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 ….the strong development of the shale gas 
search and extraction in the Central and North-West part of US, that 
is rapidly changing also many political strategies, allowing f.i. the US 
to look differently with respect to the past to Arab oil-based power 
and put themselves on the market as energy exporters. 

 However, fracking will probably face in the 
next future some consensus issues due to the still 
lacking information about the medium-long term 
environmental consequences of the extraction 
procedures (water tab pollution, extensive use of 
chemicals, etc.).  

 and, as far as today, the planned Keystone XL pipeline 
linking Alberta oil sands fields and US shale gas resources to the big 
refineries and ship terminals in the Gulf of Mexico, is still under 
scrutiny by EPA and the Obama administration. 

 …. In EU too, potential shale gas fields have 
been identified and tested.  
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Ref: RENAISSANCE IN REVERSE:  
COMPETITION PUSHES AGING U.S. NUCLEAR REACTORS TO THE BRINK OF 
ECONOMIC ABANDONMENT  
MARK COOPER, July 2013.  
 

Rowe points to the technologically driven shift in the fundamentals of the 
natural gas supply-demand balance as calling into questions predictions of very high 
natural gas prices.  The top graph in Exhibit III-6 shows the key variables in the  

EXHIBIT III-6: THE SHALE GAS REVOLUTION TRANSFORMS NATURAL GAS 

SUPPLY FUNDAMENTALS  

Reserves Drive Prices on a Forward Looking Basis 

 

 

 

 

 

 

 

 

 

The Shift in the Natural Gas Supply Curve 

 

 

 

 

 

 

 

 

 

Sources: EIA, Natural Gas Data; Nymex Henry Hub.  
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April, 26th, 2014 

§  …as temperatures plunged to 16 below zero in Chicago in 
early January and set record lows across the eastern U.S., electrical 
system managers implored the public to turn off 
stoves, dryers and even lights or risk blackouts.  

§  A fifth of all power-generating capacity in a grid 
serving 60 million people went suddenly offline, 
as coal piles froze, sensitive electrical equipment went haywire and 
utility operators had trouble finding enough natural gas to keep 
power plants running. The wholesale price of electricity skyrocketed 

to nearly $2 per kilowatt hour, more than 40 times the normal 
rate. The price hikes cascaded quickly down to consumers.  
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By Ralph Vartabedian

U.S. electricity prices may be going up for good
Email  Facebook Twitter 28

4:06 pm, April 26, 2014

As temperatures plunged to 16 below zero in Chicago in early January and set record lows across the eastern U.S., electrical sys-
tem managers implored the public to turn off stoves, dryers and even lights or risk blackouts.

A fifth of all power-generating capacity in a grid serving 60 million people went suddenly offline, as coal piles froze, sensitive
electrical equipment went haywire and utility operators had trouble finding enough natural gas to keep power plants running.
The wholesale price of electricity skyrocketed to nearly $2 per kilowatt hour, more than 40 times the normal rate. The price
hikes cascaded quickly down to consumers. Robert Thompson, who lives in the suburbs of Allentown, Pa., got a $1,250 bill for
January.

"I thought, how am I going to pay this?" he recalled. "This was going to put us in the poorhouse."

The bill was reduced to about $750 after Thompson complained, but Susan Martucci, a part-time administrative assistant in Al-
lentown, got no relief on her $654 charge. "It was ridiculous," she said.

The electrical system's duress was a direct result of the polar vortex, the cold air mass that settled over the nation. But it ex-
posed a more fundamental problem. There is a growing fragility in the U.S. electricity system, experts warn, the result of the
shutdown of coal-fired plants, reductions in nuclear power, a shift to more expensive renewable energy and natural gas pipeline
constraints. The result is likely to be future price shocks. And they may not be temporary.

35 12

ALLEN J. SCHABEN / LOS ANGELES TIMES

California has all but phased out coal-generated electricity, and the San Onofre nuclear power plant, shown here, has been decommissioned. Such factors,
experts say, will contribute to a rise in electricity prices.

45°
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§  The federal government appears to have underestimated the impact 
as well. An Environmental Protection Agency analysis in 2011 had 
asserted that new regulations would cause few coal plant 
retirements. The forecast on coal plants turned out wrong 
almost immediately, as utilities decided it wasn't economical to 
upgrade their plants and scheduled them for decommissioning.  

§  The lost coal-generating capacity is being replaced largely with 
cleaner natural gas, but the result is that electricity prices are linked 
to a fuel that has been far more volatile in price than coal. The 
price of natural gas now stands at about $4.50 per million BTUs, 
more expensive than coal. Plans to export massive amounts of 
liquefied natural gas, the rapid construction of gas-fired power plants 
and the growing trend to convert the U.S. heavy truck fleet to natural 
gas could exert even more upward pressure on prices. Malcolm 
Johnson, a former Shell Oil gas executive who now teaches the 
Oxford Princeton Program, a private energy training company, said 
prices could move toward European price levels of $10.  

5 
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§  California has all but phased out coal-generated 
electricity. The state lost the output of San Onofre's two 
nuclear reactors and is facing the shutdown of 19 
gas-fired power plants along the coast because of 

new state-imposed ocean water rules by 
2020.  

