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EXECUTIVE SUMMARY

or decades, coal has powered America. Coal

mined from Wyoming to West Virginia is burned

in hundreds of power plants across the United
States to generate electricity. In 2011, approximately
42 percent of our nation's electricity was produced by
burning coal (EIA 2012a). But today, more than three-
quarters of U.S. coal-fired power plants have outlived
their 30-year life span—with 17 percent being older
than half a century. Most are inefficient, operating far
below both their power generation potential and the
most efficient coal units on the power grid.

They lack essential modern pollution controls, so
they damage public health. The sulfur they emit causes
acid rain. The mercury they release poisons waterways
and fish and causes neurological damage in children
(EPA 2012). The soot they emit creates smog that
causes lung disease, premature death, and triggers
asthma attacks (EPA 2010a; NRC 2010). Burning coal
demands billions of gallons of cooling water from vul-
nerable rivers and lakes, and leaves behind vast quanti-
ties of toxic ash residuals, while coal mining causes
extensive and lasting damage both to human health
and the natural environment (Gentner 2010; NRC
2010). Coal-fired power plants are also our nation’s
largest single source of heat-trapping carbon dioxide
(CO,) emissions, the primary contributor to global
warming (EIA 2012b).

These well-documented drawbacks are reason
enough to reduce the nation’'s dependence on coal.
Less widely appreciated is that many of these coal
plants have reached the end of their useful life—it sim-
ply makes no economic sense to keep them running
when cheaper, cleaner alternatives are available.

As of May 31, 2012, a total of 288 coal-fired gen-
erating units (a power plant comprises one or more
generating units or generators) totaling 41.2 gigawatts
(GW) of coal-fired generating capacity have been
scheduled for closure;' those power generators sup-
plied 3.8 percent of total U.S. electricity used in 2009
(the most recent year of available data). The owners of
these soon-to-be-retired generators have concluded that

Closing old, inefficient, and
uneconomic coal plants is a
historic opportunity to accelerate
the transition to a cleaner
energy future.

paying for costly upgrades to keep their outdated coal
plants running is a bad investment—particularly now
that there are many cleaner, lower-cost alternatives that
can replace old coal units while maintaining the reliability
of the electric system. Whether natural gas, clean renew-
able energy from the wind and sun, or cost-effective effi-
ciency measures to reduce electricity use, energy options
that are abundant, cheaper, and cleaner are making it
harder for dirty coal to compete.

This report examines and evaluates the economic
viability of our nation’s remaining coal-fired electricity
generating units. We find that there are many more un-
competitive coal generators that should be considered
for closure. Their retirement would create an oppor-
tunity to accelerate our nation’s transition to a cleaner
energy future by shifting more of the electricity sector's
investment dollars away from old coal plants and toward
new renewable energy resources, energy-saving tech-
nologies, an expanded and modernized electric grid,
and—to a more limited extent—natural gas power plants.

The Economic Test: Can
America’s Aging Coal
Plants Compete?

To evaluate the economic competitiveness of coal gen-
erators, we compared the cost of electricity from indi-
vidual coal-fired electricity generating units with the
cost of electricity generated from an average natural
gas power plant. Specifically, if a coal-fired generator—
after installing any needed pollution controls—would
be more expensive to operate than a typical cleaner-
burning and more efficient natural gas combined-cycle?

' One gigawatt equals 1,000 megawatts (MW) of power generation capacity; typical coal plants range in capacity from 250 to 1,500 MW or more.

2 NGCC plants are relatively efficient because they generate electricity not only by burning natural gas to turn a turbine but also by converting the heat from natural gas

combustion into steam that powers a second electricity-generating turbine.
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(NGCQC) plant, then we consider that coal generator
ripe for retirement. Our analysis is not an evaluation
of the coal industry’s compliance with federal clean
air standards; instead, we estimate the cost of mod-
ernizing the coal fleet to protect public health by
installing the most effective pollution control tech-
nologies available.?

UCS identified up to 353 coal
generators in 31 states—totaling
59 GW of power generation
capacity—that are ripe for
retirement.

Many older NGCC plants have already largely paid
off their capital costs, whereas other newer plants are
still recovering their initial investment. Thus, we calcu-
lated a range for the total capacity of coal generation
considered ripe for retirement. The high end of that
range was defined by comparing the operating costs
of a coal generator—assuming it was upgraded with
modern pollution controls—to the operating costs of a
typical existing NGCC plant whose capital costs were
already largely recovered. This comparison of coal
generating units to existing NGCC plants yielded the
greatest number of uneconomic coal generators that
could be retired; this we call our Ripe for Retirement
high estimate.

The low end of our range was defined by compar-
ing the operating costs of a coal generator—again,
assuming it was upgraded with modern pollution con-
trols—with the operating costs of a typical new NGCC
plant whose capital costs were not yet recovered. This
comparison of coal generating units to new NGCC
plants yielded the fewest uneconomic coal genera-
tors that could be retired; this we call our Ripe for
Retirement low estimate.

In both the high and low estimates, the costs of
pollution controls were added to the costs of individual
coal-fired generators as needed so that the economic
analysis included the cost of controlling four major
air pollutants: sulfur dioxide (SO,), nitrogen oxides

(NO,), particulate matter (PM, or soot), and mercury

(detailed methodology appears in Appendix A). These
costs were then compared with the operating costs of
the NGCC plants.

We also examined the effect of several variables
that could influence the economic competitiveness of
the remaining operational coal fleet. In these alterna-
tive scenarios, we compared the operating costs of a
coal generator upgraded with added pollution controls
with NGCC plants using a higher and lower natural gas
price, and with the cost of new wind projects both with
and without federal tax credits. Lastly, we examined
how a $15-per-ton price on carbon emissions would
affect the economic viability of coal-fired power com-
pared with cleaner alternatives.

Why a comparison with NGCC plants to establish
a range to our estimates? In many parts of the coun-
try, natural gas is currently the most readily available
low-cost power generation option capable of rapidly
replacing coal-fired power plants in the near term, and
many utilities are already taking steps to make this
switch. However, we believe that retiring coal capacity
could and should be replaced by a mix of alternatives
including renewable energy technologies and reduced
demand due to energy efficiency. We did not consider
new nuclear or coal with carbon capture and storage
(CCS) plants as near-term alternatives because of their
long construction lead times, high costs, and limited
number of proposed projects. The closure of old, inef-
ficient, and uneconomic coal plants is a historic and
important opportunity not only to make smart eco-
nomic investments, but also to transition to the lowest-
carbon energy resources to reduce global warming
emissions significantly from the power sector.

The Ripe-for-Retirement
Generators

Using our economic criteria, we find that a significant
number of additional coal generators nationwide are
ripe for retirement, ranging from a low estimate of 153
to a high estimate of 353. Collectively, the units rep-
resent 16.4 to 59.0 GW of generating capacity; they
thus supplied 1.7 to 6.3 percent of total U.S. electric-
ity used in 2009. Notably, the units we identify are in

3 For every coal generator that lacks pollution controls for any of four specific pollutants—sulfur dioxide, nitrogen oxides, particulate matter, and mercury—we

calculate the cost to install that control technology.
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Key Findings

* Using economic criteria, we have identified a
range of 153 to 353 coal-fired electric utility
generating units (from a national total of 1,169)
as ripe for retirement; all are good candidates
for closure because they are economically
uncompetitive compared with cleaner, more
affordable energy sources. These coal units
collectively represent 16.4 to 59.0 GW of
generation capacity and 1.7 to 6.3 percent of
total U.S. electricity used in 2009 (the most
recent year of available data).

The potential closure of these units would

be in addition to the 288 units representing
41.2 GW of coal-fired generating capacity
already scheduled by their owners for closure,
which produced 3.8 percent of U.S. electricity
use in 2009. Together, the ripe-for-retirement
units plus the already announced closures
would constitute a combined 100.2 GW of
potential coal plant retirements.

Like the announced retirements, the coal
generators that are ripe for retirement are
typically older, less utilized, and dirtier than the
rest of the nation’s coal fleet.

The ripe-for-retirement generators can be
closed without jeopardizing the reliability of the
national electricity system because the United
States is projected to have 145 GW of excess
capacity by 2014 above and beyond reserve

margins required to maintain reliability at the
regional power grid level.

Every region of the country has the potential
to replace the generation from the ripe-for-
retirement generators by increasing the use
of renewable energy, implementing energy
efficiency to reduce electricity demand, and
ramping up underused natural gas plants.

The states with the most ripe-for-retirement
generators are primarily in the Southeast and
Midwest, with the top five (in order) being
Georgia, Alabama, Tennessee, Florida, and
Michigan.

The ripe-for-retirement generators are
owned by some of the nation’s largest power
companies, with the top five (in order) being
Southern Company, the Tennessee Valley
Authority, Duke Energy, American Electric
Power Company, and First Energy.

Replacing a combined 100.2 GW of coal
generators could reduce heat-trapping CO,
emissions and provide other significant public
health and environmental benefits. Emissions
could be cut by anywhere from 245 million
tons to 410 million tons annually, depending
on what resource replaces the coal. These
reductions account for 9.8 to 16.4 percent of
CO, emissions from the power sector in 2010.

addition to the 288 coal units previously announced for
retirement by utility companies and power generators,
which supplied 41.2 GW or 3.8 percent of the nation's
electricity.

For all of the ripe-for-retirement generators identi-
fied in this report, the power they produce—after being
upgraded with modern pollution controls—is more
costly than electricity generated from existing natural
gas power plants, and many are more expensive than
wind power. Our analysis shows that many of these
ripe-for-retirement units may already be uneconomic

even before considering the cost of pollution controls.
Indeed, even without considering the cost of needed
pollution controls, 23.4 GW are already more expensive
to operate than existing natural gas plants.

It is no coincidence that the ripe-for-retirement
coal generators may be good candidates for closure.

Ripe-for-retirement coal generators
are older, less utilized, and dirtier
than the rest of the nation’s coal fleet.
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Table ES-1. Older, Underutilized, and Dirtier: Ripe-for-Retirement Coal Generators
Are Similar to Those Already Announced for Retirement

Ripe-for-Retirement Generators

Announced

RetS g High Estimate Low Estimate
Number of coal generators 288 353 153
Total capacity?® (gigawatts) 41.2 59 6.4
Percent of total U.S. electricity consumption 3.8% 6.3% 1.7%
Average generator age (years)® 50 45 45
Average generator capacity factore 44% 47% 47%
Average generator size (megawatts) 143 167 107
f:gﬁigio(g‘i(f:dnerators lacking three or more pollution control 88% 71% 83%
(Ar:/]az?;:tzr;:;fl CO, emissions if all identified generators are retired 88-150 157-260 55.75

@ Capacity is the amount of electricity a coal generator (or group of generators) can produce operating at full (100%) power. One gigawatt is equal to 1,000

megawatts.

® Age is as of 2012. Results reflect average of the age of the units, weighted by each unit's total potential generation capacity.

¢ Capacity factor is as of 2009 (the most recent year of available complete data), which measures how often and intensively a generator is run over time,
calculated as the ratio of actual power output to potential output if the generator had operated at full (100%) capacity over the same period. Results reflect

weighted averages based on total generating capacity.

9 Pollution control technologies evaluated include scrubbers (for sulfur dioxide), selective catalytic reduction (for nitrogen oxides), baghouses (for particulate

matter), and activated carbon injection (for mercury).

¢ The low end of the avoided annual CO, emissions range reflects replacement of coal with natural gas (existing NGCC units for the high estimate and
announced retirements, new NGCC units for the low estimate); the high end of the avoided annual CO, emissions range reflects replacement of coal with
zero-carbon-emitting resources such as wind, or reduced energy demand due to increased energy efficiency.

As Table ES-1 indicates, the coal units we identified
are, on average, similar to the coal generators that
utilities have already scheduled for closure according
to three important metrics:

They are old. Ripe-for-retirement units average 45
years in age, close to the 50-year-old average of
the generators recently announced for retirement.
Both figures are well beyond the 30-year expected
life span for a typical coal generator. Old coal gen-
erators are typically less efficient and have higher
operating costs compared with newer plants.

They are not heavily used. Ripe-for-retirement
generators are underutilized because they are not
the workhorses of the electricity industry: they
operate at an average of just 47 percent of their
power generation capacity, compared with an
average of 64 percent for the total U.S. coal fleet.
The generators already slated for closure have a

Nearly 40 percent of ripe-for-
retirement coal units are more
expensive to operate than existing
natural gas plants—before
considering the cost of needed
pollution controls.

similarly low average capacity factor of 44 percent.
Conversely, a large, recently built coal unit typically
operates at approximately 80 to 85 percent of its
design capacity.

They are dirty. More than 70 percent of the
generators identified as ripe for retirement in

our analysis lack at least three of the four major
pollution control technologies used to reduce the
environmental and health effects of coal-fired
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power generation. The same is true of 88 percent
of the units already scheduled to be shut down.

As Figure ES-Tindicates, the nation’s coal-fired gener-
ators are concentrated in the eastern half of the country,
primarily in the Southeast, Midwest, and Mid-Atlantic.
Those areas have been dependent on coal for many
decades, with many plants built a half-century ago, so it
is not surprising that they also host the largest concentra-
tion of plants that are ripe for retirement. In general, coal
plants in the western United States tend to be younger
and more likely to have pollution controls installed.

Our analysis found that 19 states are each home to
more than one gigawatt of coal generating capacity

whose power costs exceed those of existing NGCC
plants (Figure ES-2, p. 6, and Table 3 in Chapter 3) and
are thus ripe for retirement. Four of the top five states
are in the Southeast—Georgia, Alabama, Tennessee,
and Florida (in order of capacity that is ripe for retire-
ment)—with 79 generating units totaling more than

21.6 GW. Although Michigan ranks fifth in capacity,

it has the greatest number of coal generators ripe for
retirement: 39 mostly smaller units averaging 94 MW
each. Elsewhere in the Midwest, Wisconsin, Indiana, and
Ohio are also among the top states, with 71 GW of coal
capacity spread over 50 generators that are uneconomic
when compared with existing natural gas plants.

Figure ES-1. Ripe-for-Retirement Generators Located in 31 States
(High Estimate by Size of Generators: 353 Generators Totaling 59 GW")

Installed Capacity
o <25 MW

o <100 MW

O <500 MW

(O < 1,500 MW

O Operational (233.2 GW)
® Ripe for Retirement (59.0 GW)

As many as 353 coal generators in 31 states are ripe for retirement (red dots) according to our high
estimate, which compares the cost of operating coal-fired generating units with the cost of operating
existing NGCC generating plants. These 353 units total 59 GW of capacity, about 6.3 percent of electricity

generated nationwide.

* Includes all utility-scale generating units using coal as a primary fuel source, except those that have already been announced for retirement. Each

dot represents an individual generator (some dots represent multiple generators at the same power plant); the size of the dot depicts its gener-
ating capacity. Capacity is the amount of power a generator is capable of producing when operating at full (100%) output, typically measured
in megawatts or gigawatts (1 gigawatt = 1,000 megawatts). A gigawatt of coal generating capacity is capable of producing enough electricity to
power approximately 1 million typical U.S. homes.
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The ripe-for-retirement generators are owned by
dozens of different utilities and independent power
producers. Some owners have been less forthcoming
than others in scheduling the closure of economi-
cally uncompetitive coal units. Southern Company,
for instance, has by far the most generation capac-
ity deemed ripe for retirement—15.6 GW—but it has
announced less than 1.4 GW of plant closures (Table
ES-2). Duke Energy, American Electric Power, and

FirstEnergy, by contrast, have fewer plants deemed ripe

for retirement, in part because these companies have
already announced plans to close a larger portion of
their coal fleet.

Economic Variables

A variety of factors will determine the future economic
viability of the nation’s coal fleet relative to other elec-
tricity sources. Such factors include the price of coal
relative to alternatives such as natural gas and renew-
able energy, the cost of complying with existing and

Figure ES-2. Ripe-for-Retirement Generating Capacity Is
Concentrated in Eastern States™ (High Estimate: 59 GW)

@ (5)

3,648
MW

NJ: 1,897 MW (14)

MD: 2,081 MW (13)
DE: 442 MW

WV: 1,465 MW (16)

3,860 MW (3)

Total Capacity (MW)
of Ripe-for-Retirement
Generators

M > 4,000
3,000 - 4,000

[ 2,000 - 3,000

[ 1,000 - 2,000
< 1,000

UCS identified up to 353 coal-fired generators nationwide that are uneconomic compared with cleaner
alternatives and are therefore ripe for retirement. These units are in addition to 288 coal generators that utilities
have already announced will be retired. Under the high estimate, there are 19 states with more than 1,000 MW

of ripe-for-retirement coal-fired generating capacity, all in the eastern half of the United States. Georgia leads
all states with more than 7,400 MW of ripe-for-retirement capacity; several other Southeast states also top the
list. However, if previously announced retirements were added to the high estimate, the state rankings would
shift. For example, several Midwest states would move up in rank as a result of significant recent coal retirement
announcements. As a result of nearly 6,800 MW in announced retirements—more than any other state—Ohio
tops the rankings in total coal-fired generating capacity both scheduled for retirement and ripe for retirement.

* Rankings for top 20 states are given in parentheses. State totals of ripe-for-retirement coal capacity do not include announced retirements.
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pending pollution standards, and whether a price is
placed on carbon dioxide. As our analysis shows, wind
is already cost-competitive with coal and natural gas
in some parts of the country. With additional policy
support such as tax incentives, considerably more wind
and solar energy facilities could compete with exist-
ing coal plants, particularly given the environmental
and health costs that coal or utility companies do not
shoulder but are borne by the public.

To assess how economic variables would alter the
number of coal generators deemed ripe for retirement,

we repeated our analysis under the following additional
potential future scenarios: both a 25 percent increase
and a 25 percent decrease in the price of natural gas
from our core-case price of $4.88/MMBtu;* a $15

per ton price on CO, emissions, which is consistent
with more conservative price forecasts from several
government, industry, and expert analyses (Johnston
et al. 2011); and both the extension and expiration of
federal tax credits for wind power (Figure ES-3, p. 8).
The core-case natural gas price is a national 20-year
levelized price delivered to the electricity sector based

Table ES-2. Top 10 Power Companies with Most Ripe-for-Retirement
Generators (High Estimate)

Ripe-for-Retirement Generators

Capacity of
S SR Capacity Number of Location R t‘Annou: c?;\j/lW)
(MW) Generators (State) SHICMENES
Alabama,
1 Southern Company 15,648 48 Florida, Georgia, 1,350
Mississippi
2 Tennessee Valley Authority 5,385 28 AIab?l_ma, Kentucky, 969
ennessee
Indiana, North
3 Duke Energy Corp. 2,760 17 Carolina 3,230
2 American Electric Power 2355 4 Indiana, \(Irgll:lla, 5,846
Company, Inc. West Virginia
5 FirstEnergy Corp. 2,075 7 Obhio, Pennsylvania 3,721
6 Public Service Enterprise 1713 2 Connecticut, 0
Group Inc. New Jersey
Florida, South
7 Progress Energy, Inc. 1,685 3 Carolin 2,532
. . Michigan,
8 Wisconsin Energy Corp. 1,653 10 Wisconsin 384
9 SCANA Corp. 1,405 3 South Carolina 883
10 | GenOn Energy, Inc. 1385 6 Mar{/'?”fj'.we“ 3,882
irginia

4 One million British thermal units (MMBtu, a unit of measure of the energy content of fuel) is equivalent to 1,000 cubic feet of natural gas.
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on the U.S. Energy Information Administration’s (EIA's)
reference case projections from its Annual Energy
Outlook 2012 (EIA 2012¢). The low-price case, which is
a 25 percent decrease in the EIA's reference case pro-
jections, leads to a natural gas price of $3.66/MMBtu.
The high-price case, which is a 25 percent increase,
leads to a natural gas price of $6.10/MMBtu.

In comparing this set of alternative scenarios we
find that varying the natural gas price has the most

dramatic effect on how many coal units are deemed
uncompetitive. Wind power with a continuation of
existing federal tax credits has a similar level of impact
on the economic viability of coal generators as does the
high estimate in our core case of comparing the operat-
ing costs of coal generators with the operating costs of
existing natural gas plants. Placing a price on carbon
dioxide emissions would also have a significant impact
on the economics of coal generators. It is important

Figure ES-3. Coal Generating Capacity Deemed Ripe for Retirement
under Alternative Scenarios

150 -

| With Tax Credits
B Without Tax Credits
| High Estimate
B Low Estimate

w100 |

£

(1]

S

[1-]

>

£

=

‘S

[1-]

] 59

o 50 -

138.2

115.0

Core High Natural
Analysis Gas Prices

345
36.4

Low Natural Carbon Wind
Gas Prices Price Power

62.9

Our analysis reveals that low natural gas prices and a price on carbon dioxide have the greatest impact in

expanding the pool of coal-fired generators deemed ripe for retirement, and that extending the federal tax

credits for wind power is also significant. Alternative scenarios explore three external economic factors that

could influence the coal-fired generating capacity deemed ripe for retirement. In the core analysis (far left),
the low estimate (dark blue alone) compares the operating cost of coal generators with the operating cost

of a new NGCC plant; the high estimate (combined dark blue and light blue) compares the operating cost of
coal generators with the operating cost of existing NGCC plants. The middle three bars repeat the analysis for

hypothetical scenarios where natural gas prices might be 25 percent higher or 25 percent lower, or where a
$15/ton price might be put on carbon dioxide emissions. For the wind power scenario (far right), the analysis
illustrates the capacity of coal-fired generators deemed ripe for retirement if federal tax credits for wind power
are allowed to expire (dark green) or are extended (combined dark green and light green).
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to note, however, that although these comparisons set
analytical bounds on our analysis, they do not prescribe
which energy resources should in fact replace coal.

This report attempts to characterize which coal
generators are most economically vulnerable under
current and possible near-term economic and regula-
tory conditions in the power market. It can help utili-
ties, state and federal regulators, and banks decide
whether it makes more economic sense to retire cer-
tain coal-fired generators, and potentially replace them
with cleaner energy alternatives, instead of sinking
hundreds of millions—and in some cases billions—of
dollars in additional capital into retrofitting them with
modern pollution controls.

