gas and LNG exports, U.S. dry natural gas production totals 319 Tefin
2040 (10% below the Reference case total), and U.S, shale gas production totals 18.1 Tef in 2040 (8% below the Reference case).

Tight gas accounts for a srnaller, but still significant, portion of the increase in U.S. dry natural gas production compared to shale
gas. Tight gas production responds largely to crude oil prices and the same levels of technological progress experienced with
shale gas production. Tight gas production increases from 4.4 Tef in 2013 to 7.0 Tcf in 2040 in the Reference case, compared
with 8.1 Tcf in 2040 in the High Ol and Gas Resource case, 8.4 Tcf in the High Oil Price case, and 6.6 Tcf in the Low Ofl Price case.
Most of the tight gas production growth occurs in the Guif Coast and Dakotas/Rocky Mountains regions. Tight gas production
in the Midcontinent region—which declines in the Reference case—increases by 24% from 2013 to 2040 in the High Oil and Gas
Resource case.

Undiscovered crude oil and natural gas resources in the federal offshore and Alaska regions are assumed to be 50% higher in the
High Oil and Gas Resource case than in the Reference case. Lower 48 offshore natural gas production increases from 1.5 Tef in 2013
to 3.0 Tef in 2040 in the High Ol and Gas Resource case, and to 2.8 Tcf in 2040 in both the High Qil Price and Reference cases.
Cumnulative federal offshore natural gas production is highest in the High Oif Price case, with federal offshore natural gas production
increasing more than in any of the other AEO2015 cases through 2036, before declining. Alaska dry natural gas production begins
increasing in 2026 in the High Oil Price case, and in 2027 in the Reference case. Alaska dry natural gas production reaches 1.2 Tefin
2029 and remains at that level through 2040 in the High Ol Price case, Alaskan production reaches 11 Tef in 2040 in the Reference
case, following the projected completion of a new LNG export facility in Alaska. In the Low Oif Price and High Oil and Gas Resource
cases, lower international natural gas prices make LNG exports from Alaska uneconomical, and Alaska dry natural gas production
falls through 2040 as declines in oil production result in decreased use of natural gas for drilling operations.

Imports and exports

In all the AEQ2015 cases, net natural gas imports continue to decline through 2040, as they have since 2007. Gross exports
of natural gas increase over the period, and gross imports decline. The rate of decline in net imports varies across the cases—
depanding on assumptions about changes in world ofl prices and U.S. natural gas resources—and slows in the fater years of the
projections (Figure 27). In all the cases, the United States becomes a net exporter of natural gas in 2017, driven by LNG exports
(Figure 28), increased pipeline exports to Mexico, and reduced imports from Canada.

wetion in four © rts in four

50 History 2013 Projections 5 History 2013 Prgjgc’({pns
40 \
. 0 ™,
High Off and Gas Resourcg
High Off Price 5 Reference

Referang

20
-10
" \
/ High Oil and Gas Resource

-15 . v T g
2005 2013 2020 2025 2030 2035 2040 2006 2013 2020 2025 2030 2035 2040

igh Gl Price

U.S, Energy information Administration | Annual Energy Qutlook 2015 2]



112

In the Reference case, net exports of natural gas from the United States total 5.6 Tcf in 2040. Most of the growth in U.S. net
natural gas exports occurs before 2030, when gross liquefied natural gas (LNG) exports reach their highest level of 3.4 Tcf, where
they remain through 2040. In all the cases, the United States remains a net pipeline importer of natural gas from Canada through
2040, but at lower levels than in recent history, while net pipeline exports of natural gas to Mexico grow from 8.7 Tef in 2013 to
3.0 Tci in 2040 in the Reference case.

The price of LNG supplied to international markets, which in part reflects world oil prices, is significantly higher than the price of
U.S. domestic natural gas supply, particularly in the near term. The growth in U.S. LNG exports is driven by this price difference,
which also discourages U.S, LNG imports. LNG export growth after 2020 is highest in the High Qil and Gas Resource case, where
higher production capability lowers the price of U.S. natural gas supply to the world market, leading to net LNG exports of 10.3
Tetin 2040 (212% more than in the Reference case) and total net natural gas exports of 13.1 Tef in 2040 (133% more than in the
Reference case).

Most of the variations in projected net exports of U.S. natural gas among the AEQ2015 cases result from differences in levels
of LNG exports. In the High Oil Price and Low Qif Price cases, projected LNG exports vary in response to differences between
international and domestic natural gas prices, after accounting for the costs associated with processing and transporting
the gas. Over the projection, the relationship between international LNG prices and world oil prices is assumed to weaken,
particularly as U.S. LNG exports increase. Low world oil prices limit the competitiveness of domestic natural gas relative to oil
itself and also to LNG velumes sold through contracts linked to oil prices, which are less likely to be renegotiated in a low oil
price environment.

In the High Cil Price case, U.S, LNG exports total 8.1 Tcf in 2040, or 1429% more than in the Reference case. As a result, U.S, net
natural gas exports total 9.1 Tef in 2040 in the High Oif Price case, or 63% more than in the Reference case. In the Low Waerld Ot
Price case, LNG net exports never surpass 0.8 Tcf, and U.S. net exports of natural gas total 3.0 Tcf in 2040, or 46% below the
Reference case level,

Canada, which accounted for 97% of total U.S. pipeline imports of natural gas in 2013, continues as the source of nearly all U.S.
pipeline imports through 2040, Most natural gas imported into the United States comes from western Canada and is delivered
mainly to the West Coast and the Midwest.

Inthe AEQ2015 alternative cases, gross pipeline imports from Canada generally are higher than in the Reference case when prices
in the United States are highey, and vice versa. However, gross pipeline imports from Canada in 2040 are highest in the High Qil
and Gas Resource case, with growth after 2030 resulting from an assumed increase in Canada's shale and coalbed resources.
Gross exports of U.S. natural gas to Canada, largely into the eastern provinces, generally increase when prices are low in the
United States, and vice versa.

U.S. pipeline exports of natural gas—most flowing south to Mexico—have grown substantially since 2010 and are projected to
continue increasing in all the AEO2Q015 cases because increases in Mexica's production are not expected to keep pace with the
country's growing demand for natural gas, primarily for electric power generation. In the High Oil and Gas Resource case, with
the lowast projected U.S. natural gas prices, pipeline exports to Mexico in 2040 total 4.7 Tcf, as compared with 3.3 Tef in the Low
Qil Price case and 2.2 Tcf by 2040 in the High Oil Price case.

Conl
LS. Hiquefied natoral gas net imports in Between 2008 and 2013, U.S. coal production fell by 187
on cubic feet) million short tons (16%), as declining natural gas prices
History 2013 Projections made coal less compelitive as a fuel for generating electricity
(Figure 29). In the AEO2015 Reference case, U.S. coal
production increases at an average rate of 0.7%/year from
2013 to 2030, from 985 million short tons (19.9 quadrillion
Btu) to 1,118 million short tons (22.4 quadrilfion Btu), Over
the same period, rising natural gas prices, particularly after
Reference 2077, contribute to increases in electricity generation from
existing coal-fired power plants as coal prices increase
more slowly. After 2030, coal consumption for electricity
generation levels off through 2040, The cases presented in
AEQ2015 do not include EPA's proposed Clean Power Plan,
which would have a material impact on projected levels of
High Oif and Gas Resource coal-fired generation, A separate EIA analysis of the Clean
Power Plan is forthcoming.

Figure 2
four

Low Oif Fri

0 ISR ————

High Qi Price

45 Compliance with the Mercury and Air Toxics Standards
2005 2013 2020 2025 2030 2035 2040  (MATS),® coupled with fow natural gas prices and

84 S, Environmental Protection Agency, "Mercury and Air Toxics Standards,”

Washington, DC: March 27,2012)

22 U.S. Energy Information Administration | Annual Energy Outlook 2015



113

competition from renewables, leads to the projected retivement of 31 gigawatts (GW) of coal-fired generating capacity and the
conversion of 4 GW of coal-fired generating capacity to natural gas between 2014 and 2016, However, coal consumption in the
ULS. electric power sector is supported by an increase in output from the remaining coal-fired power plants, with the projected
capacity factor for the U.S, coal fleet increasing from 60% in 2013 to 7% in 2016, In the absence of any significant additions of
coal-fired electricity generating capacity, coal production after 2030 levels off as many existing coal-tired generating units reach
maximum capacity factors and coal exports grow slowly. Total U.S. coal production in the AEO2015 Reference case remains
below its 2008 level through 2040,

Across the AEQ2015 alternative cases, the largest changes in U.S. coal production relative to the Reference case occur in the High
Qi and Gas Resource and High Ol Price cases. In the High Oif and Gas Resource case, lower naturaf gas prices fead to a significant
shift away from the use of coal in the electric power sector, resulting in coal production levels that are 13% lower in 2020 and 11%
fower in 2040 than in the Reference case. in the High Ol Price case, higher oil prices spur investments in coal-based synthetic
fuels, which resultinincreasing demand for domestically produced coal, primarily from mines in the Western supply region. Inthe
High Oil Price case, coal consumption at coal-to-liquids (CTL) plants rises from 11 million short tons in 2025 to 181 million short
tons in 2040, and total coal production in 2040 is 13% higher than in the Reference case.

In the other AEQ2015 cases, variations in the quantities of coal produced relative to the Reference case are more modest, ranging
from 4% (49 million short tons) lower in the Low Economic Growth case to 4% (40 million short tons) higher in the High Economic
Growth case in 2040, Factors that limit the variation in U.S. coal production across cases include the high capital costs associated
with buiiding new coal-fired generating capacity, which limit potential growth in coal use; the relatively low operating costs of
existing coal-fired units, which tend to imit the decline in coal use; and limited potential to increase coal use al existing generating
units, which already are at maximum utilization rates in some regions.

Changes in assumptions about the rate of economic growth also affect the outlook for coal demand in the U.S. industrial sector
{coke and other industrial plants) and, consequently, coal production. In the Low Economic Growth case, lower levels of industrial
ceal consumption in 2040 account for 17% of the reduction in total coal consumption relative to the Reference case. In the High
Economic Growth case, higher levels of coal consumption in the industrial sector in 2040 account for 44% of the increase in fotal
coal consumption relative to the Reference case,

Regionally, strong production growth in the Interior region contrasts with declining production in the Appalachian region in the
AEQ2075 Reference case, In the Interior region, coal production becomes increasingly competitive as a result of a combination
of improving fabor productivity and the installation of scrubbers at existing coal-fired power plants, which allows those plants to
burn the region's higher-sulfur coals ata lower delivered cost compared with coal from other regions, Appalachian coal production
declines in the Reference case, as coal produced from the extensively mined, higher-cost reserves of Central Appalachia is
replaced by lower-cost coals from other regions. Western coal production in the Reference case increases from 2077 to 2024,
in line with the increase in U.S, consumption, but falis slightly thereafter as a result of competition from producers in the interior
region and limited growth in coal use at existing coal-fired power plants after 2025.

.S, coal exports decline from 118 million short tons in 2013 to 97 million short tons in 2014 and to 82 million short tons in 2015 in
the AEQ2015 Reference case, then increase gradually to 141 million short tons in 2040 (Figure 30). Much of the growth in exports
after 2075 is attributable to increased exports of steam coal from mines in the Interior and Western regions. Between 2015 and
2040, U.S. steam coal exports increase by 42 million short tons, and coking coal exports increase by 17 million short tons,
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Across the AEQ2015 alternative cases, U.S. coal exports in 2040 vary from a fow of 132 million short tons in tha High Ofl Price
case (6% lower than in the Reference case) {o a high of 158 million short tons in the High O# and Gas Resource case (12% higher
than in the Reference case). Coal exports are also higher in the Low Qi Price case than in the Reference case, increasing to 149
mitlion short tons in 2040. In the Low and High Oif Price cases, variations in the prices of diesel fuel and electricity, which are
two important inputs to coal mining and fransportation, are key factors affecting U.S. coal exports. The projections of lower and
higher fuel prices for coal mining and transportation affect the relative competiveness of U.S. coal in international coal markets.
Inthe High Oil and Gas Resource case, the combination of lower prices for diesel fuel and electricity and lower domestic demand
for coal contribute to higher export projections refative to the Reference case.

Electricity genevation

Total electricity use in the AEO2015 Reference case, including both purchases from electric power producers and on-site
generation, grows by an average of 0.8%/year, from 3,836 billion kilowatthours (kWh) in 2013 to 4,797 billion kWh in 2040,
The relatively slow rate of growth in demand, combined with rising natural gas prices, environmental regulations, and continuing
growth in renewable generation, leads to tradeoffs between the fuels used for electricity generation. From 2000 to 2012,
electricity generation from natural gas-fired plants more than doubled as natural gas prices fell to relatively low levels. In the
AEQ2015 Reference case, natural gas-fired generation remains below 2012 levels until after 2025, while generation from existing
coal-fired plants and new nuclear and renewable plants increases (Figure 3D, In the longer term, natural gas fuels more than
609% of the new generation needed from 2025 to 2040, and growth in generation from renewable energy supplies most of the
remainder. Generation from coal and nuclear energy remains fairly flat, as high utilization rates at existing units and high capital
costs and fong tead times for new units mitigate growth in nuclear and coal-fired generation. Considerable variation in the fuel mix
results when fuel prices or economic conditions differ from those in the Reference case.

AEQZ(15 assumes the implementation of the Mercury and Air Toxics Standards (MATS) in 2016, which regulates mercury
emissions and other hazardous aiv pollutants from electric power plants. Because the equipment choices to control these
emissions often reduce sulfur dioxide emissions as well, by 2016 sulfur dioxide emissions in the Reference case are well below the
levels required by both the Clean Air Interstate Rule (CAIRY?® and the Cross-State Air Pollution Rule (CSAPR), 3031

Total electricity generation increases by 249% from 2013 to 2040 in the Reference case but varies significantly with different
economic assumptions, ranging from a 15% increase in the Low Economic Growth case to a 37% increase in the High Economic
Growth case. Coal-fired generation is similar across most of the cases in 2040, except the High Oif and Gas Resource case, which
is the only one that shows a significant decline from the Reference case, and the High Ofl Price case, which is the only one showing
alarge increase (Figure 32). The coal share of total electricity generation drops from 39% in 2013 to 34% in 2040 in the Reference
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case but still accounts for the largest share of total generation. When natural gas prices are lower than those in the Reference
case, as in the High Oif and Gas Resource case, the coal share of total electricity generation drops below the natural gas share by
2020. When total electricity generation is reduced in the Low Economic Growth case, and as a result there is less need for new
generation capacity, coal-fired generation maintains a larger share of the total,

Total natural gas-fired generation grows by 40% from 2013 to 2040 in the AED2015 Reference case—and the natural gas share
of total generation grows from 27% to 31%—with most of the growth occurring in the second half of the projection period. The
natural gas share of total generation varies by AEC2015 case, depending on fuel prices; however, its growth is also supported
by limited potential to increase coal use at existing coal-fired generating units, which in some regions are already at maximum
utilization rates. In the High Oil Price case, the natural gas share of total electricity generation in 2040 drops to 23%. In the High
QOil and Gas Resource case, with delivered natural gas prices 44% below those in the Reference case, the natural gas share of total
generation in 2040 is 42%. Lower natural gas prices in the High Oif and Gas Resource case result in the addition of new natural
gas-fired capacity, as well as increased operation of combined-cycle plants, which displace some coal-fired generation, The
average capacity factor of natural gas combined-cycle plants is more than 60% in the High Oil and Gas Resource case, compared
with an average capacity factor of around 50% in the Reference case (Figure 33), while the average capacity factor of coal-fired
plants is fower in the High Oil and Gas Resource case than in the Reference case.

Electricity generation from nuciear units across the cases reflects the impacts of planned and unplanned builds and retirements.
Nuclear power plants provided 19% of total electricity generation in 2013, From 2013 to 2040, the nuclear share of total generation
declines in all cases, to 15% in the High Qil and Gas Resource case and to 18% in the High Oil Price case, where higher natural gas
prices fead to additional growth in nuclear capacity.

Renewable generation grows substantially from 2013 to 2040 in all the AEQ2015 cases, with increases ranging from less than
50% in the High Ol and Gas Resource and Low Economic Growth cases to 121% in the High Economic Growth case. State
and national policy requirements play an important role in the continuing growth of renewable generation, In the Reference
case, the largest growth is seen for wind and solar generalion (Figure 34). In 2013, as a result of increases in wind and solar
generation, total nonhydropower renewable generation was almost equal to hydroelectric generation for the first time. In 2040,
nonhydropower renewable energy sources account for more than two-thirds of the total renewable generation in the Reference
case, The total renewable share of all electricity generation increases from 13% in 2013 to 18% in 2040 in the Reference case
and to as much as 22% in 2040 in the High Off Price case. With lower natural gas prices in the High Oif and Gas Resource case,
the renewable generation share of total electricity generation grows more slowly but still increases to 15% of total generation
in2040.

Total electricity generation capacity, including capacity in the end-use sectors, increases from 1,065 GW in 2013 to 1,261 GW in
2040 in the AEO2015 Reference case. Over the first 10 years of the projection, capacity additions are roughly equal to retivements,
and the level of total capacity remains relatively flat as existing capacity is sufficient to meet expected demand. Capacity additions
between 2013 and 2040 total 287 GW, and retirements total 90 GW. From 2018 to 2024, capacity additions average less than 4
GW/vear, as earlier planned additions are sufficient to meet most demand growth. From 2025 to 2040, average annual capacity
additions—primarily natural gas-fired and renewable technologies—average 12 GW/year. The mix of capacity types added varies
across the cases, depending on natural gas prices (Figure 35).
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in recent vears, natural gas-fired capacity has grown
considerably. In particular, combined-cycle plants are
refatively Inexpensive to build in comparison with new
coal, nuclear, or renewable technologies, and they are
more efficient to operate than existing natural gas-, oil- or
coal-fired steam plants. Natural gas turbines are the most
Solar economical way to meet growth for peak demand. In most
of the AEQ2015 cases, the growth in natural gas capacity
continues. Natural gas-fired plants account for 58% of total
capacity additions from 2013 to 2040 in the Reference case,
and they represent more than 50% of additions in all cases,
except for the High Oil Price case, where higher fuel prices
for natural gas-fired plants reduce theilr competitiveness, and
only 36% of new builds are gas-fired, With tower fuel prices
in the High Oil and Gas Resource case, natural gas-fired
capacity makes up three-quariers of total capacity additions.
Coal-fired capacity declines from 304 GW in 2013 to 260
Low  Low Oil | High On* High Ot g GW in 2040 in the Reference case, as a result of retirements
Economic Price and Gas Price Economic and very few new additions. A total of 40 GW of coal
Growth Reseurce Growth capacity is retired from 2013 to 2040 in the Reference
case, representing both announced retirements and those
projected on the basis of relative economics, including the costs of meeting environmental regulations and competition with
natural gas-fired generation in the near term. As a result of the uncertainty surrounding future greenhouse gas legisiation and
regulations and given its high capital costs, very little unplanned coal-fired capacity is added across all the AEQ2015 cases. About
19 GW of new coal-fired capacity is added in the High Ol Price case, but much of that is associated with CTL plants bullt in the
refinery sector in response to higher ol prices.
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Renewables account for more than half the capacity added through 2022, fargely to take advantage of the current production
tax credit and to help meet state renewable targets. Renewable capacity additions are significant in most of the cases, and in
the Reference case they reprasent 38% of the capacity added from 2013 {0 2040. The 109 GW of renewable capacity additions
in the Reference case are primarily wind (49 GW) and solar (48 GW) technologies, including 31 GW of solar PV installations in
the end-use sactors. The renewable share of total additions ranges from 22% in the High Oil and Gas Resource case to 51% in
the High Oil Price case, reflecting the relative economics of natural gas-fired power plants, which are the primary choice for new
generating capacity.

High construction costs for nuclear plants limit their competitiveness to meet new demand in the Reference case. In the
near term, 5.5 GW of planned additions are put into place by 2020, offset by 3.2 GW of retirements over the same period.
After 2025, 3.5 GW of additional nuclear capacity is built, based on relative economics. In the High Economic Growth and
High Oif Price cases, an additional 10 GW to 13 GW of nuclear capacity above the Reference case is added by 2040 to meet
demand growth, as a result of higher costs for the alternative
technologies and/or higher capacity requirements. itle emi
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attributable to a 2.0%/vear decrease in energy intensity. In addition, the carbon intensity of the energy supply declines by 0,29/

year over the projection period.

The main factors influencing CO2 emissions include substitution of natural gas for coal in electricity generation, increases in the
use of renewable energy, improvements in vehicle fuel economy, and increases in the efficiencies of appliances and industrial
processes. In the Reference case, CO2 emissions growth varies across the end-use sectors (Figure 37). The highest annual
growth rate (0.5%) is projected for the industrial sector, reflecting a resurgence of industrial production fueled mainly by natural
gas. CO2 emissions in the commercial sector grow by 0.39%/year in the Reference case, while emissions in both the residential

and transportation sectors decline on average by 0.2%/year.
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In the alternative cases, various factors play roles in the
emissions picture. In the High Economic Growth case, GDP
increases annually by 2.9% and overshadows the decrease
in energy intensity of 2.2%, leading to the largest annual
rate of increase in CO2 emissions {0.4%/year). In the Low
Economic Growth case, GDP grows by only 1.8%/vear, and
that growth is offset by a similar annual average decline in
energy intensity. With the additional decline in the carbon
intensity of the energy supply, CO2 emissions decline by
0.2%/year in the Low Economic Growth case,

Emissions levels also vary across the other alternative cases.
The High Oil and Gas Resource case has the second-highest
rate of emissions in 2040 (after the High Economic Growth
casey at 5,800 million mt, In the Low Oil Price case, CO2
emissions total 5,671 million mt in 2040. In the High Oil
Price case, emissions levels remain lower than projected
in the Reference case throughout most of the period from
2013 to 2040, but energy-refated CO2 emissions exceed
the Reference case teve! by 35 million mtb in 2040, at 5,584
million mt.
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List of acronvins

AED Annual Energy Outlook GwW
AEQ2015 Annual Energy Qutlook 2015 HDV
AP American Petroleur Institute HGL
bbl Barrels kWh
bbi/d Barrels per day LDV
Brent North Sea Brent NG
Btu British thermal unit{s) MARPOL
CAFE Corporate average fuel economy MATS
CAIR Clean Air Interstate Rule Mcf
CHP Combined heat and power MELs
<oz Carbon dioxide mpg
<Pt Consumer price index mt
CSAPR Cross-State Air Pollution Rule NGPL
CTL Coal-to-fiquids TECD
E8S Motaor fuel containing up to §5% ethanol QPEC
ElA U.5, Energy information Administration PADD
EOR Enhanced cil recovery PV
EPA 1.8, Environmental Protection Agency RFS
£UR Estimated ultimate recavery Tef
GppP Gross domestic product u.s.
GTL Gas-to-liquids YMT

Gigawatt(s}

Heavy-duty vehicle

Hydrocarbon gas Rquids

Kilowatthour(s)

Light-duty vehicle

Liguefied natural gas

Marine poliution

Mercury and Air Toxics Standards

Thousand cubic feet

Miscellaneous electric loads

Miles per gallon

Metric ton(s)

Naturat gas plant liguids

Organization for Economic Cooperation and Development
Organization of the Petroleum Exporting Countries
Petroleum Administration for Defense District
Photovoltaic

Renewable fuel standard

Tritlion cubic feet

United States

Vehicle miles traveled
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Figure EST. North Sea Brent crude oil spot prices in four cases, 2005-40: History: LS, Energy Information Administration, Petroleum
& Other liquids, Europe Bent Spot Price FOB, it ETE
Projections: AEQ2015 National Energy Modeling System, runs REF2015.D021915A, LOWPRICE DO21915A, HIGHPRICE.DO21915A,
and HIGHRESOURCE.DO219158.

Figure ES2. Average Henry Hub spot prices for natural gas in four cases, 2005-40: History: U.S. Energy Information Administration,
Natural Gas Annual 2013, DOE/EIA-0131(2013) (Washington, DC, October 2014). Projections: AEQ2015 National Energy Modeling
System, runs REF2015.0021915A, LOWPRICE.DO21915A, HIGHPRICE.DO21915A, and HIGHRESOURCE.DO219158.

Figure ES3. U.S. net energy imports in six cases, 2005-40: History: U.S. Energy Information Administration, Monthly
Energy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy Modeling Systern, runs
REF2015.D021915A, LOWPRICE.DO21915A, HIGHPRICE.DO21915A, LOWMACRO.DO21915A, HIGHMACRO,DO21915A, and
HIGHRESOURCE.DO219158.

Table ES1. Growth of trade-related factors in the Reference case, 1983-2040: AEQ2015 National Energy Modeling System, runs
REF2015.D021915A.

Figure ES4. Net crude ail and petroleurn product imports as a percentage of U.S. product supplied in four cases, 2005-40: History:
U.S. Energy Information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035Q2014/11). Projections: AEQ2015
National Energy Modeling System, runs REF2015.D021915A, LOWPRICE.DO21915A, HIGHPRICE.DO21915A, and HIGHRESOURCE.
00219158,

Figure ES5. U.S, total net natural gas imports in four cases, 2005-40: History: U.S. Energy Information Adminisiration, Monthiy
Energy Review, Novemnber 2014, DOE/EIA-0G035(2014/1D). Projections: AEO2015 National Energy Modeling System, runs REF2015.
DO21915A, LOWPRICE.DO21915A, HIGHPRICE.DO21915A, and HIGHRESQURCE.DO219158.

Figure ES6. Change in U.S. Lower 48 onshore crude oil production by region in six cases, 2013-40: Projections: AEO2015 National
Energy Modeling System, runs REF2015.D021915A, LOWPRICE.DO21915A, HIGHPRICE.DO21915A, LOWMACRO.DOZ1915A,
HIGHMACRO.DO21915A, and HIGHRESOURCE.DOZ21915B.

Figure ES7. Delivered energy consumption for transportationinsix cases, 2008-40: History: U.S. Energy information Administration,
Monthly Energy Review, November 2014, DOE/EIA-0035(2014/1D. Projections: AEO2015 National Energy Modeling Syster, runs
REF2015.D021915A, LOWPRICE.DOZI915A, HIGHPRICEDO21915A, LOWMACRGC.DOZ1915A, HIGHMACRO.DO21915A, and
HIGHRESQURCE.DO219158.

Figure ES&. Total U.S. renewable generation in all sectors by fuel in six cases, 2013 and 2040: History: U.S. Energy Information
Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy
Modeling  System, yuns REF2015.D021915A, LOWPRICEDOZ21915A, HIGHPRICE.DO21915A, LOWMACRO.DOZ1915A,
HIGHMACRO.DO21915A, and HIGHRESQURCE.DO219158.

Table 1. Summary of AEQ2015 cases: U.S. Energy Information Administration.

Table 2. Growth in key economic factors in historical data and in the Reference case: AEQ2075 National Energy Modeling System,
run REF2015.D021915A.

Figure 1. Annual changes in U.S. gross domestic product, business investment, and exports in the Reference case, 2015-40:
Projections: AEQ2075 National Energy Modeling System, run REF2015.D021915A.

Figure 2. Annual growth rates for industrial output in three cases, 2013-40: Projections: AEQ2015 National Energy Modeling
Systern, runs REF2015.D021915A, LOWMACRO.DO21915A, and HIGHMACRO.DO21915A.

Table 3. Average annual growth of labor productivity, employment, income, and consumption in three cases: Projections: AE02015
National Energy Modeling System, runs REF2075.D021915A, LOWMACRO.DO2191BA, and HIGHMACRO.DOZ1915A.

Figure 3. North Sea Brent crude oil spot prices in four cases, 2005-40;
& Other Liquids, Europe Bent Spot Price FOB, : £ 3 1SS =D,
Projections: AEQ2015 National Energy Modeling System, runs REF2015.D021915A, LOWPRICE.DO21915A, and HIGHPRICE.
DO2IGT5A.

Figure 4. Motor gasoline prices in three cases, 2005-40: History: U.S. Energy Information Administration, Monthly Energy Review,
November 2014, DOE/EIA-0035(2014/11. Projections: AEQ2015 National Energy Modeling System, runs REF2015.D0219154,
LOWPRICE.DO21915A, and HIGHPRICE.DO21915A.

Figure 5. Distillate fuel ofl prices in three cases, 2005-40: History: U.S. Energy Information Administration, Monthly Energy Review,
November 2014, DOE/EIA-0035(2014/11). Projections: AEC2015 National Energy Modeling System, runs REF2015.D021915A,
LOWPRICE.DO21915A, and HIGHPRICE.DO21915A.
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Figure 6. Average Henry Hub spot prices for natural gas in four cases, 2005-40: History: U.S. Energy information Administration,
Natural Gas Annual 2013, DOE/EIA-0131(2013) (Washington, DC, Ociober 2074). Projections: AEQ2015 National Energy Modeling
System, runs REF2015.0021915A, LOWPRICE.DO219154, HIGHPRICE.DO21915A, and HIGHRESCURCE.DO21915B.

Figure 7. Average minemouth coal prices by region in the Reference case, 1990-2040: History: US. Energy Information
Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy
Modeling System, run REF2015.D021915A.

Figure 8. Average detivered coal prices in six cases, 1990-2040: History: U.S. Energy Information Administration, Monthly
Energy Review, November 2014, DOE/EIA-0035(2014/1D). Projections: AEQ2015 National Energy Modeling System, runs
REF2015.D021915A, LOWPRICE.DO21915A, HIGHPRICEDOZ21915A, LOWMACRO.D0O21915A, HIGHMACRO.DQOZ1915A, and
HIGHRESOURCE.DO219158.

Figure 9. Average retail electricity prices in six cases, 2013-40: AEQ2015 National Energy Modeling System, runs REF2015.
DO21915A,  LOWPRICE.DO21915A,  HIGHPRICEDO21915A,  LOWMACRO.DO2191BA,  HIGHMACRO.DOZ21915A,  and
HIGHRESOURCE.D0219158.

Figure 10, Delivered energy consumption for transportation by mode in the Reference case, 2013 and 2040: History: U.S. Energy
Information Admiinistration, Natural Gas Annual 2013, DOE/EIA-0131(2013) (Washington, DC, October 2014). Projections:
AEQ2015 National Energy Modeling Systern, run REF2015.D021915A.

Figure 11 Delivered energy consumption for transportation in six cases, 2008-40: History: U.S. Energy Information Administration,
Monthly Energy Review, Novemiber 2014, DOE/EIA-0035(2014/1D. Projections: AEO2015 National Energy Modeling System, runs
REF2015.D021915A, LOWPRICE.DO21915A, HIGHPRICEDOZ1915A, LOWMACRO.DO21915A, HIGHMACRO.DO21915A, and
HIGHRESOURCE.DO21915B.

Figure 12, Industrial sector total delivered energy consumption in three cases, 2010-40: History: U.S, Energy Information
Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/1D. Projections: AEQ2015 National Energy
Modeling System, runs REF2015.D0021915A, LOWMACRO.DO21915A, and HIGHMACRO.DO21915A.

Figure 13. Industrial sector natural gas consumption for heat and power in three cases, 2010-40: History: U.S. Energy Information
Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/10. Projections: AEQ2015 National Energy
Modeling System, runs REF2015.D021915A, HIGHPRICE.DO21915A, and HIGHRESOURCE.DO219158.

figure 14. Residential sector delivered energy consumption by fuel in the Reference case, 2010-40: History: US. Energy
Information Administration, Monthly Energy Review, November 2014, DOE/EIA-D035(2014/11). Projections: AEQ2015 National
Energy Modeling System, run REF2015.D021915A,

Figure 15. Commercial sector delivered energy consumption by fuel in the Reference case, 2010-40: History: US. Energy
Information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/1D. Projections: AEQ2015 National
Energy Modeling Systern, run REF2015.D021915A,

Table 4. Residential households and commercial indicators in three AEQ2015 cases, 2013 and 2040: AEO2015 National Energy
Modeling System, runs REF2015.D021915A, LOWMACRQ.DO21915A, and HIGHMACRO.DO21915A.

Figure 16. Residential sector delivered energy intensity for selected end uses in the Reference case, 2013 and 2040: AEQ2015
National Energy Modeling System, run REF2015.D021915A.

Figure 17. Commercial sector delivered energy intensity for selected end uses in the Reference case, 2013 and 2040: AEO2015
National Energy Modeling System, run REF2015.D021915A.

Figure 18. Primary energy consumption by fuel in the Reference case, 1980-2040: History: U.S. Energy Information Administration,
Monthly Energy Review, Novernber 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy Modeling System, run
REF2015.D021915A.

Figure 19. Energy use per capita and per 2009 doilar of gross domestic product, and carbon dioxide emissions per 2009 dollar
of gross domestic product, in the Reference case, 1980-2040: History: U.S. Energy Information Administration, Monthly Energy
Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEC2015 National Energy Modeling System, run REF2015,
DO21915A.

Figure 20. Total energy production and consumption in the Reference case, 1980-2040: History: U.S, Energy Information
Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy
Modeling System, run REF2015.D021915A.

Figure 21, U.S. tight oif production in four cases, 2005-40: AEQ2015 National Energy Modeling System, run REF2015.D021915A.
Figure 22, U.S. total crude oil production in four cases, 2005-40: History: U.S. Energy Information Administration, Monthly Encrgy
Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEO2015 National Energy Modeling System, run REF2015,
DO2I915A.
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Figure 23. U.S. net crude oil imports in four cases, 2005-40; History: U.S, Energy Information Administration, Monthly Energy
Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy Modeling System, runs REF2015,
DO21915A, LOWPRICEDO21S15A, HIGHPRICE.DO21915A, and HIGHRESOURCE.DO219158.

Figure 24. U.S. net petroleumn product imports in four cases, 2005-40: History: U.S. Energy Information Administration, Monthiy
Energy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy Modeling Systern, runs REF2015.
DO21915A, LOWPRICE.DO21915A, HIGHPRICE.DO21915A, and HIGHRESOQURCE.DO219158.

Figure 25. U.S. total dry natural gas production in four cases, 2005-4Q: History: U.S. Energy Information Administration, Monthly
Energy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy Modeling Systern, runs REF2015.
DO21915A, LOWPRICE.DO21915A, HIGHPRICE.DOR1915A, and HIGHRESCURCE.DO21915B,

Figure 26.U.5. shale gas production in four cases, 2005-40: AEQ2015 National Energy Modeling Syster, runs REF2015.D0O21915A,
LOWPRICE.DO21915A, HIGHPRICEDO21915A, and HIGHRESQURCE. DO219158.

Figure 27. U.S. total natural gas net imports in four cases, 2005-40: History: U.S. Energy Information Administration, Monthly
Energy Review, Novernber 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy Modeling Systern, runs REF2015.
DO21915A, LOWPRICE.DO21915A, HIGHPRICE.DO21915A, and HIGHRESCURCE.DO219158.

Figure 28, US. liquefied natural gas net imports in four cases, 2005-40: History: U.S. Energy Information Administration, Monthly
Energy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy Modeling Systern, runs REF2015.
DO21915A, LOWPRICE.DG21915A, HIGHPRICE.DO21915A, and HIGHRESQURCE.DO21915B.

Figure 29. US. coal production in six cases, 1990-2040: History: US. Energy Information Administration, Monthly Energy Review,
November 2014, DOE/EIA-0035(2014/1D. Projections: AEQ2015 National Energy Modeling System, runs REF2015.D021915A,
LOWPRICE.DO21915A, HIGHPRICEDO21915A, LOWMACRO.D021915A, HIGHMACRO.DO21915A, and HIGHRESOURCE.
DO21915B.

Figure 30, U.S. coal exports in six cases, 1990-2040: History: U.S, Energy Information Administration, Monthly Energy Review,
Novembar 2014, DOE/EIA-CO35(2014/1D). Projections: AEQ2015 National Energy Modeling System, runs REF2015.D021915A,
LOWPRICE.DO21915A, HIGHPRICEDO21915A, LOWMACRO.DO21915A, HIGHMACRO.DO21915A, and HIGHRESQURCE.
DO219158.

Figure 31. Electricity generation by fuel in the Reference case, 2000-2040: History: U.S. Energy Information Administration,
Monthly Energy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQO2015 National Energy Modeling System, run
REF2015.DO21915A.

Figure 32. Electricity generation by fuel in six cases, 2013 and 2040: History: U.S. Energy Information Administration, Monthly
Energy Review, November 2014, DOE/EIA-0035(2014/1D. Projections: AEQO2015 National Energy Modeling System, runs
REF2015.0021915A, LOWPRICEDO21915A, HIGHPRICEDO21915A, LOWMACRO.DG21915A, RIGHMACRO.DOZ1915A, and
HIGHRESOURCE.DO21915B.

Figure 33, Coal and natural gas combined-cycle generation capacity factors in twe cases, 2010-40; History: US. Energy
Information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035¢Z014/1D. Projections: AEQ2015 National
Energy Modeling System, runs REF2015.D021915A and HIGHRESOURCE, DO219158.

Figure 34. Renewable electricity generation by fuel type in the Reference case, 2000-2040: History: U.S. Energy Information
Administration, Monthly Encrgy Review, November 2014, DOE/EIA-0035(2014/11). Projections: AEQ2015 National Energy
Modeling System, run REF2015.D021915A.

Figure 35. Cumulative additions to electricity generation capacity by fuelin six cases, 2013-40: AEQ2075 National Energy Modeling
Systern, runs REF2015.D021915A, LOWPRICEDO21915A, HIGHPRICE.DOZ1915A, LOWMACRO.DO219154, HIGHMACRO.
DO21915A, and HIGHRESOURCE.DO219158.

Figure 36. Energy-related carbon dioxide emissions in six cases, 2000-2040: History: U.S. Energy Information Administration,
Monthly Energy Review, November 2014, DOE/EIA-0035(2014/11), Projections: AEQZ015 National Energy Modefing System,
runs REF2015,.D021915A, LOWPRICE.DO21915A, HIGHPRICE.DO21915A, LOWMACRO.DO21915A, HIGHMACRO.DOZ1915A, and
HIGHRESOURCE.DO219158.

Figure 37. Energy-related carbon dioxide emissions by sector in the Reference cases, 2005, 2013, 2025, and 2040: History: U.S.
Energy Information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/1D. Projections: AEQ2015
National Energy Modeling Systemn, run REF2015.0021915A.
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Appendix A
Heference case

Table Al Total energy supply, disposition, and price summary
{quadrillion Btu per year, unless otherwise noted)

Reference case Annual

growth
20132040

2025 2030 2035 2040 | (percent)

Supply, disposition, and prices
2012 I 2213 | 020

Production
Crude oil and lease condensate 137 158 222 215 211 19.8 19.9 0.9%
Natural gas plant fiquids 33 38 55 57 57 5.6 5.5 1.7%
Dry naturai gas . 246 251 298 313 339 351 36.4 1.4%
Coal’ 207 20.0 217 222 225 225 228 0.5%
Nuclear / uranium® 8.1 83 8.4 85 8.5 85 87 0.2%
[of { iC power . 26 25 28 2.8 2.8 28 28 0.4%
Biomass® 40 4.2 4.4 4.6 48 47 5.0 0.7%
Other energy® 19 2.3 32 3.4 36 4.1 4.6 27%
Other® 08 1.3 0.9 0.8 0.8 0.9 1.0 -1.0%
Total 798 82.7 98.7 100.9 103.7 103.8 106.6 0.9%
imports
Crude oil 187 170 138 14.9 157 177 18.2 0.3%
Petrofeum and other liquids®.... 42 4.3 4.6 45 44 4.3 41 -0.2%
Naturat gas’ 32 28 18 17 1.6 15 1.7 -1.9%
Other imporis®... 03 03 3] 0.1 &) 0.1 o1 -5.2%
Totat 26.4 24.5 20.2 213 217 236 241 8.1%
Exports
Petroleum and other fiquids®. 85 73 1.2 120 128 133 137 2.4%
Natural gas™ 16 16 4.5 52 6.4 6.8 7.4 5.9%
Coat 31 28 25 29 3.3 34 35 0.8%
Total 1.2 "I 18.1 20.1 22.4 234 248 28%
Discrepancy™ 04 16 0.1 0.0 0.2 0.3 03 --

Consumption
Petroleum and other liquids™ .. 352 3.8 371 36.9 365 36.3 36.2 0.0%
Natural gas 26.1 289 26.8 276 28.8 296 305 0.5%

Coal™ 17.3 18.0 192 193 19.2 190 19.0 0.2%
Nuclear / uranium® 8.1 8.3 8.4 85 85 85 87 0.2%
< i powwer 26 25 2.8 23 28 2.8 2.8 0.4%
Biomass™ 28 2.8 3.0 32 32 32 35 0.7%
Other energy’ 19 23 32 34 38 41 48 27%
Other® 0.4 04 63 0.3 03 03 03 07%

Total 94.4 974 1008 1020 1029 1038 1087 0.3%

Prices (2013 doHars per unit)

Crude oil spot prices (dollars per barrel)

Brent 113 108 79 91 106 122 141 1.0%

West Texas Intermediate.... 96 98 73 85 29 116 136 1.2%
Naturai gas at Henry Hub (dollars per million Btu). 279 373 488 5.46 5.69 5.60 7.85 2.8%
Coal (doliars per ton,

at the mil e 405 372 379 403 437 487 492 1.0%
Coal (dollars per milion Btu)

atthe mi ° 2.0t 1.84 1.88 202 2.18 232 2.44 1.0%

Average end-use’’ .. 263 2.50 2.54 2.7 284 2.98 3.09 0.8%
Average electricity (cents per kilowatthour) . 10.0 101 105 11.0 1.1 13 118 0.5%
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A2

Table Al. Total energy supply, disposition, and price summary {continued}
{quadrillion Btu per year, unless otherwise noted)

Reference case Annual
growth

2013-2040
2012 2013 2020 €25 2030 2035 040 {percent)

Supply, disposition, and prices

Prices {nominal dollars per unit}
Crude off spot prices {dollars per barrel)

Brent "2 109 90 112 142 180 28 2.8%

West Texas Intermediate 94 98 83 105 133 171 220 3.0%
Natural gas at Henry Hub (dollars per million Btu). 2.75 373 5.54 872 7.83 87¢ 12.73 47%
Coal (doflars per tcn)

at the mi 40.0 372 430 497 58.6 688 79.8 2.9%
Coal {doltats per million Btu}

at the mi e 198 1.84 2.14 248 282 3.41 3.8 2.9%

Average end-use'” .. 259 250 2.88 333 3.81 435 5.00 2.6%
Average electricity (cents per kilowatthour) a8 10.1 119 135 14.8 188 19.2 2.4%

Jncludes waste coal.

*These values represent the snergy oblained from uranium when it is used in light water reactors. The total energy content of uranium fs much larger, but
altgrative pracesses are required to fake advaniage of i

Siichudet grid connected sleclricty flom wood hd wood waste; biomass, sueh s carn, used for fiqud fuels production; and nor-electlc energy demand fiom
wopd. Refer to Table A17 for detais.

“Inciudes grid-connected electricity from landfill gas: biogenic municipal waste; wind; phatovoltaic and sofar thermal sources; and non-slectric energy from
renewable sources, such as active and passive solar systems. Excludes eleciricity imports using renewable sources and nonmarketed renewable ensrgy. See
Taple A17 for selected nonmarketed residential and commeroial renewable energy data.

SIncludes non-biogenic municipal waste, figuid hydrogen, methanol, and some domestic inputs 1o refineries.

£includes imports of finished petroleun produdts, unfinished ois, aloohols,ethers, biending components. and reneviable fuels such as efanol

Tincludes imports of quetled natural s tha ars atet e-export
Sinciides Codl, com coKE (et and clsctricty (net). Exohudes m»poms of fuel used in nuclear power plants.
*Includes crude oil, petraleum products, ethanol, and biodiesel

“includes re-exported fiquefied natural

"Balencing tem. Includes unaccounted forsupp;y. Iosses, gains, and net sorge wilhdrawas

“Estimated Includes pe ived fuels, such as sthanol and biodiesel, and coal-based synthetic fiquids.
Petroleum coke, which is a solid, is moJuded e e o hydrocarbon gas lquids and orude o consumett a6 a fush. Refer 1o 1abie A17 for detalied
rengwabie liguid fuels consumption

Ex Hudes coa! converled to coal-hased syntetc guids and naturl gas
s grid-connected eleatricity from wood and wood waste, non-eleatric energy fram woad, and biofuels heat and coproducts used in the production of
fiagd mers but excludes ihe energy content of the liquid fusis.
“Iincludes non-biogenic municipal waste, liquid hydrogen, and net electricity imports.
*includes reported prices for both open market and capive mines. Frioes weighled by production, which differs from average minemouth prices published in
E1A data reports where it is weighied by reported sal

Prices weighted by consumption; weighted average excludes export free-alongside-ship (f.a.5.) prices

Bty = British thermal unit
Not appiicable.

Note Tolels may hot equal sum of companents due to independent rounding. Data for 2012 and 2013 are model results and may difler fom offcial EA data

ey
es: 2012 naturel gos supply values: LS Encrgy information Administeaton (EIA), Netora) Gas Anpus) 2013, DOE/EIA 0131(2013) {Westingion, BC,

Ootober 2014y 2013 natural gas supply values: EIA Natural Gas Monihly, DOE/EA 0130(201 4/07) (V\Iashmg(on DC, Jud 2012 and 2013 o
minemouth and delivered coal prices: EIA, A’mual Coal Report 2013, DOWEIAUSSA(?OB) (Wast 70‘15) 2013 pet(o!eurn Supply values and
2012 crude ofl and lease condepsate prcducti n:. EIA, Petroleum Supply A DOE/E‘A 0140(2[‘13)/1 (Wa<hm on, DC, September 2014) er 2012

pstroleum supply values: EIA, Pefroleum Supply Annual 2012, DOE/LIAL 0340(2012)/1 {Washingten, DC. September 201 3). ”012 and 20?3 cmde off spo{ prices.

and natural gas spot price al Henry Hubl Thomson Reufers. Other 2012 and 2013 coal values: Quarlerly Coal Report. O er 2013, DOE/&IA-
0121(2013/40) {Washington, DC, March 2014). Other 2012 and 2013 values: EIA, Monthly Energy Review, DOFIEIA 0035(2OM/11) (Waihmg(on DC,
November 2014). Projections: £1A, AEO2015 National Energy Modeling System run REF2015.0021815A.
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Table A2, Energy consumption by sector and source
{quadrillion Btu per vear, unless otherwise noted)

Reference case Annval

growtit
Sector and source 2013.2040
2012 2013 2020 2005 2030 2035 2040 {percent)

Energy consumption
Residential

Propane 0.40 0.43 032 0.30 0.28 0.28 025 ~2.0%
0.01 0.01 0.0t .01 0.01 0.00 ¢.o0 3.0%
Distillate fuel oil... Q.49 0.50 0.40 0.35 031 .27 0.24 2.7%
Petroleum and other liquids subtotal 0.90 0.83 0.73 0.66 .59 0.54 0.49 -2.4%
Natural gas 4.25 5.05 4.63 4.54 4.52 4.43 431 -0.6%
0.44 0.58 0.41 0.32 0.38 0.36 0.35 -1.8%
Eleciricity 4.69 478 4.86 4,92 5.08 5.23 5.42 0.5%

10.28 11.32 10.63 10.51 10.57 10.56 10.57 -0.3%
957 878 875 8.74 891 10,10 10.33 0.2%

Delivered energy.
Efectrisity reiated losse:

Total 18.85 21.10 20.38 2025 2048 20.66 20.81 0.0%
Commercial
Propane 0.14 0.1 0.18 0217 0.17 017 018 0.7%

0.04 0.05 0.05 0.05 6.05 0.05 0.06 0.8%
0.00 0.00 0.00 0.00 0.00 0.00 .00 4.4%
0.38 0.37 034 0.32 0.30 029 027 ~1.1%
0.03 0.03 0.07 007 007 0.07 0.06 3.3%

Motor gasoline®

Distillate fuel oil...
Residuat fuel oit

Petroleum and other liquids subtota! 057 0.59 0.82 0.81 0.60 0.59 .58 “0.1%
Natural gas .. 297 3.37 330 3.29 343 357 371 0.4%
Coat 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.5%

energy® 0.1t 012 o.12 Q.12 B.12 012 0.2 0.6%
Electticity 453 457 4.82 4.99 5.18 $.40 5.66 0.8%

Detivered energy... 8.22 8.69 8.80 9.08 9.38 9.73 10.12 0.6%
Electricity related losses 9.24 8.42 968 9.88 10.13 10.43 10.80 0.5%

Total 17.48 18.10 18.58 18.94 19.52 20.16 20.92 0.5%

industrial®
Liguefied petroleum gases and other® 242 251 3.20 3.56 372 3.69 3.67 1.4%
Motor gasoline® 0.24 028 026 0.286 0.25 0.25 025 0.0%
Distiliate fuel o 1.28 1.31 1.42 1.38 1.36 1.34 1.38 0.1%
Residuat fuel oit 0.07 0.06 0.10 014 0.13 0.13 013 2.9%
ical feedstock 074 074 095 1.10 1.14 147 1.20 18%
Other p i 333 3.52 367 3.80 3.83% 3.89 3.89 0.5%

Petroleum and other liquids subtota} 808 8.40 8.6 10.24 10.44 10.47 10.58 0.8%
Natural gas ...
Natural-gas-to-liguids heat and power .

Lease and plant fuel’

0.00 0.00 0.60 0.00 0.00 Q.00 0.00 -
1.43 152 187 1.98 2.10 218 2.29 15%
8.82 914 10.20 10.44 1075 10.94 1119 0.8%

coal 0.59 0.62 0.61 0.59 0.56 0.53 0.51 ~0.7%

Other industrial coat 087 0.88 0.93 0.95 0.96 0.97 0.99 0.4%
I-to-liquids heat and power 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --
Net coal cake imports ... 080 -0.02 0.00 -0.01 -0.03 -0.05 -0.08 45%
Coal subtotal 1.47 1.48 1.54 1.83 1.48 1.44 1.44 ~0.1%
Biofuels heat and coproducts...... 0.73 072 0.80 030 0.80 081 0.86 0.6%
energy® 1.51 1.48 153 1.60 1.59 1.58 1.63 0.4%

3.38 3.26 374 3.98 4.04 4.05 4.12 0.9%

Delivered energy... 23.87 24.48 2742 2858 29.10 28.29 28.82 0.7%
Electricity related fosses ... 887 872 751 7.88 7.88 7.83 7.85 0.6%
Total 30.84 31.20 34.93 36.46 36.98 3742 37.68 0.7%
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Table A2. Energy consumption by sector and source {continued)
(quadrillion Btu per vear, unless otherwise noted)

Reference case Annual

growth
Sector and source 20932040

2012 213 2020 2025 2030 209 2040 | (percents

Transportation

Propane 0.05 0.05 0.04 0.05 0.05 0.06 0.07 1.3%
Motor gasoline®.. 1582 1594 1535 1422 1330 1282 1255  -D9%
of which: £85° 0.01 0.02 003 0.12 0.20 0.24 028  100%
Jet fust'® 286 2.80 3.01 3.20 3.40 354 364 1.0%

Distiltate fuet oil™* 5.80 650 735 7.59 7.78 7.94 7.97 0.8%
Residual fuel oit . 087 0.57 035 0.36 0.36 036 036 -1.6%
Other p * 0.15 015 0.16 0.18 0.18 0.18 s.18 0.2%

Petroleumn and other liquids subtotal. 2535 26.00 2627 2557 25.03 24.88 24.76 -0.2%
Pipeline fue! naturai gas ... 075 0.88 085 0.90 0.94 0.94 0.96 0.3%
Compressed / liquefied natural gas . 0.04 0.05 0.07 0.10 017 0.31 0.71 10.3%
Liquid .00 0.00 0.00 0.00 0.00 0.00 .00 --
icity 0.02 0.02 0.03 0.04 0.04 0.05 0.08 3.4%

Delivered energy 26.16 26.96 27.22 26.60 286.18 26.18 26.43 -0.1%
Electricity related losses .. 0.05 0.05 0.08 0.07 0.08 0.10 0142 3.1%

Total 26.20 27.01 27.28 26.67 26.27 26.28 26.61 ~0.1%

L ified sector™ 0.04 0.27 £0.34 -0.36 -0.37 -0.38 0.38 .-

Delivered energy consumption for all sectors

Liquefied petraleum gases and other® 3.01 3.14 373 4.08 423 4.18 417 1.1%
Motor gasoline®.. 18.10 16.36 1579 14865 1372 13.23 12986 -0.9%
of which: E85°... 0.01 0.02 003 012 0.20 0.24 0.28 10.0%
Jet fuel™ 280 297 320 3.32 3.61 376 388 1.0%
0.0t 0.0t 0.01 0.01 0.01 001 0.01 -1.0%

Distilfate fuel oil
Residual fuel o

7.92 8.10 8.85 8.97 8.05 9.14 8.13 0.4%
077 0.65 053 0.56 0.56 055 056 -0.6%
feed: k 074 0.74 0.85 110 1.14 117 120 1.8%

Other ps " 3.47 387 382 3.86 3.98 405 415 0.5%
Petroleurn and other fiquids subtotat, 3493 3565 36.89 38.72 36.30 3608 36.03 0.0%
Naturai gas . 14.85 18.10 18.32 16.40 16.78 17.07 17.64 0.3%
Natural-gas-to-liquids heat and power 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --

Lease and plant fuel’... 1.43 1.52 187 1.98 210 2.18 228 1.5%
Pipeline fuel natural gas . 075 0.88 0.85 0.90 0.94 0.94 0.96 0.3%
Natural gas subtotal.... 18.82 18.50 19.05 18.28 19.80 20.18 20.88 0.4%

ical coal 0.58 0.62 061 0.58 0.56 053 0.51 -0.7%

Other coal 0.8 092 0.98 1.60 1.00 1.01 1.04 0.4%
Coalto-liquids heat and power .00 0.00 0.00 0.00 0.00 0.00 0.00 we
Net cozl coke imports ...... 0.00 -0.02 000 -0.01 -0.03 -0.05 -0.06 4.5%
Coal subtotal 151 1.52 159 1.58 1.53 1.42 1.48 -0.1%

Biofuels heat and coproducts.... 0.73 0.72 0.80 0.80 0.80 0.81 0.88 0.6%
energy™ 206 2.18 208 2.11 2.09 208 210 -01%

Liquid hyd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 we
Electricity 12.61 12.60 1345 13.91 14.35 1474 1525 0.7%

Delivered energy 68.66 7147 73.84 7439 74.87 75.32 76.62 0.3%
Electricity refated losses . 25.73 25.97 2760 27.58 28.01 28.48 28.10 0.4%
Total 84.40 97.44 10084 10197 10287 102.85  105.73 0.3%

Electric power™
Distiliate fuet oil..
Residual fuel oit .....