6 
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Midwest
>ŽŶŐĞƌ�ŐƌŽǁŝŶŐ�ƐĞĂƐŽŶƐ�ĂŶĚ�ƌŝƐŝŶŐ�ĐĂƌďŽŶ�ĚŝŽǆŝĚĞ�ůĞǀĞůƐ�ŝŶĐƌĞĂƐĞ�ǇŝĞůĚƐ�ŽĨ�ƐŽŵĞ�ĐƌŽƉƐ͕�
ĂůƚŚŽƵŐŚ�ƚŚĞƐĞ�ďĞŶĞĮƚƐ�ŚĂǀĞ�ĂůƌĞĂĚǇ�ďĞĞŶ�ŽīƐĞƚ�ŝŶ�ƐŽŵĞ�ŝŶƐƚĂŶĐĞƐ�ďǇ�ŽĐĐƵƌƌĞŶĐĞ�ŽĨ�
ĞǆƚƌĞŵĞ�ĞǀĞŶƚƐ�ƐƵĐŚ�ĂƐ�ŚĞĂƚ�ǁĂǀĞƐ �͕ĚƌŽƵŐŚƚƐ �͕ĂŶĚ�ŇŽŽĚƐ͘

Great Plains
ZŝƐŝŶŐ�ƚĞŵƉĞƌĂƚƵƌĞƐ�ůĞĂĚ�ƚŽ�ŝŶĐƌĞĂƐĞĚ�ĚĞŵĂŶĚ�ĨŽƌ�ǁĂƚĞƌ�ĂŶĚ�ĞŶĞƌŐǇ�ĂŶĚ�ŝŵƉĂĐƚƐ�ŽŶ�
ĂŐƌŝĐƵůƚƵƌĂů�ƉƌĂĐƟĐĞƐ͘

Southwest
�ƌŽƵŐŚƚ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ǁĂƌŵŝŶŐ�ĨŽƐƚĞƌ�ǁŝůĚĮƌĞƐ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ĐŽŵƉĞƟƟŽŶ�ĨŽƌ�ƐĐĂƌĐĞ�
ǁĂƚĞƌ�ƌĞƐŽƵƌĐĞƐ�ĨŽƌ�ƉĞŽƉůĞ�ĂŶĚ�ĞĐŽƐǇƐƚĞŵƐ͘

Northwest
�ŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ƟŵŝŶŐ�ŽĨ�ƐƚƌĞĂŵŇŽǁ�ƌĞůĂƚĞĚ�ƚŽ�ĞĂƌůŝĞƌ�ƐŶŽǁŵĞůƚ�ƌĞĚƵĐĞ�ƚŚĞ�ƐƵƉƉůǇ�ŽĨ�
ǁĂƚĞƌ�ŝŶ�ƐƵŵŵĞƌ͕ �ĐĂƵƐŝŶŐ�ĨĂƌͲƌĞĂĐŚŝŶŐ�ĞĐŽůŽŐŝĐĂů�ĂŶĚ�ƐŽĐŝŽĞĐŽŶŽŵŝĐ�ĐŽŶƐĞƋƵĞŶĐĞƐ͘

Climate Change Impacts  
in the United States

nca2014.globalchange.gov
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�ŶĞƌŐǇ�ƉƌŽĚƵĐƟŽŶ͕�ůĂŶĚ�ƵƐĞ͕�ĂŶĚ�ǁĂƚĞƌ�ƌĞƐŽƵƌĐĞƐ�ĂƌĞ�ůŝŶŬĞĚ�ŝŶ�
ĐŽŵƉůĞǆ�ǁĂǇƐ͘��ůĞĐƚƌŝĐ�ƵƟůŝƟĞƐ�ĂŶĚ�ĞŶĞƌŐǇ�ĐŽŵƉĂŶŝĞƐ�ĐŽŵƉĞƚĞ�
with farmers and ranchers for water rights in some parts of the 
ĐŽƵŶƚƌǇ͘�>ĂŶĚͲƵƐĞ�ƉůĂŶŶĞƌƐ�ŶĞĞĚ�ƚŽ�ĐŽŶƐŝĚĞƌ�ƚŚĞ�ŝŶƚĞƌĂĐƟǀĞ�
ŝŵƉĂĐƚƐ�ŽĨ�ƐƚƌĂŝŶĞĚ�ǁĂƚĞƌ�ƐƵƉƉůŝĞƐ�ŽŶ�ĐŝƟĞƐ͕�ĂŐƌŝĐƵůƚƵƌĞ͕�ĂŶĚ�
ecological needs. Across the country, these intertwined sectors 
will witness increased stresses due to climate changes that 
ĂƌĞ�ƉƌŽũĞĐƚĞĚ�ƚŽ�ƌĞĚƵĐĞ�ǁĂƚĞƌ�ƋƵĂůŝƚǇ�ĂŶĚͬŽƌ�ƋƵĂŶƟƚǇ�ŝŶ�ŵĂŶǇ�
ƌĞŐŝŽŶƐ�ĂŶĚ�ĐŚĂŶŐĞ�ŚĞĂƟŶŐ�ĂŶĚ�ĐŽŽůŝŶŐ�ĞůĞĐƚƌŝĐŝƚǇ�ĚĞŵĂŶĚ͕�
among other impacts. 

Energy, water, and land systems interact in many ways. Climate change affects the individual sectors and their interac-
tions; the combination of these factors affects climate change vulnerability as well as adaptation and mitigation options 
for different regions of the country.