We recognize that factors other than operating
costs can and will influence which coal generators are
retired. Such factors include whether the coal units are
located in regulated or deregulated electricity markets,
which can greatly influence whether power plant own-
ers can pass coal plant upgrade costs on to ratepay-
ers. Other key factors include where the coal units are
located on the power grid, what cleaner alternative
energy sources are available nearby, and whether
power transmission lines are available to deliver those
cleaner alternatives to customers. The trend, however,
is clear: collectively, these factors are leading to an
accelerated retirement of coal generating capacity in
the United States.

A Boon for Public Health

Retiring many or all of the coal units identified as

ripe for retirement within this decade would improve
public health by cutting the amount of dangerous pol-
lution that coal-fired power plants emit into the air we
breathe and water we drink, including sulfur dioxide,
nitrogen oxides, particulate matter, mercury, and other
toxic substances. Such pollutants have been linked

to numerous health problems including aggravated
asthma attacks, breathing problems, neurological dam-
age, heart attacks, and cancer. Moreover, closing those
plants would cut emissions of carbon dioxide, the
principal contributor to global warming, and reduce
the risks of heat stress and ozone pollution, which

are both linked to higher temperatures, among other
health-related concerns (EPA 2012; CATF 2010; EPA

A wholesale switch to natural gas is
not a long-term solution to the climate
problem: natural gas is cleaner-
burning than coal but still leads to
significant carbon dioxide emissions.

2010a; Gentner 2010; NRC 2010; Trasande, Landrigan,
and Schechter 2005).

Basing our assessment on the 2009 emissions
profiles for all 353 coal generators in our high estimate,
shutting down all the ripe-for-retirement coal genera-
tors could annually avoid approximately 1.3 million tons
of SO, and 300,000 tons of NO, emissions, as well as
significant amounts of mercury, particulates, and other
toxic emissions—depending on the emissions profile
of the power resources that replace them. Replacing
100.2 GW of coal generators (the total sum of the
41.2 GW of announced retirements plus the additional
59 GW of ripe-for-retirement generators) by ramping
up existing natural gas facilities (many of which are
underutilized) would reduce annual carbon dioxide
emissions from power generation by approximately
245 million tons—equivalent to 9.8 percent of U.S.
power sector CO, emissions in 2010. Carbon dioxide
emissions at the plant level would be substantially
reduced because new natural gas power plants emit
about 40 percent of the carbon dioxide that existing
coal-fired plants do per unit of electricity produced
(EIA 2012c; EIA 2011a). Even bigger reductions could
be realized if all 100.2 GW of coal generators were
replaced entirely with wind power and other zero-
emissions sources, and energy demand were reduced
due to greater energy efficiency. In that case, CO,
emissions could be cut by 410 million tons annually—
equal to a 16.4 percent reduction in 2010 U.S. power
sector global warming emissions.

A Reliable Transition

While we rely on the economics of natural gas facilities
for comparison with coal in our analysis, we are not
suggesting that retiring coal generators should simply
be replaced with natural gas—they should be replaced
by a mix of cleaner energy resources (including wind,
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solar, geothermal, and biomass) in addition to natural
gas. Moreover, some of the reduction in coal genera-
tion would not need to be replaced at all if states put
in place measures that reduce electricity demand
(through energy efficiency, for example). Investments
in new transmission lines could be targeted to bring
renewable energy to market. Investments in advanced
energy technologies that better balance supply and
demand, and integrate large amounts of variable
resources into the electricity grid, could also help
enable a smooth transition to a low-carbon energy
future in the long run.

Increased electricity supply from natural gas
could come from two sources: greater use of the
nation’s abundant and underutilized existing natural
gas generation capacity, and the development of a
limited number of new natural gas power plants. The
nation’s natural gas power plant fleet operated at only
39 percent of its design capacity in 2010. The amount
of additional electricity that could be generated by run-
ning these plants at 85 percent capacity would exceed
the amount (100.2 GW) of electricity generated by
all coal generators already announced for retirement
plus all 353 additional generators we deem ripe for
retirement in our high estimate. Indeed, the power sup-
ply would be adequate in every region of the country
(Figure ES-4), although a more detailed analysis of the
electricity grid would be needed to identify potential
supply and demand imbalances that could result from
coal-unit retirement. In addition, analysis of natural
gas pipeline capacity would be needed to determine
the adequacy of pipeline infrastructure to support
increased natural gas generation. But the abundance
of underutilized already existing natural gas generating
capacity across the country suggests that any need for
replacement generating capacity would not be a bar-
rier to retiring coal units in most areas.

Over the next eight years (that is, by 2020), we
project that existing state policies requiring the use of
renewable electricity and energy-saving technologies
will generate or save more electricity than would be lost
(100 GW) through the closure of retired coal generators
(UCS 2012). Such clean energy gains would exceed the
amount of power generated in 2009 by these coal units
in most regions of the country, as shown in Figure ES-4.

Retired coal generation should be
replaced by a mix of cleaner energy
resources, including wind, solar,
geothermal, and biomass in addition
to natural gas.

Our Clean Energy Future

Apart from the uneconomic coal-fired generating
capacity that is already planned for shutdown or ripe
for retirement based on current economic consider-
ations, we need to consider the long-term implications
of continuing to operate the remaining 229 GW of
coal-fired generation capacity that still appears eco-
nomically viable in the short term. The stark reality

is that avoiding the worst effects of climate change
requires profound and aggressive action to decarbon-
ize our power sector, and rapidly. Many studies have
demonstrated that a smooth transition to low-carbon
or carbon-free sources of energy is technically feasible
and can be affordable, given stable and supportive
long-term clean energy and climate policies (e.g.,
Specker 2010; UCS 2009).

While the current policy landscape is challenging,
the risks of unchecked climate change are becom-
ing ever clearer. Policy makers should consider the
significant health and economic risks of unchecked
climate change and take broad action to cut carbon
dioxide emissions, which could include putting a price
on carbon dioxide pollution. With this future cost in
mind, making expensive investments to upgrade the
remaining coal fleet with needed pollution controls is
financially risky, as it may simply be postponing the
inevitable: these newer coal plants will also eventu-
ally need to be shut down (or retrofitted with very
expensive, and as yet untested, carbon dioxide capture
and sequestration technology) to meet climate policy
goals. Cleaner, low- or no-carbon energy sources are
far better long-term investments.

A wholesale switch to natural gas is not a sustain-
able solution to the climate crisis. Although cleaner-
burning than coal and with less than half the carbon
content, natural gas is still a fossil fuel; burning it
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Figure ES-4. Renewable Energy, Energy Efficiency, and Existing Excess Natural Gas
Can Readily Replace Retiring Coal Generation by 2020°
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Old, inefficient coal-fired generators deemed ripe for retirement can be shut down with minimal impact on the
reliability of the nation's electricity grid. Every region of the country has the potential to replace the generation from
both announced retirements (dark blue) plus units we identify as being ripe for retirement (medium blue). They can
do so through a combination of ramping up underused natural gas plants (gray), and making use of new renewable
energy generation (dark green) and energy efficiency savings (light green) that are projected to be developed over
the next eight years as a result of existing policy requirements, including existing state-level renewable electricity
standards and energy efficiency resource standards.

* The North American Electric Reliability Corporation (NERC) oversees reliability for a bulk power system that includes the United States and Canada.
In this effort, NERC coordinates with eight regional entities to maintain and improve the reliability of the power system. These entities are composed
of utilities, federal power agencies, rural cooperatives, independent power marketers, and end-use customers. Excess gas generation was estimated
by determining the amount of generation that would be produced if existing gas facilities increased electricity production to 85 percent of their
capacity. State efficiency standards and renewable electricity standards are the GWh of savings or generation that would occur if state policy goals
are met through 2020.

still leads to significant emissions of carbon dioxide.
Moreover, natural gas itself (mainly composed of
methane) is a far more powerful global warming gas
than carbon dioxide, and methane leakage associated
with drilling, processing, and transporting natural gas
raises its life-cycle global warming emissions. Drilling
practices such as hydraulic fracturing also lead to

significant environmental and health concerns, such as
the potential contamination of drinking water supplies.

Thus, investments in renewable energy and reduc-
ing electricity demand through greater efficiency, sup-
ported by sustained federal and state policies, will be
critical to transitioning to a low-carbon electric system
over time.
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Recommendations

In states with a large number of economically vulner-
able coal generators, the closure of ripe-for-retirement
units presents a historic opportunity to accelerate a
transition to a clean energy economy that will improve
environmental quality, reduce carbon dioxide emis-
sions, protect public health, and create new jobs.

National and state policies and regulations have a
crucial role in promoting and supporting a transition to
a clean energy economy.

Clean air standards. The Environmental Protection
Agency (EPA) has already finalized strong standards
for several harmful pollutants from coal-fired plants,
including NO,, SO,, mercury, and other toxic pollut-
ants. It is also expected to finalize, for both new and
existing power plants, standards for carbon dioxide
emissions, coal ash disposal, and wastewater and
cooling-water intake structures—and should imple-
ment them without delay to level the playing field for
cleaner generation sources and reduce investment
uncertainty. These standards will require plant owners
to install pollution control technologies at many con-
ventional coal plants that will significantly reduce their
harmful impacts to the environment and public health.
Plants where upgrades are not economic may then

be shut down. Power plant owners may also choose
to shift generation to cleaner sources that are able to
comply with the standards. The EPA has already sig-
naled that it will use existing flexibilities in the Clean
Air Act to ensure that power plant operators have rea-
sonable time to comply with the EPA’s standards, and
that it will coordinate closely with the Federal Energy
Regulatory Commission (FERC) and regional reliability
authorities to ensure that the implementation of the
standards has minimal effect on the reliability of the
electric system.

Energy efficiency and renewable electricity standards.

Twenty-nine states have already adopted renewable
electricity standards requiring utilities to gradually
increase their use of renewable energy, and 27 states
have established targets for energy savings achieved
through investments in energy efficiency (UCS 2012;
ACEEE 2011). Those states can accelerate the transi-
tion from coal by strengthening such standards. Other

states that have not yet implemented such policies
should take the lead from the forward-thinking major-
ity of the nation and enact similar provisions. Even
more effective would be a strong federal standard
that sets minimum national targets for renewable
energy and energy savings—although states should
not wait for the federal government to act. In addition,
Congress should extend by at least four years federal
incentives for renewable energy and energy efficiency,
including the federal production tax credit (PTC) for
wind power and other renewable sources. Congress
should also reduce federal incentives for fossil fuels
and nuclear power, as these mature technologies have
already received enormous subsidies for decades that
continue to give these unsustainable resources an
unfair market advantage.

By 2020, existing state policies
requiring the use of renewable
electricity and energy-saving
technologies will generate or save
more electricity than would be lost by
closing ripe-for-retirement coal plants.

Electric system planning. Transmission planning
entities such as regional transmission organizations
(RTOs) and independent system operators (ISOs) that
operate large sections of the nation’'s power grid are
uniquely positioned to help shape our clean energy
future, assuming they function in an inclusive and
transparent manner. Utilities and transmission plan-
ning authorities should make public their analyses
about what transmission system improvements or
additions to the energy resource mix may be needed
when coal-fired power plants shut down. In addition,
transmission planning authorities must fully comply
with FERC Order 1000, which requires all transmis-
sion planning entities to consider all relevant state
and federal clean energy policies and pollution stan-
dards when determining what mix of infrastructure
investments will be needed to meet projected cus-
tomer demand while maintaining reliability. Likewise,
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regulators in traditionally regulated cost-of-service
states should require the utilities they regulate to con-
duct system-wide planning that evaluates all available
alternatives to meet electricity needs in their state,
including energy efficiency and clean energy technolo-
gies. State regulators should allow a utility to recover
the cost of pollution controls from ratepayers only if
the utility has demonstrated that the public interest
could not be better served by retiring the coal plant
and replacing it with more affordable clean energy
alternatives. In deregulated states, merchant power
producers, who may not be able to recoup an invest-
ment in expensive pollution controls in competitive
wholesale power markets, are already finding that the
bankers who finance investments to retrofit old coal
plants are increasingly skeptical about whether such
capital investments are financially prudent.

Renewable energy and efficiency as the primary
replacement for coal. Historically low natural gas pric-
es and a lack of steady federal policy support for renew-
able energy and energy efficiency could result in natural
gas replacing much of the retiring coal capacity. Simply
shifting our reliance on coal to a new reliance on natural
gas would be a huge missed opportunity to transition
the electric system to truly low- or no-carbon resources
that have less impact on the environment and public

State regulators should not allow a
utility to recover the cost of pollution
controls from ratepayers if a coal
plant can instead be retired and
replaced with more affordable clean
energy alternatives.

health. Deliberate policy support at the federal, state,
and regional levels is needed to ensure that renewable
energy and energy efficiency are not crowded out by a
hasty, risky, uncontained rush to natural gas.
Near-term policies are only the beginning of the
journey toward achieving a clean, sustainable energy
system that will protect public health and achieve the
reductions in carbon dioxide necessary to avoid global
warming's worst consequences. The nation can and
must expand these and other policies to ensure that
we achieve these emissions reductions at the lowest
possible cost and with the greatest benefits to society.
Closing coal plants that are ripe for retirement and
replacing them with cleaner, low-cost alternatives,
particularly with renewable energy and reduced energy
demand through energy efficiency, is a good start.
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CHAPTER 1

Introduction: Pulling the Plug on Uneconomic Coal Plants

n the spring of 2009, executives at Public Service

of New Hampshire (PSNH) had a choice: clean up

or shut down the utility's 52-year-old Merrimack
Station power plant. Reducing the plant’s harmful
emissions of sulfur dioxide (SO,), nitrogen oxides
(NO,), fine particles (soot), mercury, and other pol-
lutants as required by state law would mean spending
hundreds of millions of dollars to install modern pol-
lution controls. The controls would have many public
health and environmental benefits such as reducing
acid rain, smog, lung cancer, asthma, and diseases
caused by mercury. But, as a coalition of businesses,
ratepayers, and nonprofit groups® argued, greater ben-
efits could be achieved at a lower cost by retiring the
plant and replacing it with cleaner and cheaper power
(Hirschberg 2009).

Despite arguments to the contrary, the leaders of
PSNH, which provides power to more than 500,000
homes and businesses, opted to retrofit the plant.
Three years and $422 million later, emissions from
Merrimack Station's smokestack are cleaner, but the
plant still emits far more mercury and climate-warm-
ing carbon dioxide (CO,) than would any non-coal
alternative (Northeast Utilities 2012). The plant also
has not been running much. In February 2012, PSNH
announced that it expected to idle Merrimack Station
for months at a time over the course of the year
because it costs the utility substantially more to run
the plant than to buy electricity from cleaner-burning
natural gas power plants elsewhere in New England
(Loder 2012).

Unfortunately, the utility's customers will be
reimbursing PSNH for its costly retrofit of Merrimack
Station through their electricity bills for many years—
even when the plant does not run. That is because, as
with many publicly regulated utilities across the coun-
try, PSNH was able to raise power rates to pass the full
cost of the pollution controls on to its ratepayers.

Today, the owners of hundreds of coal-fired power
plants across the United States face a similar choice

Owners of coal-fired power plants
must choose whether to retrofit

or retire their dirty, decades-old,
economically uncompetitive plants.

of whether to retrofit or retire their dirty, decades-old,
economically uncompetitive plants. Much is at stake,
including huge costs to ratepayers, additional decades
of mercury emissions and associated harm to public
health and the environment, hundreds of millions of
tons of avoidable carbon dioxide emissions, and the
continued environmental impacts of coal extraction,
processing, transportation, and disposal. Also at

stake are missed opportunities to invest in cleaner
and more affordable technologies, including renewable
energy sources (such as wind power), greater effi-
ciency that reduces energy demand, and even

natural gas.

In this report, we present the results of an eco-
nomic analysis that identifies the old, inefficient, and
economically marginal coal generators nationwide
that deserve particularly rigorous scrutiny before their
owners commit to—and regulators agree to—spend-
ing huge sums of utility ratepayer money or investor
funds to upgrade them. For each coal-fired generating
unit (for definition, see box, p. 16) that produces power
for the U.S. electric system, we estimated the cost of
upgrading the unit with four commonly used pollution
controls. Then we compared the cost of continuing to
operate the unit with the pollution controls with the
cost of generating electricity from two cleaner and
readily available sources: natural gas and wind. What
we found is that, in hundreds of instances, the eco-
nomics of old coal generators are indefensible. For at
least 353 coal-fired generators—nearly a third of those
across the nation—it would be less expensive to build
and operate a new array of wind turbines than it would
be to retrofit and run these old coal units.

5 The Union of Concerned Scientists was among the groups urging regulators and the utility to consider retiring the plant rather than retrofitting it.
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For nearly a third of coal-fired
generators across the nation it would
be less expensive to build and operate
new wind turbines than it would be to
retrofit and run these old coal units.

One factor in the declining competitiveness of
coal-fired power plants is that coal itself has become
more expensive. The average cost per ton of coal
delivered to U.S. electric utilities has increased each
year since 2002, even after adjusting for inflation (EIA
2012a).° Rising international demand, particularly from
China and India, is pushing domestic coal prices higher
and is already creating extreme uncertainty in global
coal markets, according to the International Energy
Agency (IEA 2011). The United States is increasingly

exposed to international coal markets: coal exports
more than doubled from 2006 to 2011, reaching the
highest levels since 1991 (Brown 2012).

The burden coal places on human health and envi-
ronmental quality is also a major liability. Emissions of
SO,, NOy  and fine soot particles from coal plants cause
more than 13,000 premature deaths annually and
20,000 additional heart attacks in the United States,
imposing an estimated $100 billion in annual adverse
health effects (CATF 2010). Coal-burning power plants
are the source of at least half of the nation’s human-
caused emissions of mercury, a known neurotoxin that
can impair brain development (EPA 2012). Coal mining
operations level mountaintops and pollute streams.
The ash left over after coal is burned contains highly
toxic and persistent poisons that must be handled
carefully and at great expense to avoid contaminating
waterways and aquifers. These and other public health

Coal-fired Generation: An Introduction

Nearly all coal-fired power plants in the United
States burn coal to heat water in a boiler that cre-
ates high-pressure steam. The steam turns a tur-
bine, which drives an electrical generator. A power
plant may be composed of multiple steam boilers
driving multiple generators. In this report, we ana-

and use those terms interchangeably.

Definition of Terms

Boiler: An enclosed vessel (containing water or
another liquid) that converts heat from a furnace
into steam.

Turbine: A machine that converts steam generated
in the boiler into mechanical power (a rotating
series of blades connected to a central shaft) and is
connected to a generator.

Generator: A device that converts the mechanical

energy of a spinning turbine into electrical energy.
Generators are rated by the maximum number of
watts of electrical power they can produce.

lyze coal-fired power at the generator, or “unit,” level

Unit: The power production components of a power
plant, comprised of a generator and the turbine and
steam loop that drive it. Many power plants have
multiple units that can be operated independently.

Watt: The standard unit of electric power. A typical
compact fluorescent lightbulb uses 15 to 20 watts,
while a hair dryer might use 1,500 watts.

Megawatt (MW): 1 million watts.
Gigawatt (GW): 1 billion watts, or 1,000 megawatts.

Kilowatt-hour (kWh): The typical unit used to mea-
sure the amount of electricity used by consumers
(households and businesses), equal to 1,000 watts
used in one hour.

Megawatt-hour (MWh): 1 million watt-hours or
1,000 kilowatt-hours.

Gigawatt-hour (GWh): 1 billion watt-hours or
1,000 megawatt-hours.

¢ The cost of transporting coal from the mine to the coal plant, typically by rail or barge, varies by coal type. Appalachian coal, while relatively expensive to mine, is
cheaper to transport than Wyoming coal, which is cheaper to mine but more expensive to transport, because Appalachian mines are generally closer to the coal

plants they serve.




RIPE FOR RETIREMENT | 17

and environmental problems have prompted a variety
of state and federal regulations that require coal-

plant owners to install pollution control equipment—
although hundreds of plants have yet to be cleaned up.

Further, coal plants face the substantial finan-
cial risks associated with their status as the nation’s
top source of the carbon emissions that are disrupt-
ing the climate and raising temperatures around the
globe. As clarified in a 2007 Supreme Court ruling
and the subsequent endangerment finding issued
by the Environmental Protection Agency (EPA) in
2009, the agency has the authority and the obligation
under the Clean Air Act to regulate these emissions
(Massachusetts v. Environmental Protection Agency,
549 U.S. 497(2007)). The agency has recently pro-
posed rules governing carbon emissions from new coal
plants, and limitations on emissions from existing plants
are in the regulatory pipeline. As the severity of climate
change becomes increasingly apparent, policy makers
will be under growing pressure to enact more aggres-
sive policies to cut coal-generator carbon emissions.

With all these drawbacks, coal's dominance in the
U.S. electricity sector has been eroding and will likely
continue to do so. Coal’s share of domestic electric-
ity generation fell from 56 percent in 1990 (EIA 1996)
to 52 percent in 2000 and 42.2 percent in 2011 (EIA
2012a), a trend the U.S. Department of Energy's Energy
Information Administration (EIA) expects to continue.
Planning for new coal plants is at a virtual standstill
(EIA 2011b). As coal declines, new and increasingly
competitive renewable energy and natural gas installa-
tions have been making up the difference; the electric
industry is projecting major expansions of those cleaner
technologies in the next five years (NERC 2011).

Next to such technologically advanced, fast-
growing lower-carbon alternatives, the nation’s coal
fleet looks decidedly over-the-hill. More than three-
quarters of U.S. coal generating units (262 gigawatts,
or GW, of the nation’s 344 GW), as measured by
their power generation capacity, have exceeded their
expected life span of 30 years, and 41 percent are
more than 40 years old (Figure 1, p. 18).

With natural gas prices near historic lows, costs of
renewable energy technologies continuing to fall, and

investments in energy efficiency slowing the growth
of electricity demand, many utilities and independent
power providers are determining that spending money
to keep old, inefficient coal generators running makes
no economic sense. Closures totaling 41.2 GW—12
percent of the U.S. coal fleet—have been announced
since 2009.