Petroleum and other liquids sublotal.
Natural gas

0.05 0.08 0.09 0.0e 0.08 0.08 .08 16%
017 0.21 0.08 0.08 0.09 009 0.09 -3.0%
0.22 0.26 017 0.17 047 047 a.18 -1.5%
9.31 8.36 7.80 8.33 8.03 940 9.61 0.5%

Steam caal 1582 1649 1759 1775 1763 1754 1752 02%
Nuclear / uranium™ .. 8.06 827 8.42 8.46 8.47 851 873 0.2%
energy™ 453 478 6.13 6.43 872 7.28 7.99 1.9%

N g icipal waste 0.23 0.23 0.23 023 0.23 0.23 023 00%
imports 016 018 0.11 0.12 0.10 0.08 011 -18%

Totat 3834 3BET 4045 4148 4235 4399 4436 0.5%
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Table A2. Energy consuniption by secter and source (continued)
{guadrillion Btu per year, unless otherwise noted)

Reference case Anssal
growtts

Sector and source 2013-2040

2012 2013 220 2025 2030 2035 2040 {percent)

Total energy consumption

Liquefied petroleum gases and other® . 3.0t 3.14 373 4.08 423 4.19 417 14%
Motor gasoline?... 1610 1636 1579 1465 1372 1323 1296  -09%
of which: E85° 0.01 0.02 0.03 0.12 020 0.24 028 10.0%
Jet fuel™ 290 2.97 320 3.39 361 3.76 3.86 1.0%
) 0.01 0.01 0.0t 0.01 001 0.01 00t 10%
Distilfate fuel oil 7.98 8.15 8.95 9.08 9.13 9.22 9.21 05%
Residual fuel of 0.94 0.87 0.61 0.65 0.64 0.84 065  -11%
i 074 0.74 095 1.10 1.14 147 1.20 1.8%

Other p " 3.47 367 382 3.96 398 4.05 415 0.5%

Petroleum and other liquids subtota!
Natural gas ..

35.16 3591 37.06 36,89 36.47 36.26 3621 0.0%
23986 2448 2412 24.73 2579 26.47 27.25 0.4%

Natural-gas-to-liquids heat and power. 0.00 0.00 0.60 0.00 0.00 0.00 0.00 --
Lease and plant fuef’ . 1.43 1.52 1.87 1.98 2.10 2.18 228 1.5%
Pipeline fuel natural gas 075 0.88 0.85 0.90 0.94 0.94 0.86 0.3%
Natural gas subtotal . 26.14 26.86 26.85 27.80 2883 29.59 30.50 0.5%
coat 0.59 0.62 0.8t 0.59 0.58 053 051 -07%

Other coal 1873 17.4% 18.57 18.75 18.83 18.55 18.56 0.2%

Coal-to-liquids heat and power
Net coal coke imports .

0.00 0.00 0.00 0.08 0.00 0.00 0.00 -
0.00 -0.02 4.00 -0.01 -0.03 -0.08 -0.06 45%

Coal subtotal 1733 18.01 18.18 19.33 18.18 19.03 18.01 0.2%
Nuclear / uranium'’ 8.06 8.27 8.42 8.46 847 8.51 8.73 0.2%
Biofuels heat and coproducts.... 0.73 072 0.80 0.80 0.80 0.81 0.88 0.6%

energyw 8.59 6.96 B.12 8.54 8.81 9.32 10.08 1.4%

Liguid hydrog: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .-
Non-biogeni waste 023 0.23 0.23 023 .23 023 0.23 0.0%
Efectricity import: 0.18 0.18 a1t 012 0.10 0.09 o1 -1.8%
Total 84.40 97.14  100.84 101.97 10287 103.85 10673 0.3%

Energy use and related statistics

Delivered energy use ... 68.66 7117 7384 7438 7487 75.39 76.62 0.3%
Total energy use .. 94.40 97.14 100.84 101.97 10287 10385 10573 0.3%
Ethanot consumed in motor gasoline and E85 1.09 112 112 112 112 1.16 127 0.5%

pulation (millions) 315 317 334 347 359 370 380 0.7%
Gross domestic product {billion 2009 dollars) . 15,369 15710 18801 21295 23894 26659 29808 2.4%
Carbon dioxide emissions (milion metric tons} 8,272 5,405 5,489 5511 5514 5521 5,549 0.1%

*includes wood used for residential heating. See Table Ad and/or Table A17 for estimates of nonmarkated renewable energy consumption for geothermal heat
pugnps, solar thermal water heating, and e!eomcny generatmn from wind and solar photovoltaic sources

z!ndudes ethanal and ethers blended into gasol

*Excludes ethanol._includes commercial Seoto( wwsumpﬁon of wood and wood waste, landfili gas, municipal waste, and other biomass for combined heat and
power. See Table AS andfor Table A17 for estimates of nonmarketed renewable energy consumption for solar thermal water heating and electriclty generation
from wind and soler photovoitaic sources.

“inciudes energy for combined heal and power plants that have a non-reguiatory status. and small on-site generating systems.

Sinciudes ethane, natural gasoline, and refinery olefins.

Sincludes petrolelm coke, asphial, road o, lubricants, st gas, and miscellaneous petroleurs products.

"Represents natural gas Used in well field, and lease operations, in natural gas processing plant machinery, and for fiquefaction in export faciltties.

"mciudes consumption of energy produced from hydroslectric, waod and wood waste, municipal waste, and other biomass sources. Excludes ethano! in motar
gagolne

SEB5 refers fo a blend of 85 percent ethanol (renewable) and 15 percent matorgaso\fne {nonrenewable). To address cold starting issues, the percentage of
ethanol varies seasonally. The annual average ethano) content of 74 percent is used for this forecas!

Binoludes only kerosene type

MDiesel fuel for on- and off- ro:
Pinchides aviation gasoline and Iubnca ts.
“Represems cansumption unatiributed to the sectors above.
"ngludes aviation gasoline, peiroleum coke, asphat, road ofl, lubricants, stil gas, and miscellaneous petroleutn products,
"ncludes elestricity generated for sale fo the grid and for own use from fenewable saurces, and non-slectric energy from renewable sources. Exciudes sthanol
and nonmarketed renewable energy consumption for geothermal heat pumps, buildings phiotovaitale systems, and solet thermal water heaters,
Snghdes consumplion of enerdy by slectricity-only and combined heat and power piants that have a regulatory stat

These values represent the enesgy obtained fmm urarvum when it is used in light water reactors. The fotal sne(gy content of uranium is much larger, but

ategnative processes are required 1o ks advantage of
Tincludes corventional hydroelectric, geothermat, wood and wood waste, biogenic municipal waste, other biomass, wind, photovoltaic, and solar thermal
soyroes. Excludes net efectricity imports.

Sincludes conventional hydmeiecmc geothermal, wood and wood waste, biogenic municipal waste, other biomass, wird, photovoltaic, and solar thermal
sources. Exeludes effianol, net electrisity Imports, and nonmarketed renewable energy consumiption for geothermal heat pumps, buildings photovoltaic systems,
and solar therma water heaters.

Btu —NBgmsh i(hermal unit.

== hot applicable.

Note: Includes estimated consumption for petroleurn and other liquids. Totals may not equal sum of components due to independent rounding. Data for 2012
and 2013 are mode! resuits and may differ from official EV-\ data reports

Sol : 2012 and 2013 consumption based on. U.S. Energy Information Administration (EIA), Monthly Energy Review, DOE/EIA-0035(2014/11)
(Washington, DC, November 2014). 2012 and 2013 pcpmahon and gross domestic product; 1HS Economics, Industry and Employment models, November 2014,
2012 and 2013 carbon dioxide emissions and emission factors: EIA, Monthy Energy Review, DOE/EIA-U035(2014/ 1) (Washington, DC, November 2014)
Projections: EIA. AEO2015 National Energy Modeling System run REF2015 DG21915A
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Table A3. Energy prices by sector and source
{2013 dollars per miltion Btu, unless otherwise noted})

Reference case Annwu;:
ro
Sector and source l | | 1 ! 2&“0 140
2012 2013 2020 2025 2030 2035 240 | (percent)
Residential
Propane 243 233 230 237 24.4 255 266 0.5%
Distillate fuel oil.... 27.3 272 215 237 283 28.4 329 8.7%
Natural gas 10.6 10.0 118 127 128 137 15.5 1.6%
Efectrici 353 35.8 37.8 386 40.0 40.8 424 0.6%
Commercial
Propane 210 200 19.4 202 211 225 238 07%
Distitiate fuel oil 288 287 210 232 2858 289 325 0.7%
Residual fusl oit 228 2241 14.2 160 181 208 243 0.4%
Natural gas 82 8.1 88 105 10.4 11.4 128 1.6%
ici 30.0 287 311 325 326 331 345 0.6%
Industrial’
Propane 213 203 19.8 205 215 229 24.5 07%
Distitlate fuel ol 27.4 273 212 235 261 292 327 7%
Residual fuel oit 208 200 133 184 172 197 238 0.6%
Natural gas®.. 38 46 6.2 8.9 6.8 75 88 25%
icat coal 73 58 58 82 87 6.9 72 1.0%
Other industrial coal 33 32 33 38 38 37 39 0.7%

Coal to liguids ... -- -- -- -- - -- - --

Transportation

Propane 253 248 240 247 255 285 278 0.4%
£85° 387 3341 30.4 280 31.2 332 354 0.3%
Motor gasofine®. 307 293 225 243 284 281 323 0.4%
Jet fuel® 230 218 18.1 183 213 245 283 1.0%
Diesel fuel (distillate fuet of)® 288 282 23.1 255 28.0 311 347 0.8%
Residual fuel oit 20.0 193 117 133 15.4 178 203 0.2%
Natura) gas’ .. 204 178 178 16.8 15.7 174 198 0.4%

icity 278 285 302 323 32.8 339 38.0 0.9%

Electric power®
Distilate fuel ofl
Residuat fuel oit

241 240 18.8 2009 236 287 302 0.9%
208 189 11.8 13.3 154 178 218 0.5%

Natural gas 35 4.4 54 83 8.2 70 83 2.4%

Steam coal 24 23 2.4 25 27 2.8 2.9 0.8%
Average price to all users®

Propane 229 219 211 21.8 2286 23.8 25.2 0.5%

£85° 357 33.1 30.4 28.0 31.2 332 35.4 0.3%

304 290 225 243 26.4 281 323 0.4%

23.0 218 1841 18.3 213 245 28.3 1.0%

Distitlate fue oil. 283 279 228 250 2786 307 34.2 0.8%
Residual fuet oif ... 203 194 12.2 14.0 8.0 18.4 215 0.4%
Natura! gas 55 8.1 75 83 82 9.0 105 20%

gicat coal 73 55 88 82 87 8.9 72 1.0%
Other coal 25 24 2.4 26 27 28 3.0 0.8%
Coal to liquids ... .- - -- .- - -- -- --
ict 283 295 30.8 3214 324 332 347 0.6%

N energy i by

sector {billion 2013 dofars)

i i 234 243 254 268 276 289 311 0.9%
(& X 174 177 194 210 2189 234 259 1.4%
industyiat’ 218 224 264 302 323 349 389 2.1%
T i 738 718 565 586 838 706 791 0.4%
Total i 1,364 1,364 1,276 1,378 1,456 1,579 1,751 0.9%
Ti i i o 1 1 4 8 8 10 102%
Total i 1,365 1,364 1,277 1,378 1,462 1,587 1,781 0.9%
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Table A3. Energy prices by sector and source {continued)
{pominal dollars per million Btu, unless otherwise noted)

Reference case Ansual
Sector and source 23;;%};0
2012 I 013 | 220 2025 ‘ 2030 ] 2035 [ 2040 {percent)
Residential
Propane 239 233 26.1 29.1 328 375 43.1 2.3%
Distillate fuei oil. 269 27.2 244 281 353 432 533 25%
Naturat gas 10.4 10.0 132 157 17.1 202 251 3.5%
icH 348 356 42.9 48.8 538 60.0 68.8 2.5%
Commercial
Propane 207 200 220 249 283 330 388 2.5%
istil 26.4 267 23.8 288 34.6 425 526 2.5%
Residuat fuel oit 226 221 16.1 187 24.3 303 39.4 2.2%
Naturai gas 8.0 8.1 10.8 13.0 138 16.4 205 3.5%
i 298 287 353 40.0 43.7 487 56.0 2.4%
Industrial’
Propane 210 203 223 252 28.8 337 387 2.5%
Distillate fuei ol 270 273 241 290 350 429 53.0 2.5%
Residuat fuel oil 203 200 15.1 186 23.1 290 380 2.4%
Natural gas®... 38 46 7.0 8.5 8.1 M1 14.2 4.3%
ical coal 72 55 66 T 8.9 10.2 .8 2.8%
Other industrial coal. 33 32 38 43 48 55 8.3 2.5%
Coat to liquids ... . . . .- - - .- .-
ich 195 202 242 275 303 342 40.0 2.6%
Transportation
Propane 249 2486 272 30.4 341 389 4438 2.2%
£85° 352 33.1 344 36.8 419 48.8 574 2.1%
Motor gasotine®. 302 29.3 255 299 353 428 52.4 22%
Jetfuet® 2286 218 18.3 228 2886 380 45.8 2.8%
Diesel fuel (distillate fuel oih® 284 28.2 26.2 3t4 3786 457 6.2 286%
Residual fuel oii ..... 187 19.3 132 16.4 206 259 328 2.0%
Natural gas’ ... 201 17.6 202 206 21.0 252 318 2.2%
icil 27.4 285 343 3988 44.1 489 584 27%
Electric power®
Distilate fuet oil. 238 240 213 268 317 393 49.0 27%
Residual fuel oif 205 18.9 13.0 183 208 262 350 23%
Naturat gas 35 4.4 8.1 77 83 103 134 42%
Steam coal 2.4 23 27 31 36 44 47 2.6%
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A-8

Table A3. Energy prices by sector and source {continned)
{nominal dollars per million Btu, unless otherwise noted)

Reference case Annual

growth
2013-2040

2012 2013 wn 2225 2030 23 2040 {percent)

Sector and source

Average price to all users®

Propane 226 218 258 268 30.3 35.0 40.9 23%
E85° 352 33.1 34.4 358 419 48.8 57.4 2.1%
Motor gasoline®. 300 29.0 25.5 208 353 42.8 52.4 2.2%
Jet fuet® 228 218 183 228 286 36.0 45.8 2.8%
Distiltate fuel oit. 279 27.8 257 308 36.9 45.1 555 2.8%
Residual fust ol ... 200 19.4 138 172 215 2768 34.8 2.2%
Naturat gas 54 8.1 85 102 11.0 13.2 17.0 3.8%
ical coal 72 55 6.6 77 8.9 10.2 118 2.8%
Other coat 24 2.4 28 3.2 37 42 48 26%
Coal to liquids ... -- -- -~ -- -- -- -- -~
it 288 28.5 349 395 43.4 48.7 58.2 2.4%

N energy i by

sector (billion nominal dollars)

i i 231 243 288 330 370 425 504 _27%
< i 172 177 220 259 294 344 420 3.2%
tndustriaf® 215 224 289 372 433 513 831 3.9%
T i 727 718 &1 734 855 1,038 1,283 2.2%
Totat pendi 1.344 1,364 1.448 1,694 1,852 2,320 2,839 2.8%
T i it 0 1 1 4 8 12 16 12.2%
Total i 1,385 1,364 1449 1,698 1960 2332 2,856 28%

!includes erergy for combined heat and powter plants that have 2 noregulaiory status, and smallorsie generating systems
*Excludes use for lease and plant fuel
SEBS refers o a blend of 85 percent ethancl (renewable) and 15 percent motor gasoline {nonrenewable). To address cold starting issuss, the percentage of
ethanol varies seasonally. The annial average ethanol content of 74 percent is used for this forecast
“sales weighted-average price for all grades. includes Federal, State, and local taxes.
“ierosene-lype jet fuel, tncludes Federal and State taxes while excluding courty and local taxes
*Diesel fuel for on-road use. Includes Federal and State taxes while excluding county and local tax
“Netural gas used as fuel in motor vehicles, trains, and ships. includes estimated motor veticle flel tixes and estimated dispensing costs or charges.
“Includes electricity-only and combired heat and power plants that have a regulatory stat
Weighied averagas of end-use fuel pricos are derived flom he pres Show in e2ch sector and the correspanding sectoral consumption.
Btu = Brltish therma unit
- -= Not applicable.
Note- Dafafor 2012 and 2013 o mode resuts an may difer rom offfal £ deta eports
5! 2013 prices for motor gasofine, distiliate fuel of, and jet fuel are based on prices in the U.S. Energy information Administration (EIA),
Petroleurn Markemg orthly, DOETEIA S038002014105) (ashinglon, DC, August 2014). 2012 residenial, commercial and indusinal nafur! gas celver picss
EIA, Natural Gas Annual 2013, DOE/EIA-0131(2013) (Washington, DC, October 2014). 2013 residential, commerdial, and industria natural gas delvered prices:
E1A, Natural Gas Monthly, DOE/EIA-013 (2014/01 (Washington, DC, July 2014). 2012 transporation sector natural gas delivered prices are on: EiA,
Natura! Gas Anmual 2013, DOE/EIA-0131(3013) (Washinglon. D, Octaber 2014) 1A, Stalo Energy Dats Report 2015 DOB/EIA- 02143013} (Washington, BC.
June 2014) and estimated State and Federal motor fuel Toxes 2nd dispensing costs or tharges. 2013 lranspomation secior natural gas dSiverad prices Sre odel
esus, 2012 and 2013 eledlic pover sector distlale and residual el ol prices. 1A, Moniily Ensrgy Review, DOETEIAD0S(2014/11) (Washinglon, OC,
Noverber 2014). 2012 and 2012 slediic power seotor natural gas rioes. EIA, Eieciric Sower Monthly, DUEREIA-0226, Apr 2013 anid Apil 2014, Table 43, and
E1A, Stale Energy Dafa Report 2012, DOE/EIA-0214(2012) (Washington, DC, June 2014). 2012 and 2013 coal prices based on EIA, Quarterly Coal Repor,
October-December 2013, DOEEIA-D121(2013/4Q) (Weshington, DC, March 2014) and EIA_AEC2015 National Energy Modeling System  run
REF2015.D021915A. 2012 and 2013 electricity prices: EIA, Monthly Energy Review, DOE/EIA-0035(2014/11) (Washingtan, DC, November 2014). 2012 and
2013 €85 prices detived from monthy prices i the Clean Cites Alternative Fiel Prioe Report Frojections: E4, AEC2015 National Energy Modeling System run
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Table Ad. Residential sector key indicators and consumption

{quadrillion Btu per year, unless otherwise noted)

Reference case Annual
Key indicators and } | I 1 [ 231';_";;“0
2012 2013 2020 2028 00 2035 2040 {percent)
Key indicators
Households (millions)
Single-family .... 793 797 845 88.4 92,1 954 286 0.8%
ifami 28.2 28.4 304 321 338 35.7 375 1.0%
Mobile homes ..... 6.4 8.3 55 $.3 5.1 49 48 -1.0%
Total 113.8 114.3 1208 125.8 1311 136.0 1410 0.8%
Average house square footage 1,670 1,678 1,733 1,768 1,800 1,828 1,855 0.4%
Energy intensity
{million Btu per household)
Detivered energy consumption 902 28.0 88.2 835 808 778 75.0 -1.0%
Total energy consumption .. 1743 184.6 169.1 181.0 186.2 151.89 1483 -0.8%
{thousand Btu per square foot)
Delivered energy consumption 540 58.0 509 473 448 425 404 -1.4%
Total energy consumption .. 1043 110.0 9786 911 86.8 831 789 -1.2%
Delivered energy consumption by fuel
Purchased electricity
Space heating 0.29 0.40 0.35 0.34 033 0.32 031 ~1.0%
Space cooling . 0.83 086 079 0.82 0.88 0.94 1.00 1.5%
Water heating . 0.44 0.44 0486 0.47 0.48 0.48 0.48 02%
L i 0.37 0.36 0.34 033 0.33 0.35 0.36 0.0%
Cocking on 0.1t Q.11 012 0.13 0.14 0.14 1.1%
Clothes dryers. 0.20 0.20 0.2t 0.22 0.23 0.24 0.25 0.7%
Freezers 0.08 0.08 0.07 0.07 .07 0.06 006 -0.7%
Lighting 0.64 0.59 0.43 0.38 0.34 0.28 0.27 -2.9%
Clothes washers'... 0.03 0.03 0.02 002 0.62 0.02 0.02 -2.0%
Dis 3 0.10 0.08 0.10 0.10 0.1 0.12 Q.12 1.0%
T IS and related 0.33 0.33 032 0.32 Q.34 0.36 0.37 0.5%
C and related 012 012 .10 0.08 0.07 .08 0.05 -3.1%
Furnace fans and boiler circutation pumps 0.09 613 a11 011 0.10 0.10 0.08 -1.3%
Other uses® 1.08 119 1.44 153 1.65 177 1.89 1.7%
Delivered energy... 4.69 4.78 4.88 4.92 5.08 523 542 05%
Natural gas
Space heating 252 332 2.80 2.80 278 269 2861 -0.9%
Space cooling . 0.02 0.02 0.02 0.02 0.02 0.02 0.02 -02%
Water heating . 1.20 1.20 1.21 1.22 124 1.23 1.18 0.0%
Cocking .21 o.21 0.2t 0.21 .22 0.22 022 0.3%
Clothes dryers. 0.05 008 0.08 0.05 0.08 0.08 0.08 0.5%
Other uses®.. 0.28 0.25 024 0.23 0.23 .22 0.21 -0.6%
Delivered energy. 4.25 5.05 4.63 4.54 4.582 443 4.31 0.6%
Distiflate fuel ofl
Space heating 0.43 0.44 0.36 0.32 0.28 0.25 022 ~2.5%
Water heating 0.05 0.05 0.03 0.03 0.02 0.02 0.0 -4.7%
Other uses® 0.01 0.01 0.0t oo 0.01 0.01 0.01 -0.5%
Delivered energy. 0.48 0.50 0.40 0.35 031 0.27 0.24 27%
Propane
Space heating 0.26 0.3¢ 0.20 0.18 017 015 .14 -2.8%
Water heating . 0.07 0.08 0.05 0.04 0.04 0.03 8.03 -3.0%
Cooking 0.03 0.03 0.03 0.03 0.02 0.02 0.02 -0.9%
Other uses®.. 0.04 0.04 0.05 0.05 0.08 0.08 0.08 1.5%
Detivered energy .40 0.43 0.32 o.38 0.28 0.26 0.26 «2.0%
{wood)” 0.44 0.58 0.41 0.39 038 0.36 0.35 -1.8%
0.01 00t 0.0t 0.01 0.01 0.00 0.00 -30%
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A0

Table A4. Residential sector key indicators and consumption {continued)
{quadrillion Btu per year, unless otherwise noted)

Reference case Annual

growth
2013-2040

2030 2035 2040 | (percent)

Key indicators and
2025

2012 l 2013 | 2028

Detlivered energy consumption by end use
Space heating 3.85 5.08 423 4.04 392 378 383 -1.2%
Bpace cooling . 0.86 0.68 0.81 0.84 0.90 0.96 1.02 1.5%

Water heating . 176 176 175 178 1.78 175 1.71 -0.1%

t i 037 036 0.34 0.33 0.33 0.35 0.38 0.0%
Cooking 0.35 0.34 0.35 036 .37 0.38 0.39 04%
Cilothes dryer 0.25 025 0.26 0.27 0.28 0.28 0.30 0.7%
Freszers 0.08 0.08 0.07 0.07 0.07 0.06 0.08 -0.7%
Lighting 0.64 058 0.43 0.38 0.34 0.28 0.27 -2.9%
Clothes washers® 003 0.03 0.02 0.02 0.02 0.02 0.02 -2.0%
Di * 0.10 0.08 a.10 0.10 oM 012 .12 1.0%
T isi and related i ? 0.33 0.33 0.32 0.32 0.34 0.38 0.37 05%
C and related i 3 Q.12 012 0.10 0.08 007 0.06 0.058 -3.1%

0.09 .13 0.11 011 0.10 0.10 0.08 -1.3%
1.38 1.48 173 1.82 1.84 2.05 247 1.4%
10.28 11.32 10.83 18.51 10.57 10.56 10.57 -0.3%

Furnace fans and boiler circulation pumps
Other uses®....
Delivered energy.

Electricity related losses ... 9.57 879 875 9.74 LR 16.10 10.33 0.2%

Total energy consumption by end use
Space heating 453 5.88 493 471 4.56 439 421 “1.2%
Space cooling ... 2.56 208 2.38 2.47 262 278 293 1.3%

Water heating ... 266 268 268 270 272 2.88 2862 -0.1%

( Z 112 1.42 1.02 0.99 0.99 1.01 1.08 -0.2%
Cooking 0.56 0.56 0.58 0.80 0.82 0.64 0.88 06%
Clothes dryers.... 0.66 0.87 0.69 070 0.73 075 078 0.5%
Freezers 0.24 024 0.22 020 0.19 0.18 .18 -0.9%
Lighting 1.94 1.80 129 113 1.00 0.85 Q77 -3.1%
Clothes washers'... 009 0.08 007 0.05 0.05 0.05 0.05 -2.2%
Di * 0.29 0.29 028 0.30 032 0.34 0.36 0.8%
T isi and related i ? 1.01 1.01 0.97 0.96 1.00 1.65 1.09 0.3%
C and related i ? 0.38 037 0.2e 0.24 020 018 0.15 -3.3%

Furnace fans and boiler circulation pumps ... 0.28 0.40 0.34 0.33 0.31 0.28 0.27 -1.5%
Other uses®... 3.52 3.85 4.62 4.86 547 5.46 578 1.4%
Totat 19.85 2110 20.38 20.25 2048 20.66 2091 0.0%

Nonmarketed renewables®
heat pumps 0.01 0.0t 0.02 0.02 0.03 0.03 0.03 41%
Solar hot water heatlng 0.01 0.01 0.01 0.0% 0.01 0.01 0.01 1.8%
Solar pl 0.02 0.04 0.00 0.13 0.18 0.24 .29 8.0%
Wind 0.00 .00 0.01 0.01 0.01 0.01 0.0t 6.9%
Totat 0.04 0.08 013 a7 0.23 0.28 0.35 7.0%

Heating degree days™
Cooling degree days™.

3,772 4469 4418 4042 3966 3,893 3820  -0.6%
1494 4,307 1,467 1,517 1868 1618 1,670 0.9%

‘Does ot incluide water heating portion of foad.
Zincludes televisions, set-top boxes, home theater systems, DVO players, and vdeo game cansoles
*Includes deskiop and laptop computers, monitors, and networking equipm
e e s P e S Pt e et above. Electlc vehicles are included in the ransportation sector
inciuies stith appiantes as oudoor GHs. exienbr HGhts, pool heaters, 3pa heaters, and ! backip elecmclly generators.
‘Includes such appliances as pool healers, spa heaters, and backup eiecmc(ty generators.
TInclisdes wood used for primary and secondary heating in waod siove 1y O 2009,
| heingas rmall oot QEVIoes, heaing SImANtS, oUkebr S, exXtarior IgHe, poot heaters, i backup cleaicty generatars and rators not listed
above. Electric vehicles are included In the transportation sector.
*Qonsumption determined by using the fossi fiel equivalent 79,516 Bt pes Kiowatinour
le A5 for regional detail
Blre S it ot
Not applicable.
otais may not equal sum of components due to independent rounding. Data for 2012 and 2013 are mode] results and may differ from official EIA date

;2012 and 2013 consumption based op: US. Energy Information Administration (EIA), Monthly Energy Review, DOE/EIA-0035(2014/11)
{Washington, OC, November 2014} 2012 and 2013 degree days based on state-level data from the National Oceanic and Atmospheric Administration's Climatic
ta Center and Climate Prediction Center. Projections: EIA, AEO2015 National Energy Modeling System run REF2015.D021915A.

reports
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Table AS. Commercial sector key indicators and consumption
{quadrillion Btu per year, unless otherwise noted)

Reference case Aﬂm
. 10
Key indicators and l | 1 ‘ 1 l 23’3_10 40
2012 2013 220 2025 2030 2035 2040 {percent)
Key indicators
Total floorspace (billion square feat)
Surviving 80.8 814 86.9 92.0 96.4 100.9 108.6 1.0%
New additions 18 18 2.1 20 2.0 23 2.4 1.9%
Total 823 82.8 89.0 941 98.4 103.2 109.1 1.0%
Energy consumption infensity
(thousand Btu per square foot)
Delivered energy consumption 99.8 104.8 100.0 6.3 95.4 942 928 -0.5%
Electricity related losses 1123 1137 108.7 105.1 103.0 101.1 89.0 -0.5%
Total energy consumption 2124 2188 208.7 201.4 198.4 1953 191.8 -0.5%
Delivered energy consumption by fuet
Purchased electrigity
Space heating' 0.14 0186 014 0.13 b.12 0.1t 011 -1.5%
Space coofing’ 057 0.49 0.53 0.53 0.54 0.55 0.568 0.5%
Water heating® 0.08 0.08 0.09 0.09 0.08 .08 0.08 -0.6%
ifat 0.51 0.52 0.54 085 0.58 0.57 0.58 0.4%
Cooking 0.02 0.02 0.02 0.02 0.02 0.02 002 ~0.3%
Lighting 0.92 0.91 0.87 0.85 0.84 0.81 o080 -0.5%
i 0.38 0.37 0.33 031 0.30 0.3t 031 -07%
Office (PC) 032 011 0.07 0.05 0.04 0.03 0.02 -5.5%
Office {non-PC) 022 0.22 0.24 0.27 0.31 0.34 0.38 2.1%
Other uses®.. 186 168 1.89 2.19 238 258 2.80 1.8%
Detivered energy. 4.5% 4.57 4.82 4.93 519 5.40 5.66 0.8%
Naturat gas
Space heating ... 1.5¢ 1.86 169 1.62 1.58 1.51 1.41 -1.0%
Space cooling’ 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.1%
Wiater heating’ 053 0.54 0.54 0.55 057 0.57 057 0.2%
Coocking 0.20 0.20 0.2t 0.22 0.23 0.24 0.25 0.8%
Other uses®.. 0.68 074 0.81 0.87 1.01 121 1.44 25%
Detlivered energy 2.97 3.37 3.30 3.28 3.43 357 37 0.4%
Distillate fuel oil
Space heating’ 613 015 014 013 0.2 6.1 010 -1.7%
Water heating® 0.02 0.02 0.02 0.02 o0.62 0.02 0.02 -0.1%
Other uses®.. 0.21 0.20 0.18 0.7 0.17 0186 0.18 -0.8%
Delivered energy. 0.36 .37 0.34 .32 0.30 0.28 0.27 “1.1%
o 012 012 0.12 0.12 012 012 0.0%
Other fuels® 0.268 026 033 0.34 0.34 0.35 035 1.1%
Delivered energy consumption by end use
Space heating’ ... 1.78 217 197 1.87 1.82 1.73 1.61 -11%
Space cooling” 0.82 0.53 a.57 057 0.57 0.58 0.58 0.4%
Water heating’ 084 085 0.65 0.65 0.67 0.67 0.87 0.1%
itat 051 0.52 0.54 0.85 0.58 0.57 088 0.4%
Cooking 0.22 022 0.24 0.24 025 0.26 027 0.7%
Lighting 0.92 0.8t 087 0.85 0.84 0.81 0.80 -0.5%
' 0.38 037 0.33 o3 0.30 6.3t o3 -0.7%
Office ipl FCy 0.12 0.11 0.07 0.08 0.04 0.03 0.02 5.5%
Office If {non-PC} 022 0.22 0.24 0.27 0.31 0.34 0.38 2.1%
Other uses®.. 282 3.00 343 3.69 402 4.42 4.87 1.8%
Detivered energy. 8.22 8.69 8.80 9.06 9.38 9.73 10.12 0.6%

1.5, Energy information Administration | Annual Energy Qutlook 2015



136

A2

Table AS, Commercial sector key indicators and consumption (continued)
{quadrillion Btu per year, unless otherwise noted)

Reference case Annua

growth
2013-2040

012 2013 200 2025 2030 2035 2040 {percent)

Key indicators and

Electricity related losses.... 9.24 9.42 8.68 9.88 10.13 10.43 10.80 0.5%

Total energy consumption by end use
Space heating”
Space cooling?

205 250 2258 243 2.05 1.95 1.82 -12%
178 154 163 1.62 162 1.64 1.66 0.3%

Water heating” .. 083 0.84 .83 0.82 0.83 6.83 .82 -0.1%
Hati 155 1.58 1.63 164 1.66 167 168 0.2%
Cooking 0.27 0.27 0.28 028 030 0.31 0.31 0.5%
Lighting 2.81 2,78 282 253 247 238 2.34 -0.6%
( i 115 1.14 0.99 0.83 0.0 0.90 o9 -0.8%
Office equi (PC) 035 033 0.20 .15 0.11 0.08 0.07 -5.7%
Office equi {non-PC) 0.66 0.66 072 0.81 0.91 1.01 1.10 1.9%
Other uses®.. 801 6.47 7.43 8.02 8.67 8.40 10.21 1.7%
Total 17.46 18.10 18.58 18.84 19.82 2016 20.92 0.5%

7

Nonmarketed renewable fuels’

Sotar thermal . 0.08 0.08 0.08 009 810 0.10 6.1 11%

Solar pi 0.04 0.05 0.08 0.41 0.15 0.20 .27 6.1%
Wind 0.00 0.00 0.00 0.00 0.00 001 0.01 8.0%
Total 0.13 014 047 0.20 0.26 0.32 0.38 3.9%

Heating degree days
New England .
Middle Atlantic

5561 6424 6030 5924 5818 5711 5803 -05%
4970 5836 5427 5333 5239 5146 5054  05%
East North Central 5356 6622 6016 5953 5890 587 5764  -05%
West North Gentral 5515 7134 6367 6322 6275 6228 6381  -05%
South Atlanti 2307 2,732 2595 2,552 2508 2466 2425  -04%
East South Centra 2,876 3649 3349 3325 3301 3276 3251  -04%
West South Central 1650 2,328 1975 1,928 1882 1836 1790  -10%

Mountain 4,574 5,271 4,874 4,809 4741 4,669 4,595 -05%
Pacific 3.412 3377 3,477 3,463 3,450 3,438 3.426 0.1%
United State: 3,772 4,469 4,118 4,042 3,968 3,893 3,820 -0.6%

Cooling degree days

New England . 564 541 573 803 834 664 695 0.8%
Middie Atlantic 815 688 803 840 877 913 950 1.2%
East North Central 974 690 821 841 860 880 900 1.0%
West North Central 1221 893 1,012 1,031 1,051 1,070 1,080 07%
South Atlanti 2,181 2,002 2,181 2,235 2,280 2,325 2,369 0.6%

1,762 1,441 1725 1,756 1,787 1.818 1,849 0.9%
2915 2,538 2,848 2,920 2,993 3,085 3,138 0.8%

Mountain 1572 1,464 1556 1,807 1,860 1715 1,772 0.7%
Pacific 817 889 891 915 940 963 987 0.4%
United State: 1,484 1,307 1,467 1,517 1,568 1,618 1870 0.9%

’mcxudes fuel consumption for district services.
2Includes (but is not fimited o) miscellanecus uses such as transformers, medicat imaging and offer medioal equipment, elevators, escalators, off-road elealric
vehicles, laboratory fume hoods, Jaundry equipment, coffee brewers, and waler service:
“ncludes misoelianeous uses, stch 2s pumps, Bmergency generators, combined heat and power in commerciat buildings, and manufacturing performed in
copmardar buildings.
“Includes miscellaneous uses, such as cooking, emergency generators, and combined heat and power in commercial buildings.
Sincludes residual fuel of, propane, coal, motor gasoline, and
Sincludes (but is not fimited to) miscellanecus uses such as ‘ranslomers, medial imaging and oiher medical equipment,elevtors, ssealators, off-road electrio
vehicles, laboratory fume hoods, laundry equipment, coffee brewers, waler services, pumps, emergency generators, combined heat and power in commersial
buildings, manufactusing performed in commercial buidings, and cooking (distilate), plus ToSiual 108 of. propans, codl, motor gasoune kerosene, and marketed
rengviatle fuels (biomass)
K mpfion detefmined by using the fossi fuet equivalent of 516 Btu per Kiowatthour.
B = Britah thermal
BC = Personal compute
ot Totals may nol equal sum of components due to independent rounding. Data for 2012 and 2013 are model results and may diflr rom offci EIA data
reports,
Sources: 2012 and 2013 consumption based on: U, Energy Information Administration (EIA), Monthly Energy Review, DOE/EIA-0035(2014/11)
Washingion, DG, November b014). 3013 and 201 dogree days bases on Srate-ievel data o the Natonal Oaearit 34 Afmospheric Admmstiation s Climatd
ata Center and Climate Prediction Center. Projections: £IA, AEO2015 National Energy Modeling System run REF2015.DO21915A.
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Table A6, Industrial sector key indieators and consumption

Reference case Anmal

growth
2013-2040

2026 2080 2035 2040 {percent)

prices, and

2012 l 013 | 22020

Key indicators
Value of shipments (billion 2009 dollars}
i 5009 6146 8123 8771 7330 8012 8751 2.0%
i mining, and i 1.813 1,858 2,344 2,441 2540 2,601 2712 1.4%
Total £,822 7,004 B467 8212 9,870 10,614 11463 1.8%

Energy prices
{2013 dollars per miltion Btu)
213 203 198 205 215 229 245 0.7%

175 17.5 225 24.2 263 291 323 2.3%

274 273 212 235 26.1 292 37 07%

208 200 133 151 172 187 235 0.86%

Asphalt and road oi 101 9.8 8.9 103 1"e 138 157 1.8%
Natural gas heat and power 35 4.3 8.0 8.7 8.6 7.4 88 2.6%
Natural gas feedstocks ... 4.2 4.8 8.3 7.0 8.9 7.7 88 2.3%
ical coal 7.3 55 5.8 8.2 8.7 6.9 72 1.0%

Other industrial coal 33 32 33 35 38 37 39 0.7%
Coal fo liguids -- -- -- -- -- -- -~ --
Electricity 188 202 213 224 228 283 247 0.7%

{nominal dotlars per million Btu)

Propane 21.0 203 223 252 288 337 397 2.5%
Motor gasoline 17.3 17.5 255 299 353 427 52.3 4.1%
Distillate fuel o 270 273 241 290 350 428 33.0 25%
Residuat fuel o 203 200 15.1 1886 23.1 200 380 2.4%
Asphait and road oi 100 9.8 10.0 127 158 199 255 3.6%
Natural gas heat and power. 35 43 68 8.2 8.9 108 13.8 4.4%
Natural gas feedstocks ... 4.1 4.8 72 8.6 23 113 145 42%
ical coat 72 55 8.6 77 8.9 10.2 11.6 2.8%

Other industrial coa 33 32 3.8 4.3 4.8 55 83 2.5%
Coatl to liquids - .- - .- - -- - -
Eiectricity 195 20.2 24.2 275 30.3 342 480 2.6%

Energy consumption (quadriflion Btu)®
industrial consumption excluding refining

Propane heat and power ... 0.25 0.28 0.32 0.36 0.38 0.38 0.38 1.1%

Liguefied petroleum gas and other feedstocks® 2.16 2.22 2.89 321 335 33 3.30 1.5%
Motor gasoline 0.24 0.28 026 Q.28 0.26 025 025 0.0%
Distillate fuel off 1.28 1.31 1.42 1.38 1.38 1.34 135 01%

0.07 0.08 0.10 814 0.13 013 0.13 3.1%
074 074 095 1.10 1.14 117 1.20 1.8%
017 0.11 Q.20 0.23 0.22 0.21 0.22 25%

Residuat fuel oi

Petroleum coke...

Asphalt and road oi 0.83 078 1.0 1.08 118 119 1.25 18%
i P .37 0.61 0.42 0.42 0.44 0.46 0.47 -1.0%
Petroleum and other fiquids subtotal.... 6.1 8.37 7.57 8.18 8.42 8.43 8.55 1.1%

5.26 5.42 5.86 5.93 8.07 8.13 6.20 0.5%
0.58 0.59 087 1.05 1.05 1.04 1.03 2.1%
1.43 152 187 188 2.10 218 229 1.5%

Natural gas heat and power.
Natural gas feedstocks
Lease and plant fuel*

Natural gas subtotal... 7.27 7.54 8.70 8.98 922 235 853 0.8%
Metailurgical coal and coke’ 0.60 0.80 0.61 0.58 0.63 0.48 0.45 -1.0%
Other industrial coal 0.87 0388 0.83 0.85 0.96 097 0.98% 0.4%

Coai subtotal 147 1.48 1.54 1.53 1.48 1.44 1.44 -0.1%
R . 1,51 1.48 153 1.60 1.5¢ 1.58 1.63 0.4%

y 318 3.05 3.58 3.83 3.89 3.80 385 1.0%

Delivered energy .. 18.62 19.92 2292 24.10 24.60 24.70 25.10 0.9%
Etectricity related losses 6.46 8.29 7.19 7.58 7.59 7.52 7.54 0.7%

Total 25.98 26.22 30.11 31.88 32.19 32.22 32.64 0.8%
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A4

Table A6. Industrial sector key indicaters and consumption {contipued)

Reference case Armu-::
. rowt!
prices, and 2(?1 32040
2012 [ 2013 | 2020 I 2025 | 2030 1 2035 1 2080 | (percenty
Refining consumption
Liquefied petroleum gas heat and power*.. 0.01 0.00 0.00 0.00 0.00 0.00 0.00 --
Distiffate fuei oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --
Residual fuel oif . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --
Petroleum coke 0.54 0.53 0.38 042 041 0.42 0.43 -0.8%
Still gas 1.41 1.47 1.61 1.63 159 1.61 1.60 0.3%
i i 0.01 0.01 0.03 0.01 0.02 0.01 0.02 2.1%
Petroleum and other fiquids subtotal.... 197 2.03 2.04 206 2.02 203 2.04 0.6%
Natural gas heat and power. 1.23 1.30 119 147 1.20 125 1.3t 0.0%
Natural gas feedstocks ... 032 .31 031 o3t 032 0.34 0.35 0.5%
Natural-gas-to-liquids heat and power 0.00 0.00 0.00 0.00 0.00 0.00 .00 .-
Natural gas subtotal 155 1.60 1.50 1.48 1.52 1.58 1.66 0.1%
Other industrial coal.. 0.00 0.00 0.00 0.00 0.00 000 0.00 --
Coal-to-liquids heat and power 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --
Coal subtotal 0.00 0.00 0.00 0.00 8.00 8.00 0.00 --
Biofuels heat and coproducts. 073 0.72 0.80 0.80 0.80 0.81 0.86 0.6%
Purchased electricity. 020 021 0.16 0.15 0.15 0.16 016 -0.8%
Delivered energ: 445 4.56 4.50 4.48 4.49 4.59 4.73 0.1%
Electricity related losses . 0.41 0.42 0.31 0.29 028 0.30 0.31 “1.1%
Total 4.86 4.98 4.81 4.78 4.78 4.90 5.04 .0%
Total industrial sector consumption
Liquefied pefroleum gas heat and power’ 0.26 0.29 032 0.36 0.38 0.38 0.38 1.0%
Liguefied petroleum gas and other feedstacks’ 216 222 289 321 3.35 3.31 330 1.6%
Motor gasoline ... 0.24 0.28 0.26 0.26 025 0.25 0.25 0.0%
Distiffate fuef ofl 1.28 1.31 1.42 1.38 1.368 1.34 135 0.1%
Residual fuel oit . 0.07 0.08 0.10 0.14 013 0.13 013 2.8%
F i 0.74 074 0.5 1.10 1.14 1.17 120 1.8%
Petroleum coke.. 0.70 0.65 0.58 065 0.63 063 065 0.0%
Asphalt and road oi 0.83 078 1.0t 1.08 1.5 1.18 125 1.8%
Still gas 1.41 1.47 1.61 163 1.59 1.6t 1.60 0.3%
i N 0.38 063 0.46 0.43 0.48 0.47 0.48 -0.9%
Petroleum and other fiquids subtotal 808 8.40 8.61 10.24 10.44 10.47 10.59 0.8%
Natural gas heat and power... 6.50 872 705 7.4t 7.27 7.38 751 0.4%
Natural gas feedstocks ... 0.89 0.90 128 1.36 1.37 1.38 139 6%
Natural-gas-to-fiquids heat and power 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
Lease and plant fuel® .. 1.43 1.52 1.87 1.98 210 2148 2.29 1.5%
Natural gas subtotal 8.82 814 10.20 1044 1075 10.84 11.18 0.8%
Metaliurgical coal and coke’ 0.60 0.60 061 0.58 0.53 0.48 0.45 -1.0%
Other industrial coal 0.87 0.88 093 088 0.96 oe7 0.89 4%
Coal-to-fiquids heat and power .. 0.00 0.00 .00 0.00 8.00 0.00 0.00 i
Coal subtotat. 147 1.48 1.54 1.53 1.48 1.44 1.44 -0.1%
Biofuels heat and coproducts.. 0.73 a72 0.80 0.80 0.80 0.81 0.86 08%
s 1.51 1.48 153 1.60 1.59 1.58 1.63 0.4%
Purchased electricity . 3.36 3.26 374 398 4.04 405 4.12 0.9%
Delivered energ: 23.87 24.48 27.42 28.58 29.10 29.29 29.82 0.7%
Electricity refated losses . 6.87 8.72 751 7.88 7.88 7.83 7.85 0.6%
Totat 30.84 31.20 3493 3646 36.98 37.12 37.68 0.7%
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Table A6. Industrial sector key indicators and consumption {continued}

Reference case Annual
. growth
Key indicators and 2012.2040
2012 2013 2020 2025 2030 2035 2040 {percent)
Energy consumption per dollar of
shipments {thousand Btu per 2009 dollar)
Petroleum and other liquids 1.18 1.20 113 1.41 1.08 0.99 092 -1.0%
Natural gas .. 129 1.31 1.21 113 1.08 1.03 0.88 -1.1%
Coal 0.21 0.21 .18 017 0.15 0.14 0.13 ~1.8%
fuels® 0.33 0.31 028 026 0.24 0.23 022 ~1.4%

0.49 0.47 0.44 0.43 0.41 0.38 0.36 -1.0%
3.51 3.50 3.24 3.10 2.95 2.76 2,60 “1.1%

Purchased electricity.
Delivered energy.

Industrial combined heat and power1
Capacity (gi 269 278 308 328 B8 388 407 1.5%
ion {pillion ki 144 147 170 181 185 211 221 1.5%

“ncludes combined heat and power plants that have a non-regulatory status, and small on-site generating systems

nciudes ethane, patural gasoline, and refinery olef

Zincludes ubricants and miscefianeous petroieum Eroduc

{Represents natural gas used in wel, ield, anc fease operations, it natural gas processing piant machinery, and for fiquefaction in export faciities.

$includes net coal coke impors

OGS SRSt of Eneraly prodlicsd from hydroeleciric, wood and wood waste, municipal waste, and ather bomass Sourees

Bty = British thermal uni.

- - = Not applicable.