The dependence of energy systems on land and water supplies will influence the development of these systems and 
options for reducing greenhouse gas emissions, as well as their climate change vulnerability.

Jointly considering risks, vulnerabilities, and opportunities associated with energy, water, and land use is challenging, 
but can improve the identification and evaluation of options for reducing climate change impacts.

KEY MESSAGES: ENERGY, WATER, AND LAND USE

Energy, Water, Land,
and Climate Interactions

The interactions between and among the energy, water, land, and 
climate systems take place within a social and economic context. 
(Figure source: Skaggs et al. 20128).
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§  Energy Efficiency: Reduction in CO2 emissions from energy end-
use and infrastructure through the adoption of energy-efficient 
components and systems – including buildings, vehicles, 
manufacturing processes, applicances, and electric grid systems;  

§  Low-Carbon Energy Sources: Reduction of CO2 emissions from 
energy supply through the promotion of renewables (such 
as wind, solar, and bioenergy), nuclear 
energy, and coal and natural gas electric 
generation with carbon capture and storage  

9 
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Annual Energy Outlook 2014 With Projections to 2040 
April 2014 

U.S. Energy Information Administration 

U.S. Energy Information Administration | Annual Energy Outlook 2014ES-2

Executive summary

Projections in the U.S. Energy Information Administration’s Annual Energy Outlook 2014 (AEO2014) focus on the factors that 
shape the U.S. energy system over the long term. Under the assumption that current laws and regulations remain unchanged, the 
AEO2014 Reference case provides a basis for examination and discussion of energy production, consumption, technology, and 
market trends and the direction they may take in the future. AEO2014 also includes alternative cases that explore important areas 
of uncertainty for markets, technologies, and policies in the U.S. energy economy (see Appendix E for discussion of detailed case 
assumptions). Many of the implications of the alternative cases are discussed in the Issues in Focus section of AEO2014.
Key results highlighted in the AEO2014 Reference and alternative cases include:
• Growing domestic production of natural gas and oil continues to reshape the U.S. energy economy, largely as a result of rising 

production from tight formations, but the effect could vary substantially depending on expectations about resources and technology.
• Industrial production expands over the next 10 to 15 years as the competitive advantage of low natural gas prices provides a 

boost to the industrial sector with increasing natural gas use.
• There is greater upside uncertainty than downside uncertainty in oil and natural gas production; higher production could spur 

even more industrial growth and lower the use of imported petroleum.
• Improvement in light-duty vehicle (LDV) efficiency more than offsets modest growth in vehicle miles traveled (VMT) that 

reflects changing driving patterns, leading to a sharp decline in LDV energy use.
• Evolving natural gas markets spur increased use of natural gas for electricity generation and transportation, as well as expanded 

export opportunities.
• Improved efficiency of energy use in the residential and transportation sectors and a shift away from more carbon-intensive 

fuels such as coal for electricity generation help to stabilize U.S. energy-related carbon dioxide (CO2) emissions.

Expected gains in tight oil production drive projected growth in total petroleum and other liquids production
Growth in crude oil production from tight oil and shale formations supported by identification of resources and technology 
advances have supported a nearly fourfold increase in tight oil production from 2008, when it accounted for 12% of total U.S. 
crude oil production, to 2012, when it accounted for 35% of total U.S. production. Total projected U.S. crude oil production in 
the AEO2014 Reference case reaches 9.6 million barrels per day (MMbbl/d) in 2019—3.1 MMbbl/d more than in 2012. Over the 
same period, tight oil production grows by 2.5 MMbbl/d, to 4.8 MMbbl/d or 50% of the national total.
In the Reference case, tight oil production begins to slow after 2021, contributing to a decline in total U.S. oil production through 
2040. However, tight oil development is still at an early stage, and the outlook is uncertain. Changes in U.S. crude oil production 
depend largely on the degree to which technological advances allow production to occur in potentially high-yielding tight and 
shale formations. They also depend on the assumed estimated ultimate recovery (EUR) for wells drilled in those formations, in 
addition to assumptions about well spacing and production patterns. To address these uncertainties, AEO2014 includes High Oil 
and Gas Resource and Low Oil and Gas Resource cases (Figure ES-1). In the High Oil and Gas Resource case, tight oil production 
reaches 8.5 MMbbl/d in 2035 (compared to 3.7 MMbbl/d in the Reference case), with total U.S. crude oil production reaching 
13.3 MMbbl/d in the following year (compared to 7.8 MMbbl/d in the Reference case).
A comparison of the Reference case and High Oil and Gas Resource case demonstrates the significant impact that technological 
development and productivity gains in tight oil plays can have on net imports of crude oil and petroleum products. In the Reference 

case, the share of net crude oil and petroleum product imports 
as a percentage of total U.S. product consumed declines 
from 41% in 2012 to 25% in 2016, remains close to that level 
for several years, and then rises to 32% in 2040 (Figure 
ES-2). In the High Oil and Gas Resource case, domestically 
produced crude oil displaces more expensive imported crude 
at domestic refineries, and U.S. finished petroleum products 
become more competitive worldwide. The share of total 
U.S. product consumed represented by net crude oil and 
petroleum product imports in the High Oil and Gas Resource 
case declines to 15% in 2020 and continues to fall through 
2040. The United States becomes a net exporter of crude oil 
and petroleum products at the end of the projection period.
Among the most uncertain aspects of this analysis are the 
potential effects of alternative resource and technology 
assumptions on the global market for liquid fuels, which is 
highly integrated. Regardless of how much the United States 
reduces its reliance on imported liquids, consumer prices will 
not be insulated from global oil prices set in global markets 