More than three-quarters of U.S. coal
generating units have exceeded their
expected 30-year life span.

In dozens of other cases, however, plant owners
appear ready to choose the same costly path taken by
PSNH's executives at Merrimack Station.

This report demonstrates why power plant owners
must take a hard look at whether that course makes
economic sense for them—or for the customers they
serve—before they install pollution controls that would
effectively extend the life of old coal plants by decades,
but only at the expense of investing potentially billions
of dollars. Pressure from state public utility commis-
sions, elected officials, and the general public can force
coal plant owners to reconsider spending money on an
old coal generator and instead invest in cleaner, more
sustainable power options.

Chapter 2 examines the common characteristics
of the current slate of retiring coal generators. It also
explains the analytical methods we used to identify
additional coal generators with similar common char-
acteristics that are uneconomic, and that we therefore
deem ripe for retirement. Chapter 3 presents the
results of that analysis: how many ripe-for-retirement
generators there are, why we deemed them economi-
cally uncompetitive, where they are located, what
characteristics they have in common, how much elec-
tricity they generate, and how much carbon dioxide
and other pollutants they emit. In Chapter 4, we show
why the orderly retirement of most or all of these coal
generators likely would cause no significant shortfalls
in electricity supplies, thanks to the current abundance
of unused natural gas generation capacity plus the

7 The endangerment finding was strongly reaffirmed in a 2012 decision by the U.S. Court of Appeals for the District of Columbia Circuit, which said the EPA's “inter-

pretation of the ... Clean Air Act provisions is unambiguously correct.”
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Figure 1. Age of U.S. Coal Generators in 2012, by Capacity
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Today's U.S. coal fleet is advanced in age, with 262 GW or 77 percent of total capacity already exceeding the
normal 30-year life expectancy. Seventeen percent of the coal fleet was brought online before 1962 (more than
50 years ago).

*Percent of total U.S. coal fleet in parentheses.

expected growth in natural gas, renewable energy,

and energy efficiency in the coming years. Finally, in
Chapter 5, we recommend policies at the state, region-
al, and federal levels that would facilitate the transition
from coal to these cleaner alternatives.
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How the Grid Works: A Simplified View

The electricity grid has been called the world's
most complex machine. It connects generators, or
sources of power, to consumers in homes, offices,
factories, and schools through thousands of miles
of transmission wires. The generators must supply
exactly as much electricity as consumers demand
every second of every day as cities wake up and
return to sleep, large factories and consumer
appliances switch on and off, and generators and
transmission lines are placed into and out of service.
Large baseload generating stations such as
nuclear and coal power plants typically operate
80 percent to 90 percent of the time because
they are expensive to build but relatively cheap
to run. Intermediate or cycling plants, which are
more expensive to run but also more flexible
than baseload plants, are turned up or down to
follow hourly changes in demand. Peaking plants,
which are typically cheap to build but expensive
to run, are used only to meet maximum daily or
seasonal demand, such as on hot summer days.
While natural gas power plants can be operated as
baseload plants, they are more frequently used as
intermediate and peaking plants because they can
be ramped up and down very quickly.
Some renewable energy technologies, such
as hydroelectric, bioenergy, geothermal, landfill
gas, and concentrating solar power plants with
thermal storage, can be operated as baseload or
intermediate generation just like fossil fuel (coal,
oil, and natural gas) and nuclear plants. Electricity
from variable renewable energy sources, such as
wind and solar power, generally is used whenever it
is available; it has very low operating costs because
the “fuel” (the wind and the sunlight) is free.
Energy-saving strategies that can affect customers’
electricity demand enable grid operators to
manage electricity use and costs by reducing

power consumption particularly during high
demand and peak pricing periods. Such demand-
side measures include efficiency, conservation, and
demand-response programs, which can control

a customer's demand for power in response to
market prices and/or system conditions.

Grid operators, also called balancing
authorities, balance energy demand and the
generating and transmission resources available
within a control area. The grid operators signal
to power plants in a control area whether to
increase or decrease their power output as needed.
As electricity demand increases, power plants
are generally turned on, or dispatched, in order
of increasing cost or prices the plant operator
bids into the power market. When operating or
transmission constraints emerge, some plants may
be dispatched out of economic or market order
so as to maintain power grid reliability. The last
generator that is “turned on” to meet demand at a
particular location and time sets the price for the
rest of the market.

Automatic generation control (frequency
regulation) fine-tunes generating output to
respond to changes in demand over seconds
and minutes, while spinning reserves (plants in
operation but not “connected” to the grid) must
be ready to respond within minutes to an hour
if needed. Cycling and peaking plants respond
to hourly changes in demand. The system must
maintain an operating reserve at least large enough
to replace the sudden loss of the biggest resource
on the system, whether it is a generating plant or
a transmission line. Finally, system operators must
maintain an annual reserve margin sufficient to
meet the forecast peak demand, plus an added
percentage to cover for unexpected demands or
plant outages.
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CHAPTER 2

What Makes a Coal Generator Ripe for Retirement?

conomics typically drive the decision either to

upgrade and continue operating a coal genera-

tor or to retire it. Based on this premise, our
analysis evaluates the economic competitiveness of
the generators in the operational coal fleet, and iden-
tifies the ones that are most ripe for addition to the
growing list of plants already slated to retire. We do
so by answering one simple question for each coal
generator in the United States: When modernized with
current pollution control technologies, does the coal
generator produce power at a cost that is competitive
with cleaner alternatives? If the answer is no—mean-
ing that it is more expensive to retrofit and continue
operating the coal generator than it is to switch to a
cleaner energy source—then we consider it ripe for
retirement.

Of course, other factors also influence the eco-
nomic viability of coal generators. Some of these fac-
tors we were able to evaluate, such as the volatility
of natural gas prices and potential policies to reduce
carbon dioxide emissions. However, we did not evalu-
ate other factors, including reliability constraints, the
availability and proximity of alternative resources, the
costs of upgrading cooling-water intakes and coal ash
disposal systems to modern standards, or the increas-
ing maintenance costs and performance problems
associated with aging generators. While some of these
unevaluated factors could lead plant owners to contin-
ue operating specific coal generators, on balance, we
believe they are weighted toward a more conservative
estimate of uneconomic units.

This chapter describes our methodology for
assessing the characteristics of the coal generators
already scheduled for retirement and evaluating the
economic competitiveness of the remaining units in
the nation’s coal fleet (for a detailed description of our
methodology, including data sources and cost assump-
tions, see Appendix A). The analysis included the fol-
lowing four key steps:

When modernized with current
pollution control technologies, does
the coal generator produce power
at a cost that is competitive with
cleaner alternatives?

Current operating costs. We first calculated the
current operating costs of each coal generator and
identified several important factors that contribute to
higher operating costs.

Pollution control technology and costs. We
then identified which coal generators are currently
lacking key pollution control technologies to reduce
emissions of sulfur dioxide, nitrogen oxides, particu-
late matter, mercury, and other toxic air pollution, and
calculated the costs of installing such controls on
each generator.

Comparing coal against cleaner energy sources.
Next, we compared the costs of operating each coal
generator with—and without—these pollution con-
trols to the costs of cleaner alternatives, notably new
and existing natural gas plants and wind power. This
comparison allowed us to analyze the potential con-
tribution that pollution control costs may have on
retirement decisions and to estimate a range of ripe-
for-retirement generating units in the remaining opera-
tional fleet.

Alternative scenarios. Last, we examined the
effect of several variables that could influence the
economic competitiveness of the remaining operation-
al coal fleet, including fluctuations in natural gas prices,
a price on carbon dioxide emissions, and the availabil-
ity of federal tax credits for wind power.

A similar modeling approach was employed by
Synapse Energy Economics in a recent analysis of the
economic merit of coal-fired power plants in the west-
ern United States (Fisher and Biewald 2011).
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Examining these four steps of our methodology
in detail:

Current Operating Costs

As the first step in our methodology, we calculated

the current operating costs of each coal generating
unit supplying utility-scale power by adding the cost of
the coal itself (including transportation) to fixed and
variable operations and maintenance (O&M) costs,
measured in dollars per megawatt-hour of power pro-
duction. Fixed O&M costs typically include ongoing
costs that are not affected by the electricity output of
the generator, such as staff salaries and routine main-
tenance. Variable O&M costs, by contrast, are influ-
enced by the generator’s electricity output, and include
fuel and other materials consumed, equipment and
labor costs associated with unforeseen repairs, and
other non-routine maintenance needs.

If it would be more expensive to
retrofit and continue operating a coal
generator than to switch to a cleaner
energy source, we consider that
generator ripe for retirement.

Characteristics of coal generators that affect operating
costs include:

Age. Coal generating units have traditionally been
built with an assumed design and economic life span
of about 30 years, with the implicit assumption that
the generators would be replaced after that period.

As they age, generators face substantial reliability,
efficiency, and performance problems, which in turn
increase operating costs. Older generators also require
significantly more maintenance unless they undergo
costly, life-extending overhauls (U.S. v. Ohio Edison
Co. 2003).

Size. Across the United States, the size of coal
generators varies significantly, with power capacities
ranging from under 5 MW (typically for industrial
purposes) to well over 1,000 MW. Smaller units tend
to have higher fixed and variable O&M costs per
megawatt-hour of electricity generated. In addition,

due to economies of scale in installing some pollution
control technologies, it is more difficult for smaller
generators to recover the cost of upgrades. Smaller
units also tend to be older: the average size of opera-
tional coal generators more than 40 years old is less
than half that of newer generators.

Capacity factor. The simplest measure of a coal
generator's performance is its output, or the number of
megawatt-hours supplied to the electric grid. Output
is determined both by the size of the generator and by
its capacity factor, which is how often and how inten-
sively it is run over time. A generator operating at full
power every hour in a year would have a 100 percent
capacity factor, although this does not occur in practice
because of routine shutdowns for maintenance, varia-
tions in electricity demand, unexpected outages, and
other reasons. Because coal plants historically have
had relatively low operating costs, they are often run at
high capacity factors to produce electricity around the
clock, often referred to as "baseload” power.

While a typical new, efficient coal power plant has
a capacity factor of approximately 85 percent, the aver-
age capacity factor for the entire U.S. coal fleet was
64 percent in 2009,% and a significant number of coal
generators operated at much lower levels. For example,
30 percent of all U.S. coal generators reported capacity
factors of less than 40 percent. Many of the underper-
forming generators are older and require more down-
time for maintenance, repairs, and overhauls, or they
are not efficient enough to produce power at economi-
cally competitive prices during most times of the year.

Many underperforming coal
generators are older and not
efficient enough to produce power
at economically competitive prices
during most times of the year.

Heat rate. Fuel efficiency plays a significant role in
the operating costs of a coal generator. Heat rate is the
measure of how efficiently a generator produces elec-
tricity from the fuel it consumes. The lower the heat
rate, the more efficient the coal generator is, requiring
less fuel to produce a kilowatt-hour of electricity. Older

& Due to a large number of smaller generating units that could skew a simple average downward, this result reflects a weighted average based on total generating

capacity.



RIPE FOR RETIREMENT | 23

coal generators typically have higher heat rates than
newer facilities. A higher heat rate means they have
higher fuel and operating costs, and are thus less eco-
nomic to run, resulting in lower overall capacity fac-
tors in today's power markets; it also means they emit
more pollution per unit of energy produced.

Older coal generators have higher
fuel costs and emit more pollution per
unit of energy produced.

Pollution Control
Technology and Costs

Burning coal is one of the leading sources of danger-
ous air pollutants such as SO,, NOy, particulate mat-
ter, and mercury (EPA 2012; CATF 2010; EPA 20103;
NRC 2010; Lockwood et al. 2009). The EPA is required
under the Clean Air Act to develop and enforce stan-
dards for these and other pollutants (for more infor-
mation on the details and status of some recent and
upcoming EPA power plant pollution standards, see
Appendix B).

These standards do not necessarily require the
installation of specific pollution control technologies
or that every plant be controlled for every pollutant.
Newer coal generators and some upgraded older units
are likely to be fitted with equipment that limits harm-
ful emissions to meet specific EPA standards. But until
now the owners of many older facilities have been able
to avoid making these life-saving upgrades because of
grandfathering provisions in the Clean Air Act, which
have exempted some existing power plants from
strong standards. For example, older plants were not
required to be retrofitted with the best available pol-
lution control technologies unless state or local rules
required it or the plant was undergoing major modifi-
cations. This provision has served as a major loophole
allowing existing plants to continue to pollute, and
has also created a perverse incentive for power plant
owners to extend the lives of these plants far beyond
original expectations.

Recently issued EPA standards—such as the mer-
cury and air toxics standard and emissions limits for

SO, and NO,—will finally start to reduce the impact of
these loopholes. In some cases EPA standards may be
met by installing pollution control technologies that are
able to reduce the emissions of more than one pollut-
ant. Such co-benefits can cut the emissions of multiple
pollutants sufficiently to meet EPA standards, but not
necessarily to the lower levels achieved by the most
effective individual pollution controls. Further, under
existing cap-and-trade programs to curb acid rain and
NO, pollution, plant owners could opt for other means
of compliance rather than installing pollution controls,
such as switching to cleaner-burning types of coal,
operating dirty plants less often, or purchasing pollu-
tion allowances (McCarthy and Copeland 2011).

Our analysis does not specifically model the EPA's
pollution standards, which will apply to every indi-
vidual generating unit. Instead, as the second step in
our methodology, we evaluate the installation status
of pollution controls for four specific pollutants—SO,,
NO,, particulate matter, and mercury—at each coal
generator. For units that do not already have controls
for all four pollutants, we calculate the cost to install
the control technologies the generator lacks as a
means of modernizing the coal fleet. Cost and perfor-
mance assumptions for all pollution control technolo-
gies are based on data from the EPA (EPA 2010b).

Burning coal is one of the leading
sources of dangerous air pollutants
such as sulfur dioxide, nitrogen
oxides, soot, and mercury.

Sulfur dioxide. Burning coal to generate electric-
ity is the largest source of SO, pollution in the United
States, emitting about 5.7 million tons in 2009. SO,
takes a major toll on public health, including by con-
tributing (along with other coal plant pollutants such
as nitrogen oxides) to the formation of small acidic
particulates that can penetrate into human lungs and
be absorbed by the bloodstream. This category of
particulate pollution—known as PM, .—is linked to
the premature deaths of thousands annually through
heart and lung disease, as well as to thousands more
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Figure 2. Older Coal Generators Are Less Likely to Have SO, Controls’
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Older coal generators are typically the ones that lack wet or dry scrubbers for controlling SO, pollution.

According to the EPA, more than 40 percent of U.S. coal generating capacity between 41 and 50 years old, and

more than 80 percent of the capacity older than 50 years, lacks this important pollution control technology.

* Results include wet and dry scrubbers installed or planned to be installed through 2013.

Source: EPA NEEDS 2012.

non-fatal heart attacks and hospital admissions (EPA
2010a; NRC 2010). SO, emissions also cause acid rain,
which damages crops, forests, and soils, and acidifies
lakes and streams.

One of the most effective ways to reduce SO,
emissions is to install a scrubber on the power plant’s
smokestack. However, nearly half of the coal generat-
ing capacity in the United States lacks this long-avail-
able equipment for controlling SO, pollution. Instead,
many plant owners have been able to comply with
EPA standards by switching to using lower-sulfur coal,
primarily from the Powder River Basin in Wyoming.
The oldest generators are typically the most deficient.
According to the EPA, more than 40 percent of the U.S.
coal generating capacity between 41 and 50 years old,

and more than 80 percent of the capacity older than
50 years, lacks SO, scrubbers (Figure 2).

For coal generators without a scrubber, our
analysis adds the cost of installing wet flue gas
desulfurization (FGD) technology, also referred to as
a wet scrubber. Wet scrubbers use limestone or other
liquid sorbents (a material used to absorb gases) to
create a chemical reaction with SO, in the flue gas
(the combustion exhaust gas in the smokestack).
This method absorbs the sulfur from the exhaust gas
rising through the smokestack to create a wet slurry
waste containing sulfur and other pollutants that
requires treatment and proper disposal. This process
can achieve a reduction in SO, emissions of 95 to
99 percent (Eggers et al. 2010).°

° Older scrubbers typically using a dry sorbent injection process can achieve capture rates of up to 80 percent, and may require upgrades. However, we have not

attempted to capture the costs of upgrading existing scrubbers in this analysis.
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Nitrogen oxides. After vehicles, coal power plants
are the leading NO, polluters in the United States,
releasing nearly 2 million tons annually. NO, pollution
causes ground level ozone, or smog, which can burn
lung tissue and can exacerbate asthma or make people
more susceptible to asthma, bronchitis, and other
chronic respiratory diseases (Freese et al. 2011; CATF
2010). Like SO,, NOy also contributes to acid rain and
the formation of particulate matter.

More than half of U.S. coal generators lack post-
combustion NO, pollution controls (EPA 2010b). For
these coal generators, our analysis adds the costs of
controlling NO, pollution with a proven and reliable
technology called selective catalytic reduction (SCR).
Within the smokestack, SCR uses a chemical catalyst
to convert NO, to nitrogen and water, and can cut NO,
pollution by 90 percent or more (Eggers et al. 2010).

Particulate matter. In addition to causing particu-
late formation through their SO, and NO, emissions,
coal plants directly emit particulates from their smoke-
stacks in the form of fly ash. Alarmingly, nearly 80 per-
cent of U.S. coal generators either have no controls for
particulate matter, or use outdated methods that do
not meet modern standards (EPA 2010b). Our analysis
incorporates the costs of installing baghouses inside
the smokestack. Baghouses use tightly woven fabrics
to capture as much as 99 percent of the particulates
released in the flue gas. When baghouses are com-
bined with SO, and NO, pollution control equipment,
pollution from both direct and indirect particulate mat-
ter is greatly reduced.

More than 80 percent of coal
generating capacity older than
50 years lacks SO, scrubbers.

Mercury. Coal plants are responsible for more
than half of the U.S. human-caused emissions of mer-
cury, a heavy metal that is toxic even in extremely
small quantities (EPA 2012). Once emitted to the
atmosphere, mercury falls back into the environment
and accumulates in water bodies where it is chemi-
cally converted into methyl mercury, which builds up
through the food chain. Human exposure to methyl

mercury comes primarily from eating contaminated
fish. Children and pregnant women are particularly
susceptible to the neurological impacts of mercury
exposure, which can cause brain damage or heart
problems (Trasande, Landrigan, and Schechter 2005).
Yet until very recently, there have been no federal stan-
dards requiring coal plants to limit mercury emissions.

Nearly 80 percent of U.S. coal
generators either have no controls for
particulate matter, or use outdated
methods that do not meet modern
standards.

While the equipment for controlling SO, and NO,
also removes some mercury from coal generators,
the most effective technology for reducing mercury
emissions is through activated carbon injection (ACI).
Mercury attaches to activated carbon powder that is
injected into the flue gas and the particles are then
collected by a baghouse or an electrostatic precipita-
tor (ESP). ESP technology was first used in the 1920s,
and is an older, less effective way to control particulate
matter from coal generators. When ESP is combined
with ACI, mercury emissions can be reduced by up to
70 percent. However, when ACI and a baghouse are
used, up to 90 percent of mercury emissions can be
removed (Eggers et al. 2010). As a result, we assume
that a baghouse and ACI equipment are necessary to
modernize the coal fleet and sufficiently protect public
health and the environment from mercury and particu-
late matter emissions. Our analysis adds the cost of
installing ACI technology, which is currently found on
just 8 percent of U.S. coal generators (EPA 2010b).

Water use and coal ash. Addressing SO,, NO,, par-
ticulates, and mercury emissions are not the only pollu-
tion control hurdles owners may face as they consider the
costs of extending the lifetimes of older coal plants.

For example, a typical coal plant using “once-
through” cooling withdraws hundreds of millions of
gallons of water daily from adjacent lakes and rivers
to cool its steam for re-use. While most of the water
is returned to the water body, the withdrawals kill fish
and their eggs and larvae, and the hot water returned
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to the lake or stream can harm aquatic ecosystems
(Gentner 2010). Cooling towers, which release heat
to the atmosphere so the same water can be recycled
to cool the plant again, increase water consumption
through evaporation. However, they reduce power
plant withdrawals from lakes and rivers by more than
90 percent compared with once-through systems.
Nationwide, about 40 percent of the coal generating
capacity still uses once-through cooling.

Activated carbon injection
technology to control mercury
pollution is found on just 8 percent
of U.S. coal generators.

Coal plants also create vast quantities of ash, a
solid waste that contains arsenic, selenium, cadmium,
lead, mercury, and other poisons, which can leak into
ground or surface water when disposed. Plant owners
can significantly reduce the risks of contamination by
upgrading the facility's ash-handling systems, which
may include converting from wet to dry ash handling,
employing lined landfills, and installing new wastewa-
ter treatment equipment.

Ideally, an analysis of whether a coal generator is
ripe for retirement would consider the costs of lower-
impact cooling systems and ash handling, which are
both subject to new rules from the EPA in 2012 (see
Appendix B). However, because of a lack of consistent
data at the generator level, we did not include these
costs in our analysis.

Comparing Coal against
Cleaner Energy Sources

For those individual coal generators lacking SO,
scrubbers, post-combustion NO, controls, particulate
baghouses, or ACI for mercury, the third step of our
analysis adds the capital and operating cost of each
respective control technology to that unit's operating
costs. (Such costs are already embedded in the

operating costs of the rest of the generators in the
nation’s coal fleet, which already have such pollution
control equipment.)

Our analysis then compares the estimated total
cost to operate each coal generator—including those
generators with existing pollution controls—at its
2009 capacity factor against the cost of producing
power from several competitive energy resources:
existing natural gas combined-cycle (NGCC) plants,
new NGCC plants, and new wind power facilities.”
We did not consider new nuclear or coal with carbon
capture and storage (CCS) plants as near-term alter-
natives because of their long construction lead times,
high costs, and limited number of proposed projects.
We also did not consider new solar, biomass, or geo-
thermal projects, which are currently more expensive
than wind power, but could make modest near-term
contributions in some parts of the country.