Note: Includes estimated consumption for petroleum and ocher I;qmds otals may ot equai sum of components due to independent rounding. Data for 2012
ang 2013 are model results and may difer from ffcial EIA data

and 2013 prices for motor gasoline and Bt Rl of sre based on: U.S Energy Information Administation (EIR). Petroleun Markelito

Monm/y R -030(2014/08) (ashinglon G, August 2014). 2012 and 2013 pelroohemioa! fesagtock and asphalt and 1oad o1 Briss are based on EiA
Stato Encry Data Report 2072 SOETEIA 0214(2012) (vvasrmgton 0, une 2018y 2012 and 2015 coal prices are based on.  EiA, Quarterly Coa! Renml
QcloberDecomber 2013, DOBEIN0T21(201340) (Weshinglon, DC, Warah 2014) 015 National Energy Modeling System run
A NG e clectriotly pricsk: EVa, Monihly Ensiy Reviow, DOE/Eh: 0035(2014111) {Washington, DC, November 2014). 2012 natural
gas prices. EVA, Natural Gas Annual 2013, DOB/EIA-0131(2013) (Washington, DC. October 2014), 2013 natural gas pries. Naiual Gas Monihy, DOE/EIA.
013002014107) (Washington, DC, July 2014). 2012 refining consumption values are based on m Stpoly A 2012, DOE/EIA-0340(2012)/1
(Washington. DG, September 2013), 3013 refining consumplion based an: Felrolsum Supoty Al 2013 A en 0340(20‘3)/1 (Washington, DC, September
2014), Other 2012 and 2013 consumption values are based on: EIA, Monihly Energy Review, DOE/EIA-D035(201411 1) (Washington, DC, Novembes 2014). 2012
and 2013 shipments: {HS Economics, Industry model, Navember 2014. Projections: EIA, AEC2015 National Energy Modeling Systém run REF2015.D021515A
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A16

Table A7. Transportation sector key indicators and delivered energy consumption

Reference case Annuat
Key indicators and 2‘,91’;}';0‘;0
2012 [ 2013 | 2020 2025 | 2036 1 2035 248 | (percent)
Key indicators
Travel indicators
(billion vehicle miles traveled)
Light-duty vehicles less than 8,501 pounds ... 2578 2,644 2917 3.000 3,287 3458 3,570 1.1%
G light trucks* 82 87 7% 85 92 98 105 1.7%
Freight trucks greater than 10,000 pounds ..... 242 288 314 337 355 374 387 15%
(billion seat miles available)
Alr 1,033 1,047 1174 1,279 1,391 1,481 1,857 1.5%
{billion ton miles traveled)
Rail 1,728 1,788 1,828 1,860 1,998 2013 2,068 0.6%
Domestic shipping ... 475 480 487 444 424 418 420 -0.5%
Energy efficiency indicators
(miles per gallon)
New light-duty vehicle CAFE standard® . 29.4 300 383 468.0 48.3 48.5 46.8 1.7%
New car”..... 334 341 437 54.3 543 543 54.4 1.7%
New light truck’ 257 263 30.8 385 395 395 395 1.5%
Compliance new light-duty vehicle 327 328 37.9 46.7 47.4 47.9 48.1 1.4%
New car®.. 37.0 372 44.2 54.8 553 565 555 1.5%
New light truck’ 286 288 33.1 40.3 4.7 408 408 1.3%
Tested new light-duty vehicle’ 317 317 378 46.8 474 478 481 1.6%
New car® .. 363 365 44.1 54.6 553 854 555 1.6%
New light truck’ 27.4 278 33.1 40.3 407 40.9 40.8 1.8%
On-road new light-duty vehicle 258 258 308 377 383 387 3898 1.6%
New car” 298 20.8 36.1 448 451 453 453 1.6%
New light truck® 22.0 221 285 32.3 328 3R7 327 1.5%
Light-duty stock® 215 219 250 285 323 354 370 2.0%
New al light truck’ 18.1 18.1 2086 24.2 24.4 248 248 1.1%
Stock ial light truck” 152 185 18.0 203 224 238 244 1.7%
Freight truck. 87 87 72 75 7 78 7.8 0.6%
(seat miles per gatlon)
Aircraft 64.2 859 67.4 68.7 70.2 720 74.1 0.4%
(ton miles per thousand Btu)
Rall 3.4 35 36 3.8 38 4.4 42 07%
Domestic shipping ... 4.7 47 5.0 52 5.4 56 5.8 0.8%
Energy use by mode
{quadriltion Btw)
Light-duty vehicles.. 15.00 15.13 14.62 1357 1274 1231 12.08
s iaf fight trucks’ 0.81 0.54 0.58 0.83 081 052 054
Bus 2 i 0.24 0.26 827 0.28 029 030 031
Freight trucks .... 4988 551 8.03 8.18 .34 860 698
Rait, 0.05 0.05 0.05 0.05 0.08 0.08 0.08
Rail, freight 0.44 0.51 050 0.52 051 0.50 0.48
Shipping, domestic 0.10 0.10 0.10 0.09 0.08 0.08 0.07
Shipping, i i 0.66 062 0.63 0.83 0.64 0.64 084
d boats 023 0.24 0.28 0.28 0.29 0.28 0.30
A 233 230 2.54 273 2.9t 3.02 3.08
Military use 0.71 0.87 0.63 064 0.68 072 077 0.5%
Lubricants 0.12 0.13 0.14 0.14 a4 014 0.14 0.3%
Pipeline fuet... 0.75 0.83 0.85 0.80 0.94 0.94 0.96 0.3%
Totat 26.11 26.96 2748 26.54 26.12 26.11 26.41 -0.1%
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Table A7 Transportation sector key indicators and delivered energy consumption {continued)

Reference case Annyal
Key indicators and 231';‘;214”
2012 l 2013 | 2020 2025 I 2030 1 2035 [ 2040 {percent)
Energy use by mode

(mitlion barrels per day oil equivaient)
Light-duty vehicies ..... 8.06 8.13 7.85 731 6.88 867 857 -0.8%
C ial tight trucks® 0.26 028 0.28 027 0.28 0.26 0.27 0.0%
Bus i 0.1 0.12 0.13 0.14 0.14 0.14 0.15 0.6%
Freight trucks .. 2.40 265 2.90 2.98 3.05 3.18 338 0.9%
Rail, 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.9%
Rail, freight. oz 0.24 024 0.25 0.24 0.24 0.23 -0.1%
Shipping, domest!c 0.04 005 8.05 0.04 8.04 0.04 0.03 -1.3%
Shipping, ¥ 0.28 027 0.28 0.29 0.29 028 0.29 0.2%
g boats, 0.12 0.13 0.4 0.15 0.18 0.186 0.18 0.8%
Alr 113 111 1.23 1.32 1.40 148 1.48 1.1%
Military use 0.34 0.32 0.30 o 0.33 0.35 0.37 0.5%
Lubricants 0.08 0.06 0.06 0.08 0.07 0.07 0.07 0.3%
Pipeline fuel... 0.35 0.42 0.40 0.42 0.44 0.44 0.45 03%
Total 13.41 13.82 13.90 13.66 13.32 13.32 13.48 -0.1%

Commercial frucks 8,501 to 10,000 pounds gross vehicle weight rating.
*CAFE stndard based on projected new vehiole sales
*includes CAFE credits for alternative fueled vehicle sales and credit banking.
{Envionmental Profecton Agency rated mies pe gallon
Tested new vehicle sfficiency revised for an-road performance.

#Combined'on-the-road” estimate for alt cars and ight trucks.

CAFE = Corporate average fuel economy.

B1u = Brifish thermal unit

Note! Totals may not equal sum of components due to independent raunding. Data for 2012 and 2013 are model results and may differ from official EIA data
repo
Sources: 2012 and 2013 U.S. Energy information Administration, (E1A), Monthly Energy Review, DOE/EIA-U035(2014/11) (Washington, DC, November
2914y 1A, Ateratives fo Tradifonal Transporation Fuls 2009 (Pt I - User and Fuel Deta). Apr 201 Federal Highay Adminisiaon, Highwey Statisios
2012 tWashington, OC, January 2014); Oak Ridge National Laboratory, Transportation Energy Data Book: Editen 33 (Oak Ridge, TN, July 2014) Nationa!
Highway Trafla and Safely AGmreration, Summary of Fue) Egonomy Feytormanos (Washington, 0. Jine 2014 U5 Depanmem of Commerce, Bureats of the
Census, "Vehicle Inventory and Use Suivey,” ECO2TV (Washington. December 2004} EIA, U'S. Department of Transportation, Research and Special
Programs Adminisiration, Air Carrier Stalistics Monihiy. Decernber Sb103008 {Washington, DC, December 2010} and United States Department of Defense.
Detonse Eisl Subply Gonter, Factbaok (aamiary, 20105, Bresections: Els. AEG2015 Netions! Eneray Modgling Sysiom run REF2015 D2 10150
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Table A8. Electricity supply, dispositien, prices, and emissions
{billion kilowatthours, unless otherwise noted}

Reference case Annuat
Supply, disposition, prices, and emissions 2(?:;%‘;0
2012 l 2013 | 2020 2025 2030 ] 2035 l 2048 | (percent)
Net generation by fuel type
Electric power sector’
Power only®
Coal 1,478 1,850 1870 1,685 1,674 1,665 1,663 0.3%
Petroleum ... 18 22 14 15 14 14 15 -1.6%
Natural gas®. 1,000 894 867 954 1,073 1143 1,198 1.1%
769 789 804 808 808 812 833 0.2%
2 3 3 3 3 3 3 01%
sources® 458 483 820 648 879 733 805 1.8%
Distri ion (natural gas) 0 0 1 1 1 2 2 -
Total 3,726 3,741 3,878 4,113 4,252 4,372 4,518 0.7%
Combined heat and power®
Coal 22 22 28 26 26 28 26 0.5%
Petroleum ... 2 2 1 1 1 1 1 -4.0%
Natural gas 132 126 133 133 134 134 133 0.2%
sources 5 5 8 7 7 7 8 17%
Total 164 158 166 167 168 168 167 0.2%
Total net electric power sector generation 3,890 3,889 4,144 4,280 4420 4,540 4,686 0.7%
Less direct use........... 13 13 14 14 14 14 14 0.2%
Net available to the grid 3,877 3,886 4431 4267 4,406 4527 4,672 0.7%
End-use sector’
Coal 13 13 13 13 13 13 13 0.0%
Petroleum 3 3 3 3 3 3 3 -0.4%
Natural gas ... 95 o8 116 134 183 198 235 3.3%
Other gaseous fuels’ 11 11 19 18 18 18 19 2.1%
sources” 39 a2 53 60 70 82 97 31%
Other™ 3 3 3 3 3 3 3 00%
Total end-use sector net generation 164 171 207 233 271 320 370 2.9%
Less direct use. 126 132 167 190 228 269 313 3.3%
Total sales to the grid.... 38 39 40 43 48 51 56 1.4%
Total net electricity generation by fuel
Coat 1,514 1,586 1,708 1,724 1713 1,704 1,702 3%
Petroleum 23 27 18 18 18 i8 18 -1.6%
Natural gas ... 1,228 1,118 1,117 1,223 1,371 1,478 1,569 1.3%
Nuclear power... 769 789 804 808 808 8§12 833 0.2%
sources™ 501 530 878 7186 756 823 908 20%
Other™ 19 20 25 25 25 25 25 0.8%
Total net electricity generation.... 4,088 4,070 4,351 4513 4,691 4,860 5,086 0.8%
Net ion to the grid 3,818 3,825 4,171 4,308 4,463 4,578 4,728 0.7%
Net import: 47 52 33 35 30 28 32 -1.8%
Electricity sales by sector
i i 1375 1,301 1423 1,441 1,488 1533 1.887 0.5%
[ 1,327 1,338 1,413 1,461 1,522 1,583 1,659 0.8%
industrial Q86 985 1.086 1,166 1,183 1,188 1,208 0.8%
i i 7 7 9 10 12 15 18 3.4%
Total 3,695 3,691 3,941 4,078 4,205 4,319 4,470 0.7%
Direct use 139 145 180 204 239 283 327 3.1%
Total electricity use ... 3,834 3,836 4121 4,282 4,444 4,802 4,797 0.8%

A-18 U.S. Energy information Administration | Annual Energy Outlook 2015
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Table A8. Electricity supply, disposition, prices, and emissions {continued)
{billion kilowatthours, uniess otherwise noted)

Reference case Annual

growtit
20132040

2025 2030 235 2040 | (percenty

Supply, disposition, prices, and emissions

2012 l 2013 | il

End-use prices
(2013 cents per kilowatthour)

121 12.2 128 135 136 139 145 0.8%

C I 10.2 10.1 1086 111 A1 113 1.8 0.6%
Industrial [X:] 8.9 7.3 78 7.7 7.9 8.4 0.7%
T4 i 85 97 103 11.0 1.2 116 123 0.9%
All sectors average... 10.0 10.1 105 110 1.4 1.3 1.8 0.6%

(nominai cents per kifowatthour)
i i 11.e 122 14.6 16.6 18.3 205 235 2.5%

G k 101 10.1 12.0 138 14.9 166 19.1 2.4%
Industrial 87 8.9 8.2 8.4 103 147 138 2.6%
T i 2.3 87 17 138 150 17.0 18.8 27%
Al sectors average.... 2.8 10.1 18 135 148 16.6 19.2 24%
Prices by service category
{2013 cents per kilowatthour)
i 65 86 88 7.0 7.0 71 78 0.5%
T issi [2X°] a9 1.1 1.2 1.2 1.2 1.3 1.2%
Distributi 25 26 28 29 29 30 3.0 0.6%
(nominal cents per kilowatthour)
G i 6.4 66 75 86 9.3 10.5 123 2.3%
T isSi 0.9 0.8 1.2 14 18 18 21 3.0%
Distributi 25 28 32 38 3.9 4.4 49 2.4%

Electric power sector emissions’
Suifur dioxide (million short tons)
Nitrogen oxide (million short tons)
Mercury (short tons). .

3.43 327 1.42 1.44 1.44 1.47 153 -2.8%
1.68 189 1.57 157 1.56 157 157 -0.3%
26.69 27.94 8.58 8.53 6.43 6.40 8.41 -53%

‘includes electricity-only and combined heat and power plants that have a regulatory siatus

Hncludes plants that only produice siedtroly an tha have a reguiatory status

“Includes eleciricity generation from fusl o

“aitos non blogens muniapal wasie.  The U.S. Energy Information Admiisiration estmates that in 2013 approximataly 7 bilion kiowatihours of electifty
were generated from a municipal waste strsem containing petroleum-derived plastics and_other non-renewable sources. See U.S. Energy information
Adpinistration, Methadology for Allocating Municipai Sofid Waste fo Biogenic and Non-Biogenic Energy, tWashington, DC, May 2

“Includes conventional hydroelectric. geothermal, wood, waod waste, biogenic municipal waste, landfil gas, other biomass, sclar, and wind power.
cludes combired heat and power plants whose primary business is 10 sell electricity and heat to the public (ie., those that report North American Industry
Clgssification System code 22 of that have a segufato

“includes combined heat and power plants and electricity-only plants In the commercial and Industrial sectors that have @ non-regufatory status: and small on-
slte generating systems in the residential, commercial, and industrial sectors used primasily for own-use generation, but which may also seli some powes to the

Bmoxudes refinery gas and stifl gas.

*Inciudes conventional hydroelectric, gecthermal, wood, wood waste, all municipal waste, landfill gas, other biomass, solar, and wind power.

Sincludes batteries, cheficats, hydrogen, piteh. purchased steam. sulfur. and miscelianeous technologies.

“includes pumped storage, non-biogenic municipal waste, refinery gas, still gas, batteries, chemicals, hydrogen, pitch, purchased steam, sulfus, and
miscellaneous technalogies.

- - = ot applicable.

Note: Totais may not equat sum of components due to independent rounding. Data for 2012 and 2013 are modie resulfs and may differ rom offical E1A data
reports.
Sources: 2012 and 2013 electric power sector generation; sales fo the grid: net imports; electrioity seles; and eleotricity end-use prices: U.S. Energy
Information Administration {(EIA), Monthly Energy Review, DOS/EIA-0035(2014/11) (Washington, DC, November 2014), and stpporting databases, 2012 and
2013 emigsions: U.S. Environmentat Protection Agency, Clean Air Markets Database. 2012 and 2013 electricity prices by service category: EIA, AZC2015
National Energy Modeiing System run REF2015.D021915A. Projections: EIA, AFO2015 National Energy Modeling System run REF2015.0021915A

U.S. Energy information Administration | Annual Energy Outlook 2015
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Table A9. Electricity generating capacity

U.S, Energy Information Administration | Annual Energy Outlook 2015

(gigawatts)
Reference case Annual
Net sutnmer capacity! l | I | I ‘ 2&;";0‘;0
2012 013 2028 2025 2030 235 2049 {percent)
Electric power sector®
Power only®
Coat* 300.2 2061 255.4 252.8 2528 2528 252.9 -06%
Oil and natural gas steam™® 992 946 875 783 73.2 88.2 68.2 -1.2%
Combined cycle . 185.3 188.3 203.2 2119 233.8 255.1 281.3 1.5%
C i i 1364 139.6 140.1 144.2 151.8 180.7 1728 0.8%
Nuclear pewer® 102.1 939 101.4 101.4 101.6 102.1 104.9 0.2%
Pumped storage 22.4 224 22.4 224 224 224 224 0.0%
Fuel cells 0.0 8.1 01 01 0.1 0.1 0.1 0.0%
sources’ 148.1 1833 187.1 190.2 196.6 208.7 2282 15%
Distributed generation (natural gas)® .. 0.0 00 07 11 17 24 3.1 --
Totat 993.7 993.2 997.9 10024 1,033.7 10744 1,1348% 8%
Combined heat and power”
Coat 4.5 43 41 4.1 4.1 4.1 4.1 -0.2%
Oil and natural gas steam” . 10 10 1.0 1.0 1.0 1.0 1.0 0.0%
Combined cycle.... 257 257 28.0 26.0 26.0 26.0 260 0.0%
C i i 31 31 31 31 3.1 3.1 3.1 .0%
sources” 1.4 1.4 14 1.4 1.4 1.4 1.4 0.1%
Total 35.6 354 35.6 35.6 356 356 35.6 0.0%
Cumulative planned additions™
Coal -- -- Q7 o7 o7 07 07 --
Qil and natural gas steam’ .. -- -- 0.4 0.4 0.4 0.4 0.4 -
Combined cycle -- -- 142 14.2 142 142 142 -
C i i -- -- 1.8 18 1.8 1.8 1.6 --
Nuclear power ... -- -- 55 35 55 55 55 -
Pumped storage - -- 0.0 0.0 0.0 0.0 0.0 --
Fuel celis - - 0.0 8.0 0.0 0.8 0.0 -
sources’ -~ -~ 305 305 305 305 305 --
Distri ion® . .. 0.0 0.0 0.0 00 0.0 .-
Total . .. 528 528 52.8 52.8 528 -~
Cumulative unplanned additions™
Coal -- -- 03 03 03 03 0.4 --
Oil and naturai gas steam® . -- -- 00 0.0 0.0 00 00 --
Combined cycle.... -- -- 7.7 17.3 320 80.5 86.9 -~
C i i -- -- 38 85 6.8 26.1 379 --
Nuclear power ... - -- 0.0 0.0 0.1 0.6 35 -~
Pumped storage .. . . 0.0 0.0 00 00 0.0 .-
Fuel cells . .. 0.0 0.0 0.0 0.0 0.0 o
sources’ - . 4.0 74 134 266 46.1 -~
Distri i - - 07 11 1.7 24 31 S
Total . - 165 343 7.4 116.8 1779 -
Cumulative electric power sector additions™.., .- - 69.3 871 124.2 169.4 2307 .-
Cumulative retirements™'
Coat -- -- 37.4 401 40.1 40.1 40.1 --
Oil and natural gas steam” . .- . 11.8 210 261 301 31.0 .-
Combined cycle. LN - 71 8.0 8.0 8.0 8.3 .-
C i i -- -- 4.9 55 81 6.5 85 --
Nuclear power -- -- 32 3z 32 32 32 --
Pumped storage .- - 00 00 00 [¢2Y] 0.0 e
Fuel cells -- -- a0 0.0 00 0.0 00 --
sources’ -- -- 06 08 06 06 0.6 --
Total - - 5.0 78.3 84.1 88,6 88.7 .-
‘Total electric power sector capacity..... 1,029 1,028 1,033 1,038 1,069 1,110 1,470 0.5%
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Table A9, Electricity generating capacity {continued}
(gigawatts)

Reference case Anmual

growti
2013-2040

2025 230 235 2040 | (percent)

Net summer capacity’

2012 [ 013 | 2020

End-use generators

Ceal 3.4 34 34 34 34 34 34 0.0%
Petroleum 0.9 08 09 0.9 0.9 0.8 fekc] -0.4%
Naturai gas 16.3 168 195 227 276 3386 389 3.1%
Other gaseous fuels™ ... 2.1 21 2.8 2.8 28 28 238 1.0%
sources’ 104 121 182 224 286 36.0 446 4.8%

Other™ 05 05 05 05 05 0.5 05 0.0%
Total 33.6 38.0 45.3 52.8 63.8 7.2 911 3.5%
Ci ive capacity additions ™, - a 105 18.0 204 426 56.5 .

¢ summer oapacty is the sieady houtly cutput that generating equipment o expected 1o supply o system load (exciusive of suwilary pawer), as
demposiaien by tests during sumrmer peak demar
“includes electricity-only and combined heat Pty power plants that have a regulatory status.
Sincludes plants that only produce siectricity and that have a regulator 7y stais. Inclides ospooity narsases (uprates) at xisting unit.
£Cosl and ol and natural gas steam capacity reflec the impact of 4.1 GW of existing coal capaoty converting fo gas steam capacity.
“includes ail, gas-, and dial-fired capesity,
“Nuclear capacity includes 0.2 gigawatts of upral
“includes conventional hydroelectric, geomermal oo, wood waste, all munlcipal waste, landfil gas, other biomass, solar, and wind power. Facilties co-ing
biomass and coal are classified as coal
*Primarily peak load capacity fueled by natural gas.
Includes combined heat and power plants whose primary business is to sell electricity and heat to the public {ie.. those that report North American industry
Ciaggfication System code 22 or hat hve a regliatory stats)
CCumulative addmms after December 31, 2013,
Curulative retirements after December 31, 2013,
“includes combined heat and power plants and electricity-only plants In the commercial and industrial sectors that have a non-regulatory status; and smalf on-
site generaiing systers i the residental, commaraial, and ndustial secors used primayly or own-usa generation, bUt which may alo sel some power fo the
911

Fincludes refinery gas and stif g
“inciuties battaris shemicals, hydrogen, pltch, purchaseef steam, sulur, and miscelaneous techrologies.
- - = Ngt appiicable.
Note! Totals may not equal stm of components due to independent rounding. Data for 2042 and 2013 are mode! results and may difer from official EIA data
reports,
Sources: 2012 and 2013 capacty and projected planned additions: U.S. Energy Information Administration (E1A), Form EIA-860, "Annual Electric Generator
Report” (preliminary). Projections: EIA, AEO2015 National Energy Modeling System run REF2015.0021915A

.S, Energy Information Administration | Annual Energy Cutlook 2015
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Table A18. Electricity trade
(billion kilowatthours, unless otherwise noted)

Reference case Annual
growth
2013-2040

Electricity trade
2030 l 2035 i 2040 | (percent)

2012 l 2813 | 2020 l 2025

Interregional electricity trade

Gross domestic sales

Firm power.. 166 157 122 83 28 28 28 ~8.2%
y 184 115 195 214 207 232 288 3.2%
Total 340 272 318 277 235 260 296 0.3%

Gross domestic sales (million 2013 dollars)
Firm powe . 9711 9,802 7,822 3.952 1,722 1722 1,722 -8.2%
Economy, 8217 4772 9376 11,934 11983 14056 18,159 5.1%
Totat 16,929 14,574 16998 15886 13,885 15778 18,881 1.2%

international electricity trade

Imports from Canada and Mexico

Firm power.. . 159 15.8 204 16.4 14.0 14.0 14.0
Economy. 43.1 478 280 34.4 30.6 262 2.1
Total 58.0 83.7 48.4 50.7 44.8 40.2 46.1
Exports to Canada and Mexico
Firm power... 2.7 23 1.8 5 0.0 0.0 0.0 .
Economy. 88 9.1 14.0 14.7 147 14.4 14.4 17%
Total kEE 1.4 154 16.2 14.7 14.4 144 0.9%

- - = Not applicable,

Note: Toh?\s may not equal sum of components due to independent rounding.  Data for 2012 and 2013 are moded resuits and may differ from official £14 data
reports, Firm power sales are capacity sales, meaning the defivery of the power is scheduled as patt of the normal operating conditions of the affected electric
systems, £oonomy sales are subject 1o curtaiiment or cessation of delivery bg the supplier in accordance with prior agreements or under specified conditions.

Sources: 2012 and 2013 inferregional firm electricity trade data: 2013 seasonal reliability assessments from North American Llectric Reliability Councii
regional entities and Independent System Operators, 2012 and 2013 interregional economy electricity trade are model results. 2012 and 2013 Mexican efectricity
frade data: U.S. Energy Information Administration (EIA). Electric Power Annual 2012, DOE/EIA-0348(2012) (Washington, DC, December 2013}, 2012 Canadian
international electricity trade date: _National Energy Board, Electriofy Exports and Imports Statistics, 2012 2013 Canaciian international efectricity trade data
Nationat Energy Board, Electricity Exports and Imports Stalistics, 2013, Projections: EIA, AEQ2015 National Energy Modeling System run REF2015.D021915A,

U.S. Energy Information Administration | Annual Energy Outlook 2015
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Table All. Petrolewm and other liquids supply and disposition
(million barrels per day, unless otherwise noted)

Reference case Annual

growth
2013-2040

2012 2013 2220 2025 2030 2035 2040 {percent)

Supply and disposition

Crude oil
Domestic crude production’.. 650 7.44 10.60 10.28 10.04 938 9.43 0.8%
Alaska 0.53 052 042 032 .24 018 0.34 -16%
Lower 48 states ... 5.98 6.92 10.18 9.96 2.80 8.20 2.08 1.0%
Net imports 8.46 7.60 5.51 8.09 8.44 7.3% 7.58 0.0%
Gross imports ... 8.53 773 6.14 8.72 707 798 8.21 0.2%
Exports 0.07 0.13 0.63 0.83 0.63 088 083 5.9%

Other crude supply? .
Total crude supply..

0.04 027 0.00 0.00 0.00 Q.00 0.00 --
15.00 15.30 16.41 16.37 1648 16.73 17.01 0.4%

Net product imports . -1.05 -1.37 -2.80 -3.24 -3.56 -3.94 -4.26 --

Gross refined product imports’ 0.82 0.82 121 1.28 1.31 131 126 1.6%
init oil impotts. 0.60 088 0.60 0.56 0.52 0.48 0.45 -1.4%
Blending imports 0.62 0.80 0.58 055 0.48 0.45 0.40 -1.5%
Exports 3.08 3.43 5.20 563 5.89 6.18 8.38 2.3%
Refinery ing gain’ 1.08 1.09 098 1.00 0.87 0.99 0.98 -0.4%
Product stock wi -0.07 011 0.00 0.00 000 0.00 8.00 --
Natural gas plant tiquids ... 2.41 281 4.04 4.18 4.19 413 407 17%
Supply from source: 0.88 0.93 1.01 1.01 1.01 1.04 1.12 0.7%
Ethano! 0.82 083 0.84 0.84 0.84 0.87 0.95 0.5%
Domestic p! i 0.84 0.85 0.86 0.86 0.86 0.87 0.83 0.4%
Net imports .. ~0.02 -0.02 -0.02 -0.02 -0.02 0.00 0.02 .-
Stock wil 000 0.00 0.00 0.00 0.00 .00 0.00 ..
Biodiesel 0.08 0.10 .14 on on 0.11 011 0.4%
Domestic i 0.06 0.08 0.13 0.10 0.10 0.10 0.10 0.3%
Net imports ... -0.01 .01 0.01 0.01 Q.01 0.01 0.01 0.9%
Stock wi 0.00 0.00 4.00 0.00 0.60 0.00 0.00 --
Other biomass-derived liquids®.......... 0.00 0.00 0.03 008 008 0.08 0.06 31.8%
Domestic i 0.00 0.00 0.03 0.08 0.08 0.06 0.08 31.8%
Net imports ... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -~
Stock wi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --
Liquids from gas .. 0.00 0.00 0.00 0.00 0.00 0.00 ¢.00 --
Liguids from coat. 0.00 0.00 0.00 0.00 0.00 0.00 .00 --
Other® .19 0.21 0.28 0.29 0.30 0.31 0.32 1.6%

Totat primary supply’ 18.43 18.87 19.62 19.58 19.38 19.26 19,24 0.1%

Product supplied
by fuel
Liguefied patroleum gases and other® 2.30 250 281 319 3.30 3.27 3.25 1.0%
Motor gasofine®.. 8.69 8.85 8.49 789 7.41 7.16 7.05 -0.8%
of which: E85" 0.0 0.01 a.02 0.08 0.13 0.18 0.19 2.9%
Jet fuef" 1.40 1.43 155 1.64 1.75 1.82 1.87 1.0%
Distittate fuel oil™ 374 3.83 4.28 431 4.34 4.38 4.38 5%
of which: Diesel. 3.46 3.56 3.94 4.02 4.09 415 417 08%
Residuai fuel of . 0.37 0.32 027 0.28 0.28 0.28 0.28 -0.4%
Other™ 197 2.04 2.18 2.30 233 2.37 2.43 07%
by sector
i izl and i 0.82 0.86 .76 271 0.67 0.64 081 -1.3%
Industriaf™ .. 4.48 4.69 8.50 5.80 6.04 8.04 8.09 1.0%
T i 13.04 1336 13.46 1308 12,78 1271 1266 -0.2%
Electric power™. 0.10 012 ¢.08 0.08 0.08 0.08 0.08 -1.4%
L Hied sector™® 0.02 0.12 015 -0.16 047 047 017 --
Total product supplied... 18.47 18.96 19.65 19.61 19.41 19.28 19.27 0.1%

D i -0.03 0.10 -0.03 -0.02 -0.03 -0.03 -0.03 --

U.S. Energy information Administration | Annual Energy Outlock 2015
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A24

Table A1l Petroleum and other Liquids supply and dispesition {continued)
(million barrels per day, unless otherwise noted)

Reference case Annual

growth
2013-2040

2012 2013 2020 2025 2030 2035 2040 {percent)

Supply and disposifion

Domestic refinery distillation capacity™ 17.4 17.8 188 188 18.8 18.8 18.8 0.2%

Capacity utitization rate (percent)™ 887 88.3 878 89.0 89.4 90.7 920 02%
Net import share of product supphied (percent). 401 33.0 137 145 14.8 177 174 -23%
Net expenditures for imported crude oit and

petroleum products (bilfion 2013 dollars) . 345 308 187 211 259 339 405 1.0%

“includes lease condensate
*Sirategic petroleum reserve stook eddtions pius unacoountedfor crude oft and crude o stock withdravels.
*Includes other hydrocarbans and alcohol
“The vGUMEIIo Amout by which fotal Gutput s greater than Input due fo the processing of onude ol nto products which, in total, have a lower specific gravity
thap the crude oif processed
Finludes pyrolysis oifs, biomass-derived Fischer-Tropsch fiquids, biobutanol, and renewsbie feedstocks used for the on-site produstion of iesel and gesofie.
“includes domestio souirces of other blending companents, other hydrocarbons, and et
Total chuds Suppiy. not product imports. 16Hnery procassing Gain, product SIook wihdrawal, natural gas piznt iuids supply from renewable sources, fiquids
frofp gas, iouids from coal, and other sipply
notudes ethane, natural gasoiine, and refinery olefins.
e lides chhans! pnc s lomded o gasoline

'OEBS vefers to a blend of 85 peroent ethanol (renewable) and 15 pesoent motor gasoline (nonrenewable). To address cold starting issues, the percentage of

sthgnol varies seasonally. The annual avesage ethano content of 74 percent is used for this forecast

inoludes only kerosene type

“ingludes distilate fuel oil from petroleumn and biomass feedstooks.

“includes kerosene, aviation gasoline, petrochemical feedstocks, lubricants, waxes, asphatt, foad o, stil gas, special naphthas, petroleum coke, crude oil
proguct supplied, methanol, and miscellanecus patroleum products

Hincludes energy for combined heat and power piants that have a non-regulatory status, and smail on-site generating systems

Sjnciudes consumption of energy by electricity-only and combined heat and power plants that have a regulatory status
PRepresents consurption unatlibuted to the sectors above
Salancing item. Includes unaocoumed for supply, iosses, and gains.

"SEnd-of-year operable cap:
"Qats s caiciulated by aviding the gross nmual input to atmospheric orude ol distifation units by their operable refining capacty in barrels per calendar day.

--= o

Note: Tolals may ot equal sum of components due to Independent rounding. Data for 2012 and 2013 are model results and may difer from officil E1A data
reports.

Sources: 2012 and 2013 product supplied based on: U.S. Energy Information Administration (EIA}, Monthly Energy Review, DOE/EIA-0035(2014/11)
(Washington, DC, November 2014). Other 2012 data: EIA Petroleum Supply Annual 2072 DOBEIA 0340(2012)/1 Onashiogton, Dc September 2013)_Other
3015 ot EIA, Potioleur Supaly Annael 2015, DOE/EIA D401/t A, AEO2015 National Energy
Modeling System run REF2015.00219154.

U.S. Energy Information Administration | Annual Energy Outlook 2015
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Table A12. Petroleum and other liquids prices

(2013 dollars per gallon, unless otherwise noted)

1.5, Energy information Administration | Annual Energy Outlook 2015

Reference case Annal
Sector and fuel 231’;—2"?40
2012 I 013 | 220 2025 ! 2030 ] 2035 [ 2040 {percent)
Crude oil prices (2013 dollars per barref}
Brent spot 113 109 79 a1 108 122 141 1.0%
West Texas fate spot 98 28 73 85 29 118 136 1.2%
Average imported refiners acquisition cost’. 103 98 71 82 96 112 131 1.1%
Brent / West Texas Intermediate spread .. 17.8 167 6.2 8.1 8.2 6.0 56 -2.4%
Delivered sector product prices
Residential
Propane 222 213 210 2.18 223 233 243 0.5%
Distiliate fuet o 378 3.78 289 3.28 385 4.08 458 0.7%
Commercial
Distiltate fuet ol 389 3.68 2.89 3.20 3.56 3.99 4.47 0.7%
Residual fuel oil . 3.43 3.31 212 2.39 271 3.08 384 0.4%
Residual fuel oif (2013 dollars per barrel) . 144 13¢ 89 101 114 129 153 0.4%
tndustrial®
Propane 1.95 1.85 1.79 1.87 1.96 2.08 224 0.7%
Distiltate fuet oil 3.76 375 2.91 3.23 3.58 4.00 4.49 0.7%
Residual fuel of 3.08 3.00 2.00 227 2.58 295 351 06%
Residual fuel oif (2013 dollars per batrel) . 130 126 84 85 108 124 147 0.6%
Transportation
Propane 231 224 218 2.25 232 2.42 252 4%
£85% 339 3.14 2.80 277 288 3.16 3.38 0.3%
Ethanol price 2.58 237 249 247 235 2.48 2.64 0.4%
Motor gasofine®.. 372 3.55 274 2.95 320 3.53 3.90 0.3%
Jet fuef® 3.10 2.94 247 2.47 288 331 3.81 1.0%
Diesel fuet (distiliate fuel oi)®.... 394 386 317 3.49 3.84 428 475 0.8%
Residual fuel oil . 3.00 288 1.74 2.00 230 264 303 0.2%
Residual fuel oil (2013 dollars per barrel) . 128 122 73 84 97 " 127 0.2%
Electric power’
Distiltate fuet o 334 3.33 280 2.90 328 3.70 419 0.9%
Residual fuet of 312 2.83 171 1.9 230 2.67 323 5%
Residual fuel oit (X dollars per barre!) . 131 18 72 83 87 112 138 0.5%
Average prices, all sectors®
Propane 2.09 200 1.83 1.99 2,06 218 230 0.5%
Motor gasoline®.. 370 3.53 274 2.95 3.20 353 3.90 0.4%
Jet fuef® 3.10 294 247 2.47 2.88 3.31 3.81 1.0%
Distiliate fuet oil 3.89 3.83 3 3.43 378 420 489 0.8%
Residuai fuel ol 3.04 2.80 1.83 2.10 240 275 3.22 0.4%
Residual fuel ail (2013 dollars per barrel) ... 128 122 77 88 1014 116 135 0.4%
Averag 3.28 3.16 2.46 2,68 288 3.23 3.62 0.5%
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Table A12. Petroleum and other liguids prices {continued)
{mominal dollars per gallon, unless otherwise noted)

Reference case Annual

growth
2013-2040

012 2013 2020 2025 2030 2035 2048 {percenty

Sector and fuel

Crude oil prices (nominal dollars per barrel)

Brent spot 112 108 80 112 142 180 229 2.8%
West Texas iate spot 94 98 83 105 133 171 220 3.0%
Average imported refiners acquisition cost.... 101 28 80 102 129 185 212 2.9%
Delivered sector product prices
Residential
Propane 219 213 238 2.68 299 342 3.94 23%

Distifate fuel oit. 373 378 3.38 4.04 4.90 5.99 7.40 25%

Commerciat

Distitlate fuel o} 363 388 328 394 478 586 725 2.5%

Residual fuel oif 338 3.31 2.41 295 3.63 453 5.90 2.2%
Residual fuel oil (nominai dotiars per barrel) 142 138 101 124 153 190 248 22%
Industrial®
Propane 1.92 185 2.04 230 263 3.08 3.62 25%
Distitiate fuel oif. 3.M 375 330 3.98 4.80 589 7.28 25%
Residual fuel oil 3.05 3.00 226 279 3.46 434 869 2.4%
Residual fuel ol {(nominai dofiars per barrel) 128 128 95 117 145 182 239 2.4%
Transportation
Propane 2.28 224 2.48 278 312 356 4.08 2.2%
£85° 334 3.14 329 3.41 3.99 4.65 5.48 2.1%
Ethanol price 255 237 2.83 3.04 3.18 367 427 2.2%
Motor gasoline®._..... 387 3.55 3.10 3.83 4.29 5.18 8.32 22%
Jot fuel® 3.06 294 2.47 3.05 3.86 4.87 8.18 2.8%

3.89 3.86 3.60 430 515 6.26 7.70 2.6%
2.95 2.89 198 246 3.08 388 4.92 2.0%
124 122 83 103 129 163 207 2.0%

Diesel fuel (distillate fuel cil)6
Residual fuel oil ....
Residual fuel oil (nominal doltars per barrel)

Electric power’
Distillate fuel oif
Residual fuel oil

3.29 3.33 295 3.57 439 545 8.79 2.7%
3.07 2.83 1.84 245 3.09 383 5.24 2.3%

Residual fuel oil (nominal doltars per barrel) 129 118 82 103 130 165 220 2.3%
Average prices, alf sectors®

Propane 2.08 2.00 219 2.45 277 320 3.73 2.3%

Motor gasoline® 364 353 3.10 383 4.29 5.18 6.32 2.2%

Jet fuef® 306 294 2.47 3.05 3.86 4.87 8.18 2.8%

3.83 3.83 352 4.22 $.07 8.18 7.61 2.6%
Residual fuel oil 2.99 290 207 258 3.22 404 521 2.2%
Residual fuel oil (nominal dollars per barrel) 126 122 87 108 135 170 219 2.2%

Average. 3.24 316 278 3.28 3.88 475 5.88 2.3%

Distiliate fue) o

1vve ghted average price defivered to U.S. refiners.
2ncludes combined heat and power plants that have a non-regulatory status, and small on-site generating system:
SEGS relers 0 3 blend of 85 beroent ethandl (renewabie) and 15 parcent motor gasoine (nonrenewabie) 1o adiress cold starting issues, the percentage of
sthanol varies seasonally. The annual average ethanol content of 74 percent is used for this forecast
Sales weighted-average price for ail grades. includes Federal, State, and local taxes.
Sincludes only kerosens type.
“Diesel fuel for on-road use. Includes Federal and State taxes white excluding county and logal taxes.
Tincluds efectricity-only and combined heat and power piants that have a regulatory status.
#ieighted averages of end-use fuel prices are derived fram the prices in each sectar and the cortesponding sectoral consumption
Note: Data for 2012 and 2013 are model resuits and may differ from official Em dala report

Sources: 2012 and 2013 Brent and West Texas Intermediale crude oil spot prics n Reuters, 2012 and 2013 aversge imported orude of price:
U S Energy Inormation Aaminitaton (E1A) oy Energy Reyiew DOE/EIA- SEeS0tany ) (vvasmngto 0, November 2014) 2012 and 2013 srioes for
motor gasoline, distilate fuel oil, and jet fust are based 1A, Petroleun Marketing Montily, DOE/EIAD380(2014/108) (\/\lasmngton DC. August 2014). 201

and 2013 residential, commercial, vndusmai and transportation sector petroleum product prices are denved from. EIA, Form EIA-782A, "Refiners/Gas Pia

Operators’ Monthly Pefroleumn Product Sales Report” 2012 and 2013 electric power prices based on. EiA. Monthly Energy Review, DOB/EIA 0035(2014/11)

(Washington, DC, November 2014). 2012 and 2013 £85 prices derived from monthly prices in the C!ean Cities Atternative Fuel Price Report. 2012 and 201

gi(;};gageﬁgﬁfé\fé‘\pnm derived from Bloomberg US. average rack price. Projections: [iA, AEG2015 National Energy Modeling System run
1
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Table A13. Natural gas supply, disposition, and prices
¢tritlion cubic foct per vear, unless otherwise noted)

Reference case Annual

growth
2013-2040

2025 2030 2035 2040 {percent)

Supply, disposition, and prices

2012 I 2013 | 2020

Supply

Dry gas p ion” 24.06 24.40 28.82 3051 33.0t 35.45 1.4%
naturaf gas?® 0.08 0.05 0.08 0.06 0.06 0.08 0.6%
Net imports. 1.52 1.28 255 -3.50 -4.81 -5.62 .-
Pipeline® 1.37 1.20 -0.48 -1.01 -1.52 -2.33 ..
Liguefied natural gas ... 0.1% 0.09 -2.08 -2.48 -3.29 -3.29 -
Totat supply. 25.64 25.75 26.33 27.07 28.27 28.80 0.6%

Consumption by sector
i i 4.15 4.92 450 4.42 4.40 a3 420 -0.8%
C i 2.80 3.28 321 3.20 333 3.47 361 0.4%
industriaj® 721 7.41 8.10 8.24 8.41 8.52 8.66 0.6%

0.00 0.00 0.00 0.00 0.00 0.00 0.00 --
0.00 0.00 0.00 0.00 0.60 .00 0.00 --

Natural-gas-to-fiquids heat and power®
Natural gas to liquids production® .

Etectric power’ .. 9.11 8.18 7.81 8.13 8.81 917 9.38 0.5%

i 0.04 0.08 007 0.10 017 0.31 0.70 10.3%

Pipeline fuel .. 0.73 0.86 0.83 0.87 0.81 092 093 0.3%
Lease and plant fuel®. 1.40 1.48 1.82 1.82 2.05 212 2.23 1.5%
Total 25.53 26.16 26.14 26.88 28.08 28.82 29.70 0.8%
Discrepancy™. 0.14 041 0.19 0.19 9.19 019 0.19 .-

Natural gas spot price at Henry Hub
{2013 dollars per million Btu) ...
{nominal dollars per million Btu).

2.79 3.73 4.88 5.46 5.69 6.60 7.85 2.8%
275 373 554 8.72 783 9.70 1273 47%

Delivered prices
{2013 dollars per thousand cubic feet)
i g 10.88 1028 1192 13.07 13.15 1413 15.80 1.6%

[o! 8.36 8.35 9.82 10.83 10.69 11.44 12.97 1.8%
Industriai® 384 468 8.35 7.07 6.99 7.75 9.03 25%
Electric power’ ..... 3.59 451 552 6.43 6.38 715 8.48 2.4%
T jon™ 20.93 18.13 18.27 1723 18.13 17.60 20.18 0.4%

Average™
{nominal dollars per thousand cubic feet)

5.81 6.32 7.66 8.50 8.40 922 10.76 2.0%

10.70 10.29 1352 16.09 17.62 20.77 2577 3.5%
G 824 835 11.14 13.34 14.33 16.81 21.03 35%
Industriat® 3.88 4.68 7.20 8.7 8.37 11.39 1484 4.3%
Electric power 354 4.51 8.28 782 8.55 1051 1376 42%
20.62 18.13 20.73 21.21 21.62 25.87 32.72 2.2%

£.53 6.32 8.88 10.46 1127 13.88 17.44 3.8%

Average™

Marketed production (wet) minus extraction losses

*Synthetic natural gas, propane ait coke oven gas, refinery gas, biomass gas, i infected for Biu sfabif and gas i and
distributed with natural

*Includes any natural gas regasified n the Bahamas and fransported via pipefine to Florida, as well as gas from Canada and Mexico.

! !rt\?fudes energy for combined heat and powes plants that have a non-regutatory status, and small on-site generating systems, Excludes use for lease and
plag

“Includes any natural gas used in the process of converting natural gas to liquid fuel that is not actually converted.

“Inciudes any natural gas converted into liquid fuel

Tinciudes consumption of energy by electrioity-only and combinectheat and power plars tht have a regulatory stafus

”Nsturai gas used as fuel in motor vehicles, trains, and ships,

*Represents natural gas used in wefl, field, and lease operations, in natural gas processing plent machinery, and foriuefoction in exportfacies,

“Balancing item. Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and presstire
and the merger of different data reparting systems which vary in scope, format, definition, and respondent type. In addition, 2012 and 2013 values include net
storage injections

atural gas used as fuel in motor vehicies, trains, and ships. Price includes estimated mofor vehicle fuei taxes and estimated dispensing costs or sharges,
’\Ne;\‘gnted average pricss. Weights used are e sectoral consumption valties excluding lease, plant, and pipefing fuel.

- - = Not applic:

Note! Tofals may ot equal sum of components dus to independent rounding. Data for 2012 and 2013 are model resuls and may difer from official E1A data
repo

Sources: 2012 supply values: iease, plant, and oiveine fuel coneumption; and residental, commergel, and ndustil delivered gricss: U, Energy
nformation Admitistiion (EVR). Netural Gas Anrual 2075, DOBIEIA-0131(2013) (Washington. DG, October 2014). 2013 Sipply valuos, 16266, plant, 2nd pipeling
fuel consumption: and residential, commercial, and industrial delivered prices. EIA, Natural Gas Monihly, DOE/EIAL o130<2m4/07) Weishington, DG, yuly S014)
Other 2012 and 2013 consumption based on. EIA, Monthly Energy Review, DOE/EIA-D035(2014/1 1) teshinglon, OC, November 2014), 2012 and 2013 nafur
a8 spot price at Honry b Thomson Routors 301 2 2013 electic power prices: EVA, Electio Poner Moninh, DOEEIA0226, Aprl 2015 and Aptl 2014,
Table 4.2, and EIA, State Energy Data Report 2012, DOE/EIA-0214(2012) (Washington, DC, June 2014). 2042 transportation seclor delivered prices are based
on: EIA, Natural Gas Annual 2013, DOEEIA-0131{2013) (Washington, DC, October 2014), EIA, Stafe Energy Dafa Report 2012, DOE/EIA-0214(2012)
{Washington, DC, June 2014), and estimated State and Federal motor fusi taxes and dispensing costs or charges. 2013 transportation sector delivered prices are
model results. Projections: EIA, AEO2015 National Energy Modeling System ron REF2015.D021915A
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Table Al4. Oil and gas supply

Reference case Annual
Praduction and supph growth
PRy 2012 l 2813 | 2028 { 2025 2030 l 2035 | 2040 2013-2040
{percent)
Crude oit
L.ower 48 average wellhead price’
(2013 dollars per barrel).. 96 97 7% 87 101 M7 136 1.3%

Production (million barrels per day)*
United States total ...
Lower 48 onshore
Tight ol
Carbon dioxide enhanced oil recovery.

6.50 7.44 10.80 10.28 10.04 8.38 9.43 0.9%
4.80 557 8.03 801 7.60 707 8.92 0.8%
2.19 315 5.60 5.3t 4383 4.40 428 1.1%
0.28 0.28 35 0.47 0.58 0.68 083 4.1%

Other 212 214 208 223 219 1.98 1.80 -0.6%
Lower 48 offshore 1.38 1.38 215 1.95 2.21 214 247 17%
State 0.07 007 005 0.04 0.03 0.03 0.0z -3.8%
Federal 1.31 128 2.10 182 218 211 214 19%
Alaska 0.53 0.52 0.42 0.32 0.24 018 0.34 -1.6%
Onshore 0.47 Q.45 0.30 0.23 0.18 0.14 0.12 -4.9%
State offshore 0.06 0.06 0.12 0.09 0.06 0.04 Q.02 -3.6%
Federal offshor 0.00 0.00 0.00 0.00 0.00 0.00 0.20 15.9%
Lower 48 end of year reserves
{billion barrels) 30.1 294 374 39.4 42.6 43.4 44.8 1.6%

Naturaf gas plant fiquids production
{million barrels per day)

United States total 241 281 4.04 446 420 413 407 17%
Lower 48 onshore . 218 2.38 382 3.94 3.92 387 379 1.7%
Lower 48 offshore . 0.20 0.18 0.9 0.20 0.26 0.25 0.26 1.3%
Alaska 0.03 0.03 0.02 0.02 0.01 0.01 0.02 -1.4%

Natural gas
Natural gas spot price at Henry Hub

{2013 doliars per million Btu).... 279 373 4.88 5.48 589 860 7.85 2.8%

Dry production (triflion cubic feet)
United States total -
Lower 48 onshore
Tight gas ...
Shale gas and tight cil plays’
Coalbed methane ..

24.06 24.40 2882 3051 3301 3414 35.45 1.4%
22.16 2263 2652 2810 20.05 3026 31.49 12%
478 438 521 555 599 6.40 8.97 17%
10.18 11.34 15.44 17.03 17.85 18.85 19.58 2.0%
184 1.29 1.48 1.32 1.24 1.24 128 -0.1%

Other 558 5.61 4.42 419 397 377 369 -15%
Lower 48 offshore 157 1.46 203 216 279 273 2.81 25%
State 0.14 0.11 .06 0.04 0.03 0.02 0.02 -5.9%
Federal 1.42 1.35 1.98 243 278 276 279 27%
Alaska 033 032 0.27 025 1.18 1.18 115 49%
Onshore .... 0.33 0.32 027 025 1.18 1.16 1.5 49%
State offshore 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --

Federal offshore
Lower 48 end of year dry reserves®
(triltion cubic feet)...
Supplemental gas supplies {trillion cubic feet)

0.00 0.00 0.00 0.00 0.00 0.00 .00 “

298 293 308 316 329 338 345 0.8%
0.08 0.08 0.08 0.06 0.06 0.06 0.06 0.6%

Total fower 48 wefls drilfed (thousands).. 447 44.5 434 47.4 521 54.0 56.7 0.9%

“Represents lower 48 onshore and offshore supplies.
AIncludes lease condensate
“Tight oi represents resources In low-permeablity reservoirs, including shale and chaik formations. The specific plays Included In the tight oit category are
Baigeon/Threa Forke/Sanish, Eaglo Ford, Woodord Austin Cralk Sprabesty. Niooravs, AvalorBone Springe, and ontsrey:
‘Marke!ed production (wst) minus extraction losss

yninetic naiural ges. propene air, ooke oven gas, refinery gas, biomass gas, aif infected for Bu and gas and
dheg i natural g
Totals may nol equal sum of components due to independent ounding. Data for 2012 and 2013 are modet results and may dffer from offcial EIA data

Shirces: 2012 and 2013 arude o lower 48 ayerage wellvead orics: .S, Energy Information Adminiiration (EIA), Petroleu arkeing Monthy, DOEEIA.
0380(2014/08) (isshinglon, O, Auaust 2014) 2012 and 2015 cwer 43 onstote foner 48 ofshore, and Alsska arude o procucion: A, Petroleum Suppy
i 2013, DOLIEIA SR04y (hiashingon, 10G, September 2014). J012 U 'S, arite o and neturel g5 ressrves. LIk, U S, Cruce ON Notural Gas. ani
Nafurai Gas Liguids Reserves, DOE/EIA-0216(2012) (Washington, DC, April 2014). 2012 Alaska and total natural gas production, and supplemental gas supplies:
EIA, Natural Gas Annual 2013, DOE/EIA-0131(2013) (Washinglon, DG, October 2014). 2012 and 2013 natural gas spot price al Henry Hub: Thomson Reuters.
2013 Alaska and total natural gas production, and supplemental gas supplies: EIA, Natural Gas Monihly, DOE/EIA-0130{2014107) (Washington, DC, July 2014).
Ofter 2012 and 2013 valies: E1A, Office of Enesgy Analyels. Projections: EIA, AEO2015 National Energy Modeling System run REF2015.D021945A
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Table A15. Coal supply, disposition, and prices
(million short tons per year, unless otherwise noted)

Reference case M““";:
N . . growtl
Supply, disposition, and prices 2013.2040
2012 2013 2020 2025 2030 35 040 {percent)
Production’
i 293 272 280 248 243 235 228 -06%
Interior 180 183 219 235 258 278 300 1.8%
West 543 530 592 822 817 597 $89 0.4%
East of the 423 407 428 426 442 453 467 0.5%
West of the 593 578 843 679 878 658 850 0.4%
Total 1,016 888 1,071 1,108 1,118 1,111 1,117 0.5%
Waste coal supplied®.... 11 10 11 19 10 10 10 0.0%
Net imports
Irmports® 8 7 1 1 1 1 1 -6.8%
Exports 128 118 95 "2 130 131 141 0.7%
Totat -118 410 -94 -110 -129 -130 -140 0.9%
Totat supply® 203 885 987 1,008 999 880 288 0.4%
Consumption by sector
C and insti 2 2 2 2 2 2 2 0.5%
Coke plants 21 21 21 21 20 19 18 ~0.7%
Other industrial® ... 43 43 47 a7 48 48 49 0.5%
Coal-to-liquids heat and power Q 0 [ 0 o] 5] o --
Coal to fiquids production aQ o o o 0 0 Q -
Electric power® 824 858 917 935 930 921 918 0.3%
Totat 888 928 987 1,005 998 98¢ 988 4.2%
Discrepancy and stock change’ 20 ~40 [ [ 0 [ 0 -
Average minemouth price‘z
{2013 dollars per short ton}... 405 37.2 378 403 437 487 482 1.0%
{2013 dollars per million Btu) 201 1.84 1.88 2.02 2.18 232 244 10%
Delivered prices®
(2013 dollars per short ton)
C ial and instituti 2.1 90.5 86.4 89.2 920 95.0 99.2 0.3%
Coke plants. 1934 157.0 165.8 177.7 1895 197.3 204.4 1.0%
Other industrial® 714 69.3 70.3 738 765 79.1 825 0.6%
Coat to liquids - - . - - - - .-
Electric power®
{2013 dollars per short ton) 465 452 457 482 508 3.1 558 0.8%
{2013 dotlars per million Btu) 2.41 234 238 2.54 267 279 292 0.8%
Average. 515 49.1 485 52.2 547 574 59.7 0.7%
Exports™ 1202 251 100.9 107.2 112.7 118.9 1207 0.9%
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Table A15. Coal supply, dispesition, and prices {continued)
million short tons per vear, unless otherwise noted)

Reference case Annuat

growth
2013-2040

2030 203 2040 | (percents

Suppty, disposition, and prices

2012 [ 2013 | 2028 | 2025

Average minemouth price®
(nominal doitars per shortton) ...
{nominal doifars per miltion Btu)...