2012History Projections

Low Oil and Gas Resource
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High Oil and Gas Resource

Figure ES-1. U.S. crude oil production in three cases, 
1960-2040 (million barrels per day)
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U.S. Energy Information Administration | Annual Energy Outlook 2014ES-4

Executive summary

per capita contributing to a gradual increase in total VMT. However, rising fuel economy more than offsets the modest growth in VMT, 
and energy consumption by LDVs declines in the Reference case from 8.4 MMbbl/d in 2012 to 6.4 MMbbl/d in 2040.
The importance of demographic changes for VMT and transportation energy consumption is highlighted by AEO2014 alternative 
cases in which variations in these assumptions result in higher or lower fuel use (Figure ES-4). In a High VMT case, U.S. LDVs 
consume 5% more energy by 2040, while in a Low VMT case they consume 18% less energy than in the Reference case. This 
variation in projected energy demand from the transportation sector has further effects on other key energy sector indicators, 
including fuel use, imports, and CO2 emissions.

Abundant supply of natural gas spurs greater use for electricity generation and transportation
Natural gas is an attractive fuel for new generating capacity. In some regions, natural gas-fired generation captures markets 
formerly supplied by coal-fired and nuclear plants, and by 2035 natural gas surpasses coal as the nation’s largest source of energy 
for electricity generation (including the power sector and end-use sector generation) in the Reference case (Figure ES-5). In the 
first decade of the projection, growth in electricity generation from renewables tends to be largely policy-driven. However, as 
Reference case natural gas prices rise and the capital costs of renewable technologies—particularly wind and solar—decrease over 
time, renewable generation becomes more competitive, accounting for 16% of total electricity generation in 2040.
If additional existing coal-fired and nuclear generating capacity were retired, natural gas-fired generation could grow more 
quickly to fill the void. In recent years, the number of coal and nuclear plant retirements has increased, in part due to a decline in 
profitability as low natural gas prices have influenced the relative economics of those facilities. The Accelerated Coal Retirements 
case assumes that both coal prices and coal plant operating costs are higher than in the Reference case, leading to additional 
coal plant retirements. In this case, natural gas-fired generation overtakes coal-fired generation in 2019, and by 2040 the natural 
gas share of total generation reaches 43%. In the Accelerated Coal and Nuclear Retirements case, the natural gas share of total 
generation in 2040 grows to 47%. In both cases, renewable generation also increases relative to the Reference case. However, 
barring a breakthrough in electricity storage or related technologies, renewable technologies cannot fully replace the baseload 
generation lost as a result of coal and nuclear plant retirements, and total additions of natural gas-fired combined-cycle capacity 
in these cases are 32% to 50% higher than in the Reference case over the projection period.
Freight rail is considered a potential additional source of natural gas use in AEO2014. Any transition from diesel to natural gas 
as a fuel for freight locomotives will depend on economics, infrastructure needs, and railroads’ decisions with regard to risk and 
uncertainty. For AEO2014, alternative cases were developed that anticipate varying degrees of natural gas penetration into the 
U.S. freight rail market. In the High Rail LNG case, natural gas is used to meet nearly all freight rail energy demand by 2040, while 
in the Reference case it gains 35% of the rail fuel market by that date. However, because the transportation sector is a relatively 
small consumer of natural gas compared to other sectors, the seemingly dramatic fuel switch from the perspective of freight rail 
is only a minor change in overall U.S. natural gas consumption.

A shift away from more carbon-intensive fuels for electricity generation helps to stabilize energy-related carbon 
dioxide emissions
In the AEO2014 Reference case, total U.S. energy-related emissions of CO2 remain below the 2005 level in every year through 
2040. In the Reference case, CO2 emissions from the U.S. industrial sector exceed emissions from the transportation sector 
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Figure ES-4. U.S. light-duty vehicle energy use 
in three cases, 1995-2040 (million barrels of oil 
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Executive summary