The capital, operating, and fuel (including trans-
portation) costs for new and existing NGCC plants
are based primarily on assumptions from the Annual
Energy Outlook published by the EIA (EIA 2012c; EIA
201a). The costs and capacity factors for building
and operating new wind projects, which is currently
the most cost-competitive renewable energy technol-
ogy on average nationwide, are based on data from a
large sample of actual U.S. wind projects collected by
Lawrence Berkeley National Laboratory (Wiser and
Bolinger 2011).

If a coal generator's total cost of power production
is higher than at least one of these competing energy
alternatives, we deem that generator ripe for retire-
ment. In Chapter 3, we establish a range of results for
our core scenario that compares the operating costs
of coal generators with the operating costs of average
new and existing NGCC plants. The lower bound of
that range is defined by comparing the costs of each
coal generator to new NGCC plants, which are more
expensive to operate because they are still amortizing
their capital and financing costs. The upper bound of
that range is defined by comparing the costs of each
coal generator to existing NGCC plants, which are less
expensive to operate because their capital and financ-
ing costs have been largely recovered.

10 Qur analysis compares the costs of individual coal generators with the typical national average cost of alternatives. It does not consider regional cost and per-
formance differences. This is a static analysis comparing a snapshot of these costs as they currently exist, and does not consider potential cost reductions or
increases for different technologies over time. In reality, retiring uneconomic plants and replacing them with cleaner alternatives will happen over a period of

several years.
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Alternative Scenarios

As the last step in our analysis, we present several alter-
native scenarios to examine the effect of key external
variables that could each influence the relative econom-
ic competitiveness of the operational coal fleet.

Natural gas prices. Fluctuations in the price of natural
gas have a substantial impact on the entire electric
power industry. While natural gas prices are currently
low, a significant increase in natural gas demand for
electricity, heating, and other uses could put upward
pressure on those prices. The United States experi-
enced such a price increase between 2004 and 2008
after a significant increase in natural gas power plant
construction. For our core analysis, we assume a
national 20-year levelized natural gas price of $4.88
per million British thermal units (MMBtu) for both
existing and new NGCC units, based on the EIA's refer-
ence case projections for the electricity sector in its
Annual Energy Outlook 2012 (EIA 2012¢). However, to
account for uncertainty in fuel supply and demand, we
also examined the effect on the economics of coal gen-
erators using a low and high natural gas price forecast
for both new and existing natural gas facilities. Our low
natural gas price case assumes a 25 percent decrease
in the EIA's reference case projections to $3.66/
MMBtu, while the high price case represents a 25 per-
cent increase in the EIA projections to $6.10/MMBtu.

Wind production tax credit (PTC). The federal PTC
currently provides a 2.2-cent-per-kilowatt-hour benefit
for the first 10 years of a wind power facility's opera-
tion." This policy, which has contributed to the signifi-
cant growth of domestic wind power, is set to expire at
the end of 2012. Our analysis compares the economics
of coal generators with the cost of a new wind facility
at an average wind resource location (with a 35 percent
capacity factor) both with and without the PTC. The PTC
scenario assumes that the tax credit will be renewed.

Reducing carbon dioxide emissions. Nationally,
coal plants are one of the largest sources of the car-
bon dioxide emissions driving global warming. While
Congress has yet to adopt a national policy to reduce
carbon dioxide emissions, the EPA is moving forward

with its legal responsibility under the federal Clean

Air Act to set standards that limit carbon dioxide emis-
sions from power plants. While the timing and ultimate
structure of any such standards or any future climate
legislation remain uncertain, we analyze the effect

of putting a price on carbon as a generic proxy for a
constraint on carbon dioxide emissions. We assume

a carbon price of $15 per ton, which is consistent

with more conservative price forecasts from several
government, industry, and expert analyses (Johnston
et al. 2011).

288 coal generators in 34 states have
announced plans to retire or convert
to natural gas, totaling 41.2 GW of
capacity (about 12 percent of U.S.
coal generating capacity).

Analysis of Announced Coal
Generator Retirements

From 2009 through May 2012, 288 coal generators
(41.2 GW) have announced plans either to retire or to
convert to natural gas (Figure 3, p. 28) (SNL Financial
2012). Retirements have been announced in 34 states,
with the vast majority in the eastern half of the country.
Some of the units have already shut down, while the
rest are scheduled to be retired over the next several
years. Other retirements may be added to the growing
list in the coming months, as the pace of announce-
ments has quickened since the beginning of 2011.

In 2009, retiring generators accounted for 7.7 per-
cent of the electricity generated from coal and 3.8 per-
cent of electric generation from all sources combined.
These units emitted more than 886,000 tons of SO,,
219,000 tons of NO, emissions, and 150 million tons
of CO, in 2009 alone, as well as significant amounts of
mercury, particulates, and other toxic pollution.’?

As we evaluate the retirement potential for the
remaining operational coal fleet, there are several
important common characteristics among the

" We assume the PTC has a 20-year levelized value of two cents per kilowatt-hour (Wiser and Bolinger 2011). This represents the present value of the PTC to a

wind power project over its typical expected lifetime.

2 Generation and emissions data are for 2009, the latest year for which reasonably comprehensive information was available. Some of the retiring generating units
did not report generation and/or emissions, and were excluded from these summary results.
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Figure 3. Location of 41.2 GW of Announced Retirements vs. Remaining
Operational Fleet’
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From 2009 through May 2012, 288 coal generators in 34 states have announced plans to retire or convert to
natural gas, totaling 41.2 GW of capacity or about 12 percent of total U.S. coal generating capacity.

* Includes all utility-scale generating units using coal as a primary fuel source.

Source: Based on data from SNL Financial 2012.

announced retirements that help inform the premise
and methodology of our analysis. For example, the
announced retirements are some of the oldest, least uti-
lized, and dirtiest coal generators in the United States.

Oldest: Eighty-seven percent of already retiring
generators began operating before 1970. Their average
age is 50 years, compared with 38 years for the U.S.
coal fleet as a whole (Figure 4).”

Least utilized: In 2009, the average capacity factor
of the retiring generators was 44 percent compared
with 64 percent for the total U.S. coal fleet. Forty-three

percent of the retirees reported capacity factors under
30 percent (Figure 4).

Dirtiest: Eighty-eight percent of retiring generators
lack at least three of the four air pollutant control tech-
nologies evaluated in our analysis, while 56 percent
lack all four.

In addition, most of the retiring units no longer
make the cut from an economic standpoint. To illus-
trate this point, we employed the same economic
analysis for the list of coal generators that have
already been slated for retirement as we used for the

3 Results for age and capacity factor reflect a weighted average based on total generating capacity.
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operational fleet.* We found that more than 30 per-
cent of the retiring generators are not currently eco-
nomically competitive with the average existing NGCC
facility. The economics tilt further in favor of existing
natural gas when factoring in the cost of upgrading
the coal generators with modern pollution control
technologies.

Figure 5, p. 30, shows the estimated operating costs
of the retiring coal generators (black dots) if, instead of
retiring, they were to add pollution controls and keep
running, compared with the cost of operating an

existing NGCC facility (red line). As the figure indi-
cates, the vast majority of retiring coal generators

(86 percent) falls above the red line, meaning they
would be more expensive to operate than an existing
NGCC facility. Furthermore, when compared with alter-
native scenarios, such as a low natural gas price case
or wind power including tax credits, virtually all of the
retiring coal generators are not economically competi-
tive. Economic considerations like this help explain the
decision that owners have made to retire the 288 coal
generators rather than retrofit them.

Figure 4. Announced Retirements Are Older and Less Utilized than the
Remaining Operational Fleet”
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Compared with the total fleet of U.S. coal generators, the coal generating units that are scheduled to be retired

are, on average, older and operated less frequently.

4 Sufficient data were available to conduct the economic analysis on 243 of the 288 coal generating units that have announced plans to retire. The remaining coal

generators were removed from the analysis.
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Figure 5. Operating Costs of 86 Percent of Announced Coal Generator Retirements
Are Significantly Higher than Operating Costs of Existing Natural Gas Plants
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Each black dot on the graph represents the operating costs of a coal generator in dollars per megawatt-hour—
including the annualized cost of adding pollution control equipment when lacking—as a function of the generating
unit's capacity factor. The red line reflects the cost of operating an average existing NGCC facility, with costs
declining as the capacity factor increases. The operating costs of 86 percent of the retiring coal generators already
announced cannot compete with the operating costs of existing natural gas generation plants.
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CHAPTER 3

Ripe for Retirement Results

ike the 288 coal-fired electricity generators

(or units) that are already calling it quits, there

are still many more in the remaining fleet that
are similarly old, dirty, unproductive, and increasingly
uneconomic. Given the long overdue need to invest in
modern pollution control technology for coal genera-
tors, plus stiff competition from cleaner, lower-cost
resources such as wind power and natural gas, and
technology to reduce demand through increased effi-
ciency, the economics of keeping old coal generators
operating has become harder and harder to justify.
The trend is clear: if we want to continue a transition
toward a cleaner, healthier, more sustainable energy
system, it is critical to plan appropriately for the next
wave of coal generator retirements while maintaining
reliable and affordable electricity. The results of our
economic analysis, which identify additional coal gen-
erators that are likely candidates for retirement, serve
as a first step in that process.

National Findings

Nationwide, we identified between 153 and 353 add-
itional coal generating units meeting our ripe-for-
retirement threshold. Collectively, they represent

16.4 to 59.0 GW of coal generating capacity, equal

to between 4.9 percent and 17.7 percent of total

coal power capacity. Given their weak competitive
position, investment in those coal generators should
be subject to rigorous review, as regulators, utilities,
banks and others evaluate whether they should be
upgraded or shut down over the next several years.
These additional generators, combined with the

41.2 GW of coal retirements already announced,
represent between 17.3 and 30.0 percent of total

U.S. coal-fired generating capacity. Although coal
generators are scattered throughout the United States,
most of those ripe for retirement are concentrated in
the eastern half of the country, where most of the coal
fleet is located (Figures 6 and 7, p. 32). This area has

Nationwide, we identified between
153 and 353 coal generating units
that meet our ripe-for-retirement
threshold.

been dependent on coal for many decades, with many
plants built a half-century ago, so it is not surprising
that the eastern United States also hosts the largest
concentration of plants that are ripe for retirement.

In general, coal plants in the western United States
tend to be younger and more likely to have pollution
controls installed.

As described in the previous chapter, to determine
low and high estimates of the number of coal genera-
tors ripe for retirement in the remaining operational
fleet, we compared the costs of each coal generator
(including costs for any missing pollution controls)
with the costs of cleaner alternatives.

It is important to note that although for our core
analysis we determined the low and high estimates
by comparing a coal generator's operating costs with
the operating costs of natural gas facilities, either
new or existing (respectively), our analysis is not
intended to suggest that natural gas would replace
all coal generators deemed ripe for retirement.
Initially, many of the coal generators could simply be
retired and not replaced at all because of the large
amount of excess capacity currently in the system,
especially at recently built NGCC plants that are still
operating at well below capacity (see Chapter 4). But
over time, as electricity demand increases and more
coal generators are retired, we expect the retiring
capacity could be replaced through a combination of
existing and new natural gas facilities, new renew-
able energy resources, plus reduced demand through
investments in energy efficiency. For example, our
analysis found a similar amount of ripe-for-retirement
coal generating capacity when compared with new
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wind development or natural gas (see Findings from Figure 8 illustrates the result of the economic
Alternative Scenarios section). This indicates that in analysis for our low and high estimates. Each black
many areas of the country, wind power offers a dot on the graph represents the operating costs of a
viable and affordable alternative to coal and natural coal generator in dollars per megawatt-hour—

gas generation. including the annualized cost of adding appropriate

Figure 6. 59 GW of Ripe-for-Retirement Coal Generators Located in 31 States
(High Estimate vs. Remaining Operational Coal Fleet)

Under our high estimate, which
compares the operating costs

of coal generators that have
pollution controls with the
operating costs of existing NGCC
plants, 353 coal generators in

31 states are uneconomic and
thus ripe for retirement, totaling

59 GW of capacity.
Installed Capacity
o <25 MW
O <100 MW
O<s00OMW N TNy T——"
(O < 1,500 MW “Includes all utility-scale generating units

using coal as a primary fuel source, except

O Operational (233.2 GW) those that have already been announced
@ Ripe for Retirement (59.0 GW) for retirement.

Figure 7. 16.4 GW of Ripe-for-Retirement Coal Generators Located in 28 States’
(Low Estimate vs. Remaining Operational Coal Fleet)

Under our low estimate, which
compares the operating costs

of coal generators that have
pollution controls with the
operating costs of new NGCC
power plants, 153 coal generators
in 28 states are uneconomic and
thus ripe for retirement, totaling

16.4 GW of capacity.
Installed Capacity
o <25 MW

O <100 MW

O <500 MW

O < 1,500 MW

" Includes all utility-scale generating units
using coal as a primary fuel source, except
O Operational (266.0 GW) those that have already been announced

@ Ripe for Retirement (16.4 GW) for retirement.
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pollution control equipment—as a function of the line—similarly declines from $80.40/MWh at a
generating unit's capacity factor. After excluding coal 40 percent capacity factor to $60.20/MWh at an
generators with missing data and those from outside 85 percent capacity factor.

the power sector (e.g., industrial units), we evaluated Under our low estimate, 153 ripe-for-retirement
862 coal generators with a combined power capacity coal generating units (accounting for 16.4 GW of

of 292 GW. According to data from the EIA, the cost coal-fired generating capacity) are above the blue line,
of operating an existing NGCC unit—shown as the red indicating they are more expensive to operate than a
line—declines from $54.00/MWh at a 40 percent new NGCC plant. Under our high estimate, an addition-
capacity factor (which is about the average capacity al 200 coal generators are uneconomic (i.e., above the
factor they operate at today) down to $51.60/MWh at red line) compared with an existing NGCC unit, totaling
a capacity factor of 85 percent (EIA 2012¢; EIA 2011a). 353 units (or 59 GW) identified as ripe for retirement.
Operating costs decline as capacity factor increases Most of the coal generators that are less expensive
because fixed costs are spread across more megawatt- to operate than an average existing gas plant (i.e.,
hours of electricity production. The cost of building below the red line) have capacity factors greater than
and operating a new NGCC unit—shown as the blue 50 percent. These units operate more often in part

Operating Costs ($/MWh)

300 -

250 -

200

150 -

100 -

50 -

Figure 8. Operating Costs’ of Ripe-for-Retirement Coal Generators vs.
Operating Costs of Existing and New Natural Gas Plants

+ Coal Generators Plus the Cost of Pollution Controls
= High Estimate Ripe-for-Retirement Threshold (Existing NGCC)
o0 - Low Estimate Ripe-for-Retirement Threshold (New NGCC)
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The scatter plot shows the operating costs of coal generators we deem ripe for retirement under our low and high
estimates. Each black dot represents the operating costs of a coal generator in dollars per megawatt-hour, including
the cost of pollution control equipment, as a function of its capacity factor. The blue line reflects the operating
costs of a new NGCC facility; the 153 coal generators that are above the blue line are ripe for retirement under

our low estimate. The red line represents the operating costs of an existing NGCC facility; the 353 coal generators
above the red line are ripe for retirement under our high estimate. Many of the coal generators identified as ripe

for retirement are underperformers that produce electricity at capacity factors well below the 2009 nationwide
average of 64 percent.

" The operating cost of each coal generator includes the annualized cost of adding needed pollution control equipment.
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because they are more economically competitive: they
are typically larger, more modern and efficient genera-

tors currently capable of producing power at lower cost.

No single factor causes a coal generating unit
to become ripe for retirement. In many cases, the
combination of old age, inefficiency, and strong com-
petition from alternative energy sources is enough
to trigger the designation. For example, 40 percent
of the 353 generators (representing a capacity of
23.4 GW) identified as ripe for retirement under our
high estimate are not economically competitive even
without adding the cost of installing modern pollution
control equipment (Figure 9). For the additional
35.6 GW of coal generators that meet the ripe-for-
retirement threshold, the cost of modernizing with
vital pollution control equipment is an important fac-
tor but not the only one in determining their inability
to compete economically. Age, performance, and the
nearby presence of cheaper and cleaner energy alter-
natives are also substantial drivers of decisions to
retire a coal generator.

Forty percent of ripe-for-retirement
coal generators (23.4 GW) are

not economically competitive even
without the added cost of installing
modern pollution controls.

Inefficient and Underperforming

Table 1 summarizes characteristics of the coal genera-
tors that we calculate as ripe for retirement, compared
with the list of already announced retirements.® It is
important to note that while the retirements in our
high estimate represented 17.7 percent of the nation's
total coal fleet and 12.9 percent of coal-fired power
generation in 2009, these generators produced just
6.3 percent of U.S. electricity consumption from all
sources. Combining the 288 generators already slated
for retirement with the 353 generators we identify
from our high estimate, represents a capacity of
100.2 GW, which accounts for 30 percent of coal

Figure 9. 40 Percent of Ripe-for-Retirement Coal Generators (Under the 59 GW High
Estimate) Are Already Uneconomic Even Without Including Pollution Control Costs

¥ Ripe-for-Retirement
Capacity under Current
Operating Costs Only

~ | Ripe-for-Retirement
Capacity under Current
Operating Costs with
Pollution Controls

Primarily because of age, inefficiency, and the nearby presence of cheaper and cleaner energy alternatives,

40 percent of the coal generating capacity (23.4 GW) deemed ripe for retirement under our high estimate is not

currently economically competitive, even without the added cost of installing modern pollution control equipment.

For the remaining ripe-for-retirement coal capacity, the cost of modernizing with vital pollution control equipment is
an important factor but not the only one in determining its inability to compete economically.

5 A full listing of generators deemed ripe for retirement can be found in Appendix E.
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Table 1. Ripe-for-Retirement Coal Generators Compared
with Already Announced Retirements

Announced

Ripe-for-Retirement Generators

ST High Estimate Low Estimate
Number of coal generators 288 353 153
Total capacity? (gigawatts) 41.2 59 16.4
Percent of~total U.S. electricity 38% 6.3% 17%
consumption
Average generator age (years)® 50 45 45
Average generator capacity factor® 44% 47% 47%
Average generator size (megawatts) 143 167 107
Percent of g_enerators lacking thrge Z)r 88% 71% 83%
more pollution control technologies
Avoided annual CO, emissions if
all identified generators are retired 88 - 150 157 - 260 52-75
(million tons)®

@ Capacity is the amount of electricity a coal generator (or group of generators) can produce operating at full (100%) power.

One gigawatt is equal to 1,000 megawatts.

b Age is as of 2012. Results reflect a weighted average based on total generating capacity.

¢ Capacity factor is as of 2009 (the most recent year of available complete data), which measures how often and intensively
a generator is run over time, calculated as the ratio of actual power output to potential output if the generator had oper-
ated at full (100%) capacity over the same period. Results reflect weighted averages based on total generating capacity.

4 Pollution control technologies evaluated include scrubbers (for sulfur dioxide), selective catalytic reduction (for nitrogen
oxides), baghouses (for particulate matter), and activated carbon injection (for mercury).

¢ The low end of the avoided annual CO, emissions range reflects replacement of coal with natural gas (existing NGCC
units for the high estimate and announced retirements, new NGCC units for the low estimate); the high end of the avoided
annual CO, emissions range reflects replacement of coal with zero-carbon-emitting resources such as wind, or reduced

energy demand due to increased energy efficiency.

fleet capacity; that capacity, however, is equivalent to
only 10 percent of total U.S. power consumption. In
other words, the coal generators already shutting
down and those on the ripe-for-retirement lists are
not the workhorses of the electric power industry.
They are largely underperformers that produce elec-
tricity at capacity factors well below the nationwide
average of 64 percent for coal. Nearly a third of the
generators in our high estimate of ripe-for-retirement
generators reported capacity factors below 30 percent
in 20009.

Old Age, Small Size, and a Lack of Pollution Controls

Like the fleet of announced retirements, the coal gen-
erators identified as ripe for retirement are among
the oldest, smallest, and dirtiest in the country. The

average first year that generators in our high estimate
first began operating is 1967. Eighty-six percent of the
353 coal generating units in the high estimate have
exceeded their 30-year expected lifetime. Furthermore,
the average size of the generators in the high estimate
is 167 MW, well below the typical 500 MW size of a
modern coal generator.

In the high estimate, 73 percent of the generators
lack a wet or dry scrubber to control SO, emissions and
93 percent have not installed activated carbon injection
to reduce mercury pollution (Figure 10, p. 36). Many of
the generators lack controls for more than one pollut-
ant. More than 70 percent of the generators in the high
estimate do not have proper controls for at least three
of the four pollutants analyzed. Nearly half are missing
proper equipment for all four types of pollution.
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Figure 10. Most Ripe-for-Retirement Generators Lack Pollution Controls (by Control Type)
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The 353 coal generators identified in the high estimate as ripe for retirement are among the dirtiest nationwide.
The vast majority lack proper, modern equipment for controlling SO,, NO_, particulates, and mercury emissions.

Nearly half the generators do not have proper equipment for all four types of pollution analyzed.

SCR = selective catalytic reduction; AC| = activated charcoal injection

Public Health and
Environmental Benefits of
Retiring Coal

Retiring some of the nation’s dirtiest coal capacity
would substantially cut many harmful emissions. For
example, shutting down all 353 coal generators in the
high estimate would annually avoid approximately
1.3 million tons of SO, and 300,000 tons of NOy
emissions, as well as significant amounts of mercury,
particulates, and other toxic emissions, depending on
the emissions profile of the resources that replace it/
Less pollution would provide important benefits to
public health and the environment (EPA 2012; CATF
2010; EPA 2010a; Gentner 2010; NRC 2010; Trasande,
Landrigan, and Schechter 2005), including:

« fewer incidences of asthma aggravation, bronchitis,

and chronic respiratory disease, as well as prema-
ture deaths from heart and lung disease and stroke;

* greater protection of children'’s brain development;
* less damage to crops, forests, lakes, and streams;

* less danger to water supplies from toxic ash and
sludge; and

* fewer fish kills and strains on water bodies from a
reduction in water withdrawals and consumption
for cooling power plants.