400 372 430 49.7 58.8 888 79.8 28%
1.98 1.84 2.14 248 292 3.41 3.96 28%

Delivered prices®
{nominal deliars per short ton)
fat and instituti 90.8 805 98.0 109.9 123.4 139.7 160.8 22%
Coke plants. 190.6 157.0 188.0 2187 254.0 289.9 3313 2.8%
Cther industrial® 703 693 787 907 102.5 116.3 133.8 2.5%
Coal to liquids .- .- .- .- .- -- “= -~
Electric power®
(nominat doffars per short fon} 458 452 518 59.4 878 780 20.1 2.6%
(nominat doifars per mittion Btu}. N 237 234 270 313 358 4.1 473 28%
Average. 50.7 48.1 56.2 84.3 733 84.0 96.8 2.6%
Exports™ 118.4 95.1 114.4 1318 151.% 1747 185.6 2.7%

“inciudes anthracite, bitutinous coal, subbltuminous coal, and lignite
Zinciudes waste ooal consumed by the electric power and industrial sectors. Waste coal supplied is counted as a supply-side item to balance the same amount
of waste coal included in the consumption data
SExcludes imports to Puerto Rico and the U.S. Virgin istands.
*Production plus waste coal supplied plus net imporis
N | !1u1 es consumption for combined heat and power plants that have a non-regulatory status, and smalt on-site generating systems. Excludes all coal use in
o goalio-iouids
Sinciudes all slectricity-only and combined heat and power plants that have a regulatory status.
7Balarcing ftem: the sum of proguction, nef imports. and waste coal supplied minus total consumptior
“inciudes reported prices for both open market and captive mines. Prices weighted by proguction, hich cifters from average minemouth prices published in
E1A data reports whers it Is weighted by reported saies

3Prices weighted by ; weighted average exclud and prices, and export free-alongside-ship prices.
Free- slongsde sh!p price at U.S, port of exit
Nt applical

Btu = British thermal unit
No!e Totals may not equal sum of components due to independent rounding, Data for 2012 and 2013 are mode! results and may differ from official EIA data

Sources: 2012 and 2013 data based on: U 8. Energy Information Administration (EIA), Annual Coaf Report 2013 DOE/C!A -0584(2013) (Washington, DC,
January 2015); EIA, Quarterly Coal Report, October-December 2013, DOEMEIA-0121(2013/4Q%) {Washington, DC, h 2014); and E1A, AEO2015 National
Energy Modeling System run REF2015.0021915A° Projections: EIA, AEO2015 National Energy Mcdelmg System run REFZCHS 00219154,

ey
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Table Al16. Renewable energy generating capacity and generation

(gigawatts, unless otherwise noted}

Reference case Annual
Net summer capacity and 2%;‘;:“0
2012 l 2013 | 220 2025 l 2030 ] 2035 [ 2040 {percent)
Electric power sector”
Net summer capacity
i ic power 781 783 792 79.6 797 79.8 80.1 0.1%
G 26 26 38 53 7.0 8.2 8.1 47%
icipat waste® 36 37 38 38 38 38 38 0.1%
Wood and other biomass* 28 33 35 3.5 38 42 55 1.8%
Solar thermal ... 8.5 1.3 18 1.8 1.8 18 1.8 1.2%
Solar p i 28 52 14.4 147 157 17.9 222 5%
Wind 59.2 60.3 82.0 83.0 86.3 958 108.2 22%
Offshore wind 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
Total electric power sector capacity 149.4 154.7 1886 191.6 198.0 2112 23086 1.5%
Generation {billion kilowatthours})
[of i ic power 273.9 2657 2010 2928 203.4 293.8 2958 0.4%
G g 158 165 26.8 385 52.4 823 89.8 5.5%
Biogenic waste® 168 16.8 200 203 201 200 202 0.8%
Wood and other biomass 114 122 247 362 404 471 58.8 8.0%
Dedicated plants ... 9.9 1.1 134 1541 187 204 303 3.8%
Cofiring 12 1.1 1.3 211 237 28.7 28.5 12.7%
Solar thermal .. 09 09 36 38 38 36 38 5.1%
Solar p 3.3 8.0 297 303 3286 378 471 8.8%
Wind 140.7 167.8 2308 2338 2433 2761 3171 2.4%
Offshore wind 0.0 00 01 0.1 01 0.1 .1 -
Total electric power sector generation....... 482.3 487.4 626.4 655.6 $85.9 740.7 812.1 1.8%
End-use sectors’
Net summer capacity
i y ic power. 0.3 03 0.3 0.3 0.3 0.3 0.3 .0%
G 0.0 0.0 00 0.0 0.0 .0 0.0 --
waste® 05 0.5 05 05 05 05 05 00%
Biomass... 4.9 50 54 5.4 54 55 56 0.4%
Solar pl 46 62 114 185 218 287 367 8.8%
Wind 02 0.2 07 07 0.9 1.1 15 7.7%
Total end-use sector capacity .. 10.4 12.4 18.2 224 286 36.0 4.6 4.9%
Generation {billion kilowatthours)
i y ic power. 1.4 1.4 1.4 1.4 14 1.4 1.4 0.0%
G 0.0 0.0 00 0.0 00 00 00 ..
waste® 36 36 3.6 3.6 36 36 36 0.0%
Biomass... 265 27.2 20.1 293 204 294 305 0.4%
Solar pl s 71 26 17.9 248 347 46.3 58.3 7.0%
Wind 0.2 03 09 1.0 1.2 1.5 2.1 8.0%
Total end-use sector generation 38.8 42.1 52.8 0.1 70.2 82.3 969 3.1%

U.S. Energy Information Administration | Annual Energy Outlook 2015

A-31



156

A-32

Table A15. Renewable energy generating capacity and generation (continned)
(gigawatts, unless otherwise noted)

Reference case Annuat

growth
2013-2040

2025 2030 2035 2040 | (percent)

Net summer sapacity and

2012 [ w13 | 020

Total, all sectors
Net summer capacity

C i ic power 78.4 785 785 788 80.0 80.1 804 0.1%
28 2.8 38 53 7.0 8.2 a1 A47%

waste 4.1 4.1 4.3 4.3 4.3 43 4.3 0.1%

Wood and other biomass®. 7.8 83 8.9 89 9.1 96 111 1.1%
Sotar® 7.6 127 276 319 380 48.3 60.6 6.0%
Wind 59.4 60.5 82.7 838 87.3 8.7 109.7 2.2%

Total capacity, ali sectors 158.8 186.8 208.8 2141 2268 2472 2752 1.8%

Generation {billion kilowatthours}
o y

ic power 2782 2671 202.3 294.2 294.7 295.2 287.0 0.4%

156 165 268 385 524 82.3 £9.8 5.5%

waste 208 201 237 239 237 237 23.8 0.6%

Wood and other biomass.... 37.8 39.4 53.8 85.5 8.8 765 89.3 3.1%
Solar® 1.2 185 51.3 58.7 70.8 875 1101 8.8%
Wind 1410 167.8 2315 2349 244.6 277.8 3183 2.4%
Total ion, alf sectors 501.2 5205 679.4 7156 756.2 823.0 809.1 2.0%

"includes electricity-only and combined heat and power plants that have a regulatory status.

Zincludss bath hydothermal resouroes (not weter and steaim) and near fied enfianoed geothernal systoims (EGS) Near il EGS potental oseurs on knawn
hydrothey mal sites, however this pofential requires the addition of external fluids for electricity generation and is. On}F available after

includes municipal waste, landfill gas, and municipal sewage shidge. Incremental growth s assumed fo be for landfilf gas eoties. Al musicipal waste is
incjutied, aRNoUgH & porton f 1 MUNCIRal Waste Stream SomaIns petioleum-(ervet piastios and oiher non renzwabie SOUTSRS

‘Facmnes co-firing biomass and coal are classified as coal
not inciude off-grid photovoltaics {PV). Based on annual PV shipments from 1988 through 2013, E!A estimates that s much as 274 megawatls of
semole electichy generson PV apoh ieations (1., offgrid power systems) were in service In 2013, phis an sddilional 573 megawatis i1 ComMUNAONS,

transportation, and assorted other See U.S. Energy Information Administration, Annual Energy Review 2011,
DOEAEIA-034(2011) (Washington, DC September 2012), Tabie 10 § fannual B sh;pmems 1989-2010), and Tabie 12 (US, phofovalilc modiie shipments by
end use. sector and type) in LS. Ene hotovolal port, 2011 (Washngion, DO, Septarmibor 2012

and U.S. Ene; hietie Shomente Rspoﬂ 5052 Mo gt ' DG, Decomber 2013 The approach tsed 1o
SEveion e A Gack o et s, ook o upper estimate of the size of the PV sfock, nciuding both grid-based and off-grid PV. it wil
overestimate the size of the stock, because shlpmems include a substantial number of units that are exported, and each year some of the PV units installed earlier
will be retired from service or abandoned
Sincludes biogenic municipal waste, tandfil gas, and municipal sewage sludge.  Incremental growth is assumed to be for fandfill gas faciliies. Only biogenic
municipal waste Is included. The US. Energy Infarmation Administration estimates that in 2013 approximately 7 billion kilowatthours of eleciricity were generated
{rom & municipal waste srear conaining pefroieum dertved plastios and offie non-reneabl sources, See U S, Energy informaton Administraton, Melhodobogy
for Allocaling Municipal Solid Wasie to 5 nergy DC, May 2007
Yincludes combined heat and power plants and e!ecm\,sty only p4ams in the commercial and industriat sestors that have a non-regulatory status; and smail on-
site generating systems in the residential, commercial, and industrial sectors used primarily for own-use generation, but which may also sell some pawes 1o the

i

Fincludes municipal waste, landfil gas, and municipal sewage shudge. Al municipal waste is included, althiough a portion of the municipal waste stream
contains petroleurn-derved plastios and other non-renewable SOUTCES,

- = Nof applicable

Note: Totals ray not equal sum of components due to independent rounding, Data for 2012 and 2013 ate modet results and may differ from official EIA data
reports.

Sources: 2012 and 2013 sapoty. S Energy nformation Adminitration (EIA), Form 14-860, “Annul Eleotric Generator Report: (areiminary). 2012 and
2013 generation’ £, Monthly Energy Review, DOE/EIA-0035(2014/11) (Washington, O, November 2014}, Projections: EIA, AEO2015 National Energy
Modeing Syster run REF2015.0021915A
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Table A17. Renewable energy consumption by sector and source
{quadrillion Btu per year)

Refesence case Annual

growth
20132040

2012 2013 2020 2025 2030 2035 2040 {percent)

Sector and source

Marketed renewable energy’

{wood} 0.44 0.58 0.41 0.38 0.38 0.36 0.38 -1.8%

Commercial (biomass).... 0.1 0.12 0.12 0.12 012 042 0.12 0.0%

industriai® 2.24 2.20 233 2.39 238 2.39 248 0.5%
C i ¥ ic power 0.01 0.01 0.0t a.01 001 001 0.01 0.0%
waste® 017 0.18 019 0.19 0.19 .19 0.19 0.2%

Biomass 1.32 1.28 1.33 138 1.39 1.38 1.42 0.4%

Biofuels heat and coproducts. 0.73 o2 0.80 0.80 0.80 0381 0.86 0.6%

T o i 1.18 1.26 143 1.42 1.42 1.46 1.57 0.8%
Ethanol used in E85° .. 0.01 0.01 8.02 0.08 013 .18 0.1¢ 9.9%
Ethanol used in gasoline blending 1.05 1.06 1.07 1.00 0.95 0.96 1.05 0.0%
Biodiese! used in distillate blending 0.1 0.19 027 0.21 021 0.21 021 0.4%

i .00 0.00 0.00 08.00 0.00 0.00 0.00 -
Liguids from biomass.. 0.00 0.00 0.0t 0.02 0.02 0.02 0.02 22.0%
Renewable diesel and gasoline 0.0 0.00 008 0.1 0.11 o 0.1 .

4.53 4.18 8.13 643 6.72 7.28 7.99 1.9%
y ic power 2.61 253 277 279 279 2.80 2.81 0.4%

Electric power®

G Q.15 0.18 0.28 037 0.50 0.60 087 5.5%
Biogenic icipal waste’ 0.23 0.23 0.27 027 0.27 0.27 027 0.6%
Biomass 017 0.18 0.32 0.45 0.50 058 074 5.3%
Dedicated plants ... 0.10 .12 0.14 0.18 0.18 0.21 032 3.8%
Cofiring 0.07 0.07 0.18 0.29 0.33 0.37 0.42 7.0%
Bolar thermal . 0.01 0.01 0.03 0.03 0.03 0.03 0.03 5.1%
Sotar p 0.03 008 0.28 0.29 0.31 0.38 0.45 8.8%
Wind 1.34 1.59 219 223 232 283 3.02 2.4%
Totat energy 8.50 8.95 10.42 10.76 11.04 11.60 12.52 1.3%
Sources of ethanol
from corn and other starch.... 1.08 1.08 1.10 1.08 110 1.11 1.9 0.3%
from cellulose. 0.00 0.00 0.0t 0.01 0.01 0.01 0.0t .-
Net imparts -0.02 -0.02 -0.03 -0.02 -0.03 -0.01 002 .-
Total 1.08 1.07 1.08 1.08 1.08 142 1.23 0.5%
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A-34

Table A17, Renewable energy consumption by sector and source {continued)
(guadrillion Btu per year)

Reference case Annuat
Sector and source growth

2013-2048
2012 13 2028 2025 2030 223 2040 {percent)

Nonmarketed renewable energy®
Selected consumption

0.04 0.06 0.13 0.17 0.23 0.28 0.35 7.0%
Solar hot water heating.... 0.0t 001 0.01 0.0 0.0t 001 001 1.8%
heat pumps 0.01 0.0t 002 0.02 0.03 0.03 0.03 4.1%
Sofar p! i 0.02 0.04 o.00 013 0.18 024 029 8.0%
Wind 0.00 a.00 0.01 0.0t .01 0.01 0.0t 8.9%
O it 0.13 0.14 0.47 0.20 0.25 0.32 0.39 3.8%
Solar thermal ... 0.08 0.08 0,00 0.09 2.10 0.10 0.11 1.4%
Sofar pl i 0.04 005 0.08 e.11 0.15 020 027 8.1%
Wind 0.00 0.00 0.00 0.00 0.00 0.01 0.0t 9.0%
"includes ponslectric renewable energy aroups for which the energy source is bought and sold in the alth

be marketed, and marketed renewable energy mnputs for electricity entering the marietpiace on the electric power grid Excxudes electricity xmports see Table AZ
Actual heat rates used to determine fuel cansumption for ail renewable fuels except hydroelectric, geothermal, solar, and wind. Consumption at hydroelectric,
geothermal, solar, and wind faciities is determined by using the fossil fuel equivalent of 9,516 Biu per Kiowatthour

“includes combined heat and power plants that have a nan-regulatory status, and smali on-site generating syste

*includes runicipal waste, landfit gas, and municipal sewage siudge. /-\Jl municipal waste is inciuded, a!though a portion of the municipal waste stream
cogtains petroleum-derived piastics and other non-renewable SoUTCes.

xcludes motor gasoline component of E85,
5Renewabwe feedstocks for the on-site production of diesel and gasofine
Sincludes consumption of energy by electricity-only and combined heat and power plants that have a regulatory stetus.

Tincludes biogenic municipal waste, fandfil gas, and municipal sewage siudge. Incremental growth s assumed to be for landfifl gas Taciities. Only biogenic
il wasts 5 imoiuded. - The U.S. Energy IHfomation Administraton esimates M In 2013, appromataly 03 quadniion Bhs were consumed from 3
Tunioibal wasto, siream coniaining petroleum-Jerived plastcs and ofher Mon-renewable Soues,  Ses U.S. Enery Information Adminisiration. Mefhcaoiogy for
Aligoating Municipal Selid Waste 1o Biogenic and Non-Biogenic Energy (Washington, DC, May

Sioies seienied renewable eneray consumption dats for WhIGh tne energy is ol Bough o soid, ether directly of ndirectly 28 an fnput to marketed energy.
The Uis, Enery lnélormahon Adminisiration does not estimate of project total consumption of nonmarketed renewable energy.

o applicable
Bty = Bilfish thermal u
o Fotals oy ot adual sum of components e to independert rounding. Data for 2012 and 2013 are modef resus and may difer fiom ofical EIA data

Tey

ports,

Sources: 2012 and 2013 ethanol: U.S. Energy Information Administration (EIA). Monthly Energy Review, DOE/EIA-0035(2014/11) (Washington, DC,
November 2014). 2012 and 2013 elestric power sector: EIA, Form EIA-880, "Annual Electric Generator Report” (preliminary). Other 2042 and 2013 valies: EIA,
Office of Energy Analysis. Projections: EIA, AE02015 National Energy Modeling System run REF2015.D0219154,
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Table A18. Energy-related carbon dioxide emissions by sector and seurce
(million metric tons, unless otherwise noted)

Reference case Annual

growth
2013-2040

2025 2030 2035 2040 | (percent)

Sector and source

2012 l 2013 | 220

Residential
Petroleum 61 64 50 45 41 37 33 -2.4%
Naturat gas 225 287 246 241 240 235 229 -0.6%
icity’ 757 773 761 781 770 776 779 0.0%
Total i i 4,044 1,105 1,087 1.047 1,064 1,048 1,042 0.2%
Commercial
Petroleumn 40 41 44 43 42 41 41 -0.1%
Naturai gas 157 178 175 175 182 189 te7 0.4%
Coat 4 4 5 5 s 5 4 0.5%
city! 731 744 755 772 788 801 814 0.3%
Total i 933 268 978 994 1,016 1,087 1,087 0.3%
Industriaf®
Petroleum ... 345 350 410 425 424 424 429 0.8%
Naturat gas® 447 462 512 523 839 549 563 0.7%
Coat 142 143 150 148 144 139 138 -0.1%
city! 543 531 588 815 613 801 592 0.4%
Totat i i 1,476 1486 1,858 1,711 14,718 1744 1,723 0.5%
Transportation
Petroleum® 1,774 1,782 1752 1,701 1,862 1,647 1,631 -0.3%
Naturai gas® 41 49 49 53 59 &7 89 22%
eity® 4 4 5 s 6 8 9 29%

Total transportation..... 1,819 1,845 1,808 1,758 1,727 1,722 1,728 -0.2%

Electric power®

Petroleurn 19 23 13 13 13 13 13 -2.1%
Natural gas 483 442 412 441 478 497 509 0.5%
Coal 1,511 1,575 1,670 1,887 1.674 1,664 1,661 0.2%
Other” 12 12 12 12 12 12 12 0.0%

Total electric power. 2,038 2,083 2,107 2,183 2477 2,188 2,198 0.2%

Total by fuel

Petroleum® 2,240 2,272 2,269 2,227 2,182 2,163 2147 ~0.2%
Natural gas 1,363 1,389 1,394 1432 1,487 1,538 1,586 0.5%
Coat 1657 1722 1824 1840 1822 1,808 1,804 0.2%
Other” 12 12 12 12 12 12 12 0.0%

Total 5272 5405 5499 5511 5514 5521 5549 0.1%

Carbon dioxide emissions

(tons per person)..... 16.8 171 165 15.9 154 14.9 14.6 0.6%

‘Emissions from the efectric power sector are distributed to the end-use seet

“includes combined heat and power plants thiat have a non-Tegulatory Stotus, and smal on-sits generating systems

*inciudes fease and plant fuel

is includes carbon dioxide from jnterational bunker fuels, both civilian and military, which are excluded from the accounting of carbon dioxide emissions

under the United Nations convention. From 1990 through 2013, international bunker fuels accounted for 90 to 126 million metric tons anaually.

*Includes pipeline fue! natural gas and natural gas used as fusl in motor vehicles, trains, and Ships.

“Includes electricity-only and combined heat and power plants that have a regulatory status,

includes emissions from geothermal power and nonbiogenic emissians from municipal w

Note' By Comvention, the-dirett misaion oM blogeric Shergy sources afe Sxckided fiom energy-related carbon diocide enisians, The release of carbon
from these sources is assumed 1o be balanced by the uptake of carbon when the feedstook is grown, resulling if zero net emissions over some period of time. 1,
however, increased use of biomass energy results in  deciine in terrestrial carbon stocks, a net positive release of arbon may cocur. See Table A1, "Energy-
Reloted Carbon Dioxide Ermssions by Ert Use", for 176 GTISSIons 1om bioganic energy Souroes &6 an ndication of e patentil et release of Garbon dIoNas i
the absence of offsetting sequestration. Totals fay not equal sum of components due to independent rounding. Data for 2012 and 2043 are model results and
may differ from official EIA data reports

Lources: 2012 and 2013 emisions and emission factors; U.S, Energy Information Administration (EIA), Monthly Energy Review, DOE/EIA-0035(2014/11)
(Washinglon, DC, November 2014). Projections: EIA, AEO2015 National Energy Modefing System run REF2015 DO21915A
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A-36

Table A19. Energy-related carbon dioxide emissions by end use

(million metric tons)

Reference case Anaual
Sector and end use 2&‘;%
2012 l w013 | 2028 225 l 2030 ] 2035 l 2040 (percent)
Residential
Space heating 228 293 248 238 228 218 207 -1.3%
Space cooling 136 108 124 128 135 1 145 1.1%
Water heating 143 144 142 142 143 139 134 -0.3%
i i 60 58 83 &1 51 51 52 -0.5%
Cocking 30 30 31 32 32 33 34 0.4%
Clothes dryer: 35 36 36 37 37 38 38 0.3%
Freezers 13 13 11 k 10 10 9 -t1%
Lighting 103 96 67 59 52 43 38 -3.3%
Clothes washers', 5 5 4 3 3 2 2 -24%
Di ! 16 15 15 15 17 17 18 0.5%
T and related 54 54 S0 50 1 53 54 0.0%
C and related ? 20 20 15 12 kal 9 7 -3.6%
Furnace fans and boiler circulation pumps 15 21 18 17 18 14 13 -1.8%
Other uses® 188 211 242 253 267 278 288 1.2%
iscrepancy’ 0 0 o 0 4 0 0 -~
Total 1,044 1,108 1,067 1,047 1,061 1,048 1,042 2%
Commercial
Space heating® . 112 136 122 115 111 105 97 -1.2%
Space cooling® 85 82 85 84 84 83 82 0.0%
Water heating 44 45 44 44 44 44 43 -0.2%
et 82 34 85 85 85 84 83 0.0%
Cooking 14 14 18 15 16 16 16 0.4%
Lighting 148 148 137 131 127 120 118 -0.9%
( 81 81 52 48 46 45 45 -1.1%
Office {PC) 138 17 11 8 8 4 3 -5.9%
Office {non-PC) 35 35 38 42 47 51 55 18%
Other uses’. 321 348 392 422 452 484 518 1.5%
Total 933 968 78 984 1,016 1,037 1,087 0.3%
Industrial®
Manufacturing
Refining 281 268 252 251 250 255 260 -0.1%
Food products 86 96 104 108 113 1"e 118 0.8%
Paper products . 89 89 83 59 54 50 49 -1.2%
Buik & 247 247 293 311 309 298 291 06%
Glass 15 15 18 18 17 16 16 0.1%
Cement and lime... 29 30 “ 42 45 48 52 2.1%
lron and steet ..... 125 128 138 141 138 129 122 0.0%
45 46 54 55 51 43 38 -0.7%
Fabricated metal products ... 38 39 42 43 42 43 43 0.3%
Machinery 22 22 24 25 27 28 28 1.1%
s and 47 48 48 49 51 53 52 0.3%
. i 44 47 50 52 53 58 83 1.1%
Electricai B 8 9 10 10 11 12 1.4%
Wood products. 15 17 20 20 20 19 18 0.3%
Plastics 38 40 44 46 48 48 48 0.8%
Batance of manufacturing 154 156 161 164 185 166 189 0.3%
Total i 1,264 1,270 1,358 1,392 1,388 1,383 4,383 03%
Nonmanufacturing
i 66 6 &5 84 62 60 58 0.4%
C 62 64 77 80 83 85 87 1.1%
Mining 101 102 117 115 113 108 108 0.2%
Total 230 232 259 288 287 253 2853 0.3%
Di -8 -16 44 81 73 79 86 -
Total i 1476 1,486 1688 1,711 1,71 1,714 4,723 0.5%
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Table A19. Energy-refated carbon dioxide emissions by end use (continued)
(million metric tons)

Reference case Annual
Sector and end use l | l ] [ 231';_‘;0&40

2012 2013 2020 2025 2030 2035 2040 {percent)

‘Transportation

nght duty vehicles 1,035 1.044 987 892 834 801 777 ~11%
i lghﬁ trucks’ 36 38 37 36 35 35 36 -0.2%
Bus 16 18 18 18 18 19 19 0.2%
Freight trucks .. 356 389 417 429 440 456 477 0.8%
Rail, 5 8 8 6 8 8 7 0.6%
Rail, freight. 31 36 35 36 34 32 31 -05%
Shipping, domestuc 7 7 7 6 8 5 5 -1.4%
Shipping, i 52 48 47 47 47 48 48 0.0%
i boats. 16 17 18 18 19 20 20 0.6%
Air 165 163 180 193 206 214 219 1.1%
Military use 50 48 45 45 48 51 54 0.5%
Lubricants 5 5 5 5 5 5 5 0.3%
Pipeline fuel 40 47 45 43 50 50 51 0.3%
Di s 5 -21 -21 -21 21 =21 -20 --

Totai transportation..... 1,818 1,848 1,806 1,769 1,727 1,722 1,728 0.2%

Biogenic energy combustion'®

Biomass 192 203 208 221 224 229 247 0.7%
Electric power sector . 16 17 30 42 a7 55 69 5.3%
Other sectors ... . 176 186 176 179 177 174 178 ~0.2%

Biegenic waste. 21 21 24 25 24 24 24 0.6%

Biofuels heat and coproducts . 69 68 75 75 75 78 81 0.6%

Ethanot 73 73 74 74 74 77 84 0.5%

Biodiesel 8 14 20 18 18 16 18 0.4%

Liguids from biomass.... o a 1 1 1 1 1 22.0%

Renewabte diesel and gasoline . . 0 o 4 8 8 8 8 -
Totat 362 379 403 418 422 431 461 0.7%

1Does not include wates heating portion of load

“noiudes televisions, set-fop baxes, home theater systems, DVD piayers and video geme consoles.

>includes deskiop and lapiop computers, monitors, and netwarking e

“niides smal Slactic deviess, hoating elements, autdoor ghils, exteror Ights, pool heaters, spa heaters, baokup electrioty generators, and metors not fisted
abgve. Electric vehicles are included in the transportation sector.

SRepresents differences between total emissions by end-use and totel emissions by fuel as reported in Table A18, Emissions by fuel may reflect benchmarking
ang other modeling adjustments to energy use and the associated emissions that are not assigned to specific end uses.

®nciudes emissions related to fuet consumption for district services.

"Inciudes emissions related fo (but not limited to) miscelianeous uses such as transformers, medioal imaging and other medical equipment, elevators,
escalators, off-road efectrio vemc;es iaboratory fume hoods, laundry equipment, coffee brewers, water services, pumps, emergency generators, combined heat
and power in buildiny performed in buildings, and cooking (distilate), plus residual fuel ofl, propane, coal, motor gasoline,
Kerobens. and markated renowatie {uals (bomase)

tlncludes combined heat and power plants that hiave 2 non-regulatory status, and smail on-site generating systems.

*Commercial trucks 8,501 to 10,000 pounds gross vehiole weight rating.
By convention, te direct emissions from blogenic energy sources are excluded from energy-related carbon dioxide emissions. The release of carbon from
these sources is assumed 1o be balanced by the uptake of carbon when the feedstock is grown, resuiting in zero net emissions over some period of fime. I,
however, inoreased use of biomass energy results in a decline in terrestrial carbon stocks, & net positive release of carbon may ooour. Accordingly, the emissions
from blogenic energy sources are feported hete as 2 ndication of he patenta et refease of carban dioxide In he sbsence of ofseting sequesirafion.

= Not applicable.
Ncézse Totals may not equal sum of companents due to independent rounding. Data for 2012 and 2013 are model resuits and may differ from official EIA data

rey
Sources: 2012 and 2013 emissions and emission factors. U.S. Eneray information Administation (EIA), Monihly Eneray Review, DOE/EIAG0SB(2014/11)
(Washington, DC, November 2014). Projections: BIA, AEO2015 National Energy Modeling Systern run REF2015.0021615A
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Table A28, Macroeconomic indicators
{biltion 2003 chain-weighted dollars, unless otherwise noted)

Reference case Annual

Indicators I | ‘ l l Zg;;v;:lhw

2012 013 200 2025 2030 235 I 2040 {percent)

Real gross ic product 15,369 15710 18,801 21,205 23,894 26,658 20,898 24%
Components of real gross domestic product

Real i 10450 10700 12,832 14484 16275 18,479 20476 2.4%

Real i 2436 2,556 3531 4025 4474 4984 5634 3.0%

Real spending 2,954 2,894 2,985 3,008 3,286 3,469 3,691 0.8%

Real exports 1,860 2,020 2813 3,807 4,815 8,010 7.338 4.9%

Real impart: 2,413 2,440 3,334 4,079 4,888 5,859 7,037 4.0%

Energy intensity

{thousand Btu per 2008 dollar of GDP)
Delivered energy. 4.47 4.53 3.93 3.49 3.13 283 2.56 2.1%
Total energy. 8.14 6.18 $.36 479 431 3.90 354 -2.0%

Price indices

GDP chain-type price index (2009=1,000)...

Ceonsumer price index (1982-4=1.00)
All-urban 230 2.33 283 23¢9 3.18 3.54 305 2.0%
Energy commodities and services 2.48 2.44 255 2.98 3.42 4.03 485 2.6%

Wholesale price index (1982=1.00)
Al iti 2.02 2.03 225 2.47 271 3.02 339 1.9%
Fuet and power..... 212 242 228 267 3.08 3.69 456 2.9%
Metals and metal products. 2.20 2.14 2.43 2.62 2.85 3.13 3.42 1.8%
Industrial commodities excluding energy 1.94 196 222 2.40 281 285 3142 1.7%

1.05 1.07 1.21 1.31 t.43 1.57 173 1.8%

Interest rates (percent, nominal}
Federal funds rate
10-year treasury nof
AA utility bond rate.

0.14 o 3.40 356 3.869 3.76 4.04 -
1.80 235 4.12 4.14 428 4.41 483 --
3.83 4.24 8.15 8.08 8.33 6.47 871 -

Value of shipments (billion 2009 dollars)
Non-industrial and service sectors 23,988 24,308 28468 32023 34968 37767 40814 1.8%

Totalindustrial .. 6,822 7,004 8,467 9,212 9870 10614 11463 1.8%
i , mining, and i 1,813 1,858 2,344 2,441 2,540 2,601 2,712 1.4%
ing 5.009 5,146 8,123 8,771 7,330 8,012 8751 2.0%
Energy-intensi 1675 1,685 1,846 2,084 2,168 2237 2,317 1.2%
N gy-intensi 3,334 3,461 4477 4,687 5,162 8,776 8,433 2.3%
Total shi 30,810 31,402 36,935 41235 44,838 482380 52277 1.9%
and

Popuiation, with armed forces overseas 315 317 334 347 358 370 380 0.7%
Poputation, aged 16 and ove: 249 251 2867 277 288 288 307 0.7%
Popuiation, aged 65 and ove 43 45 56 B85 73 78 80 2.2%
, nonfarm, 134 136 149 154 159 163 169 0.8%
3 i 113 11.9 1.8 11.3 107 103 a7 -0.7%

Key labor indicators
Labor force {miltions) .. 155 155 166 170 174 179 185 0.6%
Nonfarm labor producth J . 1.08 1.05 1.20 1.34 1.48 1.62 1.78 2.0%
L rate (percent) 8.08 735 5.40 4.98 5.03 5.02 4.85 .

Key indicators for energy demand
Real di personat income 11,676 11,651 14,411 16318 18,487 20610 22,957 2.5%
Housing starts (millions) - 0.84 0.99 1869 1.70 1.66 1.62 1.62 1.8%
Commercial floorspace (billion square feet). 82.3 828 89.0 4.1 98.4 103.2 109.1 1.0%
Unit sales of light-duty vehicles (millions) . 4.4 155 170 17.2 175 17.7 182 0.6%

GDP = Gross demestic product.
Btu = British thermas unit

~ - = Not applicable

Sources; 2012 and 2013; IHS Econemics, Industry and Employment models, November 2014, jecti US. Energy
AEO2015 National Energy Modeling System run REF2015.0021810A,
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Table A21. International petroleum and other lquids supply, disposition, and prices

(million barrels per day, unless otherwise noted)

Reference case Anﬂwﬂg
S . o
Supply, disposition, and prices l Z(%Z-ZG 40
2012 2013 | 020 2025 l 2030 1 2035 [ 2040 {percent)
Crude oil spot prices
{2013 doitars per barrel}
Brent 113 108 79 91 108 122 141 1.0%
West Texas 96 98 73 85 99 118 136 1.2%
{nominal dollars per barrel}
Brent 12 109 80 112 142 180 229 2.8%
West Texas 94 98 83 108 133 171 220 3.0%
Petroleum and other fiquids consump(ion’
OECD
United States {50 states} 18.47 18.96 18.65 19.81 1941 19.29 19.27 1%
United States territories 0.29 0.30 0.31 06.32 0.34 0.36 038 1.0%
Canada 229 229 2.3 2.25 221 247 2.14 -0.3%
Mexico and Chile 2.50 2.46 271 278 2.80 2.83 2.92 0.6%
OECD Europe” .. 14.07 13.96 14.20 14.18 14.08 14.03 14.12 0.0%
Japan 473 4.56 427 418 403 3.86 3.65 -0.8%
South Korea... 24 243 258 257 253 2.46 2.40 0.0%
Australia and New Zealand 147 116 1.18 112 111 kR 1.15 -0.1%
Total OECD consumption 45.83 46.14 47.20 46.97 46.52 46.10 46.04 0.0%
Non-OECD
Russia 320 3.30 3.31 324 3.23 3.17 3.01 -0.3%
Other Europe and Eurasia® 2.00 2.08 222 228 2.3¢ 2.50 2.59 0.8%
China 10.29 10.67 1313 1475 1703 18.92 20.19 2.4%
India 3.63 370 4.30 4.89 552 813 879 2.3%
Other Asia” . 7.35 7.37 .08 10.69 12.3% 14.20 16.48 3.0%
Middie East 732 76t 8.40 8.81 956 1028 1113 1.4%
Africa 338 3.42 388 428 4.78 5.39 8.18 22%
Brazil 293 3.1t 333 3.44 3.74 4.08 4.50 1.4%
Other Centrat and South America 3.35 3.38 3.49 3.55 372 3.90 4.15 0.8%
Teotal non-OECD consumptios 43.41 44.60 51.20 56.92 62.31 68.58 76.01 1.8%
Totat 89.3 90.7 98.4 102.9 108.8 114.7 121.0 1.1%
Petroleum and other liquids production
OPEC®
Middle East 2629 2632 24.56 26.23 28.34 3312 36.14 1.2%
North Africa 3.37 280 3.51 356 367 385 4.08 1.3%
West Africa . 4.40 4.26 5.00 .16 5.24 5.33 5.43 0.9%
South America 299 3.0t 3.10 3.16 327 3.49 379 0.9%
Total OPEC production 37.05 36.48 36.16 38.10 41.53 45.79 48.42 1.1%
Non-OPEC
OECD
United States (50 states) ... 11.04 12.64 16.92 16.74 16.52 15.84 15.89 0.8%
Canada 4.00 4.15 5.05 5.88 8.28 661 8.78 1.8%
Mexice and Chile 2.96 2.94 283 312 332 352 378 0.8%
OECD Europe? ., 4.04 3.88 335 3.08 298 297 3.18 -0.7%
Japan and South Korea 0.18 0.18 0.47 017 0.18 0.18 0.18 0.1%
Australia and New Zealand 057 0.48 080 0.80 0.86 08t 0.968 5%
Total OECD production 22.80 24.29 28.03 29.58 3012 3003 30.77 0.8%
Non-OECD
Russia 10.52 10.50 10.71 1078 11.22 11.81 1218 0.5%
Other Europe and Eurasia® 3.20 327 3.41 4.14 4.42 4.70 5.18 1.7%
China 4.39 4.48 5.41 5.48 5.66 8.76 5.84 1.0%
Other Asia® 3.88 3.82 385 3.72 387 371 4.01 0.2%
Middle East 1.31 1.20 1.03 0.93 0.85 0.78 6.77 1.8%
Africa 231 241 270 2.88 2.94 3.03 333 1.2%
Brazil 281 273 3.70 456 5.43 5.90 8.12 3.0%
Other Ceniral and South America.... 217 2.21 271 278 297 3.16 3.47 17%
Total non-QECD production 30.38 30.63 33.21 36.22 3747 38.85 40.88 1.1%
Totai petroleum and other liquids production...... 90.2 914 28.4 102.8 108.8 1147 1214 1.8%
OPEC market share {percent) ... 41.1 388 38.7 370 38.2 389 40.8 --
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Table A21. International petroleum and other liquids supply, disposition, and prices {continued)
{miition barrels per day, unless otherwise noted)

Reference case Annuat
Supply, disposition, and prices growth

2013-2040
012 213 2020 2025 2038 2035 2048 {percent)

Selected world production subtotat;
Crude oflt and equivalents®

7735 77.93 8218 8520 89.77 94.33 89.09 0.9%

Tight oit 263 382 7.49 8.31 9.16 982 1045  39%
Bitumen’ 1.94 2.1 3.00 3.52 3.95 421 428 2.6%
Refinery p ing gain® 2.37 2.40 242 2.61 2.74 288 297  08%
Natural gas plant figuids ..... 9.11 936 1128 1193 1242 1293 1379 1.4%
Liguids from renewable sources® 1.93 214 256 2.82 3.36 3.78 4.22 2.5%
Liquids from coal™ 0.21 0.21 033 0.51 0.69 087 1.05 62%
Liquids from natural gas"' 0.14 0.24 033 0.43 051 0.57 061 35%
Liquids from kerogen™.. 0.01 0.01 001 0.01 0.0t ot 001 0.7%
Crude oil production®

Middle East 2324 2343 2120 2286 2558 2941 3179 1.2%
North Africa 2.91 2.43 2.03 2.03 292 2.93 296 07%
West Africa 4.34 4.20 488 5.05 5.13 5.21 529 08%
South America 2.80 282 2.86 2.86 288 3.20 348  08%

Totat OPEC production . 33.30 32.60 31.8¢ 3381 36.62 40.46 43.52 1.1%
Non-OPEC
QECD

United States (50 states) ... 7.54 8.90 1158 11.28 11.01 10.37 10.41 0.8%
Canada 328 342 435 493 5.48 5.83 592 20%
Mexico and Chife . . 281 259 286t 281t 3.00 3.22 3.45 1.1%
OECD Europe” . 299 2.82 217 1.80 1.68 1.58 1.68 -1.8%
Japan and South Korea 0.01 0.00 0.00 0.00 0.00 0.00 0.00 -16%
Australia and New Zealand. 0.45 0.37 0.47 0.81 0.67 071 075 27%

Total OECD production ..

16.87 18.10 2118 2144 2183 2171 22.23 0.8%
Non-OECD

Russia 10.04 10.02 10.18 10.11 10.42 10.85 11.10 0.4%
Other Europe and Eurasia®. . 295 3.05 318 3.83 4.03 4.21 466 1.86%
China 4.07 4,18 454 468 456 4.36 4.13 0.0%
Other Asia® 314 3.04 294 283 245 238 247 -0.8%
Middle East 126 1.16 1.00 0.90 0.82 078 074 -1.6%
Africa 1.88 1.97 218 231 2.38 245 276 12%
Brazil 2.08 202 287 350 4.16 4.47 4.60 314%
Other Central and South America .. 177 1.81 225 229 2.49 2.67 2.94 1.8%

Total non-OECD production 27.18 27.24 2.1 3028 31.32 3218 33.35 0.8%
Totat crude oil production® .

773 779 §2.2 852 89.8 94.3 994 0.9%
OPEC market share (percent)

431 418 388 383 408 429 439 .-

IEstimated consumption. ncludes both OPEC and non-OPEC consumers in the regional breakdown

*OECD Europe = Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, iceland, frefand, isracl, ftaly,
Lugmbourg. the Netheriands, Norviay, Poland. Portugal, Siovakis, Slovenis, Spain, Sweden, Switzertand, Turkey. and ihe Uied Kingaorm

“Other Elrope and Eurasia = Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bulyaria, Croatia, Georgia, Kazaknstan, Kosovo, Kyrgyzstan,
Latyie, uthuama, acedonia, Malta, Moldova, Monfenegro, Romania, Serbia, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan.

A hanisten, Bangladesh, Bhutan, Brunel, Cambodia (Kampuchea), Fili, French Polynesia, Guam, Horg Kong, India (for production), indonesia,
Kiripati, Laos, Malaysia, Macau, Maldives, Mongolia, Myanmar (Burma), Nauru, Nepal, New Caledonia, Nive, North Korea, Pakistan, Papua New Guines,
Phijppines, Samoa, Singapore, Solomon Isiands, Sri Lanka, Taiwan, Thailand, Tonga, Vanuaty, and Vietnam

SOPEC = Organization of the Petroieum Exporting Countries = Algeria, Angota, Eotiador, Iran, iraq, Kuwat, Liya, Nigeria, Catar, Saudi Arabia, the United Arab
Emjrates, and Venezuela.

“Includes crude o, fease condensate, tight ol (shaie i, extracheavy of, and bitumen (of sands)
Includes diluted and upgraded/synthetic bitumen (syncr
“The VORIo amount by whioh 10ta! OtpUt 1 proster fis input due fo the processing of crude ol into products which, in total, have a lower specific gravity
n the orude oil processed.
Sincludes figuids produced from energy craps,
“ncludes iquids converted from coal via the Fischer-Tropsch coal-to-fiquids process,
“Incluces liglids converted from natural gas via the Fischer-Tropsch gas-io-iquids prot
R ingludes liuids produoad from kerogen tailshale, nal o be corfised with tght o fahaio o).
OECD= for Econormic
--= Not apy

plicable.
Note: TO(aVs may not equal sum of components due to independent rounding. Data for 2012 and 2013 are model results and may differ fram official EIA data
reports,

ces: 2012 and 2013 Brent and West Texas Intermediate crude ofl spot prices: Thomson Reuters, 2012 quantities derived from: Energy information
Administration (E1A), International Energy Statistics database as of September 2014, 2013 quantities and projections: E£IA, AEC2015 National Energy
Modeling System run REF2015.0021915A and EIA, Generate World Ol Balance application.

F
B

U.S. Energy information Administration | Annual Energy Outlook 2015



165

Appendix B

Leonomic growth case comparisons

Table Bi. Total energy supply, disposition, and price summary
{quadrillion Btu per year, unless otherwise noted)

Projections
220 203¢ 048
Supply, disposition, and prices 2013 Low High Low High Low High
economic | Reference | economic | economic | Reference | econemic | economic | Refersnce § economic
growth growth | growth growth | growth growth
Production

Crude oif and lease condensate..
Natural gas plant fiquids
Dry natural gas
Coal'....

15.8 222 222 222 208 21.1 213 19.4 19.9 203

38 8.4 55 55 5.8 5.7 5.8 54 55 57
25.1 292 298 300 3286 339 353 3/B5 364 377
200 208 217 20 218 225 230 217 228 235

Nuciear / yraniurm’ . 83 84 8.4 8.4 85 85 86 8.5 87 95
C i ic power 2.5 28 28 28 2.8 2.8 28 28 28 28
Biomass®.. 42 45 4.4 45 4.4 48 50 45 5.0 8.0
Other renewable energy 23 32 32 34 35 36 42 37 486 87
13 0.8 08 0.9 09 eX°) 1.0 ae 1.0 10

827 7.4 98.7 9.7 100.7 103.7 107.0 102.3 106.8 133

imports

Crude oi 170 128 138 14.3 139 15.7 17.3 158 18.2 207
Petroleum and other lquids’ 43 45 48 4.6 43 4.4 4.5 40 4.1 4.6
Natural gas” 29 18 18 2.0 1.4 1.6 17 18 17 19
Cther imports”. 03 0.1 0.1 o1 o1 0.1 o1 0.1 0.1 o1

Total

Exports
Petroleum and ofher fiquids®

Natural gas” 16 4.5 45 4.1 8.8 6.4 5.9 8.1 74 8.7

2.9 25 25 25 33 33 33 35 35 35

117 18.1 8.1 177 228 22.4 217 5.3 248 238

D ¥ 1.8 0.1 0.1 1 a1 0.2 8.2 03 03 04
Consumption

Petroteum and other liquids™?...
Natural gas.
Coal™...

Nuclear / uranium’ 83 8.4 8.4 8.4 85 8.5 88 85 8.7 85
C i ic power 2.5 28 28 28 28 2.8 2.8 28 28 2.8
Biomass™.... 29 3.0 30 31 28 32 38 34 35 4.4
Other renewabie energy’ 23 32 32 34 35 3.6 42 37 48 8.7
Other™. .

Total

Prices {2013 doliars per unit)
Crude oil spot prices (dollars per barrel)
Brent 109 78 79 80 104 106 108 138 141 145
West Texas Intermediate ... 98 72 73 74 o7 29 102 132 136 140
Natural gas at Henty Hub
(dolfars per milion Btu) .
Coal (dollars per ton)
at the minemouth ™.
Coal (dollars per mitfon Btt)
at the minemouth™® .. 184 186 188 189 247 218 220 243 244 249
Average ond-use™ ... 250 250 254 256 281 284 288 306 309 318
Average electricity (cents per kilowatthoun 0.1 10.3 105 106 107 111 .1 114 18 123

373 453 4.88 5.03 5.43 5.69 802 7.46 7.85 8.45

372 375 378 380 4386 43.7 44.1 490 482 50.3
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B2

Table B1. Total energy supply, disposition, and price summary {continued)
(quadrillion Btu per year, unless otherwise noted)

Projections
2020 230 2040

Supply, disposition, and prices LS . o | tow o Tom Woh
economic | Reference | economic | econamic | Reference] economic | economic | Reference ecommlc

growth growth | growth growth | growth wih

Prices (nominal doliars per unit)
Crude oif spot prices (dollars per barrel)

Brent 109 o %0 %0 178 142 138 345 220 224
West Texas Intermediate . 98 87 83 83 168 133 132 331 220 216

Natural gas at Henty Hub
(dolfars per million Btu)
Goal (doliars per ton)
at the minemouth™®
Coal (dollars per mitfion Btu)
at the minemouth® 184 225 2.14 2.13 373 292 284 6.09 396 3.85
Average end-use'’ . 250 302 283 289 484 381 371 767 500 490
Average electricity {cants per kilowatthour)... 0.1 124 19 19 184 148 144 286 192 189

3.73 547 5.54 568 836 763 .77 18.71 12.73 1303

372 45.2 430 4238 75.0 58.6 570 1229 79.8 778

Iincludes waste coal.
ese values repressnt he energy obtained from uranium when itis used i Hght water reaciors. - The tofat energy confent o warium s much farger, bt skeraative
progesses are required to take advantage of
“includes grid-connected electrictty from Whod and wood waste; blomass, such as com, used for liquid fuels production; and non-sfectric energy demand from wood.  Referto
Table A17 for detais.
Ainciudes grdconnested electrisiy from tandill gas; bioganic rmunicipal waste; wind; photovolaic and solar theral souroes and nonsfecirc energy from renewable sources,
imports using renewabie See Table A17 for selected nonmarketed

£ enh l and commercial renewable e
cludes ron-biogenis municipal i, Uq o ydmgen methanol, and some domestic inputs to refineries.

) tHinished petroleum products, unfinished s, sicahols, ethers, blesing components, and renewabis fuels suoh as ethanol
ncludes imponts of iuefied natural gas that are iater re-export
nchudes coal, coal oo (net),and elecirily (nef).  Exchudes \mports offuel used in nuclear power plants
|, petroleum products, et m o, and biodies
X !r\cludes re- exponed figuefied natural g:

“Ba\ancmg item. Includes. unacwunted fcrsupp!y‘ losses gams and et storage withdrawsls.

Estimat terived fuels, such as ethanol and biodiese!, and coal-based synthetic liquids,  Petroleurn
ok whien 85 Sore s e heded o8 hydrocalbon gas fiquids and crude o consumed as a fuel. Refer to Table A17 for detaled renowable fiquid fuels
congumption,

BEycludes coal converted to coal-based synthetic liquids and natural gas.

“Includes grid-connected electricity from wood and wood waste, nan-electric energy from wood, and biofuels heat and coproducts used in the production of liquid fuels, but
exgjudes the energy content of the liguid fuals.