beginning in 2024, for the first time since the late 1990s, as new fuel economy standards, biofuel mandates, and shifts in consumer 
behavior result in declining or stable transportation sector emissions from 2012 through 2033. After 2033 they begin to rise 
again, with freight transport increasing the demand for diesel, while demand for motor gasoline declines. In the electric power 
sector, emissions from coal combustion remain below 2011 levels through 2040 as more power plants are fueled by lower-carbon 
fuels, including natural gas and renewables.
CO2 emissions in the electric power sector are dependent on the overall level of demand for electricity, as well as the mix of 
generating technologies used to satisfy that demand. In the Reference case, the average emission rate per kilowatthour of 
generation declines over time, primarily because the coal-fired share of total generation declines and is replaced predominantly 
with natural gas-fired generation, which is less carbon intensive than coal. In addition, the combined share of generation from 
nuclear and renewable fuels is gradually increasing throughout the projection, maintaining a generally consistent contribution of 
carbon-free generation resources. As a result, although generation in the electric power sector increases by 25% from 2012 to 
2040, the sector’s CO2 emissions increase by only 11% over the same period. In most of the alternative cases, a decline in demand 
results in a greater decline in fossil-fueled generation and CO2 emissions, as less efficient oil, coal, and natural gas plants reduce 
output or are retired. For example, in the Low Electricity Demand case, with retail electricity sales in 2040 about the same as in 
2012, generation in the electric power sector is 20% lower, and CO2 emissions are 22% lower, than projected in the Reference case.
CO2 emissions in the power sector are highly sensitive to the relative generation shares of different fuel types, and larger shifts 
away from fossil fuels lead to declining emissions. While the retirement of coal-fired plants in the near term contributes to lower 
levels of CO2 emissions, in the Accelerated Coal Retirements case, where coal retirements through 2040 are more than double 
those in the Reference case, CO2 emissions decline by 11% from 2012 levels and are 20% below Reference case levels in 2040.
In general, growth of renewable generation is associated with a reduction in CO2 emissions in the electric power sector. In the 
Low Renewable Technology Cost case, nonhydropower renewable generation grows at an average annual rate of 4.7% from 2012 
to 2040 (Figure ES-6), compared to 3.2% in the Reference case, and electric power sector CO2 emissions in 2040 are about 4% 
below the Reference case level. When growth in nonhydropower renewable generation is coupled with electricity demand growth 
that exceeds that in the Reference case, the impact on emissions may be more ambiguous. In the High Economic Growth case, 
although nonhydropower renewable generation grows by an average of 4.1%/year from 2012 to 2040, total electricity demand 
grows by 1.2%/year and electric power sector CO2 emissions in 2040 are about 4% higher than in the Reference case.
In most cases that include high levels of nonhydropower renewable generation, electric power sector CO2 emissions still increase 
slightly, if not as rapidly as in the Reference case, between 2012 and 2040, reflecting factors such as generation subsidies that 
reduce the cost of electricity and its price, raising demand. Cases that place a fee on CO2 emissions throughout the energy 
sector, starting at either $10 or $25/ton and rising at a rate of 5%/year thereafter (the GHG10 and GHG25 cases), and a case 
that combines the GHG10 case with the High Oil and Gas Resource case (the GHG10 and Low Gas Prices case) are notable 
exceptions. In those cases, because the additional cost of operating generators that use fossil fuels results in both a decrease in 
overall electricity demand and significant substitution of nonhydropower renewable energy sources for fossil-fueled generation, 
total electric power sector CO2 emissions in 2040 are between 36% and 82% below the Reference case total of 2,259 million 
metric tons, respectively, and total energy-related CO2 emissions from all sources in 2040 are between 15% and 36% below the 
Reference case total of 5,599 million metric tons (Figure ES-7).
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Issues in focus

(4.1%) lower in the No Sunset case and 0.55 cents/kWh (5.0%) lower in the Extended Policies cases than in the Reference case 
(Figure IF1-7).
The reductions in delivered energy consumption and CO2 emissions in the No Sunset and Extended Policies cases are accompanied 
by higher equipment costs for consumers and revenue reductions for the U.S. government. Compared to the Reference case, 
residential and commercial consumers in the No Sunset case, on average, pay an extra $1.7 billion/year (2012 dollars) for end-
use equipment, residential building shell improvements, and additional distributed generation systems between 2014 and 
2040. The government, on average, pays an extra $7.7 billion/year in tax credits to consumers in the buildings sector (or, from 
the government’s perspective, receives that amount of reduced revenue). In the Extended Policies case, consumers and the 
government pay, on average, an additional $14.5 billion and $5.1 billion/year, respectively, over the amounts in the Reference case 
between 2014 and 2040.
The additional costs to the buildings sectors in the No Sunset and Extended Policies cases are more than offset by savings on 
energy purchases as a result of efficiency improvements and increased distributed generation. Compared to the Reference case, 
residential and commercial consumers save an average of $11.9 billion (2012 dollars) in annual energy costs from 2014 to 2040 
in the No Sunset case and an average of $20.4 billion annually in the Extended Policies case.
The largest response to federal tax incentives for new renewable generation in the power sector is seen in the No Sunset case, 
where the extension of the PTC and the 30% ITC reduces government tax revenues by approximately $4.5 billion/year from 2014 
to 2040, as compared with $483 million/year in the Reference case. In the Extended Policies case, the reduction in government 
tax revenues is similar to, but somewhat less than, that in the No Sunset case because of the lower levels of demand. From 2014 
to 2040, annual government tax revenues in the Extended Policies case will be approximately $3.3 billion/year lower than in the 
Reference case.
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In the Accelerated Nuclear Retirements case, 42 GW of nuclear capacity is retired through 2040 (Figure IF6-2). However, other 
than retirements early in the projection, there is no significant reduction in nuclear capacity before the plants begin to reach their 
60th year of operation, in 2029. The same retirement trajectory is repeated in the Accelerated Coal and Nuclear Retirements case.
There is no incremental increase in nuclear retirements in the Accelerated Nuclear Retirements, despite higher O&M costs. 
However, incremental retirements do occur in the Low Nuclear case, discussed in the Market Trends section of the AEO2014. 
The Low Nuclear case uses the same assumptions as the Accelerated Nuclear Retirements case, but also includes the resource 
assumptions from the High Oil and Gas Resource case that result in lower natural gas prices than in the Reference case. As a 
result, economic retirements of nuclear power plants that have not operated for 60 years do occur in the last decade of the 
projection in the Low Nuclear case, with nuclear capacity falling to 35 GW below the levels in the Accelerated Coal and Nuclear 
Retirements case.