Shutting down the 353 coal generating units would
also reduce CO, emissions, the primary contributor to
global warming. Coal plants are the nation’s top source
of CO, emissions, emitting more than all cars, trucks,
buses, and trains combined (EIA 2011c). Replacing
59 GW of coal generators with increased generation
from existing natural gas facilities would reduce annual
CO, emissions from power generation by approximately
157 million tons. If supplanted entirely with wind power,
other zero-emissions sources, and reduced demand due
to greater energy efficiency, CO, emissions from power

‘e Emissions reductions based on 2009 data as reported to the EIA. Forty of the 353 generating units listed in the high estimate, representing about 600 MW of
capacity, did not report SO, and/or NO, emissions, and were not included in the results.
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generation would be cut by 260 million tons annually—
equal to a 10.4 percent reduction in 2010 U.S. power
sector emissions. Moreover, if the 59 GW of ripe-for-
retirement coal generating capacity is added to the
41.2 GW of announced retirements, avoided CO, emis-
sions would be between 245 million tons and

410 million tons, a reduction of between 9.8 percent
and 16.4 percent. While this would mark an important
step forward in addressing climate change, much deep-
er reductions will be needed in the power sector and
across the economy. In order to get to emissions levels
that are 80 percent below 2005 levels by 2050—cuts
in global warming emissions that leading scientists say
are necessary to avoid the most dangerous effects of
global warming—many experts believe that the electric
power sector will need to be fully decarbonized much
sooner (Luers et al. 2007) (see box).

America’s Most Ripe-for-
Retirement Power Providers

The coal generators we identify as being ripe for retire-
ment are owned by dozens of different utility companies
and other power producers. However, in our analysis,
several companies emerge as having considerably more
coal generators that are ripe for retirement than others.
For example, Southern Company, one of the nation's

Ripe-for-retirement coal generators
are among the dirtiest nationwide
because more than 70 percent lack
at least three of the four modern
pollution controls analyzed.

largest electricity producers—with operations in
Alabama, Georgia, Mississippi, and the panhandle of
Florida—ranks as the power provider with the

most coal generators and the most total gigawatts

of power generation capacity that are ripe for retire-
ment (Table 2, p. 38). Southern Company owns more
than 15.6 GW, or about 27 percent, of the 353 coal
generating units deemed ripe for retirement under our
high estimate. This is nearly triple the number of coal
units owned by the second-ranked power provider:
the Tennessee Valley Authority (TVA). TVA, a feder-
ally owned corporation that largely produces wholesale
power, provides electricity to approximately 9 mil-

lion customers in southeastern states. Both Southern
Company and TVA also share the distinction of being
the two power providers most dependent on coal
imports from other states, according to a recent Union
of Concerned Scientists analysis (Deyette and Freese
2010). In 2008, Southern Company and TVA spent

What about Carbon Emissions and the Rest of the Coal-fired

Generation Fleet?

Apart from the significant amount of coal-fired
generation that is already ripe for retirement based
on current economic considerations, the nation
should consider the long-term implications of
continuing to operate the remaining 233 GW of
coal-fired generation capacity. The stark reality

is that the vexing problem of climate change will
require more profound and aggressive action to
rapidly decarbonize the power sector to reduce

the impact of this major source of global warming
emissions (e.g., Specker 2010; Cleetus et al. 2009).
With the health and economic risks of unchecked
climate change becoming more and more apparent,

policy makers should take broad action to cut
emissions, including putting a price on carbon
pollution. With this future cost in mind, making
costly investments to upgrade the remaining

coal fleet is financially risky and may simply be
postponing the inevitable: that these plants will also
eventually need to be shut down (or retrofitted with
very expensive, and as yet untested, carbon dioxide
capture and sequestration technology) to achieve
emissions reduction targets (Freese et al. 2011). A
better use of this large capital expense could be
made by investing it in cleaner, low- or no-carbon
alternatives (as outlined in Chapter 4).
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Table 2. Top 10 Power Companies with Most Ripe-for-Retirement Generators
(High Estimate)

Ripe-for-Retirement Generators Capacity of
Power Company A : aicunces
Capacity Number of Location Retirements
(MW) Generators (by State) (MW)
1| Southern Co. 15,648 48 Alabama, Florida, 1350
Georgia, Mississippi
5 Tennes§ee Valley 5,385 28 Alabama, Kentucky, 969
Authority Tennessee
3 Duke Energy Corp. 2,760 17 Indiana, North Carolina 3,230
4 American Electric 2355 4 Indiana, Y|rg|p|a, West 5,846
Power Company, Inc. Virginia
5 FirstEnergy Corp. 2,075 7 Ohio, Pennsylvania 3,721
Public Service Connecticut,
6 Enterprise Group Inc. 1713 4 New Jersey 0
7 Progress Energy, Inc. 1,685 3 Florida, South Carolina 2,532
8 Wisconsin Energy 1,653 10 Michigan, Wisconsin 384
Corp.
9 SCANA Corp. 1,405 3 South Carolina 883
10 GenOn Energy, Inc. 1,385 6 Maryland, West Virginia 3,882

nearly $4.2 billion and $2.0 billion respectively to import
coal from outside the states they serve. Retiring their
coal generators would cut each utility's dependence on
coal imports and could help keep more energy dollars
within local economies inside the states they serve.

One area where Southern Company and TVA dif-
fer from other power companies in the top 10 list is in
their relatively modest commitments to begin shutting
down some of their oldest and dirtiest coal generators.
TVA has announced the retirement of seven coal units,
representing close to 1,000 MW of capacity, while
Georgia Power is the only one of Southern Company'’s
four subsidiaries to announce the retirement of coal
generators—five units adding up to 1,350 MW of
capacity or about 5 percent of Southern Company’s
total coal fleet. By contrast, American Electric Power
has announced the retirement of 25 coal generators
that add up to more than 5,800 MW. Four other power
companies on the list—GenOn Energy, First Energy,
Duke Energy, and Progress Energy—have announced
more than 2,500 MW of retirements each.

State-level Findings
High-Estimate State Results

Under the high estimate, the 353 ripe-for-retirement
coal generators are located in 31 states (Figure 11). The
greatest concentration of uneconomic coal generators
is in the eastern half of the nation, from the Southeast
through the Midwest and Mid-Atlantic. Nineteen
states—all from these three regions—each have more
than 1,000 MW of coal capacity ripe for retirement.
Table 3, p. 40, ranks the top 20 states by total
capacity of the 353 coal generators ripe for retire-
ment under the high estimate and summarizes key
state results.” Georgia tops the list, with more than
7,400 MW of capacity more expensive to run than
existing natural gas power plants—12.6 percent of the
total across all states. Georgia's coal fleet is one of
the dirtiest in the country, with 77 percent of the
22 generators that made the list lacking modern
control equipment for at least three of the four
pollutants we evaluated. Yet, even without accounting

7 See Appendix C for a table that ranks and summarizes results for all 31 states containing the 353 coal generators in our high estimate that are ripe for retirement.
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Figure 11. Ripe-for-Retirement Generating Capacity Is Concentrated
in Eastern States” (High Estimate: 59 GW)

NH: 559 MW
2 CT: 559 MW
NJ: 1,897 MW (14)

MD: 2,081 MW (13)
DE: 442 MW

WV: 1,465 MW (16)

Total Capacity (MW)
of Ripe-for-Retirement
Generators

M > 4,000
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[ 2,000 - 3,000
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Under the high estimate, 353 coal generators in 31 states were identified as being ripe for retirement. Nineteen

states each have more than 1,000 MW of coal capacity ripe for retirement, all from the Southeast, Midwest, and

Mid-Atlantic regions. Georgia leads all states with more than 7,400 MW of capacity more expensive to generate

by coal than by existing NGCC power plants.

* Rankings for top 20 states listed in parentheses. State totals do not include announced retirements.

for the cost of installing pollution controls, nearly

60 percent of Georgia's capacity (4,406 MW) that is
ripe for retirement is uneconomic compared with exist-
ing natural gas.

Michigan ranks fifth on the table in terms of total
capacity (3,648 MW) ripe for retirement, but has the
greatest number of coal generators on the list, with
39 units. Thus, most of these generators are small,
averaging 94 MW, with all but one having power

The greatest concentration of
uneconomic coal generators is in
the eastern half of the nation, from
the Southeast through the Midwest
and Mid-Atlantic.

capacities of less than 200 MW. Most other states
across the Midwest also have a high number of smaller
generators that made the ripe-for-retirement list. For
example, the average capacities of those generators
in Indiana, lowa, Minnesota, Ohio, and Wisconsin all
range between 60 MW and 160 MW. By contrast,
uneconomic generators in the Southeast tend to be
larger. In Florida, Georgia, and Mississippi, the aver-
age capacity of uneconomic generators is 300 MW or
greater. This regional difference is due, in part, to the
fact that coal plant owners in the Midwest and Mid-
Atlantic have already retrofitted some of their largest
generators, something that typically has not been done
in the Southeast.

Not surprisingly, the 31 states on the list are some
of the most coal-dependent in the country. Twenty of
the states produced more than 50 percent of their total
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Table 3. Top 20 States With the Most Ripe-for-Retirement Coal
Generation Capacity (High Estimate)

State Capacity No. of Coal Ayerage é::;?:igtz Agg:;i‘;?oﬁgz
(MW) Generators Online Year? Factor (million tons)®
1 Georgia 7,411 22 1969 58% 205-364
2 Alabama 6,534 24 1963 45% 151-25.8
3 Tennessee 3,860 22 1955 33% 6.4 -10.8
4 Florida 3,815 1l 1978 50% 109 -18.0
5 Michigan 3,648 39 1961 52% 12.0-19.3
6 South Carolina 2,942 n 1970 46% 6.2-11.4
7 Wisconsin 2,450 18 1962 47% 72-19
8 Indiana 2,431 16 1966 39% 6.5-9.8
9 Mississippi 2,406 8 1976 51% 7.2-1.7
10 Virginia 2,201 20 1971 42% 52-86
il Ohio 2,198 16 1964 31% 34-59
12 North Carolina 2113 13 1968 40% 46-79
13 Maryland 2,081 9 1966 53% 55-96
14 New Jersey 1,897 6 1969 28% 35-54
15 New York 1,502 12 1962 51% 42-70
16 West Virginia 1,465 3 1975 49% 47-74
17 Kentucky 1,391 10 1965 42% 29-51
18 lowa 1,268 17 1967 41% 42-6.2
19 Pennsylvania 1179 14 1983 73% 45-77
20 Nebraska 922 8 1967 54% 35-55

@ Data for average online year and average capacity factor reflect weighted averages based on total state capacity.

® The low end of the avoided annual CO, emissions range reflects replacement of coal with existing natural gas (still a carbon-based fossil fuel),
and the high end of the range reflects replacement of coal with zero-carbon-dioxide-emitting resources such as wind, or by reduced demand
due to energy efficiency.

in-state generation from coal in 2010. West Virginia, states or even other countries (Deyette and Freese
Kentucky, and Indiana each generated more than 2010). Indeed, 16 states were dependent on imports
90 percent of their electricity from coal, although some for virtually all of the coal their power plants burned.

of that power is exported to other states. The states

with the most ripe-for-retirement coal generators are Low-Estimate State Results

also some of the most dependent on imported coal. In Table 4 ranks the top 20 states by total capacity of the
2008, 25 of the states (81 percent) that are top users 153 generators we deemed ripe for retirement under
of coal were also net importers of coal from other the low estimate, and summarizes key state results.”

'® See Appendix C for a table that ranks and summarizes results for all 28 states containing the 153 coal generators in our low estimate that are ripe for retirement.
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Table 4. Top 20 States With the Most Ripe-for-Retirement Coal
Generation Capacity (Low Estimate)

State Capacity No. of Coal Ayerage é::;acﬁ? Agg:i‘;?oﬁgz
(MW) Generators  Online Year® Factor (million tons)®
1 Georgia 3,997 14 1968 56% 11.9-18.7
2 Florida 1,628 6 1974 46% 44-6.6
3 Mississippi 1,438 4 1975 49% 43-6.3
4 Michigan 1190 16 1962 40% 3.8-53
5 Alabama 1,159 7 1957 44% 29-44
6 South Carolina 907 6 1962 22% 11-17
7 Virginia 899 10 1970 48% 3.0-43
8 Wisconsin 678 9 1957 46% 25-36
9 Pennsylvania 651 10 1990 87% 3.2-49
10 lowa 507.6 12 1965 28% 1.8-23
1 Missouri 446.5 8 1965 51% 1.6-24
12 New York 406.6 6 1960 36% 14-18
13 Minnesota 3433 7 1961 37% 12-16
14 Ohio 283.5 5 1952 4% 01-0.2
15 North Carolina 2517 5 1988 21% 05-0.7
16 Kentucky 216 4 1957 48% 0.7-11
17 New Hampshire 213.6 3 1957 71% 1.0-16
18 Colorado 2043 3 1975 78% 14-19
19 Tennessee 175 1 1954 26% 0.2-04
20 Nebraska 167.8 2 1979 50% 0.7-10

2 Data for average online year and average capacity factor reflect weighted averages based on total state capacity.

® The low end of the avoided annual CO, emissions range reflects replacement of coal with new natural gas (still a carbon-based fossil fuel),
and the high end of the range reflects replacement of coal with zero-carbon-dioxide-emitting resources such as wind, or by reduced demand

due to energy efficiency.

As in the high estimate, states from the Southeast and
Midwest dominate the rankings, both in total capacity
and the number of economically vulnerable genera-
tors. One of the key differences in the rankings is that
three fewer states have generators that make the list
under the low estimate: Arizona, Connecticut, and
Delaware. In addition, Pennsylvania notably moves from
nineteenth in terms of total capacity under the high
estimate to ninth under the low estimate, indicating

that a high percentage of its coal fleet is economically
vulnerable compared with both new and existing natural
gas power plants.

Combined Results

As discussed in Chapter 2, coal plant owners in many
states have already decided to retire their most eco-
nomically underperforming generators. When those
288 generators already slated for retirement are
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Figure 12. 39 States’ Ranked by Capacity of Coal Generators Announced to Be Retired
or Identified as Ripe for Retirement (High Estimate)
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Coal generators in 39 states have either been scheduled for retirement or identified as ripe for retirement under
our high estimate. Eighteen states have more than 2,000 MW of generating capacity that falls under both
categories. Ohio leads all states with nearly 9,000 MW of coal generating capacity that is ripe for retirement,

followed by Georgia with nearly 8,700 MW.

* Rankings for top 20 states listed in parentheses.

combined with our list (the high estimate) of 353 addi-
tional generators that are economically vulnerable,
there are 39 states with 100.2 GW of coal generating
units that have either announced retirements or have
been identified as ripe for retirement (Figure 12).
Table 5 ranks the top 20 states™ by total com-
bined capacity of coal generators already scheduled for
retirement plus our high estimate of additional ripe-for-
retirement generators. Eighteen of these states have
more than 2,000 MW of generating capacity that fall
under both categories. While many of the states in the
top 10 remain the same as in our high estimate, several
states moved up in rank as a result of significant recent

announcements of uneconomic generators to be retired.
For example, with nearly 6,800 MW in announced
retirements—more than any other state—Ohio moves
to the top of Table 5. Likewise, Pennsylvania moved

up from nineteenth to fourth as a result of announcing

There are 39 states with

100.2 GW of coal generating

units that have either announced
retirements or have been identified
as ripe for retirement.

1” See Appendix C for a table that ranks and summarizes results for all 39 states, combining both the generators already slated for retirement with our high esti-

mate of additional generators ripe for retirement.
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Table 5. Top 20 States Ranked by Combined Capacity of Coal Generators Announced for Retirement
and Identified as Ripe for Retirement (High Estimate)

Combined Total Announced Retirements Ripe for Retirement (High Estimate)

Capacity No. of Coal Capacity No. of Coal Capacity No. of Coal
(MW) Generators (MW) Generators (MW) Generators
1 Ohio 8,962 59 6,763 43 2,198 16
2 Georgia 8,667 26 1,257 4 741 22
3 Alabama 7,377 30 844 6 6,534 24
4 Pennsylvania 5,024 40 3,845 26 1179 14
5 North Carolina 5,017 39 2,904 26 213 13
6 Florida 4,998 15 1183 4 3,815 n
7 Indiana 4,725 40 2,293 24 2,431 16
8 West Virginia 4,403 21 2,938 18 1,465 3
9 Virginia 4,314 34 214 14 2,201 20
10 South Carolina 4,066 26 1125 15 2942 n
1 Tennessee 3,985 23 125 1 3,860 22
12 Michigan 3,760 4 12 2 3,648 39
13 [llinois 3,246 25 2,423 17 823 8
14 Wisconsin 2,827 26 377 8 2,450 18
15 New York 2,661 21 1,160 9 1,502 12
16 Kentucky 2,623 19 1,233 9 1,391 10
17 Mississippi 2,406 8 - - 2,406 8
18 Maryland 2190 n 110 2 2,081 9
19 New Jersey 1,922 7 25 1 1,897 6
20 Nevada 1,878 3 1,878 3 - -
3,845 MW in retirements, possessing a combined total generators are typically larger, newer, and operated
of 5,024 MW in announced retirements and additional more frequently than the nationwide average, giving
uneconomic, ripe-for-retirement generators. them a stronger competitive advantage in dealing with
Both Texas and Nevada each have more than the cost of installing conventional pollution controls.
1,000 MW in announced retirements. In Texas, three However, other important factors should be considered
generators totaling 1,490 MW are already slated for that may lead some of their owners to retire them
retirement. The state's remaining generators did not rather than retrofit them anyway, including the needs
make our ripe-for-retirement list, despite the fact that to cut carbon dioxide emissions and to install cooling
more than half of them are missing adequate emis- towers to address significant water resource needs in a

sions controls for three or more pollutants. The Texas drought-prone state.
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Figure 13. Coal Generating Capacity Deemed Ripe for Retirement under
Alternative Scenarios
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Alternative scenarios explore three external economic factors that could influence the coal-fired generating
capacity deemed ripe for retirement. In the core analysis (far left), the low estimate (dark blue alone) compares the
operating cost of coal generators with the operating cost of a new NGCC plant; the high estimate (combined dark
blue and light blue) compares the operating cost of coal generators with the operating cost of existing NGCC plants
whose capital costs are largely amortized. The middle three bars repeat the analysis for hypothetical scenarios
where natural gas prices might be 25 percent higher or 25 percent lower, or where a $15/ton price might be put on
carbon dioxide emissions. For the wind power scenario (far right), the analysis illustrates the capacity of coal-fired
generators deemed ripe for retirement if federal tax credits for wind power are allowed to expire (dark green) or
are extended (combined dark green and light green). Our analysis reveals that low natural gas prices and a price on
carbon dioxide have the greatest impact in expanding the pool of coal-fired generators deemed ripe for retirement,
and that extending the federal tax credits for wind power is also significant.

natural gas, a price on carbon, and the possibility of an

Findings from Alternative
Scenarios

Numerous external factors could play a significant role
in determining the future economic viability of the coal
fleet nationwide and, by extension, the number of coal
generators deemed economically ripe for retirement.
We explored three factors: a high and low price for

extension or expiration of federal tax credits for wind
power. Figure 13 compares the total capacity of ripe-
for-retirement generators under each of these alterna-
tive scenarios with the high and low estimates from
the core analysis.?®

Natural gas prices. Although many experts project
that natural gas prices will remain relatively stable over

20 See Appendix D for a summary table of the alternative scenarios results.



RIPE FOR RETIREMENT | 45

the next several years, uncertainties in the power mar-
ket as well as in fuel supply and demand could drive
prices higher or lower in the future. Regional prices
also differ from the national average. Our core analysis
assumes a national 20-year levelized natural gas price
of $4.88/MMBtu for both existing and new NGCC
units, based on the EIA's reference case projections
for the electricity sector in its Annual Energy Outlook
2012 (EIA 2012¢). The low natural gas price scenario
assumes a 25 percent decrease in the EIA’s reference
case projections ($3.66/MMBtu), while the high price
scenario represents a 25 percent increase in the EIA
projections ($6.10/MMBtu).

Varying natural gas prices have a substantial
impact on the amount of coal generating capacity that
remains economically competitive with natural gas
generating capacity. For example, when comparing
coal with an existing NGCC facility under the low price
scenario, the total capacity of economically vulner-
able coal generators grows to 138.2 GW—more than
double the high estimate of 59 GW in our core analysis
results. The additional coal generators flagged as ripe
for retirement under the low natural gas price scenario
tend to be more productive, generating electricity at
higher capacity factors than the core analysis retire-
ments. Indeed, at an estimated 651 million MWHh, the
total annual coal generation designated as ripe for
retirement in the low price scenario is nearly three
times greater than the high estimate of the core analy-
sis. In contrast, if natural gas prices were to increase
compared with the core analysis, fewer coal generators
would be economically vulnerable compared with nat-
ural gas. Under the high natural gas price scenario for
an existing NGCC facility, the total capacity of genera-
tors deemed ripe for retirement declines by 41 percent
(from 59.0 GW to 34.5 GW), representing a decrease
in total generation of 50 percent (from 225 million
MWh to 113 million MWh).

A price on carbon. The carbon price scenario uses
a conservative CO, price of $15 per ton as a generic
proxy for potential future policies or regulations to
address global warming emissions.?’ Based on smoke-
stack emissions only,?? new NGCC plants typically

Low natural gas prices, a price on
carbon, and extending the federal
tax credits for wind power

each have a great impact on
expanding the pool of ripe-for-
retirement coal-fired generators.

produce approximately half the CO, emissions per
megawatt-hour of power generated by new coal plants,
and 36 percent of the average CO, emissions for the
existing U.S. coal fleet. As a result, placing a price on
carbon has a greater impact on the cost of electricity
generated from coal than from natural gas. Conversely,
zero-carbon renewable energy sources such as wind
and solar would realize an even bigger cost advantage
because they emit no carbon dioxide.