Includes non-biogenic municipal waste, liguid hydragen, and net elestricity imports,
Sincludes reported prices for both open market and captive mines.  Prices weighted by praduction, which difiers frorn average minesnouth prices published in E1A data reports
whete it is weighted by reported sales,
Prices weighted by ‘weighted average had port e ide-ship (f.a.s) prices.
Btu = Gyitish thermal u
Note: Totals may not el sumof components due to independent rounding. Data far 2013 are model results and may differ from official £1A data re
uress: 2075 patural gas supply values. U8, Eneroy Information Adtiniiration EIA), Natural Gas fon(hyy, POBTEI0T30(2014107) Washington, Dc duly 2014).
2013 coal minemouth and delivered coal price il Coel Repar 2015, DOBIEIA-USBA(2013) Washinglon, DO, January 2018). 2013 petrolem suppxy values: EIA,
Pelrofeun Supply Annual 2013, DOS JEwA 0340(201 3)!1 (Washmg(on DC, September 2014). 2013 crude oif spat prices and natural gas spot price at Henry sor
Reuters._Other 2013 coal values: vteri s Devaminy 515 DOLILIA D11 {5015/20) (Washington. DC. Mareh 2014y Otrer 201 bvalues:  Eva,
Wontily Energy Reviet, DOBIEIA00ISE01T 1) Washinglon, Oc, Novamber 2014). Projections:  EIA, ALO201S National Energy Modelii Sysier runs
LOWMACRO DO21915A, REF2015.D021915A, and HIGHMACRO. DO21915A

%
5
5
b
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Table B2. Energy consumption by sector and source
{quadrillion Btu per vear, unless otherwise noted)

Projections
2020 2030 2040
Sector and source 2013 o o - e,
Reference | economic econamic { economic | Reference { economic
growth | growth growth | growth growth
Energy consumption
Residential
Fropane ... 0.43 0.32 032 0.33 027 0.28 0.30 023 028 028
Kerosene 0.01 0.01 0.0 0.01 0.00 .01 0.01 0.00 0.00 0.00
Distiflate fuet of 0.50 0.40 0.40 0.40 031 0.31 0.31 024 024 0.24
Petroleum and other liquids subtotal 0.83 0.73 0.73 0.74 0.58 0.59 0.2 047 0.48 053
- 505 4.59 463 470 432 452 4.76 398 431 467
058 0.41 041 0.42 0.36 0.38 0.38 034 0.35 037
Electricity ..... 475 4.77 4.86 5.00 4.82 5.08 5.50 4.86 542 807
Delivered energ 11.82 10.50 10.63 10.85 10.09 10.57 11.26 °.74 10.57 11.64
Electricity refated losses 8.78 957 9.75 9.97 9.56 9.91 10.52 9.60 10.33 1151
Total ... 2110 20.07 20.38 2082 19.66 20.48 2178 19.35 20.91 2315
Commercial
Propane 0.15 0.18 0.16 0.16 017 017 017 0.18 0.18 0.18
Motor gasoline 0.05 .08 0.05 0.05 0.05 0.05 0.05 0.05 .06 0.08
Kerosene . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distitlate fuet oi 0.37 0.34 0.34 0.34 031 0.30 0.30 027 027 .27
Residual fuel oil.... 0.03 0.07 0.07 0.07 007 .07 0.07 008 0.08 0.07
059 082 062 062 0.80 0.60 0.80 057 0.58 0.58
3.37 332 230 329 338 343 345 3.82 371 375
0.04 0.05 0.05 0.05 0.05 0.05 0.05 .05 0.05 0.05
0.12 0.12 012 6.12 0.12 012 012 012 012 012
457 4.82 4.82 483 547 5.18 527 559 5.66 577
8.68 8.82 8.80 8.91 8.31 938 248 8.95 10.12 10.27
Electricity related losses 8.42 9.66 968 9.64 10.24 1013 10.07 10.82 10.80 10.83
Total ... 18.10 18.58 18.58 1856 19.585 18.52 19.56 2078 2092 21.20
Industrial*
Liquefied petroleum gases and other® 251 313 320 323 351 372 3.81 360 387 3.76
Motor gasoline” 0.25 0.25 026 027 024 0.25 0.27 023 .25 026
Distillate fuet of 1.31 1.33 142 1.46 124 1.36 1.49 121 1.35 151
Residual fuel oi 0.06 0.1 .10 0.13 .12 .13 0.14 011 0.13 015
i 0.74 0.94 0.95 0.98 107 114 147 1.18 1.20 122
Other patraleum”. 382 353 367 380 342 383 4.20 344 398 4.56
Petroleum and other liquids subtotal 8.40 9.30 961 996 2.59 10.44 11.08 .76 10.5¢ 11.48
Natural ga . 762 8.04 833 8.46 8.04 8.65 8.17 813 390 983
Natural-gas-to-fiquids heat and power 0.00 000 000 0.00 0.00 0.00 000 000 0.00 0.00
Lease and plant fuel’ . 152 185 1.87 185 2.09 2410 212 229 229 233
Naturat gas subtotat 9.14 8.89 10.20 10.31 10.12 10.75 11.29 10.42 11.18 12.18
ical coat 062 0.55 081 0.65 0.49 0.56 086 043 0.5t 0869
Other industrial coal ... 0.88 0.89 0.93 1.00 0.87 0.88 1.09 0.87 0.99 125
Coalto-liquids heat and power 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
Net coal coke imports. -0.02 000 0.00 0.01 -0.03 -0.03 -0.03 -0.08 -0.08 -0.07
Coat subtotal. 148 144 154 1.65 133 148 1.72 125 1.44 186
Biofuels heat and coproducts, 072 0.80 0.80 0.81 0.80 0.80 0.81 0.80 0.86 0.89
energy® 1.48 1.47 153 164 137 1.59 1.87 1.34 1.63 223
Electricity 326 3.58 3.74 3.8 3.58 4.04 4.49 3.60 412 4.88
Delivered energy... 2448 26.48 2742 28.35 26.80 2940 31.27 .17 29.82 33.50
Electricity refated losses 8.72 717 7.51 795 711 7.88 859 6.96 7.85 8.26
Totati..... 31.20 33,85 34.83 36.30 33.91 36.88 39.86 3413 $7.68 42.76
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B-4

{quadrillion Btu per year, unless otherwise noted)

Table B2. Energy consumption by sector and source (continued)

Projections
2020 2030 2040
Sector and source 213 Low High Low High Low High
economic | Reference § economic | economic { Reference § economic § economic § Reference | economic
growth growth | growth growth | growth growth
Transportation
Propane . 0.05 0.04 0.04 0.04 0.05 0.05 0.06 .08 0.07 0.08
Motor gasoline 15.84 15.26 18.35 15,42 12.75 13.30 1357 11.28 12,88 13.19
i 0.02 0.03 0.03 0.03 0.26 Q.20 0.19 0.29 0.28 0.30
2.80 295 3.0t 3.07 327 3.40 3.54 351 264 3.79
Distiliate fuel oif™ . 6.50 891 7.35 777 6.93 778 8.79 6.88 797 10.01
Residual fuel ofl. 057 0.38 035 035 0.36 0.36 036 0.36 0.36 037
Other petroleum™ 0.15 0.16 0.16 0.16 0.16 0.18 0.16 0.16 0.18 0.16
Petroleum and other liquids subfotal 26.00 25.68 26.27 26.82 23.82 25.03 26.48 2225 24,78 27.61
Pipeline fuei naturai gas.... 0.88 0.84 0.85 087 .91 0.94 098 0.93 088 1.00
Compressed / iquefied natural gas.. 0.05 0.06 0.07 0.06 .18 0.17 0.16 0.88 0.71 039
Liquid hydrogen .06 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Etectricity .. 0.02 003 0.03 0.03 0.04 0.04 004 .08 0.08 0.08
Delivered energy 26.96 26.61 27.22 27.78 24.63 2618 27.67 23.93 26.48 20.57
Eiectricity related losses 0.05 0.06 0.08 0.06 0.08 .08 0.08 0.11 0.12 0.12
Total 2701 26.67 27.28 2785 4.7 28.27 2778 24.04 26.81 29.69
L sector® -0.27 -0.30 -0.34 -0.37 -0.31 -0.37 -0.48 -0.30 -0.38 -0.56
Delivered energy consumption for alt
sectors
Liquefied petroleum gases and other® 3.14 3866 3.73 3.76 400 423 435 408 417 431
Motor gasaline 16.36 15.69 16.79 15.86 13.15 13.72 14.00 11.68 12.98 13.62
of which: E85 0.02 0.03 0.03 0.03 0.26 020 0.19 0.29 0.28 0.30
Jet fuel™.... 2.97 313 3.20 3.26 347 361 3.75 373 386 4.03
¥ 001 0.01 001 001 0.0 0.01 001 0.01 0.01 001
Distiltate fuel oif 8.10 837 5.86 928 8147 8.05 10.11 799 9.13 11.18
Residual fuel oil. 065 053 053 0.55 0.54 0.56 0.57 0.54 0.56 0.58
i 0.74 0.94 0.95 0.98 1.07 1.14 147 1.16 1.20 123
Other petroleum™ ... 367 368 382 4.06 357 398 4.36 3.59 4.15 4.72
Petroleum and other liquids subtotal 35.85 36.02 36.89 37.77 33.88 36.30 38.33 32.75 36.03 39.65
Natural gas 16.10 16.01 16.32 16.51 15.89 18.76 17.54 16.42 17.64 19.14
Natural-gas-to-liquids heat and power 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
Lease and plant fuel’ 1.52 1.85 1.87 1.85 209 210 212 2.29 229 2.33
Pipeline natural gas 0.88 084 083 0.87 091 094 0.98 0.3 098 1.00
Natural gas subtotal 18.50 18.70 18.05 19.23 18.89 18.80 20.84 19.64 20.88 2247
gical coat 082 0.55 0861 085 0.49 0.56 066 .43 0.51 0.69
Ciher coal . 092 0.94 0.98 1.04 0.91 1.00 114 .92 1.04 1.30
Coal-to-liquids heat and power .00 0.00 .00 0.00 0.00 0.00 0.00 0.00 .00 0.00
Net coal coke imports -0.02 0.00 0.00 06.01 -0.03 -0.03 ~0.03 -0.08 -0.06 ~0.07
Coal subtotal.. 152 1.49 1.58 1.69 1.38 1.83 177 1.30 148 191
Biofuels heat and coproducts. 0.72 .80 0.80 0.81 0.80 0.80 081 0.80 0.86 0.8e
energy™ 218 200 2.08 247 1.85 2.09 238 1.80 210 272
Liquid hydrogen ... 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
Electricity .. 12.60 13.20 13.45 13.85 13.61 14.35 15.30 14.20 15.2% 16.78
Delivered energy 747 72.21 73.84 75.52 70.52 74.87 79.23 70.49 76.62 84.44
Electricity related losses 2597 26.45 27.00 27.82 26.99 28.01 29.27 27.51 29.10 31.81
Total 97.14 9867 100.84 103.15 97.52 10287 108.50 97.99 10573 116.26
Electric power™®
Distiliate fuel ot 005 0.09 0.08 0.08 0.08 0.08 0.00 0.08 0.08 0.08
Residual fusl of. 0.21 008 0.08 0.09 0.08 0.0¢ 0.09 0.09 0.09 0190
Petroleum and other liquids subtotal 0.26 017 .17 0.18 017 17 0.18 Q.17 0.18 0.18
Natural gas 838 766 7.80 842 8.14 .03 10.24 887 9.61 10.23
Steam coat 16.49 16.84 17.59 17.88 17.00 17.63 17.85 16.81 1752 17.95
Nuclear / uranium’” . 8.27 8.42 842 8.42 8.46 8.47 8.57 B8.46 8.73 9.54
energy™® 4.78 623 6.13 6.26 8.63 6.72 741 8.97 789 1033
Non-biogenic municipal waste 023 023 023 023 023 023 023 0.23 023 623
Electricity imports. 018 0.1 .11 011 0.09 0.10 0.10 G.11 0.1t 0.13
Totai.. 38.87 39.65 40.45 41.47 40.61 42.35 44.57 41.T1 44.36 48.59
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Table B2. Energy consumption by sector and source {continued)
{quadrillion Bty per year, unless otherwise noted)

Projections
0% 2030 2040
Sector and source L mrpon T T o T T o ey
economic | Reference | economic | ecoromic | Reference | economic | economic | Reference | economic
growth growth | growth growth | growth growth

Total energy consumption

Liquefied petroleum gases and other®
Motor gasofine? ...

of which: E85° .
Jet fuel”®..
Kerosene,
Distiflate fuel oif
Residual fuet of

314 366 373 376 4.00 423 438 4.08 417 431
16.36 15.69 15.79 15.86 13.18 1372 14.00 11.66 1296 13.62
002 0.03 0.03 .03 0.26 0.20 .19 0.29 0.28 Q.30
287 313 320 328 347 361 3.75 373 3.88 403
0.01 .01 0.01 .01 001 0.01 0.01 0.01 0.01 0.01
8.15 848 895 8.37 828 9.13 10.20 807 8.21 1123
087 062 0.61 664 0.63 0.64 c8s 0863 065 0.68
074 084 095 0.98 167 1.4 117 116 120 123

Other patroleum™.... 387 3.68 382 4.06 357 3.8 436 3.58 4.15 472
Petroleurn and other liquids subtotal 35.91 36.18 37.06 37.95 34.15 38.47 38.50 3292 36.21 39.84
Natural gas. 24.48 2367 2412 2493 24,03 25.79 777 25.29 2725 2937

Natural-gas-to-liquids heat and power.
Lease and plant fusl’.

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
152 1.85 1.87 1.85 208 210 212 228 229 233
Pipeline natural gas 0.88 0.84 085 0.87 091 0.94 0.98 093 096 1.00
Naturai gas subtotal ... . 26.36 2638 26.85 2765 27.03 28.83 30.88 28.61 3050 32.70

ical coal 0.62 055 081 0685 0.49 0.56 nes 0.43 .51 0.8

17.41 17.78 18.57 1880 17.91 18.63 18.99 17.72 18.56 19.25
Coal-to-liquids heat and power, 0.00 6.00 0.00 Q.00 0.00 0.00 0.00 0.00 .00 0.00

Net coal coke imports...
Coat sublotal .

-0.02 0.00 0.00 0.01 -0.03 -0.03 003 -8.05 -0.08 -6.07
18.01 1832 18.18 19.55 18.37 18.16 1961 18,10 19.01 19.87
Nuclear / uranium® 827 8.42 842 8.42 8.46 847 857 8.46 8.73 854
Biofuels heat and coproducts . - 072 0.80 0.80 081 0.80 0.80 0.81 0.80 0.86 0.89
energy™® 696 823 8.18 8.44 838 8.81 8.7 8.77 10.08 13.05

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.23 023 023 0.23 023 0.23 0.23 0.23 0.23 023
0.18 011 0.1 0.1 0.09 0.10 010 .11 011 .13
87.14 98.67 10084 10345 9752 102.87 108.50 8789 10673 11626

og:
Electricity imports ...
Total....

Energy use and refated statistics
Delivered ensrgy use 7147 7221 7384 7552 7052 7487 7923 7049 7662 8444
Total energy use 97.14 9367 10084 10315 9752 10287 10850 97.9% 10573 11625
Ethanol consumed in motor gasoline and €85 142 112 142 143 w12 142 114 116 127 134
sulation (miions) 317 333 334 335 354 359 363 37 380 390
Gross domestic product {bilion 2009 dollars). 15,710 17,747 18,801 19590 21224 23,894 26,146 25763 29898 34,146
Garbon dioxide emissions (mifion mefrictons) 5405 5,343 5498 5831 5210 5514 5791 5180 5548 5979

"includes wood used for residential heating. See Table Ad andfor Table A17 for estmates of ronmarketed renewable energy consumption for geothermal eat pumps, solar
thaymal water heating, and eleciricity generation from wind and solar photovoltaic sources.

2Inciudes ethanal and ethers blended into gasoline.

SExcludes ethanol.  Includes cammerdial Sector consumption of wood and wood waste, landfill gas, municipal waste, and other biomass for combined heat and power. See
Table A6 andior Table A17 fof estimates o renewable energy for solas thermal water heating and electricy generation from wind and sofer
photovoltaic

‘lnc,udes. energy for combiried heatand power plants that have a non-regulatery status, and small on-site gensrating systems.

5?ndudes ethane, naturai gasoline, and refinery olefins.

Slacludes petroleum coke, aspha, road oil, ubricants, stil gas, and miscellaneous petrolers products,

TRepresents natural gas bsed in well, field, and lease operations, in natural gas processing plant machinery, and for liquefaction in export facilities.

Sincludes consumption of energy produced from hydroalectric, wood and wood waste, municipal waste, and other biomass sources, Excludes athanol in motor gasoline,

PESS refers o a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol varies
seggonally. The annual average ethanol cantent of 74 percent s used for this forecast.

Mincludes only kerosene type.

1"Diesel fuel for on- and off- road use.

ncludes aviation gasofine and fubricants.
Represents 1o the seck

" nc\udes aviation gasoline, petroleum coke, asphalt, road oif, lubricants, still gas, and miscelianeous patroleurn products.

includes electricity generated for sale to the grid and for own use from fenewable sources, and non-alectric energy from renewable sources, Excludes ethanol and
nonsmarke«ed renewable energy consumption for gecthermal heat pumps, bulldings photovoitaic systems, and solar thermal water heaters.

of energy by ly and combined heat and power plants that have a regulatory status.
"These values represent the energy bfaned from uranium when 111 usect I lght water reactors. The toal energy content o uraniar fs much frger, but aferatice
progesses are required to take advantage of

includes conventional hydscelectric, geo(hein734 woad and wood waste, hiogenic municipal waste, other biomass, wind, photovottaic, and solar thermal sousces. Excludes
et siecticiy mpa

tsyconvexmone) hydrosiectric, geothenmal, wood and weod wasie, bisgenic municipat waste, othet biomass, wind, photovoRtaic, and solar thermal sources.  Excludes
ethanol 26t ‘electricity imports, and nonimarketed renewable energy consumption for geothermal heat pumps, buildings photovoltaic systems, and solar thermal water heaters.

Btu Br \sh thermal u“ut

N

e

for petrol other fiquids.  Tatals may not equal sum of components due to independent rounding.  Data for 2013 are model
rouRe s iy s o i R Gt o

: 5013 consumption based on: U.S. Eneray Information Administration (E14), Monthly Energy Review, DOE/EIA-0035(2014/1 1) (Washington, DC, Novernber
2014). 2013 papuramn e e temastic aroduct S Eeomarics, Iy and Eroployraent mdele, Hovamioes 2013 2015-0anbon SO emaane and mioaion facors:
ELA, Monthiy Energy Review, DOE/EIA-0035(2014/11) (Washington, DC, November 2014).  Projections:  EIA, AEO2015 National Energy Modeling System runs
COWMACRD DGOTE A, REF 2015 D019, and HIGHMAGHO BOZ1TEA
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Table B3. Energy prices by sector and spurce
(2013 dollars per million Bty, unless otherwise noted)

Projections
2020 2030 2040
Sectar and source w3 High | Low High | Low High
economic | Reference § economic | economic § Reference | esonomic | economic | Reference | economic
growth growth | growth growth | growth growth
Residential
233 228 230 23.1 242 244 248 26.4 2686 269
272 212 218 217 255 263 %8 318 R28 342
10.0 1.1 1.6 1.8 125 128 134 14.7 188 168
Electricity. 358 374 378 8.0 387 40.0 40.1 412 42.4 437
Commercial
Propane ... 200 19.2 194 185 208 211 213 237 238 243
Distitfate fuet oil 287 206 21.0 211 25.1 258 264 313 325 339
Residual fuel of 221 141 14.2 143 178 181 18.4 240 243 240
Natural ga 8.1 9.t 9.8 9.8 0.3 10.4 10.8 121 126 13.4
Electricity.. 287 202 311 3186 312 3286 331 330 345 363
Industrial’
Propane ... 20.3 19.4 198 198 212 215 21.7 242 245 249
Distitiate fuef of 273 209 212 214 258 261 6.7 318 .7 342
Residual fuel ol 200 3.2 133 13.4 16.9 172 178 231 235 231
Natural gas® ... 4.8 57 82 6.4 66 6.8 71 8.4 8.8 9.2
ical coat 55 58 58 58 6.7 67 8.7 71 72 7.3
Other industrial coal ... 32 a3 33 33 36 38 36 29 3.9 4.0
Coal to figuids. S S " S S B - . - .
Electricity, 202 207 213 218 218 226 234 235 247 280
Transportation
248 238 240 24.1 252 258 %586 274 276 279
331 201 304 307 28.7 312 315 338 354 369
293 223 225 226 258 264 287 313 323 338
Jet fuel® .. 218 158 16.1 16.3 20.7 213 206 274 283 297
Diesel fuef (distiiate fuel oif)® 282 228 2341 233 274 280 2886 35 347 362
Residual fuel of 193 1.4 "7 18 15.0 15.4 15.8 198 203 210
Natural gas’ 17.8 17.2 17.8 18.2 183 18.7 1658 1886 196 207
Electricity . 285 203 302 310 38 328 332 345 360 377
Electric power®
Distillate fuef of 240 18.5 18.8 189 228 238 242 29.1 302 316
Residual fuel of 188 1.3 1.5 15 150 15.4 15.7 213 218 213
4.4 4.9 5.4 X 8.0 8.2 66 78 83 8.7
23 23 24 24 27 27 27 28 28 30
Average price to alf users®
Propane 219 208 211 212 223 228 228 248 252 256
£85° 33.1 301 304 30.7 28.7 312 318 338 364 389
Motor gasoline’ 29.0 223 225 228 258 284 2.7 313 323 335
Jot fuel® 218 158 181 163 20.7 213 20 274 283 297
Distittate fuet of 279 223 228 228 268 276 282 331 342 3/s
Residual fuel oi 19.4 120 122 124 158 16.0 165 211 215 218
Natural gas... 6.1 70 75 78 80 82 85 10.0 105 M1
i 5.5 58 58 58 8.7 6.7 a7 71 72 73
Cther coal ... 24 24 24 24 27 27 27 30 30 30
Coal to liquids s ps . .- e s s PN . -
Electricity, 285 301 308 310 314 324 327 335 347 360
Non-renewable energy expenditures by
sector {billion 2013 doflars}
i i 243 244 254 282 255 276 300 277 3N 358
C i 177 188 194 197 210 219 228 245 259 277
Industrial’ ... 224 247 284 279 286 323 356 344 388 454
T i 718 546 565 579 584 638 687 687 791 922
Total non-renewable expenditures. . 1,264 1,225 1276 1317 1,328 1,458 1,569 1,553 1,761 2,011
T i i 1 1 1 1 8 € 8 10 10 "
Total expenditures 1,364 1,226 1,277 1,318 1,344 1,462 1,578 1,562 1,781 2,023
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Table B3, Energy prices by sector and source {continued}
(mominal dotlars per million Btu, unless otherwise noted)

Projections
2020 2030 2040
Sector and source 2015 P o - s o o
economic | Reference | economic f economic | Reference | economic { ecoromic § Reference | economic.
growth growth | growth growth | growth growth
Residential
Propane ... 233 276 26.1 26.1 41.7 328 38 6.3 431 415
Distiflate fuet o 272 256 244 248 44.0 383 348 7 533 528
Natural gas.. 10.0 13.4 132 13.4 218 17.1 17.2 36.9 251 258
Electrictty .. 3586 448 429 42.8 68.7 836 51.8 103.4 8.8 674
Commercial
Propane ... 200 2341 2290 220 B0 283 278 59.4 388 375
Distillate fuet oil 267 249 238 238 433 346 341 788 828 523
Residual fuel oi 221 170 16.1 16.1 308 243 238 80.3 394 370
Natural ga: 8.1 "o 108 1" 17.7 138 14.0 304 205 207
Electricit 20.7 385 353 356 53.8 43.7 428 8238 560 56,0
Industrial®
Propane ... 203 234 223 223 388 288 28.1 80.7 397 38.4
Distillate fuet ol 273 282 241 241 438 350 345 783 530 52.7
Residual fuel o 200 159 15.1 152 29.1 231 227 58.0 380 387
Natural gas? 4.6 68 70 7z 114 9.1 92 210 14.2 142
jical coal 55 7.0 6.6 88 18 8¢ 8.6 179 118 .2
Other industrial coat 22 4.0 38 38 62 4.8 47 97 83 6.1
Coal to liquids . -- - -- -~ -- - -- -- -- --
Electricity .. 202 249 242 243 T2 303 298 58.9 400 402
Transportation
248 288 272 212 435 341 331 8.8 448 431
331 363 34.4 34.7 495 aug 407 85.1 57.4 58.9
Motor gasoline® 293 270 255 25.5 445 353 345 78.4 524 517
Jetfuel® ... 218 19.4 18.3 18.3 3586 2886 284 88.7 458 458
Diesel fuel (distilate fuet oif) 282 215 282 28.3 472 3ars 370 84.1 562 559
Residual fuel oi 183 138 13.2 13.4 25.7 206 205 49.8 N8 324
Naturaf gas” 1786 207 202 208 263 210 213 48.7 318 318
Electrict: 285 354 343 330 543 4.1 42.8 86.6 58.4 581
Electric power®
Distillate fuet o 240 223 213 214 393 317 N3 729 49.0 48.7
Residual fuel o 188 137 130 13.0 258 206 203 53.4 350 328
Natural ga 4.4 6.0 a1 8.4 10.4 83 85 19.8 13.4 13.4
Steam coal 23 28 27 27 4.6 36 35 73 47 46

U.S. Energy Information Administration | Annual Energy Outlook 2015
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Table B3. Energy prices by sector and source {continued)
(nominal dollars per million Btu, unless otherwise noted)

Projections
2020 2030 2040
Sector and source SIS ey or | ow T | Ton s
economic | Reference | economic | economic § Reference | economic | economtic | Reference | economic
growth growth | growth growth | growth growth

Average price to all users®
Propane
E85°..
Motor gasoline®
Jet fuel®
Distiliate fuef oil
Residual fuel oil

219 251 239 239 384 303 288 62.4 40.9 398
331 363 344 34.7 495 419 40.7 85.1 574 56.9
29.0 270 255 255 44.5 353 345 784 524 517
218 19.1 183 183 356 286 284 68.7 458 459
278 269 257 257 46.4 369 384 830 585 58.2
194 145 13.8 14.0 269 215 213 52.8 34.8 338

Natural gas.. 6.1 85 8.5 8.6 128 110 110 251 17.0 171

i 5.5 7.0 66 85 115 89 8.6 17.8 116 1.2
Other coal ......... 24 29 28 28 47 37 35 7.4 4.8 4.7
Coal to tiquids -- - -- -- -- -- -- .- - --
Electricity. 285 6.4 349 350 54.0 43.4 422 83.8 562 555

Non-renewable energy expenditures by
sector (bilfion nominal doliars)
identi 243 205 288 296 440 370 387 894 504 553
177 227 220 223 362 294 292 614 420 428
224 208 209 314 493 433 450 863 831 700
719 660 841 854 1,006 855 888 1724 1,283 1422
1364 1,479 1448 1487 2301 1952 2027 3894 2838 3,103
1 1 1 1 13 |3 3 24 18 17
1364 1480 1,449 1488 2314 1,960 2035 3919 2855 3,120

- °
tndusiriat’ ..
) -

Total non-renewable expenditures.
. - :

Total expenditures ...

linciudes energy for combined et and power farts that have a poreguisory satus, nd small st gonerating systerns
Excludes use for lease and plan
e S o 5 Bavcant ot (renewable) and 15 percent motor gasoline (nosrenewable). To address coid staring sauss, the percertage of ethancl varies
segsonally. The annual average ethanal content of 74 percent is used for this foreca:
e elgea vasoe ros fo ah rdes, nciudos Federal. ot At s
“Kesosene-type jet fuel. Includes Federal and State taxes whils excluding county and focal texes.
“Diesel tuel for or-road use. _Includes Federal and State taxes while exclding caunty and lacal taxes,
INatural gas used as fuel in motor vehicles, trains, and ships. _Includes esfimated motor vehicie fuel taves and estimated dispensing costs of charges.

ncludes electricty-only and combined heat and power plants that have a regulatory status.
“Weighted averages of end-use fuel prices are derived fram the prices shown in each sector and the corresponding sectoral consurption.
8ty = Biseh hermalunit
ot applical

Note: - Dats for 2013 are model resalts and may sifer from official EA data reparts

Sources: 2013 prices for motor gasaline, citilate fust of, and et el ave based on prices n the U, Energy Information Adriistration (E1A), Petroleur Marketing Monihly.
DOE/EIA-0360({2014/08) (Washington, DC, August 2014). 2043 residential, commercial, and industrial natural gas defivered prices: EIA, Natural Gas Mont
OOE/EIA-0130(2014/07) (Washington, DC, July 201 ). 2013 transportation sector natural gas defvered prices are model resuns 2013 electric power sector distiltate and

residual fuel of prices: E1A, Monthily Energy Review, DOE/EIA-0035(2014/11) {Washington, DC, November 2014). 201 ower sector natural gas prices: EA, Electric
Power Monthly, DOEIEIA-0226, April 01T Aot 2014, Table 42 and BIA, Sin Energy Data Report 2012, DOEIE!A 0214(2012) {Washinglon, DC, dune 2012). 2013 coal
prices based on: EIA, Quarterly Coal Repart, October-Dcember 2013, DOBEIA 1315740 isshington, TIC. Marsh 204 AEO2015 Nationat Energy Modsfing

System run REF2015.D021915A. 2013 electrioiy prices: Tt onihy Encray Review, DOE/EIA DOS0(30 A1) (Washing o ) ovsmber 2014). 2013 £85 prices
e o oty rices. In e Clean Gites Atematne Faél Prce Repon. Erojections:  EIh, AEG015 National Energy Modaiing Systerm runé { OVMAGRG BOSTO16A,
REFS015. 0216154, and HIGHMAGRO, B021915A

U.S. Energy Information Administration | Annual Energy Qutlook 2015



173

Table B4. Macroeconomic indicators
{biflion 2003 chain-weighted dollars, unless otherwise noted)

Projections
2020 2030 2040
Indicatars A v g Tow [ ‘ Hgh | tow | Figh
economic jReference | economic | economic | Refe i economic
growth growth | growth [ [ growth | growth | growth
Real gross domestic product .. . 15710 17,747 18,801 19,580 21,224 23,894 26,146 25763 29,898 34,146
Components of real gross domestic product
Reat i 10,700 12214 12,832 13,285 14,388 16276 17,804 17004 20476 22973
Real i 2556 3157 3,531 3923 3,828 4,474 5,146 4,685 5634 6720
Real g spending 2804 2926 2985 3038 3130 3286 3423 3441 3691 3943
Real export; 2,020 2623 2813 293% 4039 4815 5305 5818 7,338 9,163
Real import; 2,440 3,158 3,334 3,563 4,142 4,888 5,535 5,182 7,037 8334

Energy intensity
{thousand Btu per 2009 dollar of GDP)
Defivered energy

453 407 393 38 332 343 303 274 256 247
Total energy

8.18 5.56 5.36 527 4.59 43 4.15 3.80 354 3.40

Price indices

GDP chain-type price index (2009=1.000) ... 107 129 121 120 484 143 138 288 173 165
Consumer price index (1982-4=1.00)
All-urban.... 233 279 263 262 406 318 306 608 395 377

Energy commodities and services..

Wholesale price index (1982=1,00)
Alt it 203 238 225 227 346 271 264 521 339 332
Fuel and power ... 242 234 226 228 384 308 303 684 456 456
Metals and metal products 214 255 243 254 354 285 289 486 342 359
Industriat commodities excluding energ 196 236 222 224 336 261 254 481 312 304

244 2.87 2.58% 256 428 3.42 3.35 7.26 485 482

Interest rates (percent, nominal)
Federal fupds rate.
10-year treasury note
AA utifity bond rate.

041 528 3.40 3.07 882 389 3.60 772 4.04 389
235 529 4.12 3.87 6.60 428 4.18 7.52 463 4583
424 773 6.15 535 9.23 £.33 559 10.34 671 569

Value of shipments (billion 2009 doliars)
Non-industriat and service sectors ... . 24398 27020 28468 20,508 31,111 34968 28253 34777 40814 46810
Total industrial 7,004 7,848 8467 8967 8608 9,870 11,081 9755 11463 13,786
Agricuture, mining, and construction ....... 1858 2,135 2344 2552 2,165 2540 2922 2257 2712 3200
ing 5146 5713 6123 6415 6443 7330 B15¢ 7498 8751 10,586
Energy-intensive.. 1685 1,866 1946 2006 1994 2,168 2,331 2421 2317 2607
Non-enargy-intensive 3461 3847 4477 4409 4449 5162 5828 5377 6433 7979
Total shi 31402 34,878 36,935 38,566 39,720 44,838 49433 44532 52277 60,396

and
Population, with armed forces overseas ...

317 333 334 335 354 359 363 art 380 390
Population, aged 18 and over

251 266 267 267 284 288 201 300 307 315

Population, aged 65 and over 45 56 56 56 73 73 73 50 80 81
nonfarm 136 146 149 152 153 159 166 160 189 176
i 119 113 18 122 97 107 114 84 87 107

Key tabor indicators
Labor force (milfions) 155 165 166 166 171 174 177 179 185 190
Non-farm fabor productivity (2009=1. 105 116 120 122 138 148 154 158 178 190
L rate (percent) 735 570 540 520 541 503 450 489 485 457

Key indicators for energy demand

Reat dis personal income 11,651 13,944 14411 14800 17469 18487 19,806 21555 22,857 24875
089 1.21 1.69 228 108 1.66 2.44 0.96 1.62 255
828 886 89.0 89.5 96.8 98.4 1001 106.0 109.1 1124
15.5 16.1 17.0 178 15.6 17.5 18.3 150 182 19.9

Unit sales of tight-duty vehictes (millions;

GDF = Grass domestic product
Etu = British thermal unit

Sources: 2013: IHS Economics, industry and Emplayment models, November 2014, Projections: 1.8, Energy Information Administration, AEQ2015 National Energy
Modeling Systam runs LOWMACRO.D021615A, REF2015.D021915A, and HIGHMACRO.D0219154,
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Table C1. Total energy supply, disposition, and price summary
{quadrillion Btu per vear, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 Ll 230 40
Lowall 1o, crence] Muh ol | Lowolt Referencel Higholt | Low oil Referencel High oit
price price price price price price
Production
Crude oif and lease condensat 15.6 209 222 258 182 21.1 262 15.0 189 208
Natural gas plant fiquids.... 36 53 55 58 5.4 57 6.3 50 55 62
Dry natural gas. 25.1 283 298 308 310 339 39.1 328 364 422
Coal' ... 200 214 2t7 214 225 225 235 228 228 254
Nugclear / uranium’ 8.3 8.4 8.4 8.4 85 85 8.7 85 87 28
C i ic power 25 28 28 28 2.8 2.8 2.8 28 2.8 2.8
Biomass® .. 4.2 4.4 4.4 4.5 46 486 48 47 50 5.7
Other renewable energy’ 23 3z 32 34 35 36 4.0 4.1 46 8.4
Other”... 1.3 09 08 0.9 08 0.9 1.0 0g 10 1.0
Total, 827 95.6 08.7 103.8 874 103.7 1165 96.8 106.6 1205
imports
Crude oil... 170 147 138 148 7.0 18.7 18.3 19.2 182 210
Petroleum and other tiquids® 43 54 4.8 3.8 56 4.4 4.2 53 4.1 40
Natural gas’ 29 1.9 18 1.8 1.8 18 1.7 20 17 2.0
Other imports® . 03 0.1 0.1 02 o1 0.1 02 0.1 0.1 0.9
Total, 248 224 20.2 204 243 217 214 268 24.1 280
Exports
Petroleum and other Hiquids® 73 109 112 165 10,7 126 21.2 8.1 137 240
Natural gas™ . 18 31 45 45 4.0 6.4 10.2 50 T4 112
Coal. 29 25 25 24 33 33 3.0 37 35 33
Totat.... 117 18.5 18.4 234 18.0 224 344 16.8 248 385
Discrepancy™ 1.6 0.1 0. 0.1 0.1 0.2 0.2 02 0.3 0.3
Consumption
Petroleur and other fiquids™. 359 378 371 358 378 385 337 3886 3’2 e
Natural gas... 26.9 26.8 2638 280 284 288 302 298 305 318
Coal™... 18.0 18.9 192 190 18.t 18.2 201 18.8 19.0 218
Nuclear / uraniuny 83 84 8.4 8.4 88 85 87 85 8.7 838
C i ic power 25 28 28 28 28 2.8 2.8 28 28 28
Biomass™. 29 3.0 3.0 341 31 3z 3.4 33 35 4.0
Other renewable energy” . 23 32 3.2 34 35 386 49 4.1 48 8.4
Other™ ... 0.4 03 03 0.3 03 0.3 03 03 03 0.4
Total 874 1012 1008 100.8 1036 102.9 103.3 106.1 105.7 108.7
Prices {2013 dollars per unit)
Crude oif spot prices (doliars per barrel)
Brent..... 109 58 79 149 89 106 194 76 141 252
West Texas Intermediate a8 52 73 142 83 99 188 72 1368 246
Natural gas at Henry Hub
{dellars per mitlion Btu) ..... 373 430 4.88 4.61 5.49 568 7.89 715 7.85 10.63
Coal (doiars per ton)
at the minemouth®® .. 372 372 378 388 421 437 47.4 46.4 492 527
Coal (dollars per milion Bu)
at the minemouth™ 1.84 1.85 1.88 1.98 FA 218 235 2,31 244 282
Average end-use" 2,50 2.47 254 272 272 2.84 3.10 2.87 3.00 3.43
Average electricity (cents per kilawatthour)... 101 10.4 105 105 110 kXA 1.8 115 1.8 12.9

U.S. Energy information Administration | Annual Energy Outlook 2015

3



176

C2

Table C1. Total energy supply, disposition, and price summary {continued)
{quadrillion Btu per vear, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 _ L %0 ol
o o] | i [ | o [ L7
price price | price price | price price
Prices (nominal doflars per unit)
Crude oif spot prices (dollars per barref}
Brent 108 65 80 167 o1 142 263 120 229 418
West Texas Infermediate . 28 58 83 159 83 133 255 15 220 407

Natural gas at Henry Hub
{doltars per million Btu)
Coal (doftars per tan)
at the minemouth™® .
Coal (doflars per million Btu)
at the minemouth'®... . 184 209 214 222 278 292 320 368 396 434
Average end-use" ., 250 279 288 306 360 381 422 458 500 567
Average electricity (cents per kilowatthour)... 10.4 M7 19 118 145 148 160 184 192 213

3.73 487 554 5.18 7.26 783 10,72 11.41 1273 1757

372 42.1 430 44.8 85.7 588 64.4 740 798 87.1

Iincludes waste coal
*These values represent the anergy obtained fom wraniurn won itis used i fight water feactors.  The toal energy content of wariumis ch fager, bu sernative
progesses are required to take advaniage
o elides arid-camnected elotricty omwood and wood waste; blomass, such s corn, used for il fusls production; and non-electrc energy demand from wood, Referto
aple AT7 for detats
Jinclades grid-conmeted eleatioty from tandfit gas; biogenic runicipal waste; wind pholovoltaic and sofarthornal souross, and non lectic energy from reneuablo sotrcse,
b far systems. ports using See Table A17 for selected nonmarketed
regjdential et el onmaite energy data
Includes nan-biogenio municipal waste, Tuid nydrogen, methanol and some domesti mpus o refnerios
Sincludes imports of fivished petroleum products, unfinished oifs, aloohcls, ethers, blending components, and renewabie fuels such as ethanol
includss imports of figuefied natural gas that are later re-exporte
mciudes coal, coal coke (net), and e!ettm;sty (net). Excludes imports of fusl used in nudlear power plants.
#fncludes crude oi. petrofeum products . ethanol, and biodesel
Pincludes re-exported fiquefied natural
4Batncing fom Includes unacoounted for supy,fosses, guins, and net storage witcrawals

R timate includes fuels and erived fuels, such as ethanol and biodiesel, and coal-based synthetic fiquids. Patroleum
coke, wheh s s g e e are hydrocarbon gas fiquids and crude ofl consumed as a fuel.  Refer to Table A17 for detailed renewable fiquid fuels
congimption

xcludes coal converted to coal-based syntheltic fiquids and natural gas.
"includes grid-cannected slecricity from wood and wood waste, non-siectric energy from wood, and biofuels heat and copraducts used in the production of iquid fuels, but
excjudes the energy content of the liuid fuels.
Pincludes pon-biogenic sunicipal waste, iquid hydrogen, and et slectriaty imparts
includes ropored prices or both open market and captive mines. - Prices weighted by production, which differs from average minemouth prices published in E1A data reports
where it s weighted by reported sai
TPrices weighted by oonsumpﬂon werghted average excludes export free-alongside-ship (f.a.s) prices.
Bt = British therraal unit
Note: Totals may ot equal sum of components due to independent rounding. Data for 2013 are modef restits and may differ fram official EIA data re
Sources: 2015 natural gas supply valuss:_U.S, Energy Informaton Adiistiation (E14), Natural Gas Moniry, DOETEIA 01302014/07) (Washington Sy 2014, 2073
coal minemouth and defivered coal pi E1A, Annuai Coal Report 2013, DOE/EIA-0584(2013) (Washington, DC, January 2016). 2013 petroleum supply values
Batroioum Suppiy Annual 2013, DOBIETA CIANE013)1 (Washington, DC, Septomber S014) 2014 crude i apot oices and natural gas spot price t Heny Hubr - Thai
Reuters. Other 2013 cosl vales: Quarterly Coal Repor, Octol - Deceribe 2075 DOBIEV 0121 (2013/40) (Washington, DO, Matoh 2014). Gther 201 valves A
fontily Ereray . DORIEA 035(20141 1) (Washingion, DG, Noverasr 2014, Projsctions: EVA, AEDS01 Natonal Enetgy Modeling Syster
R R e R B T SR R e
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Table C2. Energy consumption by sector and source
{quadrillion Btu per year, unless otherwise noted)

U.S, Energy information Administration | Annual Energy Outlook 2015

Projections
Sector and source 013 ol % 0
Lowoll poterence| Migh ofl | Lowoll lRefemnceI High oit | Low oil ‘Reyerenae High oil
price price price price price price
Energy consumption
Residential
Propane 0.43 0.33 0.32 031 0.29 0.28 0.26 028 025 023
Kerosene . 0.01 0.01 0.0t 0.01 oct 0.0t 0.00 080 0.00 0.00
Distillate fuet off.. 0.50 0.42 0.40 0.36 033 0.31 028 0.27 0.24 0.21
Petroleumn and other liquids sublotal 093 0.76 0.73 0.68 063 0.5¢ 0.54 053 0.48 045
Natural gas ... 5.08 4.65 4.63 4.64 453 4.52 4.43 435 4.31 420
energy’ 058 0.37 0.41 0.53 032 0.38 0.48 028 0.35 045
Electricity ... 4.75 4.87 4.86 4.81 5.10 5.08 497 5.48 542 5.25
Delivered energ: 11.32 10.68 10.63 10.66 10.58 10.57 1042 1083 1057 10.34
Etectricity refated losses 9.7 9.75 8.75 9.58 9.94 2.91 9.74 10.38 10.33 1030
Totat.. 2110 2040 2038 2025 20.52 2048 2016 21.01 20,91 2084
Commercial
Propans ... G135 0.7 0.18 015 0.18 017 0.16 020 0.18 0.16
Motor gasofine® 0.08 0.08 005 0.04 0.08 0.05 0.5 008 0.06 0.05
Kerosene . 0.00 0.00 £.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Distillate fuet of 0.37 0.26 0.34 028 033 0.30 0.26 032 027 .22
Residual fuel o . 0.03 0.08 0.07 0.05 0.08 0.07 0.05 0.09 0.08 0.05
Petroleum and other liquids subtotal 0.59 0.66 082 0.54 0.66 0.60 0.52 0867 0.58 0.50
337 333 3.30 3.33 343 3.43 320 378 3.71 353
0.04 008 008 0.05 005 0.05 0.05 0.05 0.05 0.08
012 0.12 0.2 .12 0.12 012 0.12 0142 0.12 042
Electricity 457 4.83 4.82 4.80 5.21 5.18 5.1 5.70 5.66 554
Delivered energ 8.69 8.98 8.80 8.84 848 9.38 2.09 10.28 10.12 8.73
Electricity refated losses 9.42 9.66 9.68 957 10.14 10.13 10.01 10.80 10.80 10.87
Total . 18.1¢ 18.64 18.58 18.41 19,60 18.52 1910 21.09 20.92 2080
Industrial®
Liquefied petroleum gases and other® ....... 251 324 320 328 379 372 372 3.78 367 3.78
Motor gasoline® 025 0.26 026 0.27 0.28 0.25 0.26 024 0.25 024
Distillate fuel oi 131 1.39 1.42 1.38 137 136 1.33 1.38 1.35 128
Residual fuel oi 0.06 0.13 0.10 0.08 017 0.13 041 018 013 0.12
i 0.74 097 0.95 0.98 115 114 113 118 1.20 118
Cther petroleurn®, 352 373 367 3.9% 388 3.83 3.98 403 399 4.06
Petroleum and other liquids subtotal 8.40 9.72 981 9.96 1081 10.44 10.52 10.78 10.58 10.62
Natural gas .. 762 8.20 833 8.50 856 8.65 8.82 850 8.90 9.29
Natural-gas-to-iquids heat and power 0.00 0.00 0.00 0.00 0.00 .00 0.16 0.00 0.00 086
Lease and plant fuel’ . 152 167 1.87 1.98 175 218 2.94 1.80 228 331
Naturat gas subtotal 914 9.87 10.20 10.48 10.30 10.75 11.92 10.30 11.19 1388
ical coat 062 0.58 061 0.65 0.55 0.56 081 048 0.51 058
Other industriat coal ... .88 0.92 0.93 087 094 0.86 1.04 0.95 0.99 113
|Ho-liquids heat and power 0.00 0.00 0.00 0.00 0.00 0.00 0.68 .00 0.00 197
Net coat coke imports. -0.02 0.00 0.00 0.01 -0.03 -0.03 -0.03 -0.06 -0.068 -0.08
Coal subtotal.... 1.48 1.50 1.54 1.63 1.48 1.48 220 1.38 1.44 363
Biofuels heat and coproducts... 672 0.82 0.80 0.80 081 .80 0.81 0.80 0.86 0.98
energy” 1.48 1.55 183 1.58 181 1.69 1.61 161 1.83 1.81
= 326 375 3.74 3.98 4.02 4.04 421 4.00 412 4.35
2448 2r.21 2742 28.43 2881 28.10 31.36 28.36 29.82 3455
Electricily refated losses 8.72 7.51 7.51 783 7.83 7.88 825 758 7.85 854
Totai..... 31.20 3472 34.93 36.38 36.64 36.98 39.61 36.44 37.68 43.48
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Table C2. Energy consumption by sector and source (continued)
{quadrillion Btu per year, unless otherwise noted)

Projections
Sector and source 2013 L el 040
Lowoff Referencel Highol | Lowol Refeience! Highail | Lowoll g o gnge | High it
price price | price price | price price
Transportation

Propane ...
Motor gasoline’

of which: E85°®
Jet fuet™®...
Distillate fuel oif
Residual fuel of
Other petroleym™ .

005 0.04 0.04 0.08 0.05 0.05 .07 .65 0.07 0.09
15.94 1584 15.35 13.98 14.31 13.30 11.44 14.18 1255 10.54
0.02 002 003 018 014 0.20 0.52 .16 028 0.76
2.80 302 301 297 342 340 337 365 364 361
.50 727 738 1.26 7.84 7.76 6.88 8.44 797 6.68
057 0.3% 0.35 038 0.36 0.36 .36 0.36 0.36 036
015 0.18 018 0.18 .18 0.18 0.16 6.16 0.16 0.18
28.00 28.78 2627 24.79 2613 2503 2228 26.84 2476 21.46
0.88 0.83 0.85 0.89 0.90 0.94 1.04 0.81 0986 107
0.05 0.08 0.07 .39 0.08 0.17 1.31 0.06 0. 247
0.00 0.00 0.00 0.00 .08 00 0.00 0.00 0.00 0.00
002 0.03 0.03 0.03 0.04 0.04 0.05 005 0.06 0.08
26.96 2170 27.22 2810 2713 2618 24.68 27.87 2648 25.08
0.05 0.06 0.06 0.07 0.08 0.08 .10 0.10 012 0.16
2701 27.76 2729 2617 27.21 26,27 24.78 27.98 28.61 2824

Compressed / liquefied natural ga:
Liquid hydrogen .
Electricity .
Delivered energy.
Electricity related losses .
Total

! ified sector™ -0.27 0.33 -0.34 -0.35 -0.37 .37 031 -0.41 -0.38 -0.29

Delivered energy consumption for all
sectors
Liquefied petroleum gases and other®
Motor gasoine?..
of which: E85°

314 378 373 379 431 423 421 4.29 417 4.25
16.36 16.38 15.79 14.41 14.74 1372 11.84 14.60 12.96 10.91
0.02 0.02 003 AL 0.14 020 052 0.16 028 0.76
297 3.20 320 315 362 3.61 3.57 3.88 386 3.83
001 0.0t 0.01 0.0t 0.0t 0.0 0.01 0.01 0.01 0.01
310 8.80 8.86 8.66 918 805 8.14 963 9,13 781
088 057 0.53 0.50 0.61 0.56 052 063 0.56 053
0.74 .97 0.85 0.98 118 1.14 113 1.18 1.20 136

Residual fuel of

Other petroleun™ 3.67 3.89 382 411 404 388 412 4.18 4.18 4.22
Petroleum and other liquids subtotal 3565 37.59 36.89 3661 37.66 36.30 3354 3843 36.03 32.73
Natural ges .. 16.10 1624 16.32 16.86 18.57 16.76 17.84 16.67 17.64 19.48

Natural-gas-fo-liquids heat and power
Lease and plant fuel’

0.00 0.00 0.00 0.00 .00 0.00 016 .00 0.00 0.96
152 167 1.87 1.88 1.78 210 2.94 1.80 2.28 3.31
Pipeline natural gas . 0.88 0.83 0.85 0.88 0.80 0.94 1.04 081 086 107
Natural gas subtota . 18.50 18.73 19.08 19.73 19.21 19.80 2198 19.37 20.88 24.81

ical coal 062 058 061 0.85 0.85 0.56 0.61 0.48 0.51 0.58

08z 087 0.98 1.02 089 1.00 1.08 100 1.04 1.18
|-fo-liquids heat and power 0.00 0.00 0.00 0.00 0.00 0.00 0.68 0.00 0.00 1.97

-0.02 .00 0.00 0.01 0.03 -0.03 -0.03 -0.08 -0.06 -0.05
Coat subtotal... 152 155 1.59 167 151 153 234 1.42 1.49 3.68
Biofuels heat and coproducts. - 0.72 0.82 0.80 0.80 0.81 0.80 0.81 0.80 0.86 0.98
energy™ 218 204 208 223 205 2.09 222 2.0 210 238

Liquid hydrogen . 0.00 000 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00
Electricity .. 12.60 13.48 13.45 1362 14.37 14.35 14.34 15.23 15.25 18.21
Delivered energy. a7 7422 73.84 7388 75.61 7487 75.24 77.25 76.62 79.80
Elestricity related losses . 2597 2698 2700 2715 2789 28.01 28.08 28.86 29.10 29.87
Total..... 97.14 10120 100.84 100.84 10360 10287 103.34 10611 10873 109,67

Net coal coke imports

Electric power'®
Distiltate fuel oil . 065 0.09 0.09 0.09 0.08 0.08 0.08 0.08 0.08 0.08
Residual fuel oil... o2t 0.08 0.08 0.08 0.09 0.08 .08 0.1 .09 0.09
Petroleum and other liquids subtotal. . 0.26 0.37 0.17 A7 018 017 017 .19 0.18 0.18
Natural gas .. . 836 8.07 780 828 9.21 8.03 8.28 10.19 .61 702
16.49 17.37 17.59 17.33 1758 17.63 17.77 17.41 17.52 17.88

Steam coal..,

Nuclear / uranium B 8.27 8.42 842 8.42 8.46 8.47 8.67 852 873 9.78
energy™® 4.78 8.08 813 6.24 6.59 672 722 7.46 799 9.85

Non-biogs municipal waste 023 023 0.23 0.23 0.23 0.23 0.23 023 023 023

018 011 .11 011 0.10 .10 012 0.1 011 0.1

Elestricity import ’ . .
Total .. 3857 4046 4045 4078 4236 4235 4243 4408 4436 4508

U.S, Energy information Administration | Annual Energy Outlook 2015
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Table C2. Energy consumption by sector and source {continued)
{quadrillion Btu per year, unless otherwise noted)

Projections
Sector and source w0 an L 240
Low oil Highail | Lowoil Highoil | Lowoil High oil
orice lReference price oric Referencel price price Reference price
Total energy consumption
Liquefied petroleum gases and other® 314 378 373 379 431 423 421 429 4.17 425
Motor gasofine®. 16.36 16.38 15.79 1441 14.74 1372 11.84 14.60 12.96 10.91
0.02 0.02 0.03 0.19 .14 .20 0.52 0.16 0.28 0.76
297 320 320 315 362 381 357 3.88 3.86 383
.01 0.01 001 0.01 0.01 .01 0.01 001 .01 0.01
8.15 8.88 885 8.75 9.27 2.13 8.23 9.71 8.21 786
0.87 0.65 061 0.58 0.70 064 0.6t 0.74 065 0.62
0.74 6.97 088 0.98 115 114 1.13 118 1.20 116
Other petroleum'™ ... 367 389 382 411 404 398 412 419 4.15 4.22
Petroleum and other liguids subtotal 3591 3777 3706 3579 3784 3647 3372 381 3621 329
Natural gas . 2446 2431 2412 25.14 2578 25.7¢ 26.09 26.86 2725 28650
Natural-gas-to-liquids heat and power 000 0.00 0.00 0.00 .00 .00 0.18 .00 0.00 0.96
Lease and plant fuel . 1.52 167 1.87 1.98 1.78 210 294 1.80 2.28 331
Pipeline natural gas 0.88 0.83 0.85 .89 0.90 0.94 1.04 0.81 096 1.07
Natural gas subtotal 26.86 26.81 26.85 28.02 2843 28.83 30.24 28.56 2050 31.83
icat coal 062 0.58 0.61 0.85 0.55 0.56 0.61 0.48 0.51 0.58
COther coal 17.41 18.34 18.57 18.35 18.57 18.63 18.88 18.40 18.56 19.06
Coal-to-figuids heat and power 000 000 0.00 0.00 0.00 000 0.68 o.00 0.00 197
Net coal cake imports -0.02 000 000 00t 003 003 003 006 008 005
Coal subtotal 18.01 18.92 19.18 19.00 19.09 19.16 2614 18.83 19.01 21.56
Nuclear / uranium™. 8.27 8.42 8.42 §.42 846 847 867 852 8.73 9.78
Biofuels heat and coproduct 072 0.82 080 0.80 0.81 Q.30 0.81 030 036 0.98
energy 6.98 812 8.19 8.47 864 881 8.44 9.46 10.08 12.23
Liquid hydrogen 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Non-biogenic municipal waste 023 0.23 023 0.23 0.23 0.23 0.23 0.23 023 022
Elestricity imports. 0.18 0.1 011 0.11 0.10 .10 0.12 011 .11 0.15
Total .... 8714 10120 400.84 100.84 10360 10287 103.34 10611 10673 109.67
Energy use and related statistics
Delivered energy use 7147 74.22 7384 73.68 7561 T4.87 75.24 728 76.62 79.80
Total energy use . 97.14 10120 100.84 100.84 10360 102.87 10334 106.11 10573 109.67
Ethanol consumed in motor gasoline and E85 142 116 112 113 111 112 117 112 127 128
pylation (mitlions) 317 334 334 334 359 359 359 380 380 380
Gross domestic product (billion 2009 dollars). 15,710 18,742 18,801 18,798 23963 23894 23844 20885 20898 20,760
Carbon dioxide emissions {million metric fons) 5,405 5,523 5,499 5,441 5,585 5514 5,461 5671 5,549 5,584

"tnctdes wood tsed for residential heating. See Table A4 andfor Table A17 for esfimates of nonmarketed renewable energy consumption for geothermal heat pumps, solar
theymal water heating, and eleciriciy generation from wind and sofar photovoltaic sources.