Capacity additions
In order to replace capacity that is retired in the accelerated retirement cases, more total capacity (including capacity in the 
electric power sector, combined heat and power, and capacity in the end-use sectors) is added than in the Reference case. 
The new capacity mix consists almost entirely of natural gas and renewable energy sources (Figure IF6-3). Natural gas-fired 
combined-cycle units are favored because of their low fuel prices and relatively moderate capital costs.

Generation fuel mix
As existing coal and nuclear plants are retired, natural gas 
and renewables gain increasing shares of the generation mix 
(Figure IF6-4). The strength of this trend depends on how 
much nuclear and coal-fired capacity is retired.
Coal-fired generation in 2040 is lowest in the Accelerated 
Coal Retirements case, which results in the greatest total 
loss of coal-fired capacity. In all AEO2014 cases, including 
the Reference case, available coal-fired capacity operates as 
baseload generation throughout the projection. Therefore, 
removing coal capacity results in lower overall levels of 
generation. Coal-fired electricity generation in 2040 is 1% 
higher in the Accelerated Nuclear Retirements case than in 
the Reference case as a result of a small increase in coal-fired 
capacity installed at the end of the projection period.
Nuclear power plants also consistently operate as baseload 
generation, and their total generation varies with changes 
in capacity. In the Accelerated Nuclear Retirements and 
Accelerated Coal and Nuclear Retirements cases, nuclear 
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generation in 2040 is 40% lower than in the Reference case. In the Accelerated Coal Retirements case, nuclear electricity 
generation is 2% above the Reference case level in 2040.

Natural gas prices
In all the AEO2014 accelerated retirement cases, natural gas prices are higher in most years than in the Reference case as retirements 
of existing coal and nuclear capacity lead to both increased use of existing natural gas-fired plants and the development of new 
plants. The alternative cases with the largest increases in natural gas-fired generation also have the largest price increases. For 
example, the price of natural gas delivered to the electric power sector in 2040 in the Accelerated Coal and Nuclear Retirements 
case is 11% higher than the Reference case price (Figure IF6-5) [11].

Carbon dioxide emissions in the electric power sector
Coal and natural gas are the primary sources of CO2 emissions from the electric power sector. Coal is the most significant 
contributor, emitting more than twice as much CO2 per megawatthour (mWh) as a combined-cycle plant fueled by natural gas. 
Generation using nuclear power and renewables does not emit CO2.
Because of the high CO2 intensity of coal, scenarios that result in less coal-fired electricity generation also result in the most 
significant emissions reductions. Total electric power sector CO2 emissions in the Accelerated Coal Retirements case are 20% 
below those in the Reference case in 2040 (Figure IF6-6). Emissions are slightly higher in the Accelerated Coal and Nuclear 
Retirements case, because some nuclear power generation is replaced by gas-fired generation; however, the effect of the coal-fired 
capacity retirements still keeps emissions 14% below the Reference case level in 2040. In the Accelerated Nuclear Retirements 
case, nuclear generation is 328 mWh below the Reference case level in 2040, while electric power sector CO2 emissions are 85 
million metric tons higher, reflecting an average increase of 0.26 metric tons CO2 per mWh reduction in nuclear generation across 
the two scenarios. The estimated increase in CO2 emissions per mWh of nuclear generation reduced, which is slightly below the 
estimated increase in CO2 emissions per additional mWh of generation from advanced combined-cycle plants burning natural 
gas, reflects replacement generation from natural gas and renewables, together with some reduction in overall electricity demand 
as a result of higher end-user prices.

Retail electricity prices
Retail electricity prices vary in the accelerated retirement cases, because natural gas prices are a key determinant of wholesale 
electricity prices, which in turn are a significant component of retail electricity prices. Accordingly, the cases with the highest 
delivered natural gas prices also show the highest retail electricity prices (Figure IF6-7). In 2040, real retail electricity prices in 
the Accelerated Coal and Nuclear Retirements case are 12% higher than those in the Reference case.