Under the carbon price scenario, the coal gener-
ating capacity that is economically vulnerable nearly
doubles from 59 GW to 115 GW when compared with
existing natural gas power generating capacity. If all
that additional coal generating capacity were retired,
annual CO, emissions would be reduced by 348 million
tons, which is 14 percent of 2010 U.S. power sector
emissions—more than twice the reductions in annual
CO, emissions under the core analysis for existing
natural gas power plants. The avoided CO, emissions
would likely be even higher, assuming that wind power
and new NGCC facilities replace some of the closed
coal generators.

None of the potential reductions discussed above
include the 88 million to 150 million tons of CO, emis-
sions reductions that will occur from shutting down the
41 GW of coal generators already on the announced
retirement list.

Extended tax credit for wind. Our analysis also
evaluates the economic viability of coal compared with
wind power. We found that wind power costs are com-
petitive enough to force a significant number of coal
generators over the threshold of being ripe for retire-
ment, but how many depends greatly on the status of

21 Qur carbon price assumption is based on the low-cost case from a 2011 meta-analysis by Synapse Energy Economics, which reviewed more than 75 different
scenarios from recent modeling analyses of various climate policies (Johnston et al. 2011). It is also consistent with what the EIA assumes in its modeling and
long-term energy projections for the United States when evaluating investments in coal plants and other carbon-intensive technologies, and with what many

utilities and regulators use in resource planning (EIA 2010).

22 The extraction of natural gas using hydrofracking technology and the transport of natural gas in pipelines creates the potential for significant additional global
warming emissions. For more information, see box, “What Are the Risks of an Over-Reliance on Natural Gas?" in Chapter 4.
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the federal production tax credit for renewable energy.
The PTC, which provides a 20-year levelized value of
two cents per kilowatt-hour, is set to expire at the end
of 2012 (Wiser and Bolinger 2011). Our core analysis
compares the economics of coal generators with the
cost of wind minus the tax credit (that is, assuming the
PTC expires), while the alternative scenario assumes
that the PTC is extended.

Without the PTC, 22.1 GW of coal generating
units meet the ripe-for-retirement threshold. With the
added financial support from extending the PTC, nearly
triple that coal-generated capacity—62.9 GW—would
become economically vulnerable compared with wind.
These results are consistent with the findings from
the low and high estimates of the core analysis, which
compares the cost of generating electricity from coal
versus from natural gas. That is because in an average
wind resource area, the cost of producing electric-
ity without the PTC is generally competitive with the
cost of a new NGCC unit (the comparison threshold
for our low estimate). Also, unlike coal (which must
be mined and transported) and natural gas (which
must be drilled and transported), the wind blows for
free. However, additional transmission and integra-
tion costs, lower capacity values, and limited ability
to control when wind turbines generate power all
contribute to the need for additional incentives if wind
power is going to compete on a level playing field with
fossil fuels, whose environmental and health costs are
not fully reflected in their power costs. With the PTC,
wind power costs are generally more comparable to
the costs of an existing NGCC facility (the comparison
threshold for our high estimate).

Because wind generation emits no CO, or other
harmful pollution, however, the avoided CO, emissions
associated with replacing coal with wind are substan-
tially higher than with natural gas. The scenario of wind
including the PTC would reduce annual CO, emissions
by 279 million tons, a more than 75 percent increase
over the CO, reductions that would occur if all 353
coal generators identified in our high estimate were
retired and their power replaced by existing natural gas
facilities. In addition, the United States has tremendous
wind resource potential, far exceeding the potential
for excess existing natural gas capacity to replace coal
generation (Bradley et al. 2011; EERE 2008).

The United States has tremendous
resource potential for wind, far
exceeding the potential for excess
existing natural gas capacity to
replace coal generation.

Limitations and Uncertainties

The U.S. electric power system is dynamic, com-

plex, and constantly changing in response to various
domestic and international influences. Any macro-level
economic analysis seeking to determine the future
decisions of individual power providers is inherently
uncertain. Our analysis is not a prediction of what will
happen to the U.S. coal power fleet, but rather an effort
to identify which coal generators are most vulnerable
to the current and near-term economic conditions in
the power market. In pursuit of that goal, we note that
four key factors limit our analysis or create uncertainty:

* Data limitations
* National-level assumptions
* Clean Air Act standards

* Dynamic power markets

Data limitations. Our analysis relies on generator-
level data reported annually by facility operators to
the EPA and the EIA. While these data are accurate
and current to the best of our knowledge, errors in
data reporting or processing could affect our results.
Moreover, in several situations, relatively small
amounts of incomplete, unreported, or inconsistent
data limited the scope of the results or required us to
make simplifying assumptions or other changes to our
methodology. For example, there were 204 coal gener-
ators (30.3 GW) that lacked net generation or capacity
factor data. As a result, their operating costs could not
be estimated and we excluded these generators from
our analysis. Based on their average age and size,
some subset of these generators would likely be
considered ripe for retirement if sufficient data were
available to evaluate.

We also relied on EPA data to identify the pres-
ence of a specific pollution control technology at an
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individual generator and then merged that information
with additional data about the generator from the EIA.
However, the EPA bases its data on individual coal-
fired boilers, whereas the EIA reports at the generator
level (which could be tied to multiple boilers). In the
few cases where boiler-level data from the EPA did not
precisely match generator data from the EIA, we made
attempts to reconcile the differences. Furthermore,
some coal owners have more recently completed or
made commitments to retrofit generators with
pollution controls—data that have not been captured in
the EPA's database. Where we had direct knowledge of
such situations, we adjusted our analysis accordingly.
National assumptions. Our analysis evaluates
the economics of coal at the generator level, but a
lack of consistent and reliable unit-specific or regional
data requires that many of our cost and performance
assumptions be based on averages or other national-
level information. For example, all cost and perfor-
mance assumptions for natural gas and wind are for
a typical, nationally representative facility. We also
used national average heat content and fuel cost data
depending on the type of coal burned to estimate base
running costs when plant-level data were unavailable.
While this methodology is generally consistent with
other analyses, small changes in any assumption could
have a significant impact on the results—potentially
either adding or removing generators from our lists of
ripe-for-retirement generators.

Our analysis does not examine
compliance with Clean Air Act
standards but instead estimates
the cost effects of modernizing
the coal fleet by installing the
most effective pollution control
technologies available.

Clean Air Act standards. Our analysis is not an
evaluation of the coal industry’s compliance with
Clean Air Act (CAA) standards. Instead, it estimates
the cost effects of modernizing the coal fleet to meet
current public health standards by installing the most

effective pollution control technologies available.
While the technologies we selected are generally con-
sistent with what most coal generators would need to
comply with CAA standards, some plants could meet
the standards by employing other combinations of
control equipment or pursuing a variety of policy-relat-
ed mechanisms (e.g., emissions trading markets) that
we did not consider. In addition, while not all of the air
regulations apply nationwide—for example, the Cross
State Air Pollution Rule (CSAPR, see Appendix B) only
applies to the eastern half of the nation, where most
coal plants are located—we analyzed the cost of mod-
ernizing the coal fleet with pollution controls across
all states.

Furthermore, while our analysis examines the cost
of cutting emissions of SO,, NOy, particulate matter,
mercury, and CO, (in an alternative scenario), we did
not evaluate the costs associated with reducing the
impacts from other environmental and public health
concerns regulated by the federal government, such
as toxic ash handling and cooling towers. Collectively,
these factors differentiate the results of our analysis
from what could occur under pending federal CAA
standards, and consequently, introduce some level
of uncertainty within the findings once the new stan-
dards take effect. To the extent that CAA regulations
increase coal generator operating costs, our analysis
may underestimate the number of economically vul-
nerable coal generators that should be considered ripe
for retirement.

Dynamic power markets. Power markets are
continually changing because of a host of economic,
political, and consumer-driven influences. A change
in consumer demand could increase or decrease the
market price of electricity and subsequently alter the
profitability of a given coal generator. For example,
growing demand for power globally and other factors
have contributed to rising coal prices in recent years. If
that trend continues, additional coal generators could
face economic constraints. Likewise, increased invest-
ments in efficiency or demand-side management could
reduce consumer demand for electricity and influence
decisions about retiring coal generators.

We did not analyze such dynamic power market
fluctuations. Nor do we consider potential cost shifts
for different technologies or other market changes over
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time. Ours is a static analysis, comparing a snapshot of
costs and market conditions as they currently exist. In
reality, however, retiring uneconomic plants and replac-
ing them with cleaner alternatives will happen over a
period of several years. In addition, factors other than
operating costs will influence which coal generators
actually end up being retired: including their location

in the power grid, what alternative energy sources are

specifically available to replace them, whether trans-
mission lines are available to connect wind projects
and other replacement resources, whether the genera-
tors are operating in regulated or deregulated elec-
tricity markets, and how investors are accounting for
future costs. Each of these factors provides important
opportunities for future research.
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CHAPTER 4
We Can Do It!

etiring as many as 641 coal-fired generators

accounting for 100.2 GW—288 (represent-

ing 41.2 GW) already slated for retirement
plus up to 353 in our high estimate (representing
59 GW) identified as ripe for retirement—is not trivial.
Collectively, those generators supply enough power to
meet 10 percent of national electricity use—more than
enough to satisfy the combined needs of Florida and
Georgia (EIA 2012d).

The Good News

The nation’s electricity system is well prepared to con-
tinue providing reliable, affordable power while retiring
and replacing these coal generators over the next sev-
eral years. There are several reasons the system can
readily handle so many retirements:

Excess generating capacity. According to data
from the North American Electric Reliability
Corporation (NERC), the United States is projected
to have 145.7 GW of excess capacity by 2014. That
excess capacity is above and beyond the 12.5 to
15 percent reserve margins (excess capacity above
peak energy demand) required to maintain reliability
at the regional level (Bradley et al. 2011). Thus, in the
near term, significant coal capacity can be retired

without the need to replace it with any new generation.

However, we recognize that local reliability constraints
may require that some uneconomic units continue
to run until other solutions, like new low-carbon
generation or transmission system improvements,
are made.

Underutilized natural gas capacity. The nation's
220 GW fleet of NGCC power plants operated at
an average of just 39 percent of its design capacity
in 2010 (SNL Financial 2012). Running those plants
at higher capacity has the potential to immediately
replace most of the retired coal generation projected
under our high estimate in almost all regions of the
country (discussed below).

The nation’s electricity system is
well prepared to continue providing
reliable, affordable power while
retiring and replacing 100.2 GW
of coal generators over the next
several years.

State renewable energy policies. Renewable elec-
tricity standards in place in 29 states are driving major
increases in wind, solar, geothermal, and bioenergy
facilities. From 2012 through 2020, these standards
are projected to spur the installation of 55 GW of new
renewable energy capacity that will produce enough
additional generation to meet 5 percent of U.S. elec-
tricity use by 2020 (UCS 2012).

Declining renewable electricity prices. Wind
power is already competitive with new coal plants and
with natural gas in the windiest parts of the country
(Freese et al. 2011; Wiser and Bolinger 2011). The
installed cost of solar photovoltaics (PV) has fallen
35 percent in the last two years, while solar panel pric-
es have fallen by more than 50 percent (SEIA 2012).

State energy efficiency policies. Energy efficiency
policies and goals now in place in 27 states are pro-
jected to reduce national electricity use 5.7 per-
cent by 2020 (UCS 2012). Many studies show that
energy savings exceeding 15 percent by 2020 are pos-
sible, using only energy-efficient technologies that pay
for themselves (ACEEE 2012; Granade et al. 2009).

Maintaining reliability. Each coal generator will
be retired in the context of regional and national grid
management systems that require exhaustive reliabil-
ity planning. Long before a coal plant stops producing
power, grid operators will work with generation and
transmission providers to ensure that electricity
supplies will continue uninterrupted. In addition, we
do not believe that coal generators would retire all at
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once, but would be shut down in an orderly manner
over several years, consistent with regional reliabil-
ity plans.

Transmission planning. New federal regulations
such as Federal Energy Regulatory Commission (FERC)
Order No. 1000 will help level the playing field for
cleaner resources by requiring transmission planners
to consider state and federal policies such as effi-
ciency and renewable electricity standards, to provide
comparable treatment to non-transmission alterna-
tives (options that free up or create capacity without
requiring transmission lines, such as energy efficiency,
demand-response measures, distributed generation,
and energy storage options), and to develop coordinat-
ed plans that more broadly allocate costs for transmis-
sion projects driven by public policies.

Both during and beyond the wave of coal retire-
ments that will occur over the next decade, there is
well-documented potential for the additional expan-
sion of renewable energy sources and decreased
demand for electricity through energy efficiency,
while maintaining reliability and saving consumers
money on their electricity bills (DOE 2012; Cleetus et
al. 2009; SACE 2009; UCS 2009; EERE 2008; Nogee
et al. 2007). Beyond 2020, renewable sources and
decreased demand can steadily replace the remaining
U.S. coal-fired generator fleet, and eventually power a
shift away from most natural gas as well.

Change Is Already Under Way

By the electricity industry’s own reckoning, it is in the
midst of unprecedented change as cleaner energy
sources replace coal (NERC 2011). This change is
appropriate given the societal benefits of limiting coal’s
impact on air and water quality and public health. As
shown by our analysis in Chapter 3 and many inde-
pendent reports, it has been clear for some years that
large numbers of coal generators are marginally eco-
nomic at best. Given that outlook, it is not surprising
that the ramifications of extensive coal plant retire-
ments for the nation’s electricity grid have already
been examined in depth. At least 20 studies in the last
two years have investigated scenarios ranging from

25 GW to 103 GW of coal units retired (Cleetus 2012).
With 41 GW of retirements already announced, the

Both during and beyond the wave
of coal retirements that will occur
in the next decade, there is well-
documented potential for the
additional expansion of renewable
energy sources and decreased
demand for electricity through
energy efficiency, while maintaining
reliability and saving consumers
money on their electricity bills.

United States is already well on its way to fulfilling
these projections.

These recent studies broadly conclude that the
retirement of a large number of coal units is likely
and, with some planning, can be accomplished while
providing cleaner, reliable, and affordable electricity.
For example:

* The nonpartisan Congressional Research Service and
others have debunked industry claims that cleaning
up pollution from coal plants will lead to a “train
wreck” of hastily shuttered generators and blackouts
(McCarthy and Copeland 2011; Kaplan 2010).

Investment banks have reported that large-scale
retirement of old, inefficient coal units could ben-
efit some utilities and other power plant owners
by reducing the current surplus of capacity (e.g.,
Lapides et al. 2011; Eggers et al. 2010; FBR Capital
Markets 2010).

Energy consultants have shown that the regions
of the country with the greatest concentrations
of uncompetitive coal-fired generators—the
Southeast, Mid-Atlantic, and Midwest (regions
RFC and SERC in Figure 14)—have large cushions
of excess capacity on top of required reserves
(Bradley et al. 2011; MIT 2011; Swisher 2011).

A 2011 report by PJM Interconnection LLC, which
manages the electricity grid in 13 Midwest and Mid-
Atlantic states, concluded that, “As long as resource
adequacy and local reliability are assured, the cycle
of generation retirement and new resource entry are
market-driven outcomes that can be reliability and
efficiency enhancing” (PJM 2011).
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Figure 14. North American Electric Reliability Corporation (NERC) Regions
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NERC works with eight regional entities to improve the reliability of the bulk power system. The members of the
regional entities come from all segments of the electric industry and account for virtually all the electricity supplied
in the United States, Canada, and a portion of Baja California Norte, Mexico. The eight NERC regions are the Florida
Reliability Coordinating Council (FRCC), Midwest Reliability Organization (MRO), Northeast Power Coordinating
Council (NPCC), ReliabilityFirst Corporation (RFC), SERC Reliability Corporation (SERC), Southwest Power Pool (SPP),
Texas Reliability Entity (TRE), and the Western Electricity Coordinating Council (WECC).

Source: http.//www.nerc.com.

Replacing Coal

While figures on national-level changes in electricity
generation or demand can give important information
about long-term trends, it is at the regional and local
levels that electricity supply and demand must be kept
in balance. Figure 14 shows the major reliability regions
in the U.S. power grid. Long-distance power lines in
many parts of the country allow electricity to be gener-
ated in one region and used in another. While major
transmission projects are under way to expand these
linkages both within and across regions over the next
decade, for the present most of each region’s electricity
demands will be met with power generated from within
that region. Eventually, a more interconnected grid will

help boost and diversify the resources available to meet
demand and maintain reliability in a given region.
Excess capacity. To ensure that enough genera-
tion capacity is available to meet electricity demands
reliably, NERC mandates that regional power grid
operators maintain electricity reserve margins within
each region ranging from 12.5 percent to 15 percent
above maximum projected demand. This provision
allows the system to cope with above-normal fluctua-
tions in demand or outages in generation or transmis-
sion equipment. In 2014, actual reserve margins at the
regional level are projected to increase to a range of
28 percent to 40 percent, which is far above the required
reserve margins. That will create excess capacity
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(above required reserve margins) at the national level
totaling about 145 GW (Bradley et al. 2011; NERC 2011).
This cushion of excess capacity has developed for
several reasons. A boom in natural gas power plant
construction from the late 1990s through the early
2000s, driven by low natural gas prices and technol-
ogy advances, resulted in significant natural gas capac-
ity that has subsequently gone largely underutilized.
Just from 2001 through 2003, more than 160 GW of
new capacity (mostly natural gas) came online in the
United States (Bradley et al. 2010). Renewable energy
capacity has also increased significantly, with wind
power leading the way, providing 35 percent of all new
U.S. electric generating capacity from 2007 through
2010 (Wiser and Bollinger 2011). The economic down-
turn that began in 2008 combined with increased
investments in energy efficiency has also resulted in a
significant drop in electricity demand. Programs where
large factories and businesses, as well as smaller resi-
dential consumers, agree to reduce their use during
periods of peak demand, such as hot summer after-
noons, have also played a role in managing demand
(Bradley et al. 2011).

As Figure 15 shows, in every region of the country
except the Southeast (SERC), the projected excess
capacity for 2014 exceeds the combined capacity of
both the coal units already scheduled to be shut down
and the additional units we deem ripe for retirement.
Although this comparison does not assess potentially
important issues such as local limitations on electricity
transmission and plants that serve important reliability
needs, it shows that, broadly speaking, in most regions
of the country the vast majority of the projected retire-
ments could occur within the next two years without
compromising generation reserve margins. Even in
the SERC region, the reserve margin gap is a relatively
modest eight gigawatts.?®> Given that retiring all 100 GW
of coal generation capacity would almost certainly take
longer than two years, recent history shows there is
ample time to build any needed replacement genera-
tion and further reduce peak demand through efficien-
cy and load management.

Underused natural gas plants account for most of
the nation’s excess generation capacity. On average in

In every region of the country except
the Southeast (SERC), the projected
excess electricity capacity (above
required reserve margins) for 2014
exceeds the combined capacity of
both the coal units already scheduled
to be shut down and the additional
ripe-for-retirement units.

2010, the 220 GW existing NGCC power plant fleet
operated at just 39 percent of its design capacity (SNL
Financial 2012). We estimate that running these plants
at 85 percent of their design capacity has the potential
in all regions of the country—including the Southeast—
to immediately replace most of the coal generators
deemed ripe for retirement under our high estimate
(Figure 16, p. 54). Studies by the Congressional
Research Service, the Massachusetts Institute of
Technology, and others have reached similar conclu-
sions (MIT 2011; Swisher 2011; Kaplan 2010).

New capacity. New natural gas plants also contin-
ue to be developed in response to favorable economics
and official projections that U.S. electricity demand will
continue to grow at roughly 1 percent per year through
2020 and beyond. Through 2017, NERC estimates
that 42 GW of natural gas generating capacity now
in planning or construction will come online, with the
potential for an additional 38 GW if utilities and power
developers move forward with additional projects cur-
rently in conceptual stages. By 2021, NERC also proj-
ects U.S. wind capacity to grow by 36 GW and solar by
28.5 GW (NERC 2011). PJM recently reported that its
annual capacity auction for resources to meet power
supply needs between June 1, 2015, and May 31, 2016,
secured record amounts of new generation (natural
gas, wind, and solar), demand response, and energy
efficiency. As one of the most coal-dependent electric-
ity grids facing a high number of potential coal plant
retirements, PJM is demonstrating that it is possible to
handle the shift away from coal effectively, efficiently,
and reliably (PJM 2012).

% |n the Southeast nuclear power is also expected to play a role as coal plants are retired. Currently there are four new reactors planned for construction in Georgia
and South Carolina totaling 4,400 MW, which along with the completion of the Watts Barr plant in Tennessee (1,100 MW) could help replace existing coal plants
and contribute to reserve margins in the region. However, the current schedules for completion of these reactors cannot be counted on due to recent and likely future
construction delays that could keep some of these plants from coming online as planned, beginning with Watts Barr in 2015 and Vogtle 3 and 4 in 2016 and 2017,
respectively. In addition, we have found that there are more affordable, less risky energy alternatives that the Southeast could benefit from, including ramping up

renewable energy and investing in energy efficiency (Chang et al. 2011).
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Natural gas generation can play an important
transitional role in integrating wind and solar into the
national power generation mix. Natural gas plants are
capable of quickly increasing or decreasing their power
output—in seconds to minutes. Similar increases or
decreases to the output of a coal or nuclear plant can
take hours or even days. Thus, natural gas plants are
a good complement for wind and solar energy as the
market share of those clean renewable sources contin-
ues to increase, reducing power output when the wind
is blowing and the sun is shining and increasing output

when it is not. However, investing in significantly scal-
ing up new renewable generation and energy-saving
technologies?* is essential to keep the nation from plac-
ing a dangerously large bet on natural gas generation,
which comes with significant environmental, health,
and climate change risks (see box, p. 60).