Zncludes ethanol and ethers blended into gasoline.
IExcludes ethanol

Includes commercial Sector consumption of wond and wood waste. landfill gas, municlpat waste, and ether biomass for combined heat and power.

Ses

Table AS andor Table A17 for estimates of nonmarketed renewable energy consumption for solar thermal water heating and eleciricity generation from wind and sofar

phgtovaltaic sources.

Includes snergy o compinec hoat and power pants that have a non-egultory satus, and small onsie generating systems.

Sinciudes ethane, natural gasoline, and refinef
tncludes petrmeu im coke, asphatt, 1t

oad oll, 1ubncants ‘stil gas, and miscellaneous petraleu products

TRepresents natural gas used in wel, field, and lease operalions, in natural gas processing plant machinery, and for liguefaction in export faciliies.

Sinciudes consumption of energy produced from hydroelectric, wood and wood
PE85 refers 1o a blenid of 85 percent ethanol (renewable} and 15 percent motor gasoline (non(enewabie) 7o address coid starting issues, the percentage of ethano! varies
onally. The annuai average ethanol content of 74 percent is used for this forecast

ncludes only kerosene type.
jesel fuel for on- and off- roa

Pincludes aviation gasoline and mbmnxs
Represents o the sec

includes

opraTketed renewable energy consurtplion o1 geothermal heat pumps, buikings phlovota ystems, and
i mbined feat and power pia

iy an

ise frof

waste,

‘municipal waste, and other biomass sources.

ehvdne Do Sacoime. patiors Soke: asphat oad o, oricarts, s gas, and miscelaneous petroleum products
s eleciricity generated for sale 10 the grid and for own use

Excludes ethanal in motor gasoline.

om renewable saurces, and non-slectric energy from renewable sources. Excludes athanal and

soler therenal water heaters
iants that have a regulatory sta

”These vahues represent the snergy obtamed o wtanlurn when 1 used light water reactors. The total energy , Gantent of uranlurn s thuch targer, but aftemative

progesses are required to take advaniage

includes convenuonax hyarosleciic, gecthiermal, wood and wood waste, biogenls municipal waste, fher biomass, wind, shotovolal, and solar thermal sources, Bxcludes

aef, ;.srecmcrty

e conmentonat hydrostectric, yestheral, wood and wood waste, biogenic muriipal waste, ofher biomass, wind, phorovolale, and sl thennal sources.  Excludes
ethand et electioiy mperis, and honinareted reriwable energ consumpto for geathermal fieat purps, buldings photovoltaic systems, and solar thermal water heaters.

ermal u
Noie
resus and may diftr fram offcial EiA data

2010 2013 poptiton and

EIA, Monthly.
CWPRICE 031

Novermber 2014,

1.5, Energy information Administration | Annual Energy Outlook 2015

Includes esnrmled consumption For petro}eum and other liquids.  Totals may not equal sum of companents dus to independent rounding.  Data for 2013 are modet
1513 consurption based on. .5 Enefgymiofmatml\ dministaton (E1A) Montbly Energy Reviow, DOE EIA.0035(2014r11) (Washington, OC, Novernier
il sls,

ustry an
v, DOE/EIA-0035(2014/11) (Washmgton Dc ovember 2014),
TbA RER2015 DIDTOTEA, and HIBHERICE DO319T5A

mos 2013 carbion dioxide emissions and emission factors:
Projections: £1A, AEO2015 Nationai Energy Modeling System runs
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Table C3. Energy prices by sector and source
(2013 dollars per million Btu, uniess otherwise noted)

Projections

Sector and source 2013 L e e
Low oit Highoil | Lowoil Highoil § Low oil High ot
price [ Reference p%ice price IReference l pglica Price ] Referance pgrice
Residentiat
Propane .. 233 212 238 268 222 24.4 286 230 286 30.8
Distillate fue! oi 272 17.5 215 348 185 282 433 205 328 83.7
Natwal ga 100 114 118 113 12.8 12.8 147 14.8 185 17.9
Electricity . 358 373 378 383 3986 400 4.7 413 424 463
Commercial
Propane .. 200 17.2 19.4 238 184 291 268 19.4 238 285
Distiltate fuel oi 287 18.9 210 341 1.0 258 429 188 325 53.3
Residual fuel oi 2214 110 142 244 128 1814 317 135 243 427
Natural ga: 8.1 a1 86 a3 104 10.4 122 120 128 15.0
Electricity.. 297 308 311 313 323 328 349 338 345 378
Industrial’
203 17.3 196 245 188 215 273 187 245 305
273 17.4 212 343 183 261 432 262 327 53.6
200 10.2 13.3 235 118 17.2 30.7 127 235 a7
Natural gas® ... 48 56 82 5.8 63 8.8 8.7 82 88 1.0
ical coal 55 58 58 50 68 8.7 8.9 70 72 75
Other industriat coal 32 3.3 3.3 35 38 38 39 37 38 43
Coal to liquids -~ -- -- - -~ -- 26 -- -~ 31
Electricily. 202 209 213 213 224 28 245 240 247 273
Transportation
Propane 248 222 240 278 232 255 296 241 276 318
£85°. 33.1 284 304 3686 2568 312 393 282 354 475
Motor gasoline’ 293 19.2 225 344 202 264 41.7 21.4 323 525
Jetfuel .. 21.8 12.1 16.1 288 144 213 382 1586 283 488
Diesel fuel (distillate fuet oif)® 28.2 19.1 231 363 213 280 450 221 347 558
Residual fuel oi 19.3 8.7 17 210 105 15.4 276 1.3 203 35.4
Natural gas” 1786 17.8 17.8 18.8 186 187 208 18.7 196 229
Electricity.. 285 208 302 302 325 R 3BY 348 360 40.3
Efectric powes®
Distiliate fusl oi 2490 147 18.8 318 18,7 228 408 17.7 302 51.0
Residual fuel o 189 83 1.5 217 97 15.4 288 10.4 216 40.0
Natural ga 44 4.9 54 5.1 62 82 78 7.8 83 10.1
Steam coa 2.3 2.3 2.4 28 26 2.7 30 27 29 33
Average price to all users®
Propane 219 9.0 211 253 19.8 228 277 208 252 305
£85°. 331 284 304 368 258 312 393 282 354 475
Motor gasoline’ 280 19.2 25 344 202 264 417 214 323 525
Jet fuel® 218 121 18.1 289 144 213 382 15.6 283 488
Distifate fuel oi 279 1886 228 358 208 278 446 217 342 55.1
Residuat fuel oi 19.4 2.3 12.2 218 10.8 16.0 287 18 215 378
Natural gas.. 8.1 68 75 73 8.1 8.2 105 8.7 10.5 13.4
i 55 58 58 8.0 66 6.7 8.9 70 72 75
Other coal 2.4 24 24 26 28 27 3.0 28 3.0 3.4
Coal to Fquids - - -- -- - - 28 -- .- 31
Electricity.. 295 30.4 308 308 321 324 345 338 34.7 377
Non-renewable energy expenditures by
sector (billion 2013 dollars)
i i 243 248 254 258 273 278 297 202 3t 338
Co i 177 190 194 198 218 219 238 249 259 284
Industrial’ 224 236 264 334 285 323 439 312 389 347
i e 481 565 83t 503 838 926 544 791 1,128
Total non-renewable expenditures.. 1,364 1,155 1,276 1.621 1,276 1,456 1,800 1,408 1,751 2,295
i i 1 1 1 7 4 8 20 4 10 36
Totat expenditures 1,364 1,158 1,277 1,628 1,280 1462 1,920 1412 1,761 2,331

U.S. Energy Information Administration | Annual Energy Outlook 2015
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Table C3. Energy prices by sector and source {continued)
(nominal dollars per million Btu, unless otherwise noted)

Projections
Sector and source 2015 n 3% 0
Lowoll | petorenca| FiaROF | Lowoll ‘Reference' Highott | Low oif ’Re(erence] High ofl
price price rice price price price
Residential
233 24.0 26.1 299 293 328 389 367 4341 50.9
272 188 244 388 258 33 588 327 533 88.7
100 125 132 127 16.9 174 200 238 251 298
356 422 429 431 524 536 58.0 859 68.8 7.4
Commercial
Propane ... 200 19.5 220 268 243 283 36.1 310 388 48.8
Distitlate fuel oi W87 18.1 238 383 25.1 348 582 318 526 88.1
Residuat fue! ol 221 124 184 275 16.7 243 430 215 394 706
Natural ga: a1 10.3 108 10.4 138 139 16.6 19.1 205 24.7
Electricity.. 287 34.8 353 351 42.8 43.7 474 536 56.0 824
Industriaf®
203 19.6 223 215 2458 288 37.1 314 307 504
273 194 24.1 386 255 /L 586 32 530 88.6
Residuat fuel oil 200 s 151 264 158 231 416 202 380 8.9
Natural gas® 486 84 70 8.5 9.0 9.1 11.8 132 14.2 18.2
icai coal 55 6.5 66 8.7 87 88 9.3 112 "8 124
Other industriat coal 32 37 3.8 39 48 48 52 5.9 63 71
Coai to figuids . .- .- -- -- - - 35 .- - 5.1
Electricity.. 202 238 242 240 298 302 332 382 40.0 45.1
Transportation
Propane 248 25.1 272 311 308 341 403 384 448 526
E85%.. 331 3241 344 411 339 419 53.3 449 574 785
Motor gasoline’ 293 21.7 255 386 28.7 353 56.6 34.1 52.4 86.8
Jetfuel” ... 218 137 18.3 325 19.0 2886 51.9 249 458 806
Diesel fue! (distiftate fuel oif) 282 218 262 40.7 28.1 378 681.2 35.3 56.2 91.8
Residuat fuel oil 19.3 E2:3 132 236 13.8 2086 378 18.0 328 584
Natural gas’ 176 202 202 212 248 210 285 314 s 378
Electricity.. 285 338 43 340 430 44.1 487 55.6 58.4 866
Electric power®
Distiliate fuel oi 240 16.7 213 35.8 22.1 317 552 283 430 843
Residual fue! oil 18.9 9.4 13.0 243 128 208 393 16.5 350 8.0
4.4 56 6.1 58 82 83 10.7 124 13.4 8.7
2.3 28 27 28 34 36 4.0 4.3 4.7 55

U.S. Energy information Administration | Annual Energy Outlook 2015
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Table C3. Energy prices by sector and source (continued)
(nominal dollars per million Btu, unless otherwise noted)

Projections
020 2030 2040
Highoil | Lowoll
price orice

Sector and source W3

Lowoll
price

Remml Highoit | Lowoi
price

. I Reference
price

Rotorc] 1521
price

Average price to all users®
Propane
E85”..

21.9 218 238 285 262 30.3 37 331 409 50.4
331 321 34.4 41.1 338 41.9 533 449 57.4 785

Motor gasoline® 2006 207 265 386 267 353 566 341 524 868
Jot fuel® .. .28 137 183 325 190 286 518 249 458 806
Distiltate fuel oil . 27.8 210 25.7 402 278 368 60.6 346 55.5 91.0
Residual fuel oif. 194 195 13.8 245 145 215 39.0 18.8 348 62.5
Natural gas.... . 61 7.8 85 82 107 110 143 154 w6 222

ical coal 55 8.5 66 6.7 8.7 89 23 112 1.6 12.4
Other coal 2.4 2.7 2.8 2.9 34 37 4.1 4.4 48 58
Coal fo figuids - .- - - .- - 35 - - 5.1
Electricity. 285 344 34.9 347 425 43.4 46.9 54.0 56.2 623

Non-renewable energy expenditures by
sector (billion nominal dollars)

243 280 288 200 361 370 403 482 504 556

C i 177 215 220 222 286 294 323 398 420 470
Industriat’ ... 224 267 2909 378 378 433 587 498 831 203
Tt 719 544 641 334 664 855 1,258 868 1,283 1,864

Total non-renewable expenditures.... 1,364 1307 1,448 1,822 1,687 1,852 2,581 2,246 2,839 3,793
i i 1 1 1 8 7

5
Total expenditures .. 1,364 1,308 1,448 1,830 1,892 1,960 2,609 2,283 2,865 3,852

Includes. energy for combined heat and power plants that have a non-regulatary status, and smali on-site generating systems.
Excludes use for lease and piant fuel
A et et o B et athancl (renewatic) and 15 porcent motor gosoine (ranrenewabe). To adress cold staring issues, the persentage of ethand vares

QKQNSQHE type jetfusl  Includes Federal and State taxes while excluding county and local taxes.
“Diesel fuel for on-road use. _Includes Federal and Stats taxes while excliding county and local tax
Thatural gas used as fuel in motor vehicles, trains, and ships.  Includes estimated motor vehicie fue{ mxes and estimated dispensing costs or charges.
“includes electricy-only and combined heat and power plants that have a regulatory status.

jsigited averages of end-use fuel prices are derived ffom the prices shown in each sector and the corresponding sectoral cansumption
Bt = Bt thermal uni:
ot applical

Noze Dafa for 2013 are model results and may differ from offictal £1A data reports.

pricss for motor gosoline disilatefucl of, and o fuel aro based on pricos inthe U S, Enorgy Information Admisisisation (ELA), Petleu arketing Monthly,

OB, oaso(zowos) (Washington, DC, August 2014), 2013 residential, Sommercial and ndystial natural gas celivered pries: EUA, Naturol Gag Mont

DOBEIAOTI02014/07) (Weshnglen, DT, (M 3074). 3013 tranaporation secior nalral gas Asverad prCRS e Mots! reoufls. 2015 biacitic powsr secior dstiate and
residual fuel of prices: E1A, Monihly Energy Review, DOE/EIA 0035(2014/1 bR Mashmgzon D, November 2014) 2015 sleinc pouer sector naturel ges prces EIA, Sectic
Power Monthly, DOE/E{A 0225 Aprit 2013 and April 2014, Table 4.2, and EIA, Siate Data 201 DOE/EIA-0214(2012) (Washingtan, DC, June 2014). 2013 coal
prices based on:_ EIA, Quarierly Coal Report, October-December 2013, DOEJEIA Y 017G (w ngton, DC, March 2014) and £1A, AE02015 National Energy Medeling
Eystem tun REF 2015000101 5h, 2013 eleciroty pices. EVA, Monihly Energy Review, DOEJEIA 0035(?0«4/113 {Washingion, LG, November 2014). - 301 E85 3rices
derived from monthy prices in the Clean Cities Altemative Fuel Price Report.  Projections:  E1A, AEO2015 National Energy Modefing System runs LOWPRICE D0219754,
REF2015.0021915A, and HIGHPRICE DO21916A.
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Table C4. Petroleum and other liquids supply and disposition
(million barrels per day. unless otherwise noted)

Projections
Supply and disposltion 2013 2020 23 240
Low ol poterance| PN O | Lawol lReferenceI Highoil | Lawoit IReference High oi
price price price price | price price
Crude oif
Domestic crude production® . 744 996 1060 1220 869 1004 1248 709 043 993
Alaska . 052 042 042 042 000 024 057 000 034 045
Lower 48 states. 692 955 1048 1187 869 980 1192 709 909 948
Net import 760 602 551 594 707 844 624 805 758 886
Gross imports 773 665 614 857 7.70 707 687 868 821 9.49
Exports ... 013 063 063 063 063 083 063 063 062 063
Other crude supply” 027 006 000 000 000 000 000 000 000 000
Totai crude supply. 1630 15989 1641 1823 1576 1648 1872 1514  17.01 1878
Net product imports ... -137 248 280 587  -1.88 356 806 071 426 949
Gross refined product impor: 082 145 121 0.88 172 131 127 165 1.26 131
Unfinished ofl imports 066 068 060 D49 066 052 033 062 645 031
Blending component imports. 066 072 059 051 062 049 050 053 040 044
Export 343 504 520  7.86 488 589 1023 351 636 1154
Refinery processing gain® ... 109 096 098 107 094 097 099 100 098 101
Product stock withdrawal 0.1 006 000 000 000 000 000 000 000 000
Natural gas plant fiquids. 261 392 404 420 390 419 465 371 407 455
Supply from renewable sources. 0.93 1.03 101 1.02 1.00 101 105 1.00 112 125
Ethanol 083 087 084 08 083 084 088 083 095 096
Domestic production. 085 088 086 08 087 08 087 08 093 080
Net imports... 002 002 002 001 004 002 001 002 002 6.08
Stock withdrawal 000 000 000 000 000 000 Q00 000 000 000
Biodiese! 610 043 014 014 001 0.1t 0.14 0.01 011 015
Domestic production. 608 043 013 013 000 040 043 000 010 044
Net imports..... 0.01 0060 001 0.01 001 001 001 6.01 0.01 0.01
Stock withdrawa 000 000 608 080 000 000 000 000 000 000
Other biomass-derived liquids® 000 003 003 003 015 006 003 045 008 015
Domestic production. 006 003 003 003 015 006 003 015 006 015
Net imports..... 000 060 000 000 000 000 000 000 000 000
Stock withdrawa 000 000 000 000 000 000 000 000 000 000
Liquids from gas 000 000 000 000 000 000 008 000 000 049
600 060 000 000 000 000 024 000 000 07t
ther 021 627 028 0306 020 036 032 029 03 035
Total primary supply’ .. 18.87 19.98 1962 1884 2040 1938 1800 2043 1824 1766
Product supplied
by fuet
Liquefied petroleum gases and other® 250 294 281 286 334 330 321 331 325 334
Motor gasofine® . 885 880 849 7.77 7.94 741 6.44 786 705 602
of which: E85" 0.01 0.01 002 013 009 043 036 011 019 052
Jet fuel™. 143 15 155 153 176 175 173 1.88 187 186
Distiffate fuel oif 383 422 426 416 441 434 391 462 438 377
of which: Diesel . 356 390 394 3588 413 409 368 438 417 357
Residual fuel oil . 632 028 027 028 03 028 027 032 028 027
Other™. 204 220 248 230 236 233 239 245 243 245
by sector
idential and 08 079 076 069 072 067 080 068 061 054
Industriaf" 469 554 550 566 612 604 609 617 608  6.16
1336 1374 1346 1270 1335 1279 1142 1369 1266 1104
Electric power™ ... 0.2 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
L ified sector™ 012 015 015 016 047 -047 014 018 047 0.3
Totat product supplied 1896 2000 1865 1837 2040 1841 1804 2044 1927 17.70
D i 010 <002 003 003 000 003 004 001 003 004
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Ca

Table C4. Petrolenm and other liquids supply and dispoesition (continued)
(million barrels per day, unless otherwise noted)

Projections
Supply and disposition 2013 20 230 %4
Lowol tHigh ol | Low ol Highol | Lowoil High ol
Py {Reierencel e | Lorea |Refeenca] RS | Low Reverencel e

Domestic refinery distillation capacity'™

178 188 188 190 188 18.8 19.3 18.8 18.8 193
Capacity utilization rate (percent)™

883 874 87.8 978 86.1 894 98.6 827 920 086

Net impart share of product supplied (percent).. 330 19,1 137 0.2 257 148 100 359 174 32
Net expenditures for imported crude oil and
petroleum products (bilion 2013 dottars) ... 308 130 167 348 180 259 468 225 405 836

Tincludes lease condensate.
Strategic petroleum reserve stook additions plus unaccounted for crude oit and orude oif stook withdrawals.
“includes other hydrocarbons and alcohols.
' ‘Tne volumetric amotnt by whih totaf outpst s greater than input iue o the processing of arude o nto products whioh, in otal, have & lower spacfio gravity then the rude
il gro
mmudes ‘pyrolysis ofs, biomase dierived Fischer. Tropseh auids, biceutanol, and renewable feedstooke used for the on-site producion of desel and gasoine
blending efhers,
’To(a\ crude supply, net product imports, refinery processing gain, product stock o - gas plant fiquids, supply from renewable sources, Higuids from gas, tiquids
from coal, and other supply.
“includes ethane. natural gasaline, and refinery ofefins.
“Inoludes ethanol and ethers blended info gasoline.
"85 refers to a blend of 85 perent ethanol {renewabie) and 15 pergent motor gasoline {nonrenewable). To address cold starting issues, the percentage of sthanol varies
seagonally. The annual average ethanol content of 74 percent is used for this forecast
Tinoludes oply kerosene type.
nciudes dishllate fuel oil from petroletm and biomass fesdstocks.
“inludes kerosene, aviation gasoline, petrochemical feedstooks, fubricants, waxes, asphatt, road ofl, stil gas, special naphthas, petroleum coke, orude oif product supplied,
mathanol, and miscefianeous pefroleum products.
Tincludes energy for combined heat and power plants that have a non-regulatory status, and small on-site generating systems.
js inchudes constimption of energy by eleciricity-only and combined heat aid power plants that have a regulatory stallis

p to the sectors ab
Bafancing ftem. _ Includes unaccounted for supply, losses, and gains.
End-of-year operable capacity.
Rete s oaoulsted by diving the gross annusl inputto stmospherio orude il isifation unis by heir operable refting aspeolty n berres per oalendar day
Note: Totals may not equal sum of components dlie to independent rounding. Data are model results and may differ from official EIA data reports,
Sourges: 2013 product slipplied based on._ U.S. Energy Information Administration (i ElA)n Monthlégnsrgy ‘Review, DOE/EIA-OU35(2014/11) (Washington, DG, Noverber
2012). Other 2013 data; EIA. Petroleum Supply Annual 2013, DOE/EIA-0340(2013)/4 (Wasbington, DC, September 2014). Projections:  EIA, AEO2015 Nafional Energy
Modeling System runs LOWPRICE 0219154, REF2015 D021815A, and HIGHPRICE D02 19154,

P
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Table C5. Petroleum and other liquids prices
(2013 dollars per gallon, unless otherwise noted)

Projestions
Sector and fuel w13 il 1% 240
Lov.w oft Reference‘ Nig.h oit Lovf ot Referencei Hig!r o Lov.w ot Reference Hig.n ol
price price price price price price
Crude ol prices (2013 dollars per barref)
Brent spot.... S 109 58 79 149 69 106 194 7% 141 282
West Texas intermediate spot . 98 82 73 142 83 28 188 72 136 248
Average imported refiners acquisition cost’ .. 98 50 7 138 61 96 181 88 131 237
Brent / West Texas Intermediate spread... 107 8.1 82 8.8 5.9 8.2 6.3 34 58 57
Delivered sector product prices
Residentiat
2143 1.93 210 2,43 2.02 223 261 2.10 2.43 281
Distillate fuel ot 378 2.42 2.99 479 271 3.65 6.00 2.84 4.58 7.44
Commercial
Distillate fuel oit 3.68 233 2.89 470 2.82 3.56 5.91 275 4.47 735
Residual fuel oit . 331 1.64 212 3.66 1.88 271 474 202 384 6.40
Residual fuel oil (2013 dollars per barrel). 138 89 89 154 78 114 199 85 153 289
fndustrial’
1.85 .58 1.79 224 170 1.96 249 1.80 2.24 278
Distillate fuel oi 375 2.35 291 471 285 3.58 5.92 277 4.49 7.36
Residual fuel oif . 3.00 1.52 200 352 1.78 258 459 1.88 3.51 6.24
Residuat fuel ol (2013 dofiars per barrel). 126 84 84 148 74 108 193 80 147 262
Transportation
Propant 224 2.03 219 2.52 2.12 232 271 2.20 252 291
E85° ... 3.14 271 280 3.48 244 2.98 375 269 338 453
Ethariol wholesale price 237 2.48 2.49 263 222 235 2867 2.30 264 3.26
Motor gasoline® 3.55 233 274 417 245 320 5.08 260 3.90 6.33
Jet fuel® . 2.54 1.83 217 3.80 1.85 2.88 5.18 211 3.81 6.58
Diese! fue! (distiliate fue! oif) 3.86 281 347 4.97 291 3.84 6.17 3.03 475 761
Residuat fuel oil,... . 289 1.31 174 3.14 157 230 413 1.68 3.03 529
Residuai fuel oit {2013 dollars per barrel). 122 56 73 132 65 87 174 il 127 222
Etectric power’
Distillate fuet oif 3.33 2.04 2.60 4.42 2.32 3.28 5.63 2.46 419 7.07
Residual fuet oit . 283 1.24 1.7 324 1.45 230 4.33 158 3.23 5.98
Residuat fuet oit (2013 dollars per barrel). 19 52 72 136 61 o7 182 65 136 251
Average prices, alt sectors®
Propane..... 2.00 1.73 1.93 231 1.81 2.08 253 1.80 230 279
Motor gasoline® 3.53 233 274 4.7 2.45 3.20 5.05 280 3.80 8.33
Jet fuel 294 1.83 217 3.20 1.98 288 5.16 211 3.81 8.58
Distillate fuel ot 3.83 2.55 3.1 491 2.85 378 612 297 4.6¢ 755
Residuat fuel oil . 2.80 1.38 1.83 3.28 1.84 2.40 4.30 178 3.22 5.66
Residual fuel oit (2013 doflars per barrel).  121.71 58.18 7670 137.11 68.77 100.80 180.46 7394 13510 237.7¢
Average 3.16 2.04 2.48 3.84 218 2.89 4.66 2.32 382 5.81
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Table C5. Petroleum and other liquids prices (continued)
{(nominal dotlars per gation. unless otherwise noted)

Projections
Sector and fuel 2013 220 230 240
Low ol peterence| High ol | Lowol ]Referencel High oil | Low oif Refemncel High ol
price price price price price price
Crude oif prices {(nominal dollars per barrel)
Brent spot 109 65 80 167 21 142 263 120 229 418
West Texas Intermediate spot. N 98 58 83 159 83 133 255 118 220 407
Average imperted refiners acquisition cost’ . 98 57 80 156 81 129 248 108 212 391

Delivered sector product prices

Residential
Propane..
Distillate fuel oit....

213 2149 238 273 287 298 3.55 3.36 384 4.65
378 274 3.38 5.38 3.58 4.90 8.18 4.54 7.40 12.30

Commercial
Distillate fue! oil.
Residuat fuel oil

3.68 284 328 528 3.46 478 8.03 4.38 7.25 1214
3.3t 1.88 2.41 441 2,50 3.83 8.44 3.22 5.90 10.57

Industriai®
Propane . . 1.85 178 204 251 224 283 3.39 287 362 4.80
Distilate fuef oit. . 375 266 330 5.30 3.50 4.80 8.05 4.42 7.28 1218
Residuat fuel oil .. 3.00 172 2.26 3.95 233 3.46 8.23 3.02 5.89 10.31

Transportation

onpane 224 230 249 2.84 280 3.12 368 3.50 4.08 4.80
£85°. 3.14 3.06 328 392 323 3.99 5.09 428 $.48 7.49
Ethanol wholesale price - 237 282 2.83 2.96 284 3.15 3.62 388 427 5.38
Motor gasoline®... . 3.55 2864 3.10 469 324 4.28 8.86 415 6.32 10.48
Jot fuel®.. 294 1.85 247 438 257 3.86 7.01 338 818 10.88
Diesel fuel {distillate fue! oif)”.. 3.86 2.96 3.60 5.58 3.85 5.15 8.39 483 7.70 1258
Residual fuel o 2.89 1.48 1.88 3.53 2.07 3.08 5.61 270 4.92 8.75

Elfectric power’
Distiliate fuel oit
Residual fuel ofl

3.33 2.31 295 498 307 439 7.85 3.83 879 11869
2.83 1.40 194 3.84 1.92 3.00 5.88 2.48 524 .88

Average prices, all sectors®
Propane ..
Motor gasoline’

2.00 196 2.19 2.60 2.40 277 3.44 3.02 373 4.61
353 284 3.10 469 324 428 8.86 414 632 10.46
Jet fuel®.. 2.94 1.85 247 438 257 3.86 701 336 6.18 10.88
Distillate fuel oit 3.83 2.88 352 5.51 377 507 831 474 7.6t 12.48
Residual fuel off (nominal doltars per barrel) 122 86 87 154 21 135 245 118 219 393

Average .. . 3.16 2.30 2.78 4.32 2.88 3.88 6.33 3.768 5.88 2.61

“Weighted average price delvered to U.S. refiners.

*inchides combined heat and power plants that have a non-regulatory status, and small on-site generating systems

SEBS refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable).  To address cold stanting issues, the percentage of ethanal varies
seasonally. The annual average ethanal content of 74 percent is used for this forecast

“Sales weighted-average price for all grades.  Includes Federal, State, and local taxes,

Sincludes only kerosene type

“Diese! fue! for on-road use. _ inciudes Federal and State taxes while excluding county and focal taxes.

’lncnuaes electricity-only and combined heat and powet plants that have a regulatory statu

tedt averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption.
Noxe Dt for 2015 are model resuitsan may difer fom offiil E1A dota eports
2013 Brent and West Texas Intermediate crude oil spot prices!  Thomson Reuters, 2013 average imported crude ofl price:  Energy information Administration

(EVA) ' Wiorihy Encrgy Reviow, DOEIEAD035(3014/ 1) (Washingion. DG, Novermber 2014y, 3013 prices for Totor Gacaling, OGtats fel o, 4nd ot el ere based o EiA,
Peyoleun Varkaling tonihy. COEIEIA caamuwom (Washinglon, DC, August 2014). 2013 residestial, commercial, industrial, and transportation sector petroleum produo!
prices are derived fom: EIA E{A-T82A, "Refiners /Gas Plant Operators’ Monthly Petroleum Producl Sales Report™ 2013 electric power prices based on: Monihly
Energy Review. DOE/EIA- 0030(2014/1 1) (Washington, DC, November 2014). 2013 E85 prices derived from monthly prices in the Giean Cities Alternative Fuel Price Report
2013 wholesale ethano prices derived from Bloomberg U.S. average rack price.  Projections:  EIA, AEO2015 National Energy Modsling System runs LOWPRICE DO21915A,
REF2015.D021915A, and HIGHPRICED021915A.

]
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Table C6. International petroleum and other liquids supply, disposition, and prices
{million barrels per day, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 il 203 Ll
Lowail lRefevenceI Highoil | Low i Refevencel High ail | Low i Refevencal High ol
price price price price price price
Crude oif spot prices
(2013 dollars per barrel)
Brent 109 58 79 148 6% 106 194 78 41 252
West Texas Intermediate ... 98 52 73 142 83 98 188 72 136 248
{nominal doltars per barrel)
Brent 109 85 80 167 o1 142 283 120 229 418
West Texas Intermediate ... o8 58 83 158 83 133 255 115 220 407
Petroleum and other liquids consumption®
OECD
United States (50 states).. 18.98 20.00 18.65 1897 20.10 19.41 18.04 2044 19.27 17.70
United States territories.... 0.30 0.32 0.3t 030 035 034 033 0.40 0.38 0.38
Canada 229 2.40 231 220 2,48 2.21 2.08 261 2.14 1.94
Mexico and Chile . 248 279 271 263 2,85 2.80 278 319 292 2.88
OECD Europe®. 13.96 1475 1420 13.74 1530 14.09 13.70 16.08 14.12 13.54
Japan .. 4.58 4.47 427 405 4.38 4.03 379 4.05 385 3.31
South Korea . 243 27 258 242 2.80 253 238 2.81 2.40 224
Australia and New Zeajan: 1.18 118 1.18 113 147 111 1.09 126 1.15 11
Total OECD consumption 46.14 48.62 47.20 45.43 49.48 46.52 4416 50.78 48.04 43.10
Non-OECD
Russia ... 3.30 332 3.3 319 332 3.23 3.m 322 3.01 2.67
Other Europe and Euras 208 222 222 220 2.45 2.39 2.33 278 2.59 248
China 10.67 1308 1313 13.04 15.95 17.03 18.31 17.38 2019 24.04
India 3.70 432 430 4.14 839 582 5.37 8.14 8.79 6.91
Other Asia® 7.37 8.14 8.08 8.83 1237 12.35 12.26 1624 16.49 16.84
Middie East 781 8.49 240 8.42 1020 9.58 10.22 1250 11.13 1272
Africa 3.42 389 383 3.82 493 478 475 8.41 6.18 6.28
Brazif 311 3.44 333 315 3.93 374 3.62 4.80 450 4.50
Other Central and South America .. 338 3.56 3.48 3.38 3.86 372 3.64 4.39 415 4.1
Total non-OECD consumption .. 44.80 51.54 51.20 5017 62.41 §2.31 63.50 73.87 75.01 80.54
Total 90.7 100.2 98.4 95.8 1118 108.8 wry 124.7 121.0 123.6
Petroleum and other liquids production
OPEC®
Middle Eas! 2832 27.65 2458 1833 35.80 29.34 21.86 4531 36.14 20.01
North Afric 2.0 374 3.5t 322 431 3867 3.42 4.90 4.08 367
West Africa .. 4.28 5.5t 5.00 4.43 8.85 524 481 7.50 543 5.01
South America 3.0t 3.64 3.10 2.85 4.58 327 283 559 3.79 3.18
Total OPEC production 36.48 40.54 36.16 29.83 51.54 41.83 33.01 63.30 49.42 40.87
Non-OPEC
OECD
United States (50 states) . 12.64 16.17 18.92 18.97 14.94 16.52 18.80 13.10 15.89 18.11
Canada.... 4.15 470 508 5.46 5.48 6.26 7.27 5.81 6.76 8.04
Mexico and Chile 294 241 2.93 3.07 204 3.32 365 223 3.79 4.18
OECD Europe® 3.88 3.18 3.35 322 2.61 2.98 3.05 257 3.19 3.18
Japan and South Korea 0.18 .17 0.17 0.18 0.18 0.18 018 0.20 0.18 019
Australia and New Zealan:. 0.49 0.55 0.60 0.62 058 0.86 0.88 0.50 0.86 1.01
24.29 27.18 29.03 3151 2878 30.12 34.84 24.41 30.77 34.70
10.50 10.63 1071 10.97 10.80 11.22 11.58 1135 12.16 12.67
327 3.42 3.41 387 421 4.42 4.99 483 5.18 6.44
4.48 4.80 511 523 5.16 5.668 818 5.18 5.84 7.54
3.82 3.72 385 3.80 3.54 3.67 3.80 373 4.01 4.08
120 1.02 1.03 1.14 0.7 0.85 1.04 0.56 077 0.98
241 273 270 2.79 280 294 292 323 333 3.39
273 362 370 4.01 468 5.43 808 4.96 6.12 8.34
Other Centrat and South America.. 22t 251 271 259 253 287 325 3.13 347 470
Total non-OECD production , 30.63 3244 33.21 34.41 3457 37.47 39.80 36.96 40.88 48.10
Total petroleum and other liquids production 814 100.2 884 857 111.8 108.8 107.7 124.7 1211 123.7
OPEC market share {percent} .... 399 405 387 31.1 48.1 382 307 50.8 40.8 330
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Table C6. International petroleum and other liquids supply, disposition, and prices {continued)
(million barrels per day, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 %20 238 Ll
Lowoll Highoil | Lowoil Higholl | Lowoil High oit
price lReferencel price price Refe(encel price i Reference price

Selected world production subtotal:
Crude oil and equivalents® ... - 7793 8398 82.19 7867 93.74 B89.77 87.00 10509 99.08 98.87
Tight ot 3.62 571 7.49 928 8.21 9.16 1118 4.51 10.15 1210
Bitumen 211 291 3.00 331 357 385 472 3.88 426 536
Refinery processing gain®. 2.40 245 242 228 2.80 274 2.50 3.20 297 2.89
Natural gas plant liquids. 9.36 11.33 11.28 12.06 12.34 12.42 1352 12.89 13.79 1458
Liguids from renewable sources® 2.14 2.48 256 2.45 3.05 336 3.08 3.49 422 363
Liquids from coal™ .. 021 0.30 033 0.58 0.30 0.69 1.40 0.30 1.05 316
Liquids from natural gas™ 0.24 032 0.33 0.33 0.32 0.51 0.84 0.32 081 119
Liquids from kerogen™ 001 0.0t [eX]] o0 0.01 0.0t 8.0t 0.00 0.0 0.0t

Crude oil production®

23.43 2434 2120 15.81 32.25 2558 17.88 4181 3178 2468
243 3.18 293 263 361 292 265 4.08 296 27
420 537 4.89 428 669 5.13 4683 7.35 529 4.82
282 3.34 2886 254 423 2.98 285 525 348 2.80

32.60 36.25 3189 2525 46.79 36.62 27.72 58.27 4382 35.03

South America....
Total OPEC production
Non-OPEC

QOECD
United States (50 states) 880 1083 1158 1338 963 1101 13.47 809 1041 1094
Canada.... 342 4.0t 435 476 478 5.48 8.50 5.08 5.92 724

Mexico and Chile
QECD Europe? ..
Japan and South Korea.
Australia and New Zealand
Total OECD production .
Non-OECD
Russia. 10.02 10.03 10.15 10.38 9.95 10.42 10.72 10.07 1110 11.37
Other Europe and Eurask 3.05 3.13 3.18 3.57 3.77 4.03 452 4.18 466 5.73
China ..... 4.18 4.23 454 4.58 4.27 456 470 4.04 413 453
3.04 281 284 2.89 2.48 245 264 241 247 266
118 888 1.00 1.10 071 082 1.00 0.52 074 0.94
187 2.23 218 219 2.38 238 226 271 270 27
Brazit. 2.02 275 287 344 3.42 4.16 478 3.55 4.60 8.83
Other Central and South America 1.81 206 225 2.14 205 248 277 2.865 284 421
Total non-OECD production 27.24 2822 29.11 28.98 29.03 3132 33.40 30.10 3338 38.07

258 2.08 281 272 1.70 3.00 331 1.89 3.45 3.83
2.82 2.08 247 211 1.44 1.66 1.87 1.29 1.69 1.9t
0.00 0.00 0.00 001 0.00 0.00 0.01 0.00 0.00 oo
037 0.42 0.47 0.48 0.40 087 073 0.38 075 0.84
18.10 18.51 21.18 23.44 17.83 21.83 25.88 16.72 22.23 2477

Total crude oit production®..
OPEC market share {percent)

77.8 84.0 822 78.7 93.7 83.8 87.0 105.1 981 98.8
41.8 432 388 321 48.9 408 318 554 438 35.4

*Estimated consumption. Inciudes both OPEC and rion-OPEC consumers in the regional bregkdown
OECD Europe = Austria, Belgium, Crech Republic, Denmark, Estonia, Finland, France, Germary, Greece, Hungary, felan, Ireland, fsel, ol Loembourg. the
Netherlands. Nofway, Poland, Partugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tuskey, and the United Kingdom
ther Etrope and Eurasia = Albania, Armenia, Azerbaiian, Befarus, Boshia and Herzegovina, Bulgaria, Croatia, Georgia, Kazakhstan, Kosovo, Kyrgyzstan, Latvia, Lithuania,
Magedonia, Melte, Moldova, Montenegro, Romania, Serbia, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan
“Other Asia = Afghanistan. Bangladesh, Bhutan, Brunei, Cambodia (Kampuchea), Fifi. French Polynesia, Guam, Hong Kang, India {for production), Indonesia, Kiribati, Laos,
Malaysia, Micou, Maldves, Mongolia. Myanmar (Burma), Nauru, Nepai, New Catedonia, Nive, North Korea, Pakisten, Papua New Guinea, Philippines, Samoa, Singapore,
Solomon Istands, Sl Lanka, Taiwan, Thailand, Tonga, Venuatu, and Vietnam
N SOPEC = Organization of the Petroletim Exporting Cotintries = Algeria, Angota, Ecuador, iran, Iraq, Kuwat, Libya, Nigerla, Qatar, Saudi Arabla, the United Arab Emirates, and
enczuela
Sincludes crude of, lease condensate, tight ofl (shale o), extra-heavy oll, and bitumen {of sands)
Tincludes diuted and upgradedisynthetic bitumen (syncrude)
. The volumstrio amout By whioh otal ot i greater thari D dus to the processing of crude of nto products whioh, i fotal have a awer spsciic graviy than the eruds
o
Y nedes fquids produced fom energy crops.
Pincludes liquids converted ffom ooal via the Fischer-Tropsoh coalto-fiquids process,
ncludes fiquids converted from naturas gas via the Fischer-Tropsch natural-gas-fo-iguids process.
gﬁgciudes lguids proced from erogen {oi shake, ot o be confused vl tight o (shale o)

Note:  Totels My hot eqial sum of Components due fo independent rouning, Deta for 2013 e mode{ sesuts and may difer from c’ﬁo»al EIA datz reports.
Sources: 2013 Brent and West Texas Intermediate crude olf spot prices:_Thomson Reuters. (EA),
AEO2015 Nationat Energy Modeling System runs LOWPRICE DO21915A, REF2015.D021915A, o OO Do A S B, Ganste e o B application.
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High oil and gas resource case comparisons

Table D1, Total energy supply, di

ition, and price

%

m Y

(quadrillion Btu per year, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 12 2030 240
Reference High ol and Reference High oit and Reference High oit and
gas fesource gas resource gas resource
Production
Crude oil and tease condensate 188 22.2 263 211 3286 9.8 346
Natural gas plant figuids ... 3.6 55 8.3 57 79 55 9.0
Dry natural ga 251 29.8 33.1 338 43.8 36.4 52.0
Coat' 200 217 88 225 19.8 286 203
Nuclear / uranium? 8.3 8.4 8.4 85 85 87 85
G i y ic power 25 2.8 28 28 238 28 28
Biomass® 4.2 4.4 45 48 4.7 5.0 5.1
Other energy® 23 32 32 36 3.4 46 36
Other® 13 09 0.9 08 1.0 1.0 1.0
Totat 827 98.7 104.3 103.7 124.4 106.8 138.8
Imports
Crude oil 17.0 138 135 157 17 182 1.3
Petroleum and other fiquids® ... 4.3 4.6 4.4 4.4 47 4.1 4.4
Natural gas” 28 18 1.8 1.6 17 17 25
Other imports® 0.3 0.1 Q.1 o1 0. 21 00
Totat 245 202 19.8 a7 18.2 24.4 183
Exports
Petroleum and other liquids® ... 73 112 154 126 216 137 243
Natural gas™ 16 45 48 8.4 108 7.4 157
Coal 28 25 25 33 3.4 35 4.0
Total 117 1841 225 224 357 248 44.0
Discrepancy"' EX 0.4 0.4 0.2 0.1 0.3 0.3
Consumption
Petroleum and other liquids ... 368 37.1 375 365 378 36.2 375
Natural gas 269 268 301 288 34.4 305 38.4
Coal®™ 18.0 192 163 19.2 163 18.0 183
Nuclear / uranium? 83 8.4 8.4 885 85 87 85
G i ic power 25 238 28 2.8 28 28 2.8
Biomass™ 29 30 3.1 32 3.3 35 35
Other energy® 23 32 3.2 36 3.4 46 36
Other™ 0.4 03 03 0.3 0.3 0.3 0.3
Total 971 1008 101.8 102.9 106.8 108.7 110.8
Prices {2013 dollars per unit)
Crude oil spot prices (doliars per barrel)
Brent 109 79 78 106 o8 141 12¢
West Texas 88 73 64 99 84 136 15
Natural gas at Henry Hub
(dottars per million Btu)... 373 4.88 312 5.68 367 7.85 438
Coal (dollars per ton)
at the mi 1% 372 379 372 43.7 2’3 49.2 478
Coal (doltars per million Btu)
at the mi © 1.84 1.88 1.84 218 2140 2.44 2.36
Average end-use™ ... 2.50 2.54 2.43 2.84 2.66 3.09 288
Average electricity (cents per kilowatthour) 10.4 105 10.0 111 100 118 03
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Table D1. Total energy supply, disposition, and price summary {(continued)
(quadrillion Btu per vear, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 22 2030 2040
High ol and High oil and High oit and
Referonce gag resource| Reference gaz resource| Rererence gag resource
Prices {nominal dallars per unit)
Cruds oil spot prices (dollars per barrel)
Brent 109 80 85 142 127 229 205
West Texas i o8 83 72 133 108 220 182
Natural gas at Henry Hub
{dolfars per million Btu). 373 5.54 3.5t 7.83 476 1273 6.93
Coatl (doliars per tcn)
at the mi 372 430 a7 58.6 548 798 758
Goal (dotlars per ilion Btu)
at the mi 1.84 214 2.07 292 272 3.96 373
Average end-use™ ... 250 288 273 3.81 345 5.00 4.56
Average electricity {cents per kilowatthour).... 10.1 119 112 148 130 192 182

“ncludes waste coal,
*These values represent the energy obtained from uranium when i is used in light water reastors.  The total energy content of usanium is much farger, but atternative
processes are required o take advantage of
. E!nog% s grid-Connecied olecirioty from woad and wood waste: biomass. such ot corn, use for iquid fuels pradustion; and non-efedtic energy demand from wood. - Refer to
able A17 for details.

*ncludes grid-connected slectioly from andf gas; bogenio municpel waste wird; and solar thermal sources; and non-eleclri energy from renewable sources,
such as active and pa imports usi and renewable energy. See Table A17 for selected nonmarksted
Tesidentiat and cortmercial Fenewabio energy i

“Includes non-biogenic municipal waste, hquid hydrogen, methanol, and some domestic inputs to refineries.

Sincludes imports of finished petroleum products, unfinished oifs, alcahols, ethers, biending components, and renewable fuels stch as ethanol

Zincludes imports of fiquefied natural gas thal are fater ye-export

Sinclides coal, coaf ooke (net), and efecircity (ned). Excluces imports of fuel used in nuclear power plants

includes arude ofl, petrleu products, sthanol, and biodiesel,
Fincludes re-exported liquefied natural
“Baiancmg ftem. includos unacoaunted ior supply, losses, gains, and net storage withdrawals

PEsfi G fueis and derived Tuels, such as ethanol end biodiesel, and coal-based synthetic iquids.  Pefroleum
i ST ek e Sl ot sl sl i e i W et I
congumplion

BExcludes coal converted to coal-based synthetic liquids and patural g

U Sus G Comactd clechcity lom w008 SRd 00 wass, Hon-Siadic energy from wood, and biofuels heat and coproducts sed i the production of i fueis, but
exciudes the energy content of the liquid fuels.

includes non-biogenic municipal waste, liquid hydrogen, and et slectriolty imports.