Conclusions
Accelerated retirements of coal-fired and nuclear electricity generation capacity would cause natural gas and renewables to gain 
an increased share in the nation’s electricity generation mix. Natural gas is most often the lowest-cost option for replacement 
capacity, while renewable generation grows, spurred by the increased economic competitiveness of solar and wind technologies 
toward the end of the projection period. The rising use of natural gas in the electric power sector results in price increases for both 
natural gas and electricity in all sectors relative to the Reference case (Table IF6-1).
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IF7. Renewable electricity projections show growth under alternative assumptions in AEO2014
In the AEO2014 Reference case, renewable electricity generation grows by 69% from 2012 to 2040, including an increase of 
more than 140% in generation from nonhydropower renewable energy sources. Renewables are collectively the fastest-growing 
source of electricity generation in the projection, with annual growth rates that exceed the growth rate for natural gas-fired 
generation. However, because renewables start from a relatively low 12% market share of total generation, their contribution to 
U.S. total electricity generation is just 16% in 2040 in the Reference case, well below the natural gas and coal shares of 35% and 
32%, respectively (Figure IF7-1).
The AEO2014 Reference case is based on current laws and policies, as well as on known technology and demographic trends. 
Projections of nonhydropower [1] renewable electricity generation are sensitive to assumptions about government policies and 
external market factors. Key uncertainties affecting projected growth include expiration of policies that affect financial incentives 
for deployment or operation of particular technologies, the costs and performance of the technologies, the costs of competing 
generation sources, and macroeconomic conditions that affect growth in electricity demand (including GDP growth).
The renewable energy policy landscape is particularly dynamic compared to that of more-established energy sources, as new 
and existing policies continue to be created and adjusted at the federal, state, and local levels. In addition, policies that affect 
competing sources of generation, such as natural gas and coal, can have significant impacts on renewable generation projects. 
For example, placing an explicit or implicit value on carbon dioxide (CO2) emissions would make the cost of operating fossil-fueled 
capacity higher, improving the relative economics of renewables.
From 2005 to 2012, nonhydropower renewable generation more than doubled, encouraged by policies such as federal tax 
credits and grants, state renewable portfolio standards (RPS), and a variety of other state and local policies such as rebates, tax 
incentives, financing assistance, net metering, and interconnection standards. For example, the federal production tax credit 
(PTC), which most recently applied to wind, geothermal, biomass, hydro, certain waste technologies, and marine energy projects 
under construction by the end of 2013, was first established by the Energy Policy Act of 1992. Since that time, the tax credit has 
been revised periodically—expiring several times and then subsequently being renewed. Most recently, the credit expired at the 
end of 2013 and has not been extended as of early 2014. Trade groups and renewable supporters continue to advocate for an 
extension to the 2013 deadline, but the AEO2014 Reference case assumes no such extension.
Assumptions about the cost and performance of renewable technologies also affect the projections, particularly as some renewable 
technologies become more economically competitive in some regions. Determination of future or even current technology costs 
can be a challenge. For example, in the case of solar photovoltaic (PV) technologies, there is enough variation among current 
projects in terms of geographic locations, technologies, developer experience, and regulatory frameworks that even the most 
carefully developed estimates will overstate actual costs for some projects and understate costs for others. While PV capital 
costs have declined over the past decade, there is continuing uncertainty about both the degree and pace of future cost declines.
Projections for generation with renewables are sensitive to the prices of competing generation sources and other market factors, 
particularly in later years of the projection period, when the projected trends in renewable generation are increasingly influenced 
by economic rather than policy factors. In some regions and projection years, renewable resources like wind or solar may 
represent the marginal source of capacity growth, which makes renewables sensitive to price swings in competing resources as 
well as to broader economic or market fluctuations. In order to address such uncertainties, AEO2014 includes alternative cases to 
provide insight regarding the direction and magnitude of sensitivities in the projections. Table IF7-1 shows key technology, policy, 

economic, and market uncertainties and shows how they are 
addressed in a selected group of AEO2014 alternative cases 
(described in more detail in Appendix E).
The Low Renewable Technology Cost case assumes that 
renewable technology capital costs are 20% lower than in the 
Reference case. The No Sunset case assumes the extension 
of existing federal energy policies that contain sunset 
provisions—in particular the production and investment 
tax credits for certain renewable electricity generation 
technologies. The GHG25 case assumes a policy that applies 
a fee on carbon dioxide emissions (in 2012 dollars) starting 
at $25 per metric ton in 2015 and escalating by 5% per year 
to about $85 per metric ton in 2040. The High Oil and Gas 
Resource case adjusts oil and gas resource and productivity 
assumptions that result in natural gas prices to the electric 
power sector in 2040 that are 37% lower than in the 
Reference case. The Low Oil and Gas Resource case adjusts 
assumptions about oil and gas resources that result in natural 
gas prices to the electric power sector in 2040 that are 33% 
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With lower demand for electricity, a total of 110 GW of older coal-fired generating capacity is retired between 2013 and 2040 
in the Low Electricity Demand case, more than double the 51 GW retired in the Reference case (Figure IF8-4). Most of the 
retirements occur early in the projection, due to the timing of the Mercury and Air Toxics Standards (MATS), which require a 
decision to retire or retrofit coal plants to meet environmental standards by 2016. A total of 100 GW of oil- and gas-fired capacity 
is retired between 2013 and 2040 in the Low Electricity Demand case, compared with 40 GW in the Reference case.