Although gridlock in Washington has so far stymied
development of strong national renewable energy and
energy efficiency policies, states are making meaning-
ful progress. While support for renewable energy and
energy efficiency varies from state to state, two types of

Figure 15. Projected Cushion of Excess Capacity above NERC-required Electricity
Reserve Margins in 2014, Compared with Projected Coal Plant Retirements’
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Coal generators currently slated for retirement plus those identified as ripe for retirement can be shut down with

minimal risk to regional electricity reserve margins. As the chart shows, in every region of the country except

the Southeast (SERC), the projected excess capacity for 2014 (green bar) exceeds the combined capacity of coal

plants that could be retired (blue bars).

“ NERC oversees reliability for a bulk power system that includes the United States and Canada. In this effort, NERC coordinates with eight regional
entities to maintain and improve the reliability of the power system (see Figure 14). "Excess capacity above reserve margin" is the amount of
installed capacity that exceeds what is required to maintain reliability or the NERC reserve margin; this represents additional capacity that is not
required for reliability and subsequently could be used to offset any reductions in electricity production from coal retirements.

% See Cleetus et al. 2009 for a more detailed description of different renewable energy and efficiency technologies.
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policies have been adopted widely and are driving new
investment: energy efficiency resource standards and
renewable electricity standards (or renewable portfolio
standards). In addition, some states and regions have
adopted cap-and-trade programs that limit carbon
dioxide emissions and provide economic incentives to
encourage sources of clean power generation.

* Energy efficiency resource standards (EERS) set a
timeline for a state's utilities to meet a growing
percentage of their customers’ power needs by
investing in energy-saving technologies that reduce

overall electricity use. Ratepayers in a given state
typically fund energy efficiency programs through

a small additional fee on their monthly electric-

ity bills. When implemented effectively over time,
EERS programs slow the rate of growth in energy
demand and help keep down both electricity prices
and consumer bills. As of October 2011, 24 states
had adopted an EERS or similar programs, while
three states have voluntary efficiency goals (ACEEE
2011) (Figure 17). In addition, fully 35 states have
either adopted or updated their building codes with
new standards of insulation, heating and cooling

Figure 16. Renewable Energy, Energy Efficiency, and Existing Excess Natural Gas
Can Readily Replace Retiring Coal Generation by 2020
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Shutting down the 353 generators that are ripe for retirement will have minimal impact on reliability. As the chart

shows, every region of the country has the potential to replace the generation from both the 288 coal plants

already slated for retirement (dark blue) and the 353 additional coal plants deemed ripe for retirement (light

blue). Their combined capacity of 100.2 GW can be replaced through a combination of ramping up underused

existing natural gas plants (gray), making use of new renewable energy generation, and reducing demand

resulting from energy efficiency savings. The renewable energy generation and efficiency savings are projected to

be developed over the next eight years (by 2020) as a result of existing policy requirements, including state-level

renewable electricity standards (dark green) and energy efficiency resource standards (light green).

* The eight NERC entities are composed of utilities, federal power agencies, rural cooperatives, independent power marketers, and end-use cus-
tomers. Excess natural gas generation capacity was estimated by determining the power produced if existing gas facilities increased electricity
production to 85 percent of their capacity. State efficiency standards and renewable electricity standards are the GWh of savings or generation

that would occur if state policy goals are met through 2020.
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system efficiency standards, and other energy
conservation requirements or have plans to do so,
up from 17 states in 2010 (Nadel 2011). Reducing
how much electricity is needed by homes and busi-
nesses helps avoid investing in far more costly new
power plants and transmission lines. Moreover,
because lower demand reduces the strain on exist-
ing power plants and transmission lines, the overall
power grid benefits through improved reliability and
reduced risk of outages.

Renewable electricity standards (RES) typically
require utilities to increase, over time, the percent-
age of electricity they supply to consumers from
renewable sources. As of March 2012, 29 states
and the District of Columbia had adopted an RES,
with an additional eight states adopting non-
binding renewable energy goals (Figure 18, p. 56)
(UCS 2012). Seventeen states have adopted renew-
able standards with a target of 20 percent or more
by 2025, including California, Colorado, lllinois,
Minnesota, New Jersey, and New York. Eligible
renewable sources generally include wind, solar,
bioenergy, geothermal, and small-scale hydroelec-
tric. Most states allow the standards to be met
with renewable energy produced inside the state
or delivered to the state from generators in other
states in the region.

The combination of new renewable
electricity generation and reduced
demand through energy efficiency
plus excess natural gas generation
can more than offset the loss of
power generation if all ripe-for-
retirement coal units and those
already announced for closure
actually shut down.

* State and regional cap-and-trade programs include
one in California and a separate one in nine north-
eastern states. A cap-and-trade program is one
way to price carbon. The program sets a declining
cap on overall emissions and issues allowances
(the right to emit a certain number of tons of car-
bon pollution) to match the cap. By limiting the
number of available pollution allowances, carbon
emissions that were previously emitted for free now
have a market value, which creates an economic
incentive to reduce emissions. California’s Global
Warming Solutions Act (Assembly Bill 32) requires

Figure 17. States with Energy Efficiency Resource Standards (EERS)
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California to develop regulations that will reduce
the state's global warming emissions to 1990 levels
by 2020. To fulfill these requirements, the state is
implementing several programs including an RES, a
clean vehicles standard, and a cap-and-trade pro-
gram. Across the country, the Regional Greenhouse
Gas Initiative (RGGI) is a cooperative effort to
reduce global warming emissions in nine Northeast
states (Connecticut, Delaware, Maine, Maryland,
Massachusetts, New Hampshire, New York, Rhode
Island, and Vermont). In addition to capping emis-
sions, RGGI states are using the funds from the
auction of allowances to invest in energy efficiency
and renewable energy.

Over the next eight years (to 2020), we project
that the combination of new renewable electric-
ity generation and reduced demand through energy
efficiency investments (driven by state clean energy
policies) plus excess natural gas generation can more
than offset the loss of power generation if all ripe-for-
retirement coal units and those already announced
for closure actually shut down. Our analysis shows
that this conclusion applies at the national level and in
every region (UCS 2012), as shown in Figure 16.

At the national level, renewable energy use is
growing rapidly. In 2011, non-hydroelectric renewable

energy sources (such as wind, solar, biomass, and
geothermal energy) generated 4.7 percent of total U.S.
electricity use, a 17 percent increase over 2010 (EIA
2012a). In the past decade, renewable energy sources
have grown 175 percent.

Many analysts project the sector’s rapid growth
to continue (e.g., Pernick et al. 2012; Deutsche Bank
2011). Today, wind power is by far the largest single
renewable energy source (other than hydropower),
with 47 GW of installed capacity at the end of 2011
(AWEA 2012). The U.S. wind industry installed more
than 6.8 GW in 2011—31 percent higher than 2010—
and has more than 8.3 GW under construction in 2012
(AWEA 2012). Wind power is expected to continue to
expand to meet state renewable electricity standards.
Moreover, while the market share of solar energy is
relatively small, it is the fastest-growing renewable
technology in the United States. In 2011, the nation
added a record 1.8 GW of solar PV capacity, a 109 per-
cent increase over 2010 (SEIA 2012).

The prices of wind and solar energy have dropped
dramatically in the last two decades and continue to
decline. Even without counting federal or state incen-
tives, many wind projects now deliver lower-cost
power than new coal-fired power plants. In areas with

Figure 18. States with Renewable Electricity Standards (RES)
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strong wind resources, wind energy can compete even
with natural gas plants. Wind power costs are project-
ed to drop 5 to 40 percent lower in the next two years
than the previous low in 2002-2003, thanks to tech-
nology improvements, recent increases in domestic
manufacturing capacity, declining commodity prices,
and other factors (Wiser, et al., 2012).

While solar technologies are currently more
expensive than natural gas and coal generation in
most states, the installed cost of solar PV has fallen
35 percent in the last two years (Figure 19) and panel
prices have fallen by more than 50 percent (SEIA
2012). That drop in cost is nearly halfway to achiev-
ing the U.S. Department of Energy’s Sunshot Initiative
goal of reducing the installed cost of PV by 75 percent
between 2010 and 2020, thereby making solar energy

cost-competitive with other sources of energy, without
incentives (DOE 2012).

For energy efficiency, we project that meeting
existing state targets would reduce national electric-
ity demand 5.7 percent by 2020 (UCS 2012). A recent
EPA analysis reached a similar conclusion, finding that
existing state and federal efficiency policies would
reduce demand 5.3 percent by 2020 (EPA 2011). The
EPA’s analysis also showed that, by 2020, this level of
efficiency would lead to 25 GW of coal plant retire-
ments, a reduction in generation costs of $6 billion,

a reduction in retail electricity prices of 1.6 percent,
and emissions reductions of 520 pounds of mercury,
80,000 tons of SO,, and 110,000 tons of NO,.

While these gains are appreciable, a number

of studies have found that much greater near-term

Figure 19. Solar PV Prices Are Falling Rapidly (Average Installed $/Watt)
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The solar power industry is well on its way to achieving the U.S. Department of Energy’s Sunshot Initiative goal
of reducing the installed cost of solar PV panels 75 percent by 2020. In the last two years alone (red bars), the
installed cost of solar PV has fallen 35 percent and panel prices have dropped more than 50 percent.

Source: SEIA 2012,
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demand reductions are feasible and cost-effective. A
recent McKinsey & Co. report, for instance, found that
the United States could reduce annual non-transporta-
tion energy consumption 23 percent below projected
levels by 2020, using only efficiency measures that
paid for themselves and without assuming a price on
carbon (Granade et al 2009).

The southeastern states notably lag behind the
rest of the nation in adopting energy efficiency and
renewable energy policies. However, assessments of
their existing efficiency and renewable energy potential
make clear that those states have abundant opportu-
nities to develop clean energy sources. For example,
Florida has the highest electricity demand of the
southeastern states; a 2008 report for the state Public
Service Commission found that, with favorable poli-
cies, it would be technically feasible for Florida to get
as much as 24 percent of its electricity from renew-
able sources by 2020 (Navigant 2008). Georgia is the
second-biggest electricity user in the Southeast and
the state with the most ripe-for-retirement coal capac-
ity in the nation; a 2009 Southern Alliance for Clean
Energy (SACE) report found that by 2015 Georgia
could achieve renewable energy potential equal to
approximately 25 percent of its 2006 retail electricity
sales (SACE 2009). While the Southeast is more lim-
ited in land-based wind potential than other parts of
the country, the region has excellent opportunities for
developing solar, bioenergy, offshore wind, and small
hydroelectric generating capacity.

Moreover, because the Southeast states have not
been as proactive about implementing energy effi-
ciency programs as other states, they have significant
untapped potential for reducing demand. For example,
a 2010 analysis by researchers at Duke University and
the Georgia Institute of Technology found that adopt-
ing energy efficiency policies in the South would not
only cut electricity demand but also would, in 2020,
reduce energy bills in the South by $41 billion, create
380,000 new jobs, and increase the size of the region'’s
economy by $1.23 billion. A 2007 ACEEE study found
that Florida could reduce its projected future electricity
use by 19 percent through energy efficiency programs
by 2022 (Elliott et al. 2007).

Expanding renewable energy faces hurdles. In
particular, sustaining or accelerating the current rapid

Federal and state policies and
regulations, such as regional
implementation of FERC Order 1000,
will help to speed the progress of
needed transmission projects and
other changes to the grid necessary
to integrate increasing amounts of
renewable energy.

growth of wind energy will require significant invest-
ments in new transmission lines. The most economical
sites for wind development are scattered around the
country, often far from the urban areas where electric-
ity demand is concentrated. Modeling studies have
concluded that the costs associated with new trans-
mission lines needed to support a longer-term increase
in wind generation to 20 percent of U.S. electricity use
by 2024 would be relatively modest—ranging from

2 percent to 20 percent of total wholesale power costs
(EnerNex 2011). However, these studies also found
that the costs of building additional transmission lines
would be more than offset by lower overall generation
production costs.

The time it takes to plan and build a major trans-
mission line can often be a greater obstacle than cost.
Federal and state policies and regulations, such as
regional implementation of FERC Order 1000 (see
more detail in Chapter 5), will help to speed the prog-
ress of needed projects and other changes to the grid
necessary to integrate increasing amounts of renew-
able energy and demand-side technologies.

Expansions of transmission facilities to integrate
new wind power are already under way in many
regions. The American Wind Energy Association
has identified near-term transmission projects that
could support more than 44 GW of new wind power
capacity, on top of the 47 GW of capacity online at
the end of 2011 (AWEA 2012). Texas alone is invest-
ing $6.5 billion to build 2,300 miles of new high-
voltage transmission by 2013 that would support up
to 18.5 GW of wind development (O'Grady 2011). In
December 2011, the Midwest Independent System
Operator (MISO) approved 17 new “multi-value”



RIPE FOR RETIREMENT | 59

transmission lines that will provide greater access to
areas with high-quality winds, help utilities meet state
renewable electricity standards, and improve overall
system reliability. MISO also projects that these new
lines could provide up to $49 billion in net economic
benefits by reducing overall generation and congestion
costs that would more than offset the up-front capital
costs (MISO 2011).

Completing the Transition to
Clean Energy

Over the long term, the need to reduce CO, emis-
sions to avoid the most dangerous impacts of climate
change will require greater adoption of zero-carbon
energy sources and the complete phaseout of conven-
tional coal plants. Eventually, natural gas will also need
to be significantly reduced.

Concern about the effects of climate change has
prompted many assessments of the potential to make
very deep cuts in the carbon dioxide emissions associ-
ated with generating electricity. For example, a 2010
analysis by the Electric Power Research Institute (EPRI)
concluded that under a scenario where the United
States reduces power sector CO, emissions 80 percent
by 2050, nearly all conventional coal-fired genera-
tors could be retired as soon as 2025, with renewable
sources of energy and reduced demand from energy
efficiency displacing most of the coal-fired generation
in the near term (Specker 2010). New nuclear plants
do not begin to make a contribution until after 2020,
while new coal plants with carbon capture and storage
do not contribute until after 2030.

Over the long term, the need to
reduce CO, emissions to avoid the
most dangerous impacts of climate
change will require greater adoption
of zero-carbon energy sources

and the complete phaseout of
conventional coal plants. Eventually,
natural gas will also need to be
significantly reduced.

The UCS Climate 2030 blueprint also analyzed a
scenario that assumes the United States adopts high
standards for energy efficiency and renewable energy
that are consistent with those of the leading states,
and sets a national target to cut total U.S. carbon emis-
sions 57 percent by 2030 and at least 80 percent by
2050 (Cleetus et al. 2009). With achievable improve-
ments in energy efficiency that would reduce the
nation’'s demand for electricity 35 percent by 2030, the
UCS blueprint concluded that renewable energy could
reliably supply at least half of U.S. electricity needs by
2030. The blueprint also found that the combination
of renewable energy, energy efficiency, and efficient
natural gas generation would reduce coal generation
and electricity sector CO, emissions nearly 85 percent
by 2030, while saving consumers billions of dollars on
their electricity bills.

A more recent 2012 National Renewable Energy
Laboratory (NREL) study found that renewable energy
technologies commercially available today could sup-
ply 80 percent of total U.S. electricity generation in
2050, while reducing power plant carbon emissions by
80 percent and water use by 50 percent. Under this
scenario, U.S. coal generation is projected to decline
from 42 percent of total U.S. electricity generation
in 2011 to less than 10 percent in 2050, and natural
gas generation from 25 percent in 2011 to less than
3 percent in 2050. The study also found that achiev-
ing this high level of renewable energy would require
"increased electric system flexibility...from a portfolio
of supply- and demand-side technologies including
flexible conventional generation, grid storage, new
transmission, more responsive loads, and changes in
power system operations” (NREL 2012).

The prospect of change on that scale may seem
daunting. But large steps in that direction are clearly
possible, and are already being taken in some states
and other countries. For example, in 2010, wind power
provided more than 20 percent of the electricity in
lowa and South Dakota and more than 10 percent in
Minnesota, North Dakota, and Oregon (AWEA 2012;
Wiser and Bolinger 2011). Several European nations
have gone further. In 2010, wind supplied 26 percent of
Denmark’s annual electricity needs and 17 percent of
Portugal’s, and more than 44 percent of the electricity
for three German states (Global Wind Energy Council
2012; Wiser and Bolinger 2011).
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What Are the Risks of an Over-Reliance on Natural Gas?

Natural gas has become more abundant and

more affordable in the past few years. Natural gas
prices have declined dramatically as advances in
hydraulic fracturing or “fracking” have significantly
increased natural gas supplies from shale and
other natural gas deposits. While natural gas is
currently an economically attractive option for
replacing coal generation, a significant increase in
the nation’s dependence on natural gas has many
economic, environmental, public health, and safety
risks. These include:

Supply and price volatility. Although natural gas
is abundant today, it could be subject to shortages
and price spikes in the future, like the United
States experienced in the past decade after the last
major natural gas power plant construction boom.
Between 2000 and 2008, nearly 260 GW of new
natural gas electric generating capacity was added
in the United States, resulting in a 28 percent
increase (1.5 trillion cubic feet) in natural gas use
in the electricity sector, according to data from the
EIA. This increase in natural gas use, which was
larger than any other sector, contributed to spikes
in monthly wholesale natural gas prices of more
than $11 per million Btu in 2005 and 2008.

In 2011, the EIA reduced its estimates of shale
gas reserves in the United States by more than 40
percent, including significant reductions in reserves
from the Marcellus Shale based on updated
assessments by the U.S. Geological Survey (EIA
2012e; Coleman et al. 2011). Uncertainties in the
size of available supplies combined with potential
increases in natural gas demand for electricity,
heating, factories, vehicles, and exports could put
significant upward pressure on natural gas prices
in the future.

Environmental impacts of hydraulic fracturing.
“Fracking” involves drilling a well into shale
formations deep underground and injecting
millions of gallons of water, chemicals, and sand

under high pressure to break open fissures in the
rocks and release the natural gas. In addition to
using millions of gallons of water for each well,
this process can have adverse impacts on water
quality, the environment, and public health.

A 2011 National Academy of Sciences study
found the first systematic evidence of methane
contamination of private drinking water at sites
above the Marcellus and Utica formations in
Pennsylvania and New York where shale gas was
being extracted. Based on groundwater analyses
of 60 private wells in the region, methane
concentrations were found to be 17 times higher on
average in areas with active drilling and extraction
than in non-active areas (Osborn et al. 2011).

While natural gas is currently an
economically attractive option

for replacing coal generation, a
significant increase in the nation’s
dependence on natural gas has many
economic, environmental, public
health, and safety risks.

The use of numerous chemicals is required
throughout the shale gas extraction process. From
2005 to 2009, one investigative report found
that fracking uses more than 750 chemicals
(U.S. House of Representatives 2011). Another
study identified 632 chemicals contained in
fracking products used in shale gas extraction.
Researchers could track only 353 chemicals from
that larger list and found that 25 percent of those
chemicals cause cancer or other mutations, and
about half could severely damage neurological,
cardiovascular, endocrine, and immune systems
(Colborn et al. 2011).
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Each shale gas well typically requires 2 mil-
lion to 5 million gallons of water for drilling and
fracturing. Much of this chemical-infused water
can remain underground, with the risk that it could
then leak into groundwater supplies (GWPC and
ALL 2009). The rest of the water flows back to
the surface as wastewater. Fracking wastewater
is not only laden with methane and neurotoxins,
but also can be radioactive (Osborn et al. 2011).
The radioactivity in fracking wastewater has
been found to be hundreds to thousands of times
above EPA standards. If discharged into a sewer
system, most wastewater treatment plants lack the
equipment to remove the contaminants adequately
before discharging the effluent into rivers, lakes,
and streams.

New state and federal laws and regulations
are needed to reduce the environmental and
public health impacts of fracking. Such laws and
regulation would likely not only reduce the amount
of natural gas that can be safely extracted, but also
raise its cost.

Global warming emissions. Simply expanding the
use of natural gas as an alternative to coal is not a
solution to climate change. Although considered
to be cleaner burning than coal, natural gas is

still a fossil fuel that emits carbon dioxide when
combusted. While smokestack CO, emissions
from a new efficient natural gas plant are about
60 percent less than an average existing coal plant,
one study found that a large global shift to natural
gas would still put us on an emissions trajectory
(based solely on smokestack emissions—see
below) to a temperature increase of as much as
6°F (IEA 2011), a level of warming associated
with catastrophic environmental and economic
consequences.

In addition, recent scientific research indicates
that the life-cycle global warming emissions from
natural gas use are far greater than what occurs
when simply burning the natural gas to produce

electricity. The drilling and extraction of the natural
gas from wells, and its transportation in pipelines,
results in the leakage of methane, a far more
potent global warming gas than CO,. While more
research is needed, some recent studies and field
measurements have shown high methane leakage
rates that would result in total fuel-cycle global
warming emissions for natural gas that are at least
similar to or even higher than emissions from coal
(Howarth et al. 2012; Petron et al. 2012; Howarth
et al. 2011).

Technologies are available to reduce much of
the methane leakage associated with drilling and
other parts of the production process (Harvey et
al. 2012; IEA 2012). But deploying such technology
would be costly, as it would require significantly
altering current business practices as well as
replacing or upgrading thousands of miles of
existing pipelines. This would be an incredibly
expensive investment for what could at best
be described as a temporary energy solution if
ultimately we are to move to a truly low-carbon
electricity system.

Crowding out renewable energy. With historically
low natural gas prices and no long-term national
policy support for renewable energy, there

is a real danger that natural gas could crowd
renewable energy out of the market. Scaling up
renewable energy sources now is critical to further
reducing their costs, encouraging innovation,

and transitioning to a low-carbon energy system.
From a climate perspective, the window for this
transition is very small and growing smaller every
year we delay. By diversifying the electricity mix,
renewable sources of energy can also provide an
important hedge against future natural gas price
increases.
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CHAPTER 5

Modernizing the Electric System

chieving a smooth transition to a cleaner,

more sustainable, and affordable electricity

system will require utility regulators, power
grid operators, utility companies, and power produc-
ers to make appropriate resource planning and policy
choices. Investments made in new transmission lines
and new power generators—whether fossil-fueled or
renewable—create long-lived assets that remain part
of the nation’s energy portfolio for decades. As such,
the choices we make today will profoundly affect how
quickly, affordably, and reliably we can shift to cleaner
energy sources and reduce the emissions that are
causing climate change. To accelerate this transition,
we offer the following recommendations.