“Includes reported prices for soth gpen market and captive mines. Prices weighted by production, which differs from average minemouth prices publishied in E1A data reports
whre s weighted by reporled sa

Prices weighted by mnsumpoon * weighted average excludes evport free-alongside-ship (1.5, prices

Bt = British thermal untt

Note: Totals may not equal sum of components due to independent rounding. Data for 2013 are model results and may differ from officlal 1A data repor

Sources: 2012 natural gas supply vaiues: U, Enargy nformation Adminstiaion €14, Natura] Gas iosthly, LOEEIA-012002014107) (Washinglon, 5oy Juiy 2014). 2013

coal minemouth and delivered coal prices. ual Coal Report 2012, DOE/EIA 0584(2013} (\/\/ashmg!oﬂ DC, January 2015). 2013 petroleum supply values: EIA,
Reiroleum Supply Annual 2013, DOE/KIAL 0340(2013)/1 (Wasntng&oﬂ DC, September 2014). 2013 crude off spot prices and natural gas spot price at Hepry Hub:  Thomson
Retters, Other 2013 coal values: Quarteny rt, October-December 2013, DOE/E{A»D‘I?‘{(?OQ/AQ) (Washington, DC, March 2014).  Otaer 2013 vaiues: EIA,

Manthiy Ene/gy Review. DOE/LIA 0035(2014/11) (\Nashmgton OC, November 2014), Projections: EiA, AEO2015 National Energy Modeling Systern runs
REF2015.0021915A and HIGHRESOURCE.DO21915B.
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Table D2. Energy consumption by sector and source
(quadrillion Btu per vear, unless otherwise noted)

Projections
Sector and source 2013 220 2030 24
Reference High oii and Reference High oil and Reference High oil and
gas resource gas resource gas resource
Energy consumption
Residential
Propane 043 032 033 028 028 025 025
0.01 001 001 0.01 0.0t .00 6.00
Distillate fuel oif .... 0.50 0.40 0.40 0.31 0.3t 024 024
Petroleum and other fiquids subtotal... 0.83 073 0.74 0.59 0.80 0.49 0.49
Natural ga 505 463 475 452 4.70 4.31 452
energy’ 0.58 041 041 0.38 037 0.35 0.35
4.75 486 4.90 5.08 520 542 5.61
Detlivered energy ...... 11.32 10.83 10.80 10.67 10.86 10.57 10.97
fcity refated losses. 278 275 853 291 9768 1033 10.20
Total 21.10 20.38 20,33 20.48 2062 20.91 2197
Commercial
Propane 015 C.16 016 017 0.17 0.18 a.18
Motor gasoline® 005 0.05 0.05 0.05 0.05 0.08 0.06
0.00 0.00 0.00 0.00 eXes] 0.00 0.00
Distillate fuel oif ... 037 034 0.34 030 031 027 028
Residual fuel oil 2.03 007 0.07 007 Qo7 .06 007
Petroleum and other fiquids subtotal... 059 082 0.63 0.60 081 058 059
Naturat ga: 3.37 3.30 3.4¢ 343 371 371 4.1
Coal 0.04 0.05 0.05 0.05 0.05 005 005
energy® 012 0.12 012 0.12 0.12 .12 0.12
Electricity 457 482 4.85 5.19 5.32 5.66 5.85
Detlivered energy 8.69 8.90 9.14 9.38 .81 10.12 10.72
icity related losses 942 .68 9.44 10.13 9.99 10.80 10.64
Total 18.10 18.58 18.58 19.52 19.81 20.92 21.37
Industrial’
Liguefied petroleum gases and other®.... 25 320 326 372 381 3.67 382
Wotor gasoline? 025 0.26 027 0.25 029 025 028
Distiliate fuel oit 1.3 142 1.41 1.36 1.46 135 1.48
Residual fuet oil 0.08 G110 .10 0.13 012 0.13 o
P i 074 095 0.85 1.14 114 120 1.12
Other ° 352 3.67 3.94 383 428 398 4.46
Petroleum and other fiquids subtotal .. 8.40 961 9.94 10.44 11.09 1059 11.29
Natural gas. 7.62 8.33 8.56 8.65 817 880 943
Natural-gas-fo-fiquids heat and power Q.00 0.00 0.00 Q.00 0.00 Q00 0.00
Lease and plant fuel” . 152 1.87 2.02 2.10 308 228 384
Natural gas subtotal 9.14 10.20 10.58 1075 1221 1118 13.28
Metallurgical coat 0.62 061 0.59 056 059 051 053
Other industrial coal 088 093 093 0.98 697 G.e9 1.01
Coal-to-fiquids heat and power Q.00 0.00 0.00 0.00 0.00 0.00 0.00
Net coat coke imports.... -0.02 0.00 0.00 -0.03 -0.03 008 -0.06
Coal subtotat.... 1.48 1.84 1.82 1.48 153 1.44 1.48
Biofuels heat and coproducts 0.72 0.80 0.81 080 0.82 0.86 0.88
energy® 1.48 1.53 1.56 1.59 1.64 163 1.70
3.26 374 383 4.04 427 412 4.35
Delivered energy 2448 27.42 28.24 2910 31.85 29.82 32.98
icity related losses 8.72 751 745 7.88 8.01 788 782
Total 31.20 34.93 35.69 36.98 39.56 37.68 40.90
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Table D2. Energy consumption by sector and source {continued)
(quadrillion Btu per year, unless otherwise noted)

Projections
Sector and source 2013 fiad 2% 240
High oit and High oil and High oil and
Reference gas resource Reference gas resource Reforence gas resource
Transportation
Propane B Q.05 0.04 0.04 008 0.08 0.07 0.07
Motor gasofine® 15.94 15.35 15.42 13.30 13.56 12.55 12.83
of which: E85 o2 o 0.03 020 017 028 028
Jet fuel™. 280 3.0t 3.0t 3.40 342 364 365
Distillate fuel oit™ ... 6.50 7.35 7.42 7.78 8.22 7.97 8.33
Residual fuet oil 057 0.35 0.35 036 036 036 0.36
Cther p 2 .15 0.16 .18 0.16 0.16 0.16 0.16
Petroleum and other liguids subtotal 26.00 2827 26.42 2503 2577 2476 2542
Pipeline fuel natural gas. 0.88 0.85 0.93 0.94 113 096 1.26
Compressed / liguefied natural gas. Q.05 0.07 0.07 017 a.18 071 0.96
Liquid g 000 0.00 .00 .00 0.00 0.00 0.00
( 0.02 0.03 0.03 0.04 0.04 008 0.08
Delivered energy..... 26.96 27.22 27.44 26.18 27.12 26.49 27.70
icity related losse 0.08 0,08 0.06 008 0.08 012 .11
Total 210 27.29 27.50 26.27 27.20 26.61 27.81
L ified sector™ .27 0.34 0.34 0.37 0.41 0.38 0.41
Delivered energy consumption for all sectors
tiquefied petroleum gases and other®. 3.14 3.73 3.80 423 431 417 433
Motor gasoline® .. 16.36 15.7¢ 15.87 13.72 14.01 12.96 13.28
of which: E85 .02 0.03 0.03 020 0.17 0.28 028
Jet fuel™ 297 3.20 320 3.61 363 3.86 3.88
0ot 0.0t o001 001 0.01 0.0t .01
Distillate fuel oif ... 8.10 886 892 905 957 813 9.60
Residual fuel off 0.65 0.53 053 056 055 058 054
F i 074 0.95 085 1.14 1.14 1.20 1.12
Qther " 367 382 4.10 398 4.44 4.15 462
Pefroleurn and other liquids subtotal.... 3565 36.89 37.38 36.30 37.66 36.03 37.38
Natural ga: 16.10 16.32 16.86 16.76 17.75 17.64 19.03
Natural-gas-to-liquids heat and power 000 0.00 0.00 0.00 0.00 0.00 Q.00
Lease and plant fuet’ . 1.52 1.87 202 210 3.05 220 384
Pipeline natural gas. 0.88 085 083 084 113 0.98 126
Natural gas subtotal 18,50 18.05 19.81 18.80 21.93 20.88 24.13
Metallurgical coal 0.62 0.61 0.59 056 059 0.51 0.53
Qther coat 0.82 0.98 0.8 1.00 1.01 1.04 1.05
Coal-fo-fiquids heat and power 0.00 0.00 0.00 Q.00 0.00 0.00 0.00
Net coal coke impots. -0.02 6.00 0.00 £.03 -003 -0.06 -0.08
Coal subtotal 1.52 1.50 1.57 1.53 1.57 1.48 153
Biofuels heat and coproducts ... Q.72 0.80 0.81 0.80 0.82 0.86 0.88
energy™® 218 206 2.09 208 213 210 247
Liquid f 0.00 0.00 0.00 0.00 0.00 0.00 0.co
ich 1260 13.45 13.62 14.35 14.83 15.25 15.87
Delivered energ 7117 73.84 75.27 7487 78.94 76.82 81.97
icity related losse 2597 27.00 26.48 2801 27.83 29.10 28.87
Total 87.14 100.84 10175 102.87 106.78 105.73 110.84
Electric power™
Distillate fuel oif.... 0.05 .00 008 0.08 007 Q08 007
Residual fuet ofl 021 6.08 0.09 0.09 0.09 .08 .10
Petroleum and other liquids subtotal 0.26 017 018 017 0.186 018 017
Natural ga: 8.36 7.80 10.29 9.03 12.46 981 14.24
Steam coat 16.49 17.59 14.77 17.83 14.78 1752 14.76
Nuclear / uranium™ ..., 827 8.42 8.42 8.47 8.46 873 846
energy™® 478 6.13 811 872 6.50 7.99 8.82
Non-biogenic municipal waste . 0.23 0.23 0.23 2.3 0.23 0.23 0.23
Electricity imports.... c.18 011 on .10 0.08 011 007
Total 3857 40.45 40.10 42.35 42,67 44.36 44.74
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Table D2, Energy consumption by sector and source (continued)
{quadrillion Btu per vear, unless otherwise noted)

Projections
Sector and source 201 20 230 Ll
High ofl and High ot and High oit and
Retorence | o tosoure| RO | g tosourgel RIS | oo
“Total energy consumption

Liquefied petroleum gases and other”. 3.14 373 3.80 423 431 417 433
Motor gasoline® . 1636 15.79 15.87 1372 14.01 1286 13.28

of which: E85 0.02 003 0.03 0.20 017 028 028

Jet fuel™, 297 3.20 3.20 361 3.63 3.86 3.88

K 0.0t 0.01 0.01 0.01 oot 0.01 0.01
Distillate fuel ofl . 815 895 9.00 913 8.65 8.21 967
Residual fuel ol 0.87 0.61 061 0.64 064 0.65 0.64

f hemical 074 0.95 0.95 114 1.14 1.20 142
Other ™ 3.67 3.82 4.10 3.98 4.44 415 4.62
Petroleum and other liquids subtotal. 35.91 37.06 3754 36.47 37.82 3621 3754
Naturat ga: 24.46 2412 27.15 2579 30.21 27.25 3327
Natural-gas-to-liguids heat and power . 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lease and plant fuel’ . 1.52 1.87 202 2.10 3.05 229 3.84
Pipeline naturai gas. 0.88 0.85 093 0.94 113 0.98 1.26
Natural gas subtotat 2686 26.85 30.10 28.83 3439 3050 3837

ical coal 0.82 061 0.59 0.56 0.59 051 053

Other coal 17.41 18.57 15.75 1883 15.79 1856 15.81
Coal-to-liguids heat and power .. 0.00 .00 0.00 0.00 0.00 0.00 0.00
Net coal coke imports. -0.02 0.00 0.00 -0.03 -0.03 0.08 -0.06
Coal subtotal 18.01 18.18 16.34 18.16 16.35 18.01 1629
Nuclear / uranium®’ 827 8.42 8.42 8.47 8.46 873 8.48
Biofusis heat and coproducts 072 0.80 081 0.80 0.82 0.88 0.88
energy™® 6.96 8.19 8.20 8.81 8.63 10.08 8.99

Liquid hydrogen 0.00 0.00 0.00 Q.00 .00 0.00 0.00
Non-biogen 023 023 0.23 023 0.23 0.23 023

ity imports a18 o1 041 0.10 0.08 o1 0.07

Total 97.14 100.84 10178 102.87 106.7¢8 108.73 110.84

Energy use and related statistics

Delivered energy use 7117 73.84 75.27 7487 7894 7662 8197
Total energy use $7.14 100.84 101.75 102.87 106.78 105.73 110.84
Ethanol consumed in motor gascline and E85.... 112 112 1.13 1.12 113 1.27 1.30
Population (millions) ... 317 334 334 359 359 380 380
Gross domestic product (billion 2008 doltars). 15,710 18,801 18,841 23,884 24,222 29,898 30,236
Carben dicxide emissions {(million metric tons} 5,408 5,499 5,435 5,514 5,636 5548 5,800

"includes wood used for residential heating. See Table Ad andfor Table A17 for estimates of nonmarketed renewable energy consumption for geothermal heat pumps, Solar
thermal water heating, and electricity generation from wind and sofar phofovoltaic solfces.

2includes ethano! and ethers blerded into gasoine.

“Excludes ethanol. Includes commercial sector consumption of wood and wood waste, landiilf gas, municipal waste, and other biomass for combined heat and power.  See
Table A5 andfor Table At7 for estimates of senewable energy for solar thermal water heating and electricity generstion from wind and solar
photovoltsic sources,

Jincludes energy for combined heat and power plants that bave a non-regulatory status, and smafl on-site generating systems.
noludes ethane, natural gaschine, and refirery ofefins.
rcludes petroleum coke, asphalt, road off, lubricants, still gas, and miscellanecus petroleum products,

Represents natural gas used in well, field, and lease operations, in natural gas pracessing plant machinery, and for liquefaction in export faciities.

ncludes consumption of energy produced ffom hydraeleciric, wood and wood waste, munioipal waste, and other biomass souroes. Exofudes ethanod in motor gasoline.
E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasaline (nonrenewable). To address cold starfing issues, the parcentage of ethancl varies
segsonally.  The annual average ethanol content of 74 percent is used for this forecast

Tincludes only kerosene type.

Diesel fuel for on- and off- road use.

Zincludes aviation gasoline and lubricants,
resents consumption unattributed to the sectors abov
“inchues avistion gacoline, petfoleum coke. aspnelt foad o, fubrioants, sl gas, and miscellaneots petrleum products
*includes efectricity generated for sale 1o the gnd and for o use fom renewsbls sources, and non-ciectnc ensrgy from renaweble sources,  Excludes ethanol and
renewable energy for ca! pumps, puidings phofovotelo systems, and soler thermal water hoaters
W iiCiudes consumption of Shergy by Hieatioty only and e an power piants that have a regulatory st

TThese values represent the energy oblamed from uranium when it is used in light water reactors.  The totai energy comen' of wranium is much Jarger, but alternative
progesses are required fo 2z advaniage o

o ncludes convention hycoelecti, eothermal, wood andwood waste, biogenic munlaipal waste, other biomass, wind, phetovolaic, and solar thermal souroes.  Excludes
et glectciy mports

*Includes conventianal hydroelectric, gecthermal, wood and wood waste, biogenic municipal waste, other biomass, wind, photovoltaic, and solar thermal scurces.  Excludes
etrgnol net electioty import, and nonfaarketed renemwabie energy consuriplon for geothermal heat pumps, budings photovoltaic systems, and solar thermal water hesters.
= Brifish thermal uj

Nete: includes esimated consumption for pelro!eum and ofher liquids.  Totals may not equal sum of components due to independent raunding.  Data for 2013 are modet
resuits and may differ from official £1A data

sou 3 2013 conﬁumpi-cn based on’ U Energy information Admmvstrauon {EIA). Monfhly Ensrgy Review, DOE-EIA-0085(201411 1) (Washingter, DC, November

14). i ry ils, November 2014, 2013 carbon dioxide emissions and emission factars:
E‘A Momhly Ene/gy Reviow, DOB/EIA 00302 7014/12 Washingion, DO, November 2014 Projections: Eih, AEO2015 Nationsl Enorgy MOSelng Systom s
REF2015.0021915A and RIGHRESOURCE.
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Table D3. Energy prices by sector and source
(2013 dollars per million Btu, unless otherwise noted)

Projections
Sector and source 2013 220 2% 240
High off and High oil and High off and
Reference gag resource Reference uag resource Reference gag resource
Residentiat
Propane. 23.3 230 222 24.4 239 26.6 258
Distiltate fuet oil 272 215 208 263 249 329 313
Natural ga: 10.0 116 986 1238 10.4 155 11.8
icity 356 378 36.1 40.0 36.9 42.4 378
Commercial
Propane. 200 194 185 211 20.4 239 228
Distiliate fuet oil 267 210 203 258 243 325 310
Residual fuel oil 221 142 135 18.1 16.7 243 221
Natural ga: 8.1 9.6 76 104 8.1 126 80
Electricity 227 311 2886 326 284 345 298
Industrial®
Propane. 203 198 187 215 208 245 230
Distiltate fuet oil 27.3 212 208 281 245 327 313
Residual fuel oif 20.0 133 128 17.2 157 235 211
Natural gas® 486 62 4.3 88 48 88 52
ical coal 55 58 58 87 6.6 7.2 71
Other industriai coal ... 32 33 32 38 34 39 37
Coal to liguid: .- .- “- -- -- -- .-
e 202 213 18.9 28 200 247 207
Transportation
Propane. 246 240 233 255 249 276 266
E85° 331 304 298 312 302 354 345
Motor gasoline® 283 25 218 2.4 250 323 312
Jet fuef® 218 16.1 155 213 19.4 28.3 261
Diesel fuel (distillate fuef oif)? ... 28.2 231 225 28.0 26.4 347 332
Residual fuel oif 193 M7 111 15.4 14.1 203 180
Natural gas’ 178 178 16.0 18.7 139 19.6 186.8
icity 285 302 282 328 289 36.0 305
Electric power®
Distiltate fuel oil 24.0 18.8 18.1 2386 2.1 30.2 287
Residual fuel off 18.9 115 10.7 154 14.0 216 183
Natural gas 4.4 54 37 82 4.4 83 47
Steam coal 23 24 22 27 24 29 27
Average price to all users®
Propane. 219 211 202 26 218 252 238
E85? 33.1 304 28.9 212 30.2 5.4 345
Motor gasofine® 29.0 25 218 26.4 250 323 312
Jet fue® 218 16.1 155 213 194 283 281
Distittate fuet oil 278 26 220 276 26.0 342 328
Residual fuel oif 194 122 1.6 16.0 14.7 215 19.8
Natural gas. 6.1 75 54 8.2 58 105 87
icat coal 55 58 58 87 88 72 7.1
Other coal. 24 24 23 2.7 25 30 27
Coal fo liguid: -- -- -- -- - - -
e 285 308 202 32.4 293 347 30.1
N energy i by
sector {billion 2013 doflars)
i i 243 254 238 278 256 311 278
Ce i 177 194 182 218 200 259 228
Industriaf’ 224 204 242 323 298 389 348
P i 718 565 550 638 818 791 781
Total pendif 1,364 1,276 1,213 1,466 1,373 1,751 1,635
7l i pendit 1 1 1 6 5 10 10
Total 1,364 1,277 1,214 1,462 1,378 1,761 1,845
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Table D3. Energy prices by sector and source {continued)
{nominal dolars per million Btu, unless otherwise noted)

Projections
Sector and source 213 2020 200 2040
Reforence | Migbofland | oo Fighoitand | oo | High oil and
gas resource gas resource gas Tesource
Residentiat
Propane 233 26.1 25.0 38 31.0 43.1 40.4
Distitfate fuel o 22 24.4 23.4 353 323 533 495
Natural gas 1008 132 10.8 17.1 138 251 188
Electrici 356 428 405 836 47.9 888 59.4
Commercial
Propane 200 220 207 283 265 388 387
Distitiate fuel oit 267 238 228 346 315 52.6 48.1
Residual fuel oit 221 18.1 158.1 243 217 39.4 34.8
Natural gas 8.1 10.8 85 138 108 205 14.2
il 297 35.3 332 43.7 38.1 56.0 47.1
Industrial’
Propane. 203 223 21.0 28.8 28.9 387 36.4
Distitlate fuel oit 273 241 23.0 3%0 318 53.0 48.4
Residual fuel oil 200 18.1 142 23.1 204 38.0 33.4
Natural gas® 48 70 48 8.1 8.0 142 83
ical coal 55 6.8 85 88 85 18 11.2
Other industriat coal .... 3.2 38 3.8 4.8 45 8.3 58
Coal to liquid .- - . - . - .-
lectric 20.2 242 223 303 280 40.0 7
Transportation
Propane. 2486 272 26.1 34.1 323 448 42.0
£85° 33.1 34.4 3385 41.9 393 57.4 54.6
Motor gasofine® 28.3 255 245 353 324 524 49.4
Jet fuel® 218 183 173 28.8 25.2 45.8 412
Diesel fuel (distillate fuel oi)® .. 282 262 252 37.6 34.3 56.2 525
Residual fuel ot 193 132 12.4 20.6 18.4 32.8 30.1
Natural gas’ 178 202 180 21.0 18.0 31.8 265
El icil 285 343 317 44.1 375 58.4 48.2
Electric power®
Distitlate fuel oit 24.0 213 203 N7 287 48.0 454
Residual fuel ol 189 13.0 120 2.6 182 350 308
Natural gas 4.4 6.1 a1 83 5.4 134 7.4
Steam coal 23 27 25 38 32 4.7 42
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Table D3. Energy prices by sector and source {(continued)
{nominal dollars per million Btu, unless otherwise noted)

Projections
Bector and source 2013 22 2% 24
Reference High oil and Reference High oil and Reference High oil and
gas resource gas resource gas resource
Average price to all users®
Propane 218 238 228 303 28.4 409 377
£85° 331 344 335 418 393 57.4 54.6
Motor gasofing® . 29.0 255 245 353 324 52.4 4.4
Jet fuel® . 218 183 173 286 252 458 41.2
Distillate fuet oil . 27.9 257 24.6 38.9 337 585 518
Residual fuel oil. 18.4 138 13.0 215 18.1 34.8 3.2
Naturai gas .. . 8.1 8.5 8.1 11.0 75 7.0 108
icat coat 55 8.6 6.5 8.9 85 e M2
Other coal. 2.4 28 28 37 33 48 4.3
Coat to liquids.. - .- -- - - .- -
cH 295 343 328 434 38.1 56.2 47.5
N energy exp by
sec(or (b|lhon nominal dollars)
243 288 268 370 332 504 440
< 177 220 205 294 260 420 380
industriat’ 224 209 272 433 387 631 551
T 719 641 617 855 803 1,283 1,235
Total non-renewable expenditures ... 1,364 1448 1.361 1,852 1,782 2,838 2,586
T i i 1 7 16 15
Total expenditures .. 1,364 1,448 1,362 1,960 1,788 2,855 2,601

“Includes energy for combined heat and power plants that have & non-reguiatory status, and small on-site generating systems.

Excludes use for lease and plast fuet.

SEBS refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasalne (nonrenewable). To adcress cold staring ssues, the percentage of etharol varies
segsonally. The annual average etharol content of 74 percent is used for fis foreca

“Sales weighted-average price for all grades. Includes Federal, State, and local s

“erosene-type jet fuel. Includes Federal and State taxes while excluding county and looal taxes

“Diesel fuel for an-road use. Includes Federal and State taxes while excluding county and focal taxes.

Natural gas used as fusf In motor vehicles, trains, and ships Includes estimated motor vehicle fuel taxes and estimated dispensing costs or charges.

Sincludes eletricity-only and combined heat and power piants that have a regulatory status.

“Weighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption
8ty = British thermal unit.
Not applicable.
Note: Datafor 2 2013 are model resuits and may differ from official EIA data reports.

ces for mofor gasgline, d\stw“ate fuel o, and jet fuel are based on prices in the U 8. Energy Information Adminisration (EI), Pefroleum Marketing Monthy,

DoEA: 0380(2014f08) (Washington, DC, August 2014). 2013 residential, commercial, and industrial natural gas delivered prices: EIA, Natural Gas Monthly,
DOEEA-0130014707) (Washington, OO, me '5014), 073 tranaporiation Sector nataral Gas deiered prces ore model esite. 2073 Glacic, power sector distlete and
residual sl oiprices. EIA, Monthly £nergy Review, DOE/EIA-GURE(@0 1411 1) (Washington. DG, November 2014). 2013 eleairic power secior nafural gzs prioes. EIA, Efeolic
Power Monthly, DOE/EIA-0226, Apns 2015 ard Apnf 2014, Table 42, and E1A, State Eneray bata Seport 2012 DOEREIAD214(2012) Weshinglon, DC, June 2014). 2013 coal
prices based on:_EIA, Quarterly Coal Report, October-December 2013, SR 0121(2013403) (Washingian, DX, Maroh 2014) and EiA, AEOZG1A National Ensray Modsing
System run REF2015.D021913A. 2013 electncny prices: 1A, Monthly Energy Review. DOE/EIA 0035(2014711) tashington. DO, November 2014) 2013 E8S prices
derved Efrsoéhura%}éh& prices nine Giean Cifies Allemative Fuel Price Report, Projections: EIA, AEO2015 Nationa! Energy Modeling System runs REF2015.0021915A and
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Table D4. Peirolewm and other liquids supply and disposition
{miilion barrels per day, unless otherwise noted)

Projections
Supply and disposition 2013 %0 2030 240
High ot and High oil and High oil and
Roference gas resource Reference gas resource Reference gas resource
Crude oil
Domestic crude production® 7.44 10.60 1281 1004 15.64 943 16.59
Alaska 082 .42 0.42 0.24 024 0.34 .14
Lower 48 states ... 6.92 10.18 12.19 8.80 15.40 9.09 16.45
Net import: 7.60 551 5.18 6.44 4.02 758 4.08
Gross imports ..... 7.73 6.14 603 707 518 821 502
Exports 013 083 087 683 116 0.63 084
Other crude supply®.... 027 0.00 0.00 0.00 0.00 0.00 0.00
Total crude supply 158.30 18.11 17.77 16.48 19.66 17.01 20.67
Net product import: -1.37 -2.80 -5.03 -3.56 -786 -426 -8.89
Gross refined product imporis®.... 0.82 1.21 1.03 1.31 1.27 1.26 1.12
Unfini oil imports 0.66 0.60 0.60 052 0.52 0.45 045
Blending component imports... 0.80 059 058 0.49 057 0.40 0,52
Exports 343 5.20 7.24 5.89 10.22 .36 11.97
Refinery p ing gain® 1.08 0.8 1.44 0.97 1.10 0.98 1.08
Product stock wi 011 0.00 0.00 0.00 0.00 0.00 0.00
Naturat gas plant fiquid: 281 4.04 465 419 578 4.07 8.59
Supply from ource! 0.83 1.01 1.02 1.01 1.01 1.12 114
Ethanol 083 .84 0.85 0.84 084 095 087
Domestic 085 0.86 087 086 0.88 093 0.98
Net imports -0.02 -0.02 003 -002 -0.03 0.02 [sXe73
Stock wi 0.00 0.00 0.00 0.00 Q.00 0.00 Q.00
Biodiesel. G.10 0.14 0.14 an .09 011 0.09
Domestic .08 .13 0.13 0.10 0.08 010 ©.08
Net imports 0ot Q.01 0.01 001 0.01 0.01 0.0t
Stock wi 0.00 0.00 0.00 0.00 Q.00 0.0C 0.00
Other biomass-derived liquids® ... 0.00 eXec) 003 0.06 0.08 0.068 0.08
Domestic i 0.00 .03 0.03 0086 0.08 006 0.08
Net imporis 0.00 0.00 0.00 0.00 0.00 c.00 6.00
Stock wi 0.00 0.00 000 0.00 0.00 0.00 0.00
Liguids from gas 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Liquids from coal 0.00 6.00 0.00 0.00 000 0.00 6.00
Other® 0.21 028 030 0.30 0.34 0.32 034
Total primary supply’ ... 18.87 1962 19.84 18,38 20.03 19.24 13.90
Product supplied
by fuel
Liquefied petroleum gases and other® 2.50 2.91 2.95 3.30 3.38 3.25 3.39
Motor gasoline®. 8.85 8.48 853 7.41 756 7.05 722
of which: E85" .0t Q.02 0.02 0.13 0.12 0.19 018
Jet fuel™ 143 1.58 1.55 175 1.76 1.87 1.88
Distillate fuel oif™ 383 426 428 434 4.59 4.38 4.60
of which: Diesel. 3.56 394 3.97 4.09 433 417 438
Residual fuel oif . 032 027 0.27 0.28 028 028 0.28
Other” 204 218 229 233 2.53 2.43 260
by sector
i ial and 0.8 078 076 087 o088 061 662
Industrial*™ 469 550 585 8.04 637 6.09 6.47
ion 1336 13.46 13.54 12.78 1315 12.66 13.00
Electric power™ . 012 0.08 0.07 0.08 0.07 0.08 0.08
Unspecified sector’ -0.12 -0.15 -0.15 017 -0.19 017 -0.19
Totai product supplied 18.986 1865 18.87 19.41 20.08 19.27 18.97
Di ey’ 010 -003 -0.03 -0.03 -0.06 -0.03 -0.07
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Table D4. Petroleum and other liquids supply and disposition (continued)
(million barrels per day, unless otherwise noted)

Projections
Supply and disposition 013 220 230 G

Reference High ofl and Reference High ot and Reference High oil and

gas Tesource gas resource gas Tesource

Domestic refinery disti capacity™ 17.8 18.8 19.0 188 201 188 209

Capacity utilization rate (percent)'® 88.3 87.8 956 89.4 90.8 920 100.4

Net import share of product supplied {(percent) 330 137 0.6 14.8 -19.3 17.4 -28.1
Net expenditures for imported crude ofl and

petroleum products (billion 2013 dollars) 308 167 153 259 165 405 214

UIncludes lease condensate,

iSratego petroletm reserve siook addiions pus unacoounted forcrude ot and crude of stock withdrawals

Sincludes ather hydrocarbons and alcol

e VGGl Sounk by wHich (13| output s greater than nputdue T the processing of crude of nfo products which, I otal, have a ower specifiogravity than the crude
oil processed

:ncluges yroysis ofs, bomass-derived Fischer-Tropsch iuids,biobutanol and enewable feedstocks used fo the on-sie production o dissel and gasolne

lend

*Total crude stpply, net product ;mpons Tery processing gain, product stoak winarwal, natural gas plant quide, supply rom renewable sources, bauids from gas, iquids
from coal, and other supply.

“includes ethane, natusa gasoline, and refinery olefins.

*Includes ethanol and ethiers blended into gasoline.

TEBS refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrerewable).  To address cold starting issues. the percentage of ethaniol varies
seasonally. The annual average ethanol cotentof 74 percent Is used for this forecast

Tnciudes only Kerosery

Tinoludes distllate fuel i o petroleum and biomass feedstocks,

includes kerosene, aviation gasoline, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crtide ofl product supplied,
methanol, and miscelianeous petroleum produc

includes energy for combined heat and power plants that have a non-regulatory status, and small on-site generating systems,
Inciudes consumption of energy by lectricity-only and combined heat and power plants that have a regulatory status.
“Represents consumption Lnattributed to the Sectors above,
Balancing tem. _Includes unacsounted for sugply, fosses, and gains.

End-of-year operable capacity.
Rate is calculated by dividing the gross annual input to atmospheric crude ol distiiation units by their operable refining capacity in barrels per calendar day.
Nofe: Totals may not equal sum of components due to independent rounding.  Data for 2013 are mods! results and may differ from official EIA data reports.

Sources: 2013 procuct suplied based on U Enegy Infarmation Admintraton (E1A), Honthy Energy Rovew, DOE/E!AOO35(2OM/H) (Washington, D, November

2014). Other 2013 data,_EJA, Petroleum Supply Annual 2013, DOE/EIA0340{2013)/1 oc, 14). 1A, ARO2075 Nationat Energy

Modéiing Systern runs REF2015.D021915A and HIGHRESOURCE £0215158,

9
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Table D3, Petroleum and other liquids prices
(2013 dolars per gallon, unless otherwise noted)

Projecfions
Sector and fuel i L % )
High oit and High oil and High of} and
Reference gas resource Reforence gas resource Reference gas resource
Crude oil prices (2013 dollars per barrel)
Brent spot 108 79 7% 106 o8 141 128
West Texas Ir i pot 98 73 64 98 84 136 115
Average imported refiners acquisition cost® . 98 71 5] 96 82 131 111
Brent / West Texas intermediate spread ... 10.7 82 13 6.2 14.1 56 14.1
Delivered sector product prices
Residential
Propane 213 2.10 203 223 2.18 243 233
Distillate fue! oit 378 299 2.89 3.65 3.45 458 434
Commercial
Distillate fuel oil 388 289 2.80 3.56 335 447 428
Residual fuel oil . 331 212 202 27 250 364 3.3t
Residual fuel ol (2013 dollars per barrel) 138 82 85 114 105 153 138
Industrial®
Propane 1.85 1.79 1.70 186 1.80 224 2.10
Distillate fuel oil . 375 291 282 358 336 449 429
Residuat fuel oil . 3.00 200 1.89 258 236 351 3.8
Residual fusi cil (2013 dotllars per bare! 126 B84 79 108 9¢ 147 133
Transportation
Propane 224 219 212 232 227 282 243
£85° 314 2.90 2.85 298 2.88 338 329
Ethanol price 237 2.49 2.42 2.35 228 264 253
Motor gasoline®...... 355 274 265 320 303 390 377
Jet fuel® 294 217 2.09 2.88 262 381 3.52
Diesel fuel (distillate fuel oil) 386 317 3.08 3.84 3862 475 4.55
Residual fuel oil 289 1.74 1.66 230 212 3.03 285
Residual fuel oll (2013 dollars per barref) 122 73 70 ar 89 127 120
Electric power’
Distiliate fuel oil 333 2.60 251 328 3.07 419 398
Residual fuel oil 283 1.71 161 2.30 2.09 323 290
Residual fuel oil (2013 dollars per barref) 1¢ 72 67 97 88 136 122
Average prices, all sectors®
Propane 2.00 183 1.84 2086 2.00 230 2.18
Motor gasoline®.. 353 274 285 320 3.03 380 377
Jet fuel® 294 247 209 2388 262 3.81 352
Distillate fuel oil . 383 311 3.01 3.78 357 4.69 450
Residual fuel of 280 1.83 1.73 2.40 220 322 288
Residuat fuel oil {2013 dollars per barrel) 122 v 73 101 02 138 124
Average 3.16 2,48 237 289 273 362 3.44
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Table DS, Petroleum and other liquids prices {continued)
{mominal dollars per gallon, unless otherwise noted)

Projections
Sector and fuel w13 i % e
Reference High ol and Reference High oit and Reference High oil and
gas resource gas resource gas resource
Crude oil prices (nominal dollars per barref)
Brent spot 109 80 85 142 127 229 205
West Texas i pot. 98 83 72 133 108 220 182
Average imported refiners acquisition cost’ . 98 80 74 129 107 212 175
Delivered sector product prices
Residential
Propane 213 238 228 299 283 394 3.69
Distiliate fuel oit ... 3.78 3.39 325 490 4.48 740 6.87
Commerciat
Distillate fuel ol 3.88 328 314 478 435 725 6.78
Residual fuet oit 3.31 241 226 363 3.25 5.80 5.23
Industrial®
Propane 1.85 2.04 191 2,63 246 3862 3.33
Distillate fuel ol 375 3.30 3.18 4.80 4.37 7.28 6.78
Residual fuel oil . 3.0 2.26 212 3.46 3.06 569 4.99
Transpestation
Propane 224 2.49 238 312 285 4.09 3.84
E85°. 314 328 3.20 3.99 374 5.48 5.21
Ethanot prics 237 2.83 272 345 2,98 4.27 4.00
Motor gasoline”. 3.55 310 298 4.29 3.93 8.32 5.96
Jet fuet® 294 247 234 3.88 3.40 6.18 5.57
Diesel fuet (distillate fuel oih)® 386 3.60 3.45 5.15 470 770 7.20
Residuat fuel odl .. 288 1.98 1.86 308 275 492 450
Electric power’
Distillate fuel off 333 295 2.82 4.39 398 8.79 6.30
Residual fuet oi 2.83 1.94 1.80 3.09 272 524 4.58
Average prices, alt sectors®
Propane 200 219 207 277 258 373 345
Motor gasofine® 353 3.10 298 428 393 832 595
Jet fuel” 294 247 2.34 3.88 3.40 6.18 557
Distillate fuel ot 3.83 352 338 5.07 4.63 761 712
Residuai fuet oil (nominal doliars per barrel} . 122 87 82 135 120 219 196
Average 318 279 266 3.88 3.54 5.88 543

*Weighted average price defivered to U S. refiners.

2inclutles combined heat and power plants that have a non-regulatory status, and smalf on-site generating systems,

SE85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of sthanal varies
segsonally. The annual average ethanol cartent of 74 percent is used for this forecas

“Sales Weighted-average price for all grades.  inoludes Feceral, State, and local taxes
Inc\udes only kerosene type,

*Diesel fuel for on-road Use. ~ includes Federal and State taxes while excluding counly and local taxes.

Tinciudes electricity-only and combined heat and power piants that have a regutatory

"\Ne@med avereges of end-use fuel prices are derived ffom the prices in each sector and e corresponding sectaral consumption.

for 2013 are mode results and may differ from official EIA data reports.

Sources 7013 Brent and West Texas Intermediate crude oif spot prices;  Thomson Reuters. 2013 average imported crude oil price:  Energy Information Administration
(EIA), Monthly Energy Revi POEEIA-G035(2014/11) (Washington, DC, Noverber 2014), 2013 prices for motor gasoline, distiflate fuel oil, and jet fus! are based on. £IA,
Pelroleum Marke[mg Monthr‘y DOE/EU;\\ D%&(}{?D&MOB) (Washington, DC, August 2014). 2013 residential, commercial, industrial, and transportation sector petroleum product

prices are derived from:  EIA, Form EiA-T finers /Gas Plant Operators’ Monthly Pefroleum Produst Sales Repoit”_ 2013 eleciric power prices based on:  Monthiy
Enargy Roview DOEEIA -DO35(2014711) (Weshington, DG, Novem ber 2014). 2015 55 prioss derived fiom monthiy prices in he Giean OHiss Allsmaivs F1el Price Report
d from .8 average rack price. Projections: E|A, AEO2015 National Energy Modeling System runs REF2015.D021945A and

HIGHRESOURCE D0219158,
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Table D6. Natural gas supply, disposition, and prices
{trillion cubic feet, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 nn 30 240
Reference High ot and Reference High oil and Reference High o and
gas Tesource gas resource gas resource
Supply
Dry gas p ion' 24.40 28.82 3218 33.01 4266 35.45 5061
Supplemental natural gas® .. 0.05 0.08 0.08 0.06 0.06 0.08 0.06
Net imports 1289 -2.55 -274 -4.81 -9.03 -5.62 -13.11
Pipetine® 1.20 -0.48 -0.86 -1.52 -1.78 -2.33 -2.85
Liquefied naturaigas ... - 0.08 -2.08 -2.08 -3.29 -7.28 -3.28 -10.26
Total supply. 25.75 26.33 29.81 28.27 33.69 29.80 37.87
Consumption by sector
i i 4.92 4.50 4.62 4.40 457 420 4.40
& i 3.28 321 339 333 3.61 3861 4.00
Industriai® 7.41 8.10 8.32 8.41 8.92 8.66 9.18
Naturat gas-to-liquids heat and power® .00 0.00 0.00 0.00 0.00 0.00 0.00
Naturat gas-to-liguid: duction® 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Electric power” 8.16 7.81 10.04 881 12.16 9.38 13.89
T ion® 0.05 0.07 0.07 0.17 Q.18 0.70 0.94
Pipetine fuel. 0.86 0.83 080 0.91 110 093 1.22
Lease and p!ant fuet®.. 1.48 1.82 197 208 287 2.23 3.74
Total 26.16 26.14 2832 28.08 33.50 29.70 37.38
Discrepancy™ -0.41 0.19 019 0.19 0.18 619 0.19
Natural gas spot price at Henry Hub
{2013 doliars per million Btu) 373 4.88 312 5.69 3867 7.85 438
(nominal dollars per million Btu) . 373 5.54 351 7.63 4.76 12.73 £.93
Defivered prices
{2013 doltars per thousand cubic feet)
i i 10.28 11.82 .50 13.15 1072 15.80 1221
C 835 2.82 7.83 10.69 8.3t 1297 8.24
industriai® 488 6.35 4.40 6.99 478 9.03 5.37
Electric power’.... 451 8.52 3.77 6.38 425 8.49 4.79
ion'! 18.13 18.27 16.49 1613 14.27 2018 17.24
Average™ 6.32 7.66 559 8.40 5.7 10.76 6.87
{nominal dolfars per thousand cubic feet)
i i 10.28 13.52 1111 17.62 13.81 28.77 19.31
e 835 11.14 8.79 14.33 10.78 21.03 14.61
industriat® 468 720 4.94 8.37 8.20 1464 8.49
Electric power’.... 451 6.26 4.24 8.556 552 1376 7.57
jon' 18.13 2073 18.51 21.82 18.52 3272 2726
Average™” 6.32 8.68 8.28 1127 7.75 17.44 10.87
:Marketed production {wet) minus extraction losses.
Synthetic natural gas, propane air, coke oven gas, fefinery gas, biomass gas, air injected for Btu and gas i and distributed with natural

a
Sincludes any natural gas regasified in the Bahamas and transported via pipefine to Fiorida, as well as gas from Canada and Mexico.
“Inciudes energy for combined heat and power plants that have a non-reguistory status, and small on-site generating systems. Excludes use for lease and plant fuel
¢Includes any naturel gas used in the process of gonverting natural gas {o fiquid Tl hat 5 not actustly converted
#inclues any natural gas converted into liguid fue!
Tincludes consumption of energy by electrioity- only and combined heat and power plants that have a reguiatory status.
*Natural gas used as fuel in mofor vehicies, trains, and ships.
°Represents natural gas used in well, field, and lease operations, in natural gas processing plant machinery, and for liquefaction in export faciities.
ing item. Natural gas lost as a result of converting flow data measured at varying femperafures and pressures to a standard temperature and pressure and the merger
of gifferent data reparting systems which vary in scope, format. definition, and respondent fype. ~ In additian, 2013 values include net storage injections.
TNatural gas used as fusl in motor vehicles, trains, and ships. _Price includes estimated motor vehicle fus taxes and estimated dispensing costs of charges.
”We;ghtted average prces. Weights used are the sectoral consumption values excluding lease, plant, and pipefirie fuel
-~ = Not appli
tote: Tolals may not aqual sum of components due to independent rounding.  Data or 2013 are mode resulls and may difer rom offiial £1A data reparts
Sources: 2013 supply values, leace, piani, and pipeline fucl and residential and industrial delivered prices, U.S. Energy Information
Adminsiraton (V). Aetural Gas Monih, N 550107 tAaehington, BC, July 2014 Oiher 2m3 cansumption based o ElA, Monihly Energy Review,
OE/EIA-0036(2014/1 1) (Washington, DC, November 2014). 2013 natuv31 gas spot price at Hemy Hub: Thomson Reuters. 2013 ic power prices: EIA, Electric Power
Monthly, DOEREIA-0226, Aprit 0813 and’ Apti 2014, Toble 4.3, 3nd LIA- Siols Energy Dala Report 2073 DO 0214(2012) \Naamngton OC, June 2014). 2013
uansottalion sector delvered prices a6 modsl resuts. - Projections: . EIA, CACOS01 National” Enorgy  Modeling System b REFA0150021915A and
HIGHRESOURCE DO219158.
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Table D7. Oil and gas supply

Projections
Produstion and supply 013 22 230 oud
Reforence | OO and | pooronce | Higholland | prorence | Higholt and
gas resource gas resource gas resource
Crude off
Lower 48 average welthead price’
{20143 doHlars per barrel 97 75 87 101 85 138 147
Production (million barrels per day)’..
United States total . 7.44 10.80 12.61 10.04 15.64 843 16.59
557 803 288 7.60 13.03 8.82 14.03
3.15 5.60 7.45 4.83 1023 429 11.86
Carbon dioxide enhanced oil recovery .... 028 0.35 0.32 0.58 0.46 0.83 0.44
Other 2,14 208 242 219 2.34 1.80 203
Lower 48 offshore ... 1.38 215 231 221 237 247 242
State 0.07 0.05 0.05 003 0.03 0.02 0.02
Federat.... 1.29 210 228 218 234 2.14 239
Alaska 0.52 0.42 0.42 0.24 0.24 0.34 0.14
Onshore 0.45 0.30 0.30 0.18 0.18 0.2 0.12
State offshore .. 0.06 012 .12 0.08 0.06 0.02 0.02
Federai offshore 0.00 0.00 0.00 0.00 0.00 0.20 0.00
Lower 48 end of year reserves
{billion barreis} 204 374 408 428 552 448 62.7
Natural gas plant liquids production
(million barrels per day}

United States total . 261 4.04 465 4.20 578 4.07 .59
Lower 48 onshore 2.39 3.82 4.42 3.92 550 3.79 6.31
Lower 48 offshore 0.18 219 0.20 0.26 026 0.26 0.27
Alaska 0.03 0.02 002 0.0t o0 0.02 001

Natural gas
Natural gas spot price at Henry Hub
{2013 doilars per million Btu)... 3.73 4.88 312 5.69 3.67 7.85 438
Dry production {trillion cubic feet)®

United States total 24.40 28.82 32,18 [ 4266 3545 50.61

Lower 48 onshore... 22.63 26.52 29.78 29.05 39.66 31.48 47.47
Tight gas 438 521 544 5.99 7.08 8.97 814
Shale gas and fight oif plays 11.34 15.44 18.82 17.85 2750 18.58 34.57
Coalbed methane ... 1.2¢ 1.45 125 1.24 1.18 1.25 113
Other 5.61 4.42 427 3.97 3.95 3.69 363

Lower 48 offshore.... 1.46 2.03 214 279 2277 281 295
State o1 0.08 0.06 003 0.03 0.02 0.02
Federat 1.35 1.88 208 276 274 279 283

Alaska 0.32 027 0.27 1.18 0.23 1.15 0.19
Onshore 0.32 0.27 0.27 1.18 023 1.15 0.19
State offshore ... 0.00 0.00 0.00 Q.00 0.00 0.00 0.00
Federal offshore 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Lower 48 end of year dry reserves®
{trillion cubic feet) 283 308 328 329 382 345 438
Supplemental gas supplies (trillion cubic feet)’....... 0.05 0.06 0.06 0.06 0.06 0.06 0.06
Total Jower 48 wells drilled {thousands)... 448 43.4 474 524 823 56,7 61.5

IRepresents lower 48 onshore and ffshore suppies

Zncludes lease condent

*Tight oil represents Taatrees in ows -permeability reservoirs, including shale and chalk forsmations. The speoific plays included in the tight oil category are Bakken/Three
Forks/Sanien, Eagle Ford, Weodford, Austn Chalk Sprabarry, Niobrara, Avaion/Eone Springs, and Monterey

“Marketed production (et} minus exiraction loss

5Symhei1c Ratiral gas, propen air.coke oven gas, refinery gas, biomass gas, ait injected for Biu and gas and distributed with natura)

s,

Note: Totals may not equal sum of components due to independent rounding. _Data for 2013 are model results and may differ from official EIA data reporls.

Sources: 2013 crude of lower 48 average welthead price: U.S. Energy Information Administration (E1A), Petroleum Marketing Monihly. DOE/EIA-O3B0(Z01410
{iashinglon. DC, August 20t0). 2013 fower 45 onshore. lower 48 afshore. and Alasia cruds of prociueion, EUA, Petyoleum Supply Annial 2013 DOBJEIA0340( 2013)/1
{Washirgton. DC September 2014). 2013 natural gas spot price at Henry Hub:  Thomson Reuters. 2013 Alaska and total natural gas production, and supplemental gas
supplies: EIA, Nafural Gas Monthly, DOE/EIA-0130(2014/07) (Washington, DC. me 2010, Otnec2013values: £, Offos of Eneigy Analyss.  Projsctions: EIA,
AEO2015 National Energy Modeling System runs REF2015.0021915A and HIGHRESOURCE. D0213158
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Table D8. International petroleum and other liquids supply, disposition, and prices
(million barrels per day, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 22 23 24
Reference High oit and Reference High oif and Reference High oil and
gas resource gas resource gas fesource
Crude ol spot prices
{2013 dollars per barrel)
Brent. 108 7% 78 106 o8 141 128
West Texas i 98 73 64 i 84 136 118
{nominal doilars per barrel}
Brent 108 Ely 85 142 127 228 208
West Texas i 98 83 72 133 109 220 182
Petroleum and other liquids consumption’
OECD
United States (50 states) . . 18.96 12.65 19.87 19.41 20.09 18.27 19.97
United States territories . 0.30 0.31 0.31 0.34 0.34 0.38 0.38
Canada 229 231 23 221 2.21 2.14 214
Mexico and Chile . 2.46 271 27 2.80 2.80 292 292
OECD Europe”... 13.88 14.20 14.20 14.09 14.09 1442 1412
Japasn. 4.56 427 427 4.03 4.03 3.65 365
South Korea 243 2.58 258 2.53 253 2.40 2.40
Australia and New Zealand . 1.16 116 118 1.1 1.4 1.15 1.15
Total OECD consumption. 46,14 47.20 47.43 46.52 47.20 46.04 46.74
Non-OECD
Russia 3.30 3.31 33 3.23 3.23 3.01 3.0t
Other Europe and Eurasia® . 2.06 222 222 2.39 2.39 258 259
China 10.67 1313 1313 17.03 17.03 2018 20,19
india 3.70 430 4.30 5.52 5.52 8.79 8.79
Cther Asia® 7.37 8.08 9.08 1235 12.35 18.48 16.49
Middie East. 761 8.40 8.40 9.56 .56 1113 11.18
Africa 342 383 3.83 478 478 8.18 8.18
Brazil 3.1t 3.33 3.33 3.74 374 4.50 4.50
Other Centrat and South America. 3.38 3.49 3.49 3.72 372 415 418
Total non-OECD consumption 44.60 $1.20 51.20 62.31 62.31 75.01 75.01
Total i 80.7 98.4 88.6 108.8 108.5 121.0 121.8
Petroleum and other liquids production
OPEC*
Middle East...., 2832 2458 2189 29.34 2269 36.14 2703
North Africa 2.80 3.51 351 3.67 3.67 4.08 4.08
West Africa . 428 5.00 5.00 5.24 5.24 5.43 5.43
South America 3.01 3.10 3.10 3.27 3.27 378 379
Total OPEC production... 36.49 36.18 33.59 41.53 34.87 49.42 40.31
Non-OPEC
OECD
United States (50 states) ... 12.84 18.82 18.73 1652 2389 15.88 2589
Canada 4.15 5.05 5.05 6.26 8.26 8.78 878
Mexico and Chile 294 293 283 332 332 3.79 3.79
OECD Europe?. 388 3.35 3.3% 298 298 318 318
Japan and South Kore: 0.18 0.17 047 018 0.18 0.18 0.18
Australia and New Zealand 0.49 0.60 0.80 0.86 0.86 Q.98 098
Total OECD production . 24.29 29.03 31.83 30.12 37.49 30.77 40.57
Non-QECD
Russia 10.50 1071 1071 1122 11.22 1218 1216
Other Europe and Eurasia® 327 3.41 341 4.42 4.42 518 518
China 4.48 511 51 5.68 5.66 5.84 5.84
Other Asia® ... 382 385 385 387 387 401 4.01
Middle East 1.20 1.83 1.03 0.85 0.85 077 077
Africa 241 270 270 294 2.94 3.33 333
Brazil 273 370 3.70 5.43 5.43 8.12 6.12
Other Central and South America 2.2t 271 271 287 297 3.47 3.47
Totat non-QECD production.. 30.63 33.21 23.21 37.47 37.47 40.88 40.88
Totat petroleum and other liquids production.. 814 98.4 98.6 108.8 108.5 1211 1218
OPEC market share (percent). 398 367 341 382 31.8 40.8 33.1
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Table D8, International petroleum and other liquids supply, disposition, and prices {continued)
(million barrels per day, unless otherwise noted)

Projections
Supply, disposition, and prices 2013 L 230 u%
Reference High oil and Reference High oif and Reference High oil and
gas resource gas resource gas esoutce
Selected world productmn stibtotals:

Crude oit and i 7783 82.19 81.78 89.77 88.84 99.08 §7.22
Tight ot 3.62 7.48 933 8.16 14.57 1048 17.40
Bitumen’ 2.1 3.00 3.00 385 3.95 428 428

Refinery ing gain® 2.40 242 259 274 2.88 2.97 3.04

Natura! gas plant liquids ... 9386 1128 11.89 12.42 13.99 13.79 16.31

Liquids from sources® 2.14 256 257 3.36 3.38 4.22 424

Liquids from coa™ 0.2t 0.33 033 0.69 0.69 1.08 1.08

Liquids from natural gas™ 0.24 033 033 051 051 0.81 081

Liquids from kerogen™ 0.01 2.0 8.01 0.01 014 001 014

Crude oil production®
OPECY
Middle East 2313 2120 18.83 25.5¢ 18.93 31.79 2268
North Africa.. 243 2.93 293 292 292 2.96 296
West Africa . 420 4.89 4.89 5.13 513 529 529
South Ametica .. 2.82 288 2.86 298 298 3.48 3.48
Total OPEC production. 32.60 31.88 28,32 36.62 30.10 43.82 3454
Non-OPEC
OECD

United States (50 states; 8.90 11.58 1378 11.01 16.60 1041 17.51

Canada 342 435 435 5.48 5.48 592 592

Mexico and Chile .... 2.58 261 261 3.00 3.00 3.45 3.45

OECD Eurepe” ... 2.82 247 247 1.68 1.68 1.69 168

Japan and South Korea . 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Australia and New Zealand 037 0.47 0.47 0.87 0.87 073 075

Totat OECD production 18.10 2118 2335 21.83 2742 2223 29.33

Non-OECD

Russia 10.02 10.15 10.18 10,42 10.42 1110 11.10

Other Europe and Eurasia 3.05 3.18 318 4.03 403 4.66 466

China 416 4.54 454 456 4.56 4.13 413

Other Asia® . 3.04 2.04 294 245 2.45 2.47 2.47

Middle East 118 1.00 1.00 0.82 0.82 074 0.74

Africa 187 2.18 218 238 238 270 270

Brazit 202 287 287 4.18 416 4.60 480

Other Central and South America.. 1.8 225 225 2.48 2.49 2.94 294

Total non-OECD production. 27.24 29.11 2611 3132 31.32 33.35 33.38

Totat crude oit ° 77.8 822 818 88.8 88.8 99.1 97.2
OPEC market share {percent}.. M8 38.8 358 408 339 43.9 355

‘Esﬂma(ed consumption. includes both OPEC and non-OPEC consumers in the regional breakdown
urope = Ausfria, Belgium, Czeoh Republic, Denmark._Estonia, Finiand. France, Germany, Greece, Hungary, iceland, ireland, Israel, italy, Luxembourg, the
Netheﬂands Norway, Pofand, Pariugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, and the United Kingdom

“Other Europe and Eurasia = Albanie, Armenia, Azerbaljan, Belarus, Bosnia and Herzegavina, Bulgaria, Croatia, Georgia, Kazakhstan, Kosavo, Kyrayzstan, Latvia, Lithuania,
Magedonia, Mala, Moklova, Montenegro, Ramania, Serbia, Tajikisten, Turkmenistan, Uicaine, and Uzbekistan,

“Siner Asia = Afghanisian, Bangiadesh, Bhutan, Bruner Cambogia (Kampuchea) Fi, Frorich Polynes, Guam, Hong Kong, Indi (for production), indoresia, Kibat, Laos,
Malaysia, Macau, Maidives, Mongofia, Myanmar (Burma), Nauru, Nepal, New Caledonia, Niue, North Korea, Pakistan, Papua New Guinea, Philippines, Samoa, Singapore,
Solgman iskands, St Lanka, Taiwan, {hailand, Tonga, Vanuatu, and Vietnam
v SOPEC = Qrganization of the Petroleum Exporting Countries = Algeria, Angota, Ecuador, Iran, Itag, Kuwait, Libya, Nigerie, Qatar, Saudi Arabia, the United Arab Emirates, and

enezuela.