Electricity generation
Electricity generation in 2040 is 17% lower in the Low Electricity Demand case than in the Reference case, with natural gas-fired 
generation 472 billion kWh lower and coal-fired generation 343 billion kWh lower. Figure IF8-5 shows total electricity generation 
from the electric power sector and the end-use sectors, with the contributions broken out for natural gas and renewable generation 
to display the relative levels of generation from the end-use sectors. As in the Reference case, natural gas-fired generation overtakes 
coal-fired generation by the end of the projection period, but overall shares for both fuels are lower than in the Reference case. In 
2040, the coal share of total generation drops from 37% in 2012 to 32% in the Reference case, and to 31% in the Low Electricity 
Demand case. The natural gas share, which increases from 30% in 2012 to 35% in 2040 in the Reference case, grows to only 32% 
in 2040 in the Low Electricity Demand case. Because there is less need for new generating capacity, there is less opportunity for 
growth in natural gas-fired generation from new plants.
Nuclear electricity generation is slightly lower in the Low Electricity Demand case than in the Reference case, as a result of fewer 
new builds, but it provides a slightly higher share of total generation than in the Reference case. Renewable generation grows by 
60% from 2012 to 2040 in the Low Electricity Demand case, slightly less than the 69% growth in the Reference case, as a large 
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remains at that level throughout the projection period, following resolution of most of the transportation system constraints in the 
United States. In each of the other outlooks in the comparison, oil spot prices are based on either North Sea Brent or WTI prices, 
with the exception of IEA spot prices, which are based on the international average of crude oil import prices within the member 
countries of the Organization for Economic Cooperation and Development (OECD).
The range of oil price projections for both the near term and the long term reflects market volatility caused by persistent political 
instability in major producing countries in the developing world, as well as different assumptions about the future of the world 
economy. However, with the exception of Strategic Energy & Economic Research (SEER), the projections show oil prices rising over 
the entire projection period. The projections for 2025 range from $60/barrel to $117/barrel for WTI and from $64/barrel to $127/
barrel for North Sea Brent. The projections for 2040 range from $52/barrel to $164/barrel for WTI and from $54/barrel to $171/
barrel for North Sea Brent. The wide range underscores the uncertainty inherent in the projections. Again, with the exception of 
SEER, the spread of the projections is encompassed in the AEO2014 Low and High Oil Price cases, which range from $70/barrel to 
$159/barrel for Brent in 2025 and from $75/barrel to $204/barrel in 2040.

CP3. Total energy consumption
Four projections by other organizations—INFORUM, IHSGI, ExxonMobil, and IEA—include energy consumption by sector. To allow 
comparison with the IHSGI projection, the AEO2014 Reference case was adjusted to remove coal-to-liquids (CTL) heat and power, 
natural gas-to-liquids heat and power, biofuels heat and coproducts, and natural gas feedstock use. To allow comparison with 
the ExxonMobil projection, electricity consumption in each sector was removed from the AEO2014 Reference case. To allow 
comparison with the IEA projections, the AEO2014 Reference case projections for the residential and commercial sectors were 
combined to produce a buildings sector projection (Table CP3). The IEA projections have a base year of 2011 and extend only 
through 2035. ExxonMobil provided base year data for 2010.
Both IEA and ExxonMobil account for electricity generation with renewable energy at the electricity conversion rate of 3,412 
Btu per kilowatthour rather than at a displaced fossil fuel heat rate used in the AEO and other projections, which lowers their 
estimates of total energy consumption. ExxonMobil also includes a cost for carbon dioxide (CO2) emissions, which helps to 
explain the lower level of consumption in their outlook. Although the IEA’s central case also includes a cost for CO2 emissions, its 
Current Policies Scenario (which assumes that no new policies are added to those in place in mid-2013) is used for comparison in 
this analysis, because it corresponds better with the assumptions in the AEO2014 Reference case. In all years shown, ExxonMobil 
and IEA show lower total energy consumption in comparison with the AEO2014 Reference case. Total energy consumption is 
higher in all years of the IHSGI projection than in the AEO2014 Reference case but starts from a lower level.
The INFORUM projection of total energy consumption in 2040 is similar to the AEO2014 Reference case projection, but the 
INFORUM projection for the transportation sector is 1.5 quadrillion Btu higher than the AEO2014 projection, and the buildings 
sector is 0.6 quadrillion Btu higher. Those higher levels of energy consumption are offset by a 2.5 quadrillion Btu lower level of 
industrial sector consumption in the INFORUM projection. For the transportation sector, the INFORUM projection features strong 
growth in diesel fuel demand from 2011 to 2020 (more than 1.2 quadrillion Btu above the 2011 level). However, from 2020 to 
2040, growth is less than one-half (0.6 quadrillion Btu) that in the earlier period. The INFORUM projection for motor gasoline is 
lower than the AEO2014 projection in 2020 but does not decline as quickly afterward. The INFORUM projection for the industrial 
sector is lower than the AEO2014 projection despite higher industrial output, implying greater efficiency improvement.

Table CP2. Comparisons of oil price projections, 2025, 2035, and 2040 (2012 dollars per barrel)
Projections

2012 2025 2035 2040
WTI Brent WTI Brent WTI Brent WTI Brent

AEO2014 (Reference case) 94.12 111.65 106.99 108.99 127.77 129.77 139.46 141.46

AEO2014 (Low Oil Price case) 94.12 111.65  68.40  70.40  71.40  73.40  72.90  74.90

AEO2014 (High Oil Price case) 94.12 111.65 156.62 158.62 185.92 187.92 202.24 204.24

AEO2013 (Reference case) 94.12 110.43 117.41 119.45 145.96 147.99 163.54 165.57

SEER 94.15 111.63  60.00  64.00  54.00  56.00  52.00  54.00

ArrowHead Economics 94.12 111.65 101.94 108.34 119.61 124.00 131.34 135.42

Energy Ventures Associates (EVA) 94.12 --  85.64 -- 106.01 -- -- --

INFORUM -- 111.65 -- 123.86 -- 154.26 -- 171.16

Energy Security Analysis (ESAI) -- 111.50 --  99.10 -- 125.30 -- 131.30

IEA (Current Policies Scenario)a 94.12 111.65 -- 127.00 -- 145.00 -- --

-- = not reported.
aIEA mixed crude oil import prices are based on OECD member country reporting.