Enact Strong EPA Power Plant
Standards

The EPA is taking important steps to reduce the
enormous health and environmental costs that coal-
fired power plants impose on the American public.
Standards have already been finalized to limit SO,,
NOy, and particulate pollution as well as emissions
of mercury and other toxic substances. The agency
has proposed standards to limit carbon dioxide emis-
sions from new power plants, as well as measures to
limit the harm coal units cause to water quality and
aquatic ecosystems (Cleetus 2012; see Appendix B).
Such standards have been years or even decades in
the making; they provide a tremendous opportunity to
clean up and modernize our electric system.

The EPA can take several steps to ensure that
these standards facilitate an orderly transition to a
clean, affordable, and reliable electric system:

1. Building on the recently adopted rules for SO,, NOy,
mercury, and other pollutants, the EPA should final-
ize and implement for both new and existing power
plants additional strong standards for carbon diox-
ide emissions—consistent with the latest climate
science—and for coal ash disposal, cooling-water

To level the playing field for cleaner
generation sources, the EPA should
finalize standards for carbon dioxide
emissions, coal ash disposal, and
wastewater and cooling-water
intake structures.

intake structures, and plant wastewater treatment.
Such measures will provide significant economic
benefit through reduced health and environmental
costs. In addition, they will level the playing field
for cleaner and less resource-intensive generation
sources and reduce investment uncertainty.

. As it enforces pollution standards, the EPA should

give states the flexibility to use renewable energy
and energy efficiency measures as eligible compli-
ance strategies instead of relying solely on strate-
gies to directly control emissions from conventional
power plants. Such a flexible approach, designed
well, will create incentives to invest in additional
no-carbon alternative resources alongside the ret-
rofitting of existing coal plants.

. The EPA has already committed to using all exist-

ing flexibilities in the Clean Air Act to ensure that
power plant operators have enough time to comply
with the new air quality standards, and to allow for
case-by-case compliance extensions where neces-
sary to ensure adequate energy supplies and power
grid reliability. The agency should follow through on
this commitment without allowing for unnecessary
delays or blanket exemptions that would under-
mine the public health imperative that prompted
these standards.

. The EPA should solicit information from utilities,

regional transmission organizations, and state
environmental and public utility regulators as
appropriate concerning the scheduling of coal
plant retirements and needed retrofit work. Early
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availability of this information will help identify
and address the isolated cases where more time
or additional generation or transmission resources
may be needed to maintain the reliability of the
electric system.

5. The EPA should follow through with its announced
intention to coordinate the implementation of the
new standards and related retirements with electric
reliability and planning authorities, including FERC,
NERC, state public utility commissions, and region-
al transmission organizations.

6. Although FERC cannot enforce EPA rules, the
commission has ultimate responsibility for power
system reliability, effective transmission planning,
and the assurance of just and reasonable rates.
Thus, FERC must ensure that the aspects of retiring
generating units and retrofits planning within its
jurisdiction reliably facilitate the implementation of
recent and pending EPA standards. With sufficient
direction and oversight, FERC can significantly
reduce the number of cases in which coal
generators request exemptions from compliance
with EPA rules or are granted reliability-related
supplementary payments that delay the retiring of
coal generators.

Adopt Strong State and Federal
Clean Energy Policies

Several states have already adopted clean energy and
climate policies that will help drive the replacement
of existing coal plants with affordable clean energy
resources, and will thus avoid costly retrofits. Similarly
comprehensive policies are needed in other states and
at the national level to overcome market barriers to
developing clean energy and more fully realizing the
economic and environmental benefits of transitioning
away from coal. While experience in wind and solar
energy over the last 30 years shows powerful evidence
of steep, rapid cost declines, the next 5 to 10 years
will be a critical period in the development of a robust
renewable energy sector. Policy support is essential to
ensure continued growth and the cost reductions that
come from learning, innovation, and economies of scale.
The following policies build on the most effective
approaches pursued by pioneering states, utilities, and
the federal government:

. Extend tax and other financial incentives for

renewable energy and energy efficiency. Federal
tax credits have been a key driver for developing
renewable energy and new manufacturing jobs in the
United States. For example, over the past decade,
U.S. manufacturing of wind turbine components has
grown to more than 400 facilities in 43 states now
producing more than 60 percent of the components
installed in the nation (Wiser and Bolinger 2011).
Unfortunately, delays and short-term extensions of
the credits have produced a boom-and-bust cycle
that raises costs and creates needless uncertainty
for the financing and construction of renewable
energy projects. Congress should extend by at least
four years federal incentives for renewable energy
and energy efficiency, including the federal produc-
tion tax credit for wind power and other renewable
sources. Congress should also reduce incentives for
fossil fuels and nuclear power, because those mature
technologies have already received enormous sub-
sidies for decades that continue to give such unsus-
tainable resources an unfair market advantage.

Congress should extend by at least
four years the federal production tax
credit for wind power.

. Adopt strong renewable electricity standards.

More than 20 comprehensive studies over the past
decade have found that renewable electricity stan-
dards—that is, standards requiring that a certain
percentage of electricity must be generated from
clean, renewable sources of energy—are an effec-
tive and affordable way to reduce energy generated
from coal and natural gas, while reducing their
associated emissions, creating jobs, and helping

to stabilize natural gas and electricity prices (UCS
2009; Nogee et al. 2007). Congress and state gov-
ernments should enact strong policies that require
electric utilities to procure at least 25 percent of
their power from clean renewable sources by 2025.
To date, 29 states and the District of Columbia
have adopted standards, with 17 states having
renewable energy targets of 20 percent or more

by 2025. A strong national RES would cement this
progress and ensure that it happens in every state
in the nation.
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3. Enact strong energy efficiency standards.

Congress and state governments should enact
strong standards requiring electricity and natural
gas providers to meet annual targets for reducing
energy use in homes, businesses, and factories.
Twenty-four states have adopted such standards
or similar long-term energy savings targets for
individual utilities; indeed, at least eight states have
adopted targets to reduce electricity use by 2 per-
cent or more per year (ACEEE 2011). The federal
government should also continue its successful
strategy of raising efficiency standards for home
appliances and other equipment as new products
become available. Further, states should continue to
increase the stringency of energy efficiency codes
for buildings over time to ensure that builders are
deploying the most cost-effective insulation and
energy-saving technologies and best practices.

. Advance the deployment of combined heat and
power (CHP) systems. CHP is a well-established
but underused technology that entails generating
electricity and heat from a single source (typically
a natural gas generator), dramatically increasing
energy efficiency. By taking advantage of the waste
heat from producing electricity, CHP systems can
achieve efficiencies of up to 80 percent, compared
with about 33 percent for an average coal power
plant and 40 to 50 percent for a new natural gas
plant. The nation can encourage the deployment of
CHP systems by establishing federal standards for
permitting such systems, connecting them to the
local power grid, and establishing market-based
payment mechanisms for the power they produce.
Greater funding for federal and state programs that
spur the use of CHP through education, coordina-
tion, and direct project support is also needed.

. Increase research and development (R&D) fund-
ing for clean energy technologies. Public funding
for energy efficiency, renewable energy, advanced
smart-grid technologies, and energy storage R&D
has languished over the last few decades. Greater
R&D support will help lower costs, improve effi-
ciencies, and spur widespread adoption of these
technologies. Private investors play an essential
role in developing and commercializing clean ener-
gy technologies: U.S.-based venture capital invest-
ments in clean technologies reached $6.6 billion in
2011, a 30 percent increase over 2010 (Pernick et

al. 2012). But public funding is a critical complement
to private capital. Programs such as the Department
of Energy’s Advanced Research Projects Agency—
Energy (ARPA-E), for instance, invest in transfor-
mational energy research that the private sector is
unlikely to fund.

State regulators should not allow a
utility to recover the cost of pollution
controls from ratepayers if a coal
plant can instead be retired and
replaced with more affordable clean
energy alternatives.

. Price carbon emissions. A core element of our

nation’s response to climate change should be a
federal policy that delivers deep cuts in carbon
dioxide emissions swiftly and efficiently, and charg-
es polluters for their remaining emissions. Such

a policy should create a clear market signal that
rewards cuts in heat-trapping CO, emissions and
drives private investments in clean energy. It should
also include critical features such as a mecha-

nism for setting and adjusting emissions targets

to match the latest science, incentives to support
investments in renewable energy and efficiency,
and consumer protections (such as energy rebates
for low-income families) that do not diminish the
overall effectiveness of the policy.?®

. Encourage greater investment in advanced trans-

mission and smart-grid technologies. Modernizing
the U.S. electric grid and the rules that govern it is
essential if the nation is to transition effectively to a
cleaner, more modern and efficient electric system.
Policy changes, more research and development,
and increased investments in new transmission and
distribution infrastructure are needed if we are to
fully realize the potential of a modern electric
system with the ability to integrate and effectively
use emerging technologies. For example, high-
voltage direct current transmission lines can be

a cost-effective investment to transport low-cost
renewable energy efficiently over long distances,
enabling significant development of new clean

% For more information on the policy design of a carbon cap to help meet climate goals, see Cleetus et al. 2009.



66 UNION OF CONCERNED SCIENTISTS

energy resources. Other examples include new
smart-grid applications that can improve the per-
formance of the electric grid at both the transmis-
sion and local distribution levels, demand-response
technologies that reduce power during peak peri-
ods, and stepped-up integration of clean energy
sources such as wind and solar.?®

Improve Resource Planning
by Regional Grid Operators
and Utilities

Regional transmission organizations (RTOs) and
independent system operators (ISOs) operate large
sections of the nation’'s power grid; the balance is
operated by individual utilities. As more coal plants
retire, all these entities must continue to ensure
adequate and reliable energy supplies. The util-

ity industry has typically taken a narrow view of the
options available to them to match power supply with
demand, a view oriented historically toward building
new fossil-fueled generation and new transmission
lines. Such an approach has often led the industry

to underestimate the role that clean energy alterna-
tives such as renewable energy, reducing demand
through energy efficiency, and other consumer-based
(demand-side) resources can offer to meet future
energy needs. To encourage the industry to do a
better job accounting for clean energy resources
when planning their systems, FERC Order No. 1000
requires RTOs, ISOs, system planning authorities, and
individual transmission utilities to consider fully how
existing state and federal policies (such as environ-
mental, efficiency, and renewable energy standards)
will shape the supply and demand for power and
related transmission and distribution infrastructure in
the future. There are additional steps that FERC, states,
and individual utilities can take to ensure that the
system can accommodate an increasing number of
retiring coal generators while maintaining the reliability
of the electric system:

1. FERC must ensure full compliance with Order No.
1000. The commission must ensure that utilities
and transmission planning entities (such as RTOs)

modify their annual planning processes and develop
plans for their regions that reflect minimum resource
requirements. Such modifications should include: (a)
developing procedures for determining power grid
needs driven by the full range of clean energy poli-
cies being considered at the state and federal levels;
such policies include expanded state-level renewable
energy and energy efficiency standards, and greater
use of industrial efficiency technologies such as

CHP systems, smart-grid technologies, and other
distributed clean energy resources that can improve
system reliability; (b) provide transparency and
opportunity for timely, meaningful stakeholder

input into regional planning processes; (c) develop
effective procedures for RTO coordination between
neighboring regions in regional planning processes;
and (d) require various regional cost-allocation
approaches for designated projects in regional plans.

2. States should require regulated utilities to conduct
comprehensive resource planning. While RTOs and
ISOs are responsible for oversight of the power grid
in many areas of the country, utility regulators at
the state level retain significant authority to influ-
ence decisions about power generation and related
investments. This is particularly true in states
where traditionally structured utilities—which own
their own transmission facilities and power plants—
must seek approval from public utility commissions
(PUCs) before they can invest in new power plants
or retrofit existing ones, or at least before such
costs can be passed through to customers via their
electricity bills.

State PUCs should develop and implement com-
prehensive resource planning processes that require
all utilities under their jurisdiction to evaluate fully
and fairly the economics of all available alternatives
for meeting projected electricity needs in their state,
including demand-side resources and available clean
energy technologies. Such planning processes should
explicitly recognize that the nation's aging fleet of coal
plants will soon need to be either retrofitted with pol-
|ution control devices or retired, and factor in the full
range of costs and benefits when comparing those
alternatives—including the future costs of addressing
carbon dioxide emissions.

Regulated utilities may have an incentive to favor
retrofitting existing coal plants because any capital

26 For more information on policies, investments, and technological changes needed to enhance transmission infrastructure and move toward a smart grid, see Joskow

2011 and MIT 2011,
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Shifting our reliance on coal to a new
reliance on natural gas would be a
missed opportunity to transition to
truly low- or no-carbon resources
that have less impact on the
environment and public health.

improvements that regulators approve are given a
guaranteed rate of return and guaranteed cost recov-
ery from ratepayers. PUCs should allow a utility to
recover the cost of pollution controls from ratepayers
only if the utility has demonstrated, using comprehen-
sive long-term planning, that the public interest could
not be better served by retiring the coal plant and
replacing it with more affordable clean energy alterna-
tives such as wind power and reduced demand from
energy efficiency. In evaluating the effects of retiring a
coal-fired generator, utilities should study and disclose
the environmental benefits of emissions reductions
associated with closing the plant as well as options for
addressing any localized power reliability concerns,
such as building transmission lines. This planning
should be transparent about all cost assumptions, to
allow meaningful review both by the public and by reg-
ulators. Regulators in states that lack planning require-
ments should require utilities to prepare such plans.

In states that have deregulated their utility indus-
try, power generation and delivery of that power to
customers have been separated. In those states,
power plant owners sell the electricity they generate in
energy markets run by ISOs and RTOs and to utilities
through competitive auctions. In deregulated states,
public utility commissions have limited authority over
independent power producers (IPPs) and can neither
approve nor reject a power plant owner's decision
to invest in expensive pollution controls. Decisions
to retrofit or retire coal plants largely depend on
whether IPPs can recover the costs (plus a return) in
the competitive generation market and whether they
can raise the necessary capital from banks, corporate
balance sheets, investors, and other sources to finance
the retrofits. Raising such capital is growing increas-
ingly difficult because of the poor economics of aging

coal generators. For example, Edison Mission Energy
announced recently that it was unable to raise the
financing necessary for pollution control upgrades at
its Homer City plant in Indiana County, PA, a 43-year-
old facility that is considered one of the dirtiest coal-
fired plants in the nation (Edison International 2012).

Conclusions

The nation'’s fleet of coal plants is becoming less and
less economic to operate. With abundant cleaner
energy resources beginning to realize their potential

to meet America’s growing energy needs, burning coal
to produce electricity is rapidly becoming outdated.
Many older, dirtier, and underutilized coal units simply
cannot compete economically with natural gas or wind
power. Combining these and other cleaner resources
with upgrades to the power grid (i.e., investments in
new transmission lines) and investments in energy-
saving technologies can more than replace the genera-
tion from the 353 coal-fired generators (59 GW) we
identified as ripe for retirement. Long-overdue clean
air standards will make it even harder to justify con-
tinuing to operate or invest in heavily polluting coal
plants, particularly since those plants are among the
largest sources of carbon dioxide pollution in the
United States.

To ensure a smooth and accelerated transition
toward a cleaner energy system, federal and state
governments should adopt and implement strong pol-
lution standards that require coal plants to finally clean
up their act. Regional power grid managers should
fully and fairly evaluate the availability of clean energy
resources as well as investments in transmission
facilities when determining if coal plants are needed
to maintain system reliability. Likewise, public utility
commissions should compel the utility companies they
regulate to conduct system-wide planning in order to
assess whether cleaner alternatives can more afford-
ably meet customers’ energy needs instead of allowing
power plant owners to charge ratepayers hundreds of
millions of dollar to extend the life of an old, dirty coal
plant. In deregulated states, merchant power produc-
ers, who may not be able to recoup an investment in
expensive pollution controls in competitive wholesale
power markets, are already finding that the bankers
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who finance investments to retrofit old coal plants
are increasingly skeptical about whether such capital
investments are financially prudent. Finally, the federal
government must adopt policies and fund research and
development to advance the cleanest technologies at
the lowest possible cost. The key is to align short-term
market-driven incentives with longer-term goals for
modernizing and decarbonizing our electric system.
Several midwestern states, such as lllinois,
Michigan, and Ohio (home to many of the nation’s
obsolete coal plants), have already adopted policies to
promote clean energy development. Yet these states
can take greater advantage of wind power, solar energy,
and energy efficiency to accelerate their transition to
a clean energy economy and further hasten the closure
of coal plants. States in the Southeast, however, have

done little so far to tap the clean energy resources
that could drive new investment, create jobs, and
improve public health. Those states have the greatest
opportunity to shutter coal plants, partly because utili-
ties in these states have taken little if any action to
modernize their coal fleets.

Making the transition to a modern and sustain-
able energy system involves more than just adding new
clean power to the grid or regulating pollution from
the existing coal fleet; it also requires getting the dirti-
est old power sources off the grid. Thoughtful planning
about how to retire coal plants will help grid operators
and state regulators maximize the economic returns
and the human health and environmental benefits of
a cleaner energy future, while maintaining reliable and
affordable power for American families and businesses.
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APPENDIX A
Methodology

Coal-fired Generator Database

We compiled a database of all utility coal-fired gen-
erators in the United States as of 2009—the last year
for which data are available—using data from the
Energy Information Administration (EIA) of the U.S.
Department of Energy. We filtered out the 288 coal
generators that have already been scheduled for retire-
ment or conversion to natural gas (as of May 31, 2012)
using information from SNL Financial, the EIA, the
Sierra Club, Sourcewatch, and various news accounts
from industry trade publications. Generators listed as
retired before 2008, mothballed, terminated, or out

of service were also removed. In addition, we filtered
out all coal generation used for industrial, educational,
or other non-utility purposes. As a result, our work-
ing data set consisted of 1,169 operational coal-fired
electric-utility generators with a total installed capacity
of 334.7 gigawatts (GW) in 20009.

Core Analysis Methodology

Our core economic analysis consisted of three key
steps. First, we identified the base running costs of cur-
rently operating coal generators. Next, we determined
the absence or presence of four types of the most
essential pollution controls for each coal generator, and
then we added to the base running costs those costs
of installing each control technology to any generator
that is missing it. Lastly, we determined the relative
economic competitiveness of coal generators (both
individually and collectively) with and without these
pollution control technologies compared with average
existing and new natural gas combined-cycle (NGCC)
facilities. Our three-step methodology is similar to
the approach used by Synapse Energy Economics in
an analysis of the economic merit of coal-fired power
plants in the West (Fisher and Biewald 2011).

Any coal generator that was more expensive to
operate than a NGCC power plant would meet our

threshold of being ripe for retirement. We established
a range for the number of ripe-for-retirement coal
generators out of the total of 1,169. Our low estimate
of 153 generators was determined by comparing their
operating costs with the average cost of a new NGCC
unit. Our high estimate of 353 ripe-for-retirement coal
generators is based on a comparison with the average
cost of an existing NGCC plant. Existing NGCC units
whose capital costs have been largely paid off operate
at a lower cost per megawatt-hour of generation

than do new NGCC units where new capital invest-
ment is required.

Coal Generator Operating Costs

To estimate the total operating costs (in dollars per
megawatt-hour) of each coal generator in the data set,
we added the cost of fuel to fixed and variable opera-
tions and maintenance (O&M) costs. Fuel costs were
determined by using heat input at the generator level,
and heat content and delivered cost of coal, as report-
ed to the EIA at the plant level (EIA 2009). When
these data were not available, we used national aver-
ages derived from the same EIA data. Total fuel cost
was then divided by the generator's net generation to
arrive at a cost of fuel in dollars per megawatt-hour.
Out of the full dataset, 206 coal generators did not
report a heat input, but they did report net generation.
For these generators, we could not estimate a fuel cost
despite the fact that they were burning fuel to generate
electricity. We therefore assumed a fuel cost of zero
for these generators, which resulted in a conservatively
low estimate of their total operating cost.

To estimate fixed and variable O&M costs, we
used the same methodology developed by the North
American Electric Reliability Corporation (NERC).
Table A-1 (p. 74) shows NERC's assumptions for such
costs, which decline as the size of the coal generator
increases (NERC 2010).
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Table A-1. Fixed and Variable Operations and Maintenance Costs, by Capacity

. Fixed Operations and Variable Operations and

st B Gy () Maintenance ($/kW-yr)* Maintenance ($/MWh)
<100 30 5
>100 21 4
>300 18 4

“1$/MWh = $/kW-yr/(8.76 multiplied by capacity factor)
Source: NERC 2010, Appendix |.

Figure A-1 shows the results of estimating the running costs above $50/MWh; indeed, there is a
current running costs of each coal generator in the very steep increase in costs to as high as $289/MWh
2009 operational fleet for which there was sufficient for the most expensive 10 GW of installed capacity.
data, equal to 334.7 GW. The majority of the coal fleet Much of the coal-fired generation that costs more than
has a base running cost under $50/MWh, and about $50/MWh is produced by smaller, older, and less effi-
half the fleet has running costs that are just over cient generators that have higher O&M costs.

$25/MWh. About 35 GW of coal generators have

Figure A-1. Supply Curve of Coal Generator Running Costs
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This figure shows the 334.7 GW of installed capacity and the levelized cost of electricity as a function of fuel,
fixed O&M costs, and variable O&M costs. Running costs ranged from $6.50/MWh to $289/MWh, depending
largely on capacity factor and efficiency. Generators with operating costs greater than $50/MWh are typically the
smallest, oldest, and least efficient among the operational coal fleet.



RIPE FOR RETIREMENT | 75

The Cost of Installing
Pollution Controls

After estimating base running costs, we then identified
which units are currently lacking key pollution control
technologies to reduce emissions of sulfur dioxide
(50,), nitrogen oxides (NOy), particulate matter, and
mercury, and calculated the costs of installing such
controls on each generator. We used the National
Electric Energy Data System (NEEDS) database of the
Environmental Protection Agency (EPA) to identify

the absence or presence of a given pollution control
technology for each coal generator (EPA 2010b). The
EPA NEEDS