Sinchudes orude ofl, lease condensate, tight off (shale o, extrarheavy of, and itumen (of sends).

Tinchudes dituted and upgradedisynthetic bitumen (syncrude),

*The volumetric amolint by which total output is grea.er S than input de to the processing of crude oif into products which, in total, have a lower specific gravity than the crude:
oif proces:

S et lquids produced from energy crops

“includes liquids converted from coal via the Fischer-Tropsoh coal-to-liquids process.

Mncludes liquids converted from natural gas via the Fischer-Tropsoh natural-gas-to-liquids process.

"lggudes liquids produced from kerogen (oif snaoe not to be confused with tight off (shaie oif}).

nomic

Note: Totals may not equal sum of components clue m independent rounding. Data for 2013 are mcdeI resu?fs and may differ from official £1A data reports.

Sources: 2013 Brent and West Texas intermediate orude off spot prices. Thomson Reuter and Energy (EA),
AEO2015 National Energy Modeling System runs REF2015.00219154 and HIGHRESOURCE D021915B b EIA Generate Worid Oil Balance application.
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Appeadis
Comparison of AROZHS and AEO!
and keyv updates to models a

fuction

This appendix provides a summary comparison of the Reference case for EIA's Annual Energy Outlook 2015 (AEQ2015) with the
Reference case for the Annual Encrgy Outlook 2074 (AEQ2014), which was refeased in April 2014, including a list of major model
and data updates and discussion of key differences in results between the two projections. Table E1 compares projections from
the AEQ2014 and AEQ2015 reports.

fatre

Model and dats updates
Key model and data updates made for the AEO2015 Reference case include the following:

Maeroeconomic

« incorporatedthe U,S.’Bumau of Economic Analysis (BEA) gross domestic product component revision to 2009 dollars and investment
definitional changes.” The AEQ2015 mactoeconomic projections are based on Novernber 2074 IHS Global Insight projections.?

= Incorporated a new input-output matrix based on a 2007 benchmark year using 2009 dolfars. The input-output matrix now
continues to change over time, based on historical relationships developed using previous benchmark matrices to 2013,

Residential, commercial, and industrial

« Incorporated new standards for buildings equipment promulgated during the year, including standards affecting commercial
refrigeration equipment, metal halide lamp fixtures, residential furnace fans, external power supplies, and set-top boxes
(voluntary agreement),

.

Updated cost and performance assumptions for end-use equipment in the buildings sector, based on a report by Navigant
Consulting, Inc. and Leidos, reflecting recent and expected technological progress.?

incorporated more rapid adoption of commercial building codes related to building shell efficiency, based on a Pacific Northwest
National Laboratory report.’

B

Ravised and refined market niches used in developing residential distributed generation profections to more accurately reflect
solar insolation and marginal prices at the sub-Census division level, based on data from EIA’s 2009 Residential Energy
Consumption Survey and solar insolation data from the National Renewable Energy Laboratory. &7

Incorporated 2012 State Energy Data System (SEDS) data for regional benchmarking in the industrial sector.®

Updated and implemented historical natural gas feedstock data in the industrial sector through 2013, based ondata from GlobalData

.

Introduced a new Bayesian Dynamic Linear Model (DLM) for ethane and propane price projections in the industrial sector. In
the DLM regression, parameters are allowed to vary over time to allow for a dynamic representation of various drivers of ethane
and propane prices-—such as off price, natural gas price, hydrocarbon gas liquids (HGL) supply and demand, and bulk chemical
shipments. The DLM projects base ethane and propane prices only at Mont Belview. To compute sectoral propane prices,
historical differences between the base and sectoral prices for propane were applied to the DLM projections for propane. The
resulting AEQ2015 ethane and propane price projections exhibit a dominant natural gas price influence in the near term and a
growing off price influence in the long term.

.S, Energy Information Administration, Annual Energy Outlook 2014, DOE /FIA-0383(2014) (Washington, DC, April 2014), w

S H. McCulla, AE. Holdren, and S. Smith, “Improved Estmwt(,s of the National Income and Product Accounts: Results of the 2013 Compre!
) st ic Analysis, Washington, DC, September 2013),

14 T3C1114 workf
opltmsnc projection, and the AEO2015 Low Economic Growth case uses the pessimistic
{acad with EIA's proj
nformation Administration, EIA—Technofogy Forecast Updates—Residentiof and Commercial Building Technologies—Reference case (Navigant

ne ws*h\udo: '\/lay 20 4)

e AEO2015 High Economic Growth case uses the
tion. In ali cases, [HSG's energy prices and guantitics

*GiobaiData (3 (subscription site)
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Table E1. Comparisen of projections in the AEG2015 and AEO2014 Reference cases, 2012-40

2025 2040
Energy and economic factors 2012 2013 AEQ2015 AEQ2014 AED2015 AEO2014
Primary energy production (guadrillion Btu)
firude Ol ancﬁ na‘tﬁra‘% gas ;p\aﬁt Hqu‘\& 17.0 192 272 230 254 200
Dry natural gas 246 251 31.3 328 36,4 384
Ceal? 207 200 22 224 228 228
Nuclear/uranium 8.1 83 85 82 87 85
»nal hydroe power 28 25 28 28 28 29
SAARARRIN e s - o o S
e\,abgmu T s
a8 1.3 0.9 02 1.0 02
" Total production 796 827 1008 T era 106.8 1024
Net imports (quadrillion Btu)
Liquid fuels and other petroleum® 16.4 140 T4 114 588 137
" Natural gas ¢ indicates exports) 16 14 35 3.4 58 58
Ceal, coal coke, and electricity (- indicates -2.8 -28 -27 ~3.2 3.5 37
exports)
" Yotalnetimports 152 128 11 as o5 az
Energy consumption by fuel (quadrillion Btu)
Liquid fuels and other petrolsumd ' 352 359 6.9 363 62 354
Natural gas 261 269 278 290 305 323
Coal® 73 180 193 190 190 187
Nuclear/uranium 81 83 85 82 87 85
Conventional hydroetectric power 28 25 28 28 28 29
Somass 28 29 32 37 as 43
Other® 04 04 03 Q3 0.3 03
Total consumption 94.4 97.1 1020 1025 105.7 108.3
Energy consumption by sector (quadrillion Btu)!
Residential 199 03 206 208 215
Commercial 175 189 188 209 209
Industial ‘ o 308 65 374 a7 383

ransportation 282

287

286 258

“Unspeciﬂad sector® - 0.4 -
" Total consumption 944 102.0 1925 105.7 108.3
Liquid fuels {(million barrels per day)

'Dm‘ ‘*i’c’cknyiydkc M ‘,7(0:!{’!‘(:‘“0“ . 85 74 103 8.0 94 75

Other domestic production 45 8.2 8.5 5.1 8.5 52
"\m ik;kmkpo({kg e S oy TR P
wC;nsumption 185 180 19.6 193 19.3 187
Natural gas (trillion cubic feet)

Dry gas production and supplemental gas 241 245 30.6 319 35.5 378

Net imporis - indicates exports) 15 13 <35 -3.4 5.8 5.8

Consumption 258 262 269 284 297 318

-- = Not applicable
See notes at end of table
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Table E1. Comparison of projections in the AEQZ013 and AEO2014 Reference cases, 2012-40 (continued)

2025 2040
Energy and economic factors 20012 2013 AEQ2015 AEQ2014 AEQ2015 AEQ2014
Coal (million short tons)
Productior® 1,028 995 1118 1128 1428 1138
Net exportsh 118 110 110 138 140 160
Consumption® 889 925 1,005 203 988 979
Electricity
Total capacity, all soct 1088 1065 1,081 1,110 1261 1,316
" Total net generation, a 4085 4070 4513 4622 5,056 5,219
(hillion kilowatthours)
Total electricity use (billion kilowatthours) 3,834 3.838 4,282 4,385 4,797 4,854
Prices (2013 dollars)
Brent spot crude oif (dollars per barrel) 113 108 91 111 141 144
West Texas intermediate spot crude off 96 o8 85 108 138 142
{daltars per barrel}
Natural gas at Henry Hub (dellars per miltion 8tu) 279 373 5.46 5.31 7.85 777
Domestic coal at mi‘.r‘:emouth (daltars per short ton) “4‘0.5 372 4b.3 504 49.2 80.0 -
Average electricity (cents per kilowatthour) 10.0 10.1 11.0 103 11.8 113

Economic indicators

Real gross domestic product (trilion 2009 164 187 213 - -
dollars)!
GDP chain-type price index (2009 = 1.00) 1.06 1.07 131 - 1.73 -
Real disposable personal income 117 M7 16.3 - 230 -
(trilfion 2009 doliars)
Value of industrial shipmants (triflion 2009 dollars)! 6.82 7.00 821 - 11.48 -
Population (millions) 315 317 347 347 380 281
Energy-related carbon dioxide emissions 5,272 5,408 5,511 5,528 5,549 5,599
{million metric tons)
Primary energy intensity 814 8.18 479 - 3.54 -

(thousand Btu per 2009 dollar of GDP)

“includes waste coal consimed in the industrial and electric power sectors

Yncludes non-biogenic municipal waste, liguid hydrogen, methanol, and some inputs to refineries

“Inciudes crud atroleum products, petroleum coke, unfinished oils, aicohols, ethers, blending components, hydrocarbon gas liquids, and
non-petroleds ved fusls such as ethanol and biodiesel

d fuels and non-petroleum-derived fuels, such as ethanol and biodiese], and coat-based synthetic

:ded. Alse included are hydrocarbon g quids and crude oil consumed as a fuel

i hydrogen, and non-bicgenic municipal waste.

vic power sector consumgtion is distributed to the end-use sectors

*Represents consumption unatiributed to the sectors above

“excludes imports to Puerto Rico and the Virgin islands

GDP, disposable income, vaiue of shipments, and GDP price index were updated in AFG2015 consistent with the U3, Bureau of Economic
Analysis gross domestic product component re to 2009 dallars and investment definitional changes. AEO2014 data are 2005-based and
are not shown e they ate not comparable with 2009-based figures.

Netes: Quantities reported in quadriltion Btu are derived from historical volumes and assumed thermal conversion factors

-- = Not applicable

ds. Petroleum
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Transportation

Updated the following by aircraft type and region: sales, stocks, and active and parked aircraft using Jet Inventory Services
data;'’ available seat-miles traveled, revenue seat-miles traveled, cargo travel, fuel use, and load factors, using U.S. Department
of Transportation, Bureau of Transportation Statistics data”! and domestic and international yield” using fares and fees
published by Airlines for America.”

Updated historicallight-duty vehicle and heavy-duty truck vehicle-miles traveled through 2012, using data fromU.S, Department
of Transportation, Federal Highway Administration,'® extended through 2014 using the U.5. Department of Transportation,
Federal Highway Administration, Traffic Volume Tronds report®

Added historical freight rail ton miles through 2013, using Class 1 Railroad data as reported through the U.S. Department of
Transportation, Surface Transportation Board'®

Added historical domestic marine ton miles through 2012, basad on U.S. Army Corps of Engineers data.”

Revised heavy-duty vehicls, freight rail, and domestic marine travel demand projection methodologies based on a report
from IHS Global Insight.”® The new methodologies will use the Freight Analysis Framework™ in the historical Census division
and commadity ton-mile data, including derivation of ton mile per dollar of industrial output (a key metric used in the travel
demand projection methodology). These data include a Geographic Information System modeling estimation of the share of
freight truck travel between origin and destination points through intermediate Census divisions.

Modified the technology adoption and fuel econory calculation for heavy-duty vehicles and added technology availability.

Modified the domestic and international marine residual fuel off and distillate fuel shares to match compliance with MARPOL
Annex V1,29 the International Convention for the Prevention of Pollution from Ships, concerned with preventing marine pollution
from ships, as assumed in EIA's Short-Term Energy Qutlook.

Added an unspecified consumption sector to match the levels of travel and efficiency more consistently with implied fuel use
inthe transportation sector, and to allow total liquid fuels” consumption in AEG2015 to be closer to the totals for each fuel that
are reported in EIA's statistical publications as being supplied fo markets.

Oil and natural gas production

incorporated the impact of world oil prices that remain below $80/bbl (in 2013 dollars) through 2020, versus $98/bbl in
AEQZ014, to reflect market events through the end of 2014 and the growth of U.S. crude ol production. This change in price
expectations limits the degree to which near-term U.S. crude oif and associated dry natural gas production increase, and limits
the need for natural gas produced for liquefied natural gas (LNG) exports.

Revised drilling costs in AEQ2015 to directly incorporate assumptions regarding average lateral length and number of laterals
per well,

Updated natural gas plant liquid (NGPL) factors at the play and county levels for tight oil and shale gas formations.

Updated the estimated ultimate recovery of tight and shale formations at the county level. For the Marcellus Shale, each
county was further divided into productive tiers based on geologic dependencies.

?

Updated the list of offshore discovered, non-producing fields and the expected resource sizes and startup dates of the fields,

Litica, NY, Decamber 2013),
LS. Bepartmment of Transportation, Bureau of Transportation Statistics, Form 47, Schedu
Air Carriers, ed by Aircraft Type” (Washington, DC, Decernber 2013)

Yield is define @ revenue divided by revenue p :r mifes t

i i Roung Trip Fares and

(subscription site)
rly Traffic and Capacity Data of U.S

. “Annual Report Financial Data” {Washington, DC, 2013),

mimerce of the United States, Cal ¥s

on, DC, 2014), §

“Waterborne
320127 (Wa:

r 2072, Part 5—National

NEMS Freight Transportation Module improvement Study” (une 20, 2014),

C.,
artrnent of Transportation, Federal Highway Administration, "Freight Analysis Framework,” kit

wid fuels {or petroleum and other liquids) include crude oil and preducts of petroleum refining, natural zas liquids, biefuels, and liguids derived
from other hydrocarbon sources (including ceal-to-liquids and gas-to-liquids).
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Moved the projection of the compuosition of NGFL from the Liquid Fuels Market Modute (LFMM) to the Qit and Gas Supply
Module (OGSM). Added input data in the OGSM for the component (ethane, propane, butane, and pentanes plus) shares of
totel NGPL at the project level represented in the OGSM. Added capability to account for the volume of ethane that is left in
the dry natural gas stream commonty referred to as ethane rejection).

MNatural gas transmission and distribution
Expanded natural gas distribution in AEQ2015 to represent a greater number of pipeline routes that allow for bidirectional
flows.

Allowed LNG projects to be added incrementally by a single train rather than by multiple trains and to phase-in over three years
rather than two years.

in circumnstances when the Brent price is above (below) a mid-range value, the model can now set world natural gas prices to
disconnect fromthe Brent price at a faster (slowen) rate than it would have previously.

Updated the pricing algorithm for offshore Atlantic and Pacific production.

Adjusted the representation of Canadian dry natural gas production.

Increased base-level production to account for a change in Mexico's constitution alfowing for increased foreign investment,

Petroleum product and biofuels markets
Added 40°-50° American Petroleum Institute (AP and 50°+ API crude oil types to reflect increases in tight ol production
and potential constraints on refinery processing.

included the option to add new condensate splitter units to process S0%+ AP crude.

Maodified the LFMM and International Energy Module to permit crude exports to accommodate analysis of the impact of
potential relaxation of the current U.S. crude oil export ban,

Relaxed export restrictions on processed condensate to better match the U.S. Department of Commerce, Bureau of Industry
and Security, interpretation of export regulations that allow the export of processed condensate.

Updated gasoline specifications to reflect Tier 3 gasoline regulations.,

Revised the renewable fuels standard mandate levels for biomass-based diesel to better match expected production
capabilities.

Fleetric power sector

Revised the assumption for unannounced nuclear retirements in the Reference case downward, from 5.7 gigawatts (GW) in
the AEQ2014 Reference case to 2 GW in the AEO2015 Reference case. Unannounced nuclear retirements in the AE02015
Reference case reflect market uncertainty. Announced nuclear retirements are incorporated as reported to the EIA,

Updated the online start dates for Virgil C. Summer Nuclear Generating Station Units 2 and 3 to 2019 and 2020, respectively,
to reflect comparny announcements.”

Updated expiration dates of firm contractual arrangements for coal-fired power plants that serve California loads.”® Adjusted
the carbon emissions rate for firm imports in accordance with the expiration of contracts.

Explicitly represented 4.1 GW of coal-fired units that are being converted to natural gas-fired steam units. Added model
capability to convert additional coal-fired plants to natural gas-fired plants based on the relative economics, assuming a capital
cost for conversion and connection to natural gas pipelines. Once converted, the oil and natural gas steam plants are assumed
to have lower operating and maintenance costs than the original coal-fired plant but also a 5% loss in efficiency,

Updated regional assumptions on transmission and distribution spending as a function of peak load growth, based on
historical trends.

Revised biomass supply model representation of agricultural residues/energy crop feedstocks, by incorporating fully-integrated
agricultural model, Policy Analysis System (POLYSYS).

on Administration, Maonthly Biodiesel Production

related to the California Put;
2007, Interim QOpinion on
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» Reviewed and updated capital cost assumptions for utility-scale solar PV and wind plants based on assessment of costs
reported in trade press and data compiled in Lawrence Berkeley National Laboratory publications 2013 Wind Technologies
Market Report®® and Utility-Scale Solar 201376

Added model capability to retrofit existing coal-fired generating units to improve their operating efficiency (heat rate), i
economic. An analysis of the heat rate improvement potential of the existing coal fleet sorted existing coal-fired units into
quartites, to reflect varying levels of improvement potential, and developed cost estimates to reflect the investment required
to achieve the improvernent. The analysis then disaggregated the cost and improvement assumptions based on environmental
control configurations, consistent with the coal plant types used in the electricity model. Heat rate improverment retrofits can
provide a reduction in fuel use ranging from less than 196 to 10%, depending on the plant type and quartile.

} ABOHH S Refe

Comparison of AROI0E

Economic growth

The macroeconomic projections used in AEQ2015 are trend projections, with no major shocks anticipated. In long-term
projections, the economy’s supply capability determines its potential growth. Growth in aggregate supply depends on increases
in the labor force, growth of capital stock, and improvements in productivity. Long-term demand growth depends on labor force
growth, income growth, and population growth. In the AEQ2015 Reference case, U.S. population grows by an average of 0.7%/
year from 2013 to 2040, the samae rate as in the AEQ2014 Reference case over the same period. In the AEO2015 Reference case,
real gross domestic product (GDP), tabor force, and productivity grow by 2.4%/vear, 0.6%/year, and 2.0%/year, respectively,
over the same period. Those rates are similar to the annual growth rates for real GDP, labor force, and productivity of 2.5%, 0.6%,
and 1.9%, respectively, from 2013 to 2040 in the AEQ2014 Reference case,

The annual rate of growth in total industrial production, which includes manufacturing, construction, agriculture, and mining,
in the AEQ2015 Reference case is lower than the rate in the AEQ2014 Reference case, primarily as a result of slower growth
in key manufacturing industries, such as food, paper, non-bulk chemicals, and computers, Updated information on how
industries supply other industries and meet the demand for different types of GDP expenditures influences the projections
for certain industries.”’For example, as a result of restructuring in the pulp and paper industry, trade in consumer goods and
industrial supplies has a greater impact on the industry’s production in AEO2015 than it did in previous AEQs. The annual
rate of growth in total industrial production from 2013 to 2040 is 1.8% in AEO2015, compared with 2.1% in AEQ2014. The
manufacturing share of total gross output in 2040 is 17% in the AEQ2015 Reference case, compared with 18% in AEC2014,
mostly because of more-rapid growth in service and nonmanufacturing industries, such as wholesale trade, transportation,
and warehousing.

aual Breot crude o Energy prices

§ ALO2014 Heference

e Crude oil
peE R “? in the AEO20115 Reference case, the Brent spot price for crude
Projections oil (in 2013 dollars) falls from $109/barret (bbl) in 2013 to

$56/bblin 2015 and then increases to $76/bbl in 2018, After
2018, the Brent price increases, reaching $141/bbl in 2040
($229/bbl in nominal dollars), as growing demand leads to
the development of more costly resources (Figure . In the
AEQ2014 Reference case, the projected Brent price in 2040
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The non-OECD consumption level of 75 million barrels per day (bbl/d) in 2040 in the AEQ2015 Referenca case is about 7% higher
than the 2040 level in the AED2014 Reference case, and the difference more than offsets the impact of lower consumption in the
OECD countries, The result is an increase in total world consumption to 12T million bbl/d in 2040 in AEQ2015, which is 3% higher
than in AEO2014. Non-OPEC (particularly U.5.) liquids production in AEQ2015 increases to fevels above those in AEO2014, and
the OPEC market share in the AEQ2015 Reference case rises only slightly, from 40% in 2013 to 41% in 2040, as compared with
a 44% market share in 2040 in AEQ2014.

Liquid products

The real U.S. price of end-use motor gasoline (2013 dollars) in the AEQ2015 Reference case falls from $3.53/gallon in 201310 a
low point of $2.31/gallon in 2015, before rising to $3.90/gallon in 2040, in response to decreasing—and then increasing—crude
oil prices. The motor gasoline price in 2040 is 2% lower than the $3.96/gallon price in the AEQ2014 Reference case, because
of lower crude oil prices. The end-use price of diesel fuel to the fransportation sector in the AEO2015 Reference case follows a
similar pattern, dropping from $3.86/gallon in 2013 to $2.70/gallon in 20715 and then rising to $4.75/gallon in 2040 (compared
with $4.80/gallon in 2040 in the AEQ2014 Reference case),

Natural gas

On average, the Henry Hub spot price for natural gas in the AEO2015 Reference case is only 2% (or $0.13/miflion Btu in 2013
dollars) lower than in the AEQ2014 Reference case from 2013 to 2040, The Henry Hub natural gas spot prices in AEQ2015 are
slightly lower than the AEQ2Q14 spot prices in each year, with the exception of the period from 2020 to 2027 and in 2040, These
price levels are consistent with 3% lower cumnulative U.S, dry natural gas production through 2040 in the AEO2015 Reference
case relative to the AEO2014 Reference case.

Altheugh the average production, consumption, and price levels are similar in the AEQ2015 and AEQ2014 Reference cases,
there are some notable differences in the components. For instance, while natural gas consumption by natural gas vehicles and
electricity generators in AEQ2015 is fower than in AEQ2014, residential and commercial consumption are generally higher. On
the supply side, higher dry natural gas production in the AEO2015 Reference case in the East region (which includes the Marcellus
and Utica formations) compared with the AEO2014 Reference case is more than offset by lower production levels in the Gulf
Coast and Midcontinent regions. The relative location and composition of supply and demand affect regional pricing and national
averages. For this and other reasons, average delivered natural gas prices to residential and commercial customers from 2013 to
2040 are 4% lower in the AEQ2015 Reference case than in the AEQ2014 Reference case.

Coal

The average minemouth price of coal increases by 1.0%/year, from $1.84/million Btu in 2013 o $2.44/million Btu in 2040 (2013
dollars) in the AEQ2015 Reference case. In comparisan, the price in the AEQ2014 Reference case increases by 1.5%/year, from
$2.02/million Btu in 2013 to $3.00/million Btu in 2040. The average minemouth price of coal is about 19% lower, on average,
across the projection timeframe in AEQ2015 when compared with AEQ2014, reflecting lower volumes and prices for high-priced
coking coal exports, the shutdown of some high-cost mining operations, and a less pessimistic outlook for productivity. Simitarly,
with a few exceptions, the regional minemouth prices of coal in AEQ2015 are lower than those in AEQ2014.

The slower rate of increase in the minemouth price of coal in the AEQ2015 Reference case reflects recent year-over-year
improvements in labor productivity in 9 of the 14 coal supply regions, many of which have not seen productivity gains since 2000,
and a slowing of productivity declines in 4 of the other regions. However, both the AEQ2015 and AEQ2014 Reference cases
assume that cost savings from improvements in coal mining technology will continue to be outweighed by increases in production
costs associated with moving into reserves that are more costly to mine. Thus, both projections show the average minemouth
price of coal rising steadily after 2015,

Electricity

in the AEQ2015 Reference case, end-use electricity prices ave higher than in the AEC2014 Reference case throughout most of the
projection. The higher price outlook reflects market dynamics, as well as revised assumptions for transmission and distribution
costs in AEQ2015.

The end-use price of electricity is defined by generation, transmission, and distribution cost components. Natural gas prices
are a significant determinant of generation costs. In the AEQ2015 Reference case, delivered natural gas prices to electricity
generators are lower than in the AEO2014 Reference case in the first few vears of the projection but higher throughout most
of the 2020s. From 2020 to 2030, the generation cost component of end-use electricity prices is, on average, 4% higher in
AEQ2015 than in AEO2014.

The AEQ2015 Reference case includes higher transmission and distribution cost components relative to the AEQ2014 Reference
case, reflecting an updated representation of trends in transmission and distribution costs. In 2040, the transmission cost
component in the AEQ2015 Reference case is 14% higher than it was in the AEO2014 Reference case—1.29 cents/kilowatthour
{(kWh), compared with 113 cents/kWh—while the distribution cost component is 159% higher (3.01 cents/kWh compared
with 2.61 cents/kWh). The faster growth in the transmission and distribution cost components of end-use electricity prices in
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AEQ2015 reflects recent historical trends and an expectation that transmission and distribution costs will continue to increase as
new transmission and distribution facilities and smart grid components {e.g., advanced meters, sensors, controls, etc.) are added,
existing infrastructure is upgraded to enhance the reliability and resiliency of the grid, and new resources connect to the grid.

Average end-use electricity price in 2030 is 111 cents/kWh (2013 dollars) in the AEQ2015 Reference case, compared to 10.6
cents/kWh in the AEQ2014 Reference case. Prices continue rising to 11.8 cents/kWh in 2040 in the AEQ2015 Reference case,
compared to 11.3 cents/kWh in 2040 in the AEQ2014 Reference case.

Energy consumption by sector

Transportation

Delivered energy consumption in the transportation sector in the AED2015 Reference case is higher than in AEQ2014 (26.5
quadrillion Bty in 2040 compared with 25.5 quadrillion Btu), with energy consumption for nearly all transportation modes higher
in AEQ2015 throughout most of the projection, because of higher macroeconomic indicators and lower fuel prices (Figure £2).

Light-duty vehicle (LDV} energy consumption declines in the AEO2015 Reference case from 15.7 quadrillion Btu in 2013 to
12.6 quadrilfion Biu in 2040, compared with 12.1 quadrillion Btu in 2040 in AEO2014, Greenhouse gas emission standards and
corporate average fuel economy (CAFE) standards increase new LDV fuel economy through model year 2025 and beyond in the
AEQ2015 Reference case, with new, more fuel-efficient vehicles gradually replacing older vehicles on the road. The increase in
fuel economy raises the LDV vehicle stock average miles per gallon by 2.0%/year, from 21.9in 2013 to 37.0 in 2040, The increase
in LDV fuel economy more than offsets modest growth in vehicle-miles traveled (VMT), which averages 1.1%/year from 2013 to
2040 as a result of changes in driving behavior related to demographics. Stock fuel economy is fower, and LDV VMT is higher, in
the AEQ2015 Reference case than in AEO2014.

LDVs powered exclusively by motor gasoline remain the predominant vehicle type in the AEQ2015 Reference case, retaining a
78% share of new vehicle sales in 2040, down only somewhat from 83% in 2013. The fuel economy of LDVs fueled by motor
gasoline continues to increase, and advanced technologies for fuel efficiency subsystems are added, such as micro hybridization,
which is installed in 42% of new motor gasoline LDVs in 2040, Sales of new LDVs powered by fuels other than gasoline (such as
diesel, electricity, or E85) and LDVs using hybrid drivetrains (such as plug-in hybrid or gasoline hybrid-electric vehicles) increase
modestly in the AEQ2015 Reference case, from 17% of new sales in 2013 to 229 in 2040, Ethanol-flex-fuel vehicles account for
10% of new LDV sales in 2040 followed by hybrid electric vehicles at 5%, up from 3% in 2013, diesel vehicles at 4% in 2040, up
from 2% in 2013, and plug-in hybrid vehicles and electric vehicles at about 1% each, both up from negligible shares in 2073, In
AEQ2015, new vehicle sales shares in 2015 are generally similar to those in AEO2014. In AEQ2014, the mator gasoline share of
new LDVs sales was 78% in 2040 (with 42% including micro hybridization), followed by 1196 ethanol-flex-fuel, 5% hybrid electric,
4% diesel, and 1% each for plug-in hybrid and electric vehicles.

Inthe AEO2015 Reference case, delivered energy use by heavy-duty vehicles (HDVs) increases from 5.8 quadrillion Btuin 2013 to
7.3 quadrillion Btu in 2040 (compared with 7.5 quadrillion Btu in 2040 in AEQ2014). Industrial output growth in AEQ2015 leads to
salid growth in HDV VMT, averaging 1.5%/year from 2013 to 2040. Competitive natural gas prices significantly increase demand
for LNG and compressed natural gas in AEQ2015, from an insignificant share in 2013 to 7% of total HDV energy consumption in
2040 {which is less than the 9% share in AEQ2014, as a result of differences in fuel price projections).

industrial

Total industrial delivered energy consumption grows by 22%
inthe AEO2075 Reference case, to about 30 quadrillion Btuin
2040, whichis about 0.4 quadriltion Btu lower than the 2040
projection in the AEQ2014 Reference case. The lower level of
total industrial energy consumption in AEQ2015 results from
lower annual growth in the total value of industrial shipments
(1.8%/year) compared with AEO2014 (2.1%/yean).

Adthough total energy consumption levels are similar in the
AEQ2015 and AED2014 Reference cases, there are some
notable changes in consumption of individual fuels. In
AEQ2015, the liquid feedstock slate for the bulk chemical
industry includes relatively more MGL (ethane and liquefied
petroleum gases (LPG)) and less heavy feedstock (naphtha
and gasoil) compared with AEC2014. The higher level of
HGL feedstock use results from relatively low ethane and
LPG prices relative to the prices of vil-based naphtha/gasoll
feedstock, as a result of more HGL supply in the AEQ2015
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Reference case than in AEQ2014 and the implementation of a new ethane pricing model that tinks ethane prices more closely
with natural gas prices.

Another notable change from AEQ2014 in the AEO2015 Reference case is that total consumption of renewable fuels is more
than 0.5 quadrillion Btu lower in AEO2075 as a result of lower shipments from the paper and pulp industry. Industrial electricity
consumption is also lower in AEQ2015, in part as a result of lower shipments of metal-based durables, espedially computers.
Through 2022, natural gas consumption is higher in the AEO2015 Reference case than in AEQ2014, as a result of higher lease
and plant fuel use and an increase in feedstock use, reflecting more optimistic assumptions for ammonia and rnethanol plant
operations based on recent trends. However, after 2022 natural gas consurnption is lower in the AEO2015 Reference case,
because of lower lease and plant fuel use stermming from tower dry natural gas production, and because of lower shipments in the
natural gas-intensive paper and pulp industry.

Residential

Residential delivered energy consumption decreases slightly in the AEQ2075 Reference case from 2013 to 2040, with growth in
electricity consumption offset by dedining use of fossil fuels. Consumption levels are lower than those in the AEQ2014 Reference
case for most fuels, although natural gas use s slightly higher because of lower projected prices. Delivered efectricity consumption
is 5.4 quadrillion Btu and natural gas consumption is 4.3 quadrillion Btu in 2040 in AEO2015, compared with 5.7 quadrillion Btu
and 4.2 quadriliion Btu, respectively, in AEQ2014. The lower consumption levels in AEQ2015 are explained in part by slower near-
term growth in the number of households,

Commerciat

Commercial sector delivered energy consumption grows from 8.7 quadrillion Btu in 2013 to 10.1 quadrillion Btu in 2040 in the
AEQ2015 Reference case, similar to the AEQ2014 Reference case, despite higher consumption in the near term. Commercial
electricity consumption increases by 0.8%/yvear from 2013 to 2040 in AEQZ015, lower than the 1.0% average annual growth in
commercial floorspace, in part, because of fower demand for lighting and refrigeration than projected in AEQ2014,

Energy consumption by primary fuet

Total primary energy consumption grows by 8.8% in the AEO2015 Reference case, from 97.1 quadrilion Biu in 2013 t0 1057
quadriliion Btu in 2040—600 trillion Btu less than in AEQ2014, where total primary energy consumption grew by 10.2% t0 106.3
quadrillion Btu in 2040 (Figure E3).

Total fiquid fuels consumption increases slightly (300 trillion Btu) in the AEQ2015 Reference case (the AEO2014 Reference case
showed a decline of 600 trillion Btw), as declining consumption of motor gasoline offsets most of the growth in other liquids uses
from 2013 to 2040. However, total liquid fuel consumption is 0.9 quadrillion Btu higher in 2040 in the AEO2015 Reference case than
inthe AEQ2074 Reference case. Jet fuel, motor gasoling, and industrial propane use are each about 500 triltion Btu higher in 2040 in
AEQ2015 than in AEO2014, as a result of updates and revisions made in the air transportation model and lower petroleum fuel prices,
as well as upward revisions in output projections for the chemical industry. Liquids consumption in the transportation sector also
increases in AEQZ015 as the result of the addition of an unspecified consumption sector, which was added to improve the consistency
of matching travel and efficiency levels with implied fuel use in the transportation sector, so that total consumption of liquid fuels in
AEO2015 agrees more closely with the combined total for all fuels reported as baing supplied to markets in EIA statistical publications.

In the AEQ2015 Reference case, domestic natural gas
consumption increases from 26.2 trillion cubic feet (Tch) in
2013 to 29.7 Tcf in 2040, 1.9 Tcf lower than in the AEQ2014
Reference case. Thelower level of total natural gas consumption
AEO2014 AEO2015 results froma 19 Tcf lower level of natural gas usein the electric
power sector in 2040 in AEQ2015. Natural gas consumption in
the residential and commercial sectors is up shightly.

30

In the electric power sector, natural gas faces increased
competition from nuclear power and renewables, particularly
wind. Alse, demand for electricity in the buildings sector in
2040 is about 0.3 quadriflion Btu lower than in AEO2014, as a
result of increases in building efficiency standards and updates
to lighting parameters in AEQ2015. Electricity demand is
also lower in some industrial sectors where output does not
increase as rapidly in AEQ2015 as was projected in AEO2(014.

Shares of total
primary energy

20
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Total coal consumption in the AEO2015 Reference case is

19.0 quadriltion Btu (988 million short tons} in 2040 —similar
to the AEQ2014 Reference case projection of 187 quadrillion
Btu (979 million short tons) in 2040.

2013 2040 2040

U.S. Energy Information Administration | Annual Energy Outiook 2015 E-9



214

Total consumption of marketed renewable fuels grows by 1.3%/year in the AEQ2015 Reference case, the same rate of growth as
inthe AEQ2014 Reference case, However, the mix of renewable fuels is different in AEQ2015, with maore use of wind in the electric
power sector, and less use of biomass in the industrial sector as a result of lower overali shipments in the paper industry. AEC2015
includes 3.0 quadritfion Btu of wind energy consumption in the electric power sector in 2040, compared with 2.4 quadrillion Btu
in AEQ2014, and the paper industry uses 1.2 quadrillion Btu of wood and pulping liquor in 2040 compared with 1.9 quadrillion Btu
in 2040 in the AEQ2014 Reference case.

Energy production and imports

In the AEO2015 Reference case, U.S. imports and exports of energy come into balance around 2028 as net energy imports
decline both in absolute terms and as a share of total U.S, energy consumption (Figure E4). The United States is a net energy
exporter in selected years—for example, from 2029 through 2032, and from 2037 through 2040, Qver the projection period,
the United States shifts from being a net importer of about 12.8 quadrillion Btu of energy in 2013 (about 13% of total U.S. energy
demand) to a net exporter of about 0.5 quadrillion Btu in 2040, In the AEQ2014 Reference case, the United States remained anet
importer of energy, with net imports of about 4.2 quadriliion Btu in 2040,

Liquids

1.5, crude oil production in the AEQ2015 Reference case increases from 7.4 million bbl/d in 2013 to 9.4 million bbi/d in 2040—
26% higher than in the AEQ2014 Reference case, despite lower prices. Production in AEO2015 reaches 10.6 million bbl/d in 2020,
compared with a high of 9.6 million bbl/d in 2019 in AEO2014. Higher production volurnes result mainly from increased onshore
oif production, predominantly from tight (very low permeability) formations. Lower 48 onshore tight oif production reaches 5.6
mitlion bbl/d in 2020 in the AEQ2015 Reference case before declining to 4.3 million bbl/d in 2040, 34% higher than in AEQ2014,
The pace of oil-directed drilling in the near term s faster in AEQ2015 than in AEO2014, as producers continue to locate and target
the sweet spots of plays currently under development,

Lower 48 offshore crude oil supply grows from 1.4 million bbi/d in 2013 te 2.2 million bbl/d in 2019 in the AEO2015 Reference case,
before fluctuating in accordance with the developrment of projects in the deepwater and ultra-deepwater portions of the Guif of
Mexico. in 2040, Lower 48 offshore production totals 2.2 miilion bbl/d in AEQ2015, 9% more than in the AEQ2014 Reference case.

U.S. net imports of liquid fuels as a share of total domestic consumption continue to decline in the AEQ2015 Reference case,
primarily as a result of increased domestic oil production, Net imports of liquid fuels as a share of total U.S. iquid fuel use reached
0% in 2005 before dipping below 50% in 2070 and {alling to an estimated 33% in 2013 (Figure £5). The net import share of
domestic liquid fuels consumption declines to 14% in 2020 in the AEG2015 Reference case—compared with 26% in the AEC2014
Reference case—as a result of faster growth of domestic liquid fuels supply” compared with growth in consumption. Domestic
liquid fuels supply begins to decline after 2023 in the AEO2015 Reference case, and as a result, the net import share of domestic
fiquid fuels consumption rises from 14% in 2022 to 17% in 2040, However, domestic liquid fuels supply inthe AEQ2015 Reference
case is 25% higher in 2040 than in the AEQ2014 Reference case, while domestic consumption is only 3% higher. As a result,
despite increasing after 2020, the percentage of U.S liquid fuel supply from net imports in the AEQZ015 Reference case remaing
just over half that in the AEQO2014 Reference case through 2040,
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Natural gas

I the AEQ2015 Reference case, U.S. production of dry natural gas after 2019 is lower than in the AEQ2014 Reference case
projection, and in 2040 it is lower by more than 2 trillion cubic feet (Teb). Lower production levels are a result of lower natural gas
prices and a decrease in demand for natural gas by eleclricity generators because of fewer nuclear plant retirements and more
renewable generation capacity in AEC2015, However, dry natural gas production from shale gas and tight oil plays is generally
higher in AEQ2015, offsetting some of the decreases in other areas. Increases in shale gas production are made possible by the
dual application of horizontal drilling and hydraulic fracturing. Another contributing factor is ongoing drilling in shale plays and
other resources with high concentrations of natural gas liquids and crude oil, which, in energy-equivalent terms, have a higher
value than dry natural gas, even with lower crude oil prices.

in the AEQ2015 Reference case, the United States becomes an overall net exporter of natural gas in 2077, one vear earlier than
in AEQ2014, and a net pipeline exporter of natural gas in 2018, three years earlier than in AEO2014. In the AED2015 Reference
case, imports from Canada, which largely enter the wastern United States, and exports into Canada, which generally exit out of
the East, are generally lower than in the AEQ2014 Reference case. Imports from Canada remain lower in the AEQ2015 Reference
case than in the AEQ2014 Reference case through 2040, while exports to Canada are higher in the AEQ2015 Reference case from
20271t0 2028, before decreasing below AEQ2014 levels through 2040. Net pipeline imports from Canada fall steadily until 2030
in AEQ2015, then increase modestly through 2040, when growth in shale production stabilizes in the United States but continues
to increase in Canada.

Net pipeline exports to Mexico increase almost twofold in the AEQ2015 Reference case from 2017 to 2040, with additional
pipeline infrastructure added to enable the Mexican market to receive more natural gas via pipeline from the United States.
However, pipeline exports to Mexico in the later vears of the AEQ2015 Reference case are lower than projected in the AEQ2014
Reference case, because Mexico is assumed to increase domestic production as a result of constitutional reforms that permit
more foreign investment in its ofl and natural gas industry.

Beginning in 2024, exports of liquefied natural gas (LNG) are slightly Tower in the AEQ2015 Reference case than in AEQ2014,
driven by lower crude oil prices. However, the impact of crude ail prices on the projection is dampened by changes in assumptions
about how rapidly new LNG export terminals will be built,

Coal

Total U.5. coal production in the AEO2015 Reference case grows at an average rate of 0.5%/year, from 985 million short tons
(19.9 quadrillion Btw) in 2013 to 1,117 million short tons (22.5 gquadrillion Btw) in 2040. In comparison, U.S. production in the
AEQ2014 Reference case was projected to increase by 0.3%/year, from 1,022 million short tons (20.7 quadriltion Btw) in 2013 to
1,121 million short tons (22.4 quadrillion Btw) in 2040. Actual coal production in 2013 was 4% lower than projected in AEQ2014,
as a result of a large drawdown of coal Inventories at coal-fired power plants.

From 2013 through 2020, coal production in the AEO2015 Reference case is lower than projected in the AEQ2014 Reference
case, as lower natural gas prices result in the substitution of natural gas for coal in power generation. After 2020, total coal
production inthe AEO2014 and AEQ2015 projections are nearly identical, with both hovering around 1.1 billion short tons through
2040, because of similar patterns of capacity additions and retirements at coal-fired power plants and similar coal-fired capacity
utilization rates in the two projections. The outlook for U.S. coal exports is tower in AEG2015 than in AEQ2014 throughout the
projection period. Between 2013 and 2015, U.S. coal exports decline sharply in the AEO2015 Reference case as a result of strong
international competition and lower international coal prices; but from 2015 through 2040 they increase gradually. Compared
with AEQ2014, coal exports in AEQ2015 are 27% lower in 2015 and 13% lower in 2040.

Overall, regional patterns of U.S. coal production are similar in the AEO2015 and AEO2014 Reference cases. Production in the
Eastern Interior region increases in both projections by about 100 miltion shart tons from 2013 to 2040, The AEQZ015 outlook
for Centrat Appalachian coal production is similar to the AEQ2014, but is about 7 million short tons (7%) higher, on average, than
the AEQ2014 from 2015 through 2040, Northern Appalachian coal production in 2040 is 20 million short tons lower in AEQ2015
than projected in the AEQ2014 Reference case. Production from Wyoming's Powder River Basin, currently the lead coal-producing
region in the United States, is lower from 2013 through 20718 in AEQ2015 than projected in AEQ2074, but then increases at a more
rapid pace through 2026 before declining slightly and eventually moving to levels consistent with the AEQ2014 projection from
2032 through 2040,

Electricity generation

Total electricity consumption in the AEO2015 Reference case, including both purchases from electric power producers and on-
site generation, grows from 3,836 billion kWh in 2013 to 4,797 billion kWh in 2040, The average annual increase of 0.8% from
2013 to 2040 is slightly below the 1.0% annual rate in the AEQ2014 Reference case. In all the end-use sectors, electricity demand
growth is slower than projected in AEQ2014, with the largest difference in growth in the residential sector.

Coal has traditionally been the largest energy source for electricity generation. However, the combination of slow growth in
electricity demand, competitively priced natural gas, programs encouraging renewable fuel use, and the implementation of
environmental rules dampens future coal use in both the AEQ2015 and AEQ2014 Reference cases, Baginning in 2019, coal-fired
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electricity generation is between 2% and 4% percent higher in the AEQ2015 Reference case than in AEQ2014 through 2025, as
a result of higher natural gas prices. After 2025, coal-fired generation remains between one and two percent higher in AEQ2015
than in AEQ2014 (Figure E6). The AEQ2015 Reference case does not include the proposed Clean Power Plan®® for existing fossil-
fuel-fired electric generating units, which, if implemented, could substantially change the generation mix.

Coal accounted for 39% of total generation in 2013, and its share falls to 34% in 2040 in the AEQ2015 Reference case. The coal
share of total generation was lower at 32% in 2040 in the AEO2014 Reference case. With retirements of coal-fired generating
capacity far outpacing new additions, total coal-fired generating capacity falls in the AEO2015 Reference case from 304 GW in
2013 t0 260 GW in 2040, which is sirilar to the 2040 capacity projection in the AEQ2014 Reference case.

Electricity generation from natural gas grows at a slower rate in the AEO2015 Reference case than in the AEQ2074 Reference
case because of lower growth in overall electricity demand, higher natural gas prices in the midterm, fewer nuclear retirements,
and more renewable capacity additions leading to less need for new natural gas-fired capacity. In the AEO2015 Reference case,
natural gas-fired generation in 2040 is 15% lower than projected in the AEO2014 Reference case. Natural gas capacity additions
still make up most (58% of total capacity additions from 2014 to 2040 but represent a smaller share of new builds than the 74%
of total additions projected in AEQ2014. As a share of total generation, natural gas does not surpass the coal-fired generation
share in the AEQ2015 Reference case over the projection period as it did in the AEO2014 Reference case.

Increased generation from renewable energy accounts for 38% of the overall growth in electricity generation fram 2013 10 2040
inthe AEO2015 Reference case. Generation from renewable resources grows in the near term as new capacity under construction
comes online in response to federal tax credits, state-level policies, and declining capital costs for wind and solar projects. in the
final decade of the projection, renewable generation growth is almost exclusively the result of the increasing cost-competiveness
of renewable generation with other, nonrenewable technologies.

Renewable generation is higher throughout most of the projection period in AEQ2015 than was projected in AEC2014, and it
is about 7% higher in 2040. Combined generation from solar and wind power in AEQ2015 is about 28% higher in 2040 than
projected in AEQ2014, as a result of more planned renewable capacity additions and recent declines in the construction costs for
new wind plants, Renewable generation accounts for 18% of total generation in 2040 in the AEQ2015 Reference case, compared
with 16% in AEO2014.

In the AEQ2015 Reference case, electricity generation from nuclear power plants increases by 6%, from 789 billion kWh in 2013
to 833 bilion kWh in 2040, and accounts for about 16% of total generation in 2040, slightly above the share in AEQ2014. Over
the projection period, nuclear generation in AEQZ015 is on average 3% higher than projected in AEQ2014, with about 4 GW less
nuclear capacity retired from 2013 to 2020 in the AEQ2015 Reference case, compared to the AEQ2014 Reference case.

. Blectricity w fon b i the Euergy-related CO2 emissions

815 and AE( L A3, 2820, Total U.S. energy-related CO2 emissions remain well below
840 {triftion kilowatth their 2005 level of 5,993 million metric tons (mt) through the
end of the projection period in the AEQ2015 Reference case.™
Energy-related CO2 emissions in 2040 are 5,549 million
mt, or 50 million mt (0.9%) below the AEO2014 Reference
case projection. This decrease may appear counterintuitive,
since coal consumption is 1.4% higher, petroleum and other
fiquids consumption is 2.4% higher, and total renewable
energy consumption is fower, all putting upward pressure on
emissions. However, natural gas consumption is 5.6% lower,
and while it has a lower carbon factor than the other fossil
fuels, it does emit CO2. Nudlear energy consumption in 2040
is 2.8% higher in AEO2015 than in AEQ2014, and total energy
demand is 0.5% lower. The net result is somewhat lower
energy-related CO2 emissions in the AEQ2015 Reference
case than in the AEQ2014 Reference case.
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Links current as of April 2015

Table EY, Comparison of projections in the AEO2015 and AEQ2014 Reference cases, 2012-40: AEQ2015 National Energy
Madeling System, run REF2015.D021915A; and AEQ2014 National Energy Modeling System, run REF2014.D102413A,

Figure E1. Average annual Brent crude oil spot prices in the AEOZ015 and AEQ2014 Reference cases, 1990-2040: History: U.S.
Energy Information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(Q2014/T). Projections: AEQ2015
National Energy Modeling System, run REF2015.D021915A; and AEQ2074 National Energy Modeling System, run REF2014.
DI02413A.

Figure E2. Delivered energy consumption by end-use sector in the AEQ2015 and AEO2014 Reference cases, 2013, 2020, 2030,
and 2040: History: U.S. Energy Information Administration, Monthly Energy Review, Novernber 2014, DOE/EIA-0035(2014/1D.
Projections: AEQ2015 National Energy Modeling System, run REF2015.D021915A; and AEQ2014 National Energy Modeling
Systern, run REF2014.D102413A.

Figure E3. Primary energy consumption by fuel in the AEQ2015 and AEO2074 Reference cases, 2013 and 2040: History: US.
Energy information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(20714/1D. Projections: AEQ2015
National Energy Modeling System, run REF2015.D0219154; and AEQ2014 National Energy Modeling System, run REF2014.
D102413A.

Figure E4. Total energy production and consumption in the AEQ2015 and AEQ2014 Reference cases, 1980-2040: History: U.S.
Energy Information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/1). Projections: AEC2015
National Energy Modeling Systern, run REF2015.D021915A; and AEQ2014 National Energy Modeling System, run REF2014.
DIC2413A.

Figure ES. Share of U.S. liquid fuels supply from net imports in the AEQ2015 and AEO2074 Reference cases, 1970-2040:
History: U.S. Energy Information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/11. Projections:
AEQ2015 National Energy Modeling Systern, run REF2015.D0219154; and AEQ2014 National Energy Modeling System, run
REF2014, D102413A.

Figure £6. Electricity generation by fuel in the AEQO2015 and AEO2014 Reference cases, 2013, 2020, 2030, and 2040: History:
U.S. Energy Information Administration, Monthly Energy Review, November 2014, DOE/EIA-0035(2014/17). Projections:
AEQ2015 National Energy Modeling System, run REF2015,D0219154A; and AEQ2014 National Energy Modeling System, run
REF2014.D102413A.
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Figure F1. United States Census 1s {contianed)
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tricity market module regions
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Figure FA Liguid
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Figuee B4 O and gas supply moded reglons
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Figure F5 Natoral gas transmission and distribution model reglons
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Table G1. Heat contents

N Approximate
Fuel Units heat content
Coat’
Production ..o miflion Biu per short ton 20.169
Consumption . roiffion Btu per short ton 19.664
Coke plants mitlion Btu per short ton 28710
Industrial . miflion Btu per short ton 21.622
Commercial and institutional miflion Btu per short ton 21.246
Electric power sector......... miflion Btu per short ton 19.210
Imports. miflion Btu per shortton 23.256
Exports million Biu per short ton 24.562
Coal coke. miflion Bty per shortion 24.800
Crude oif'
Production miflion Btu per barrel 5751
Imports..... miflion Btu per barrel 8.012
Petroleum products and other fiquids
Consumption’ ... miltion Btu per barrel 5.188
Motor gascline' mitfion Btu per barrel 5.101
Jetfuel....... miflion Btu per barrel 5.670
Distillate fuel oif' miflion Btu per barrel 5.760
Digsel fuel' ... milfion Btu per barre} 5755
Residual fuel o million Btu per barrel 8,287
Liquefied petroleum gases and other™? .. miffion Btu per barrel 3.565
Kerosene miflion Btu per barrel 5670
Petrochemical feedstocks’ mitlion Btu per barrel 4.944
Unfinished oils’ miflion Btu per barrel 6.098
{mports’ million Btu per barre! 5575
Exports’ million Btu per barrel 5.506
Ethanol® miltion Btu per barre! 3.559
Biodiesel miflion Btu per barref 5359
Natural gas plant liquids'
Praduction miflion Btu per barrel 3.735
Naturat gas’
Production, dry . Btu per cubic foot 1,027
Consumption . Btu per cubic foot 1,027
End-use sectors. Btu per cubic foot 1,028
Electric power secior Btu per cubic foot 1,025
Btu per cubic foot 1,025
Btu per cubic foot 1,009
El o Btu per kilowatthour 3,412

'Conversion factor varies from yeat to year. The vaiue shown is for 2013,

2includes ethane, naturai gasoline, and refinery olefins.

*includes denaturant.
Btu = British thermal unit.

Sources: U.S. Energy information Administration (EIA}, Monthly Energy Review, DOE/EIA-0035(2014/11) (Washingten, DC,
November 2014}, and EIA, AEO2015 National Energy Modeling System run REF2015.D021915A.
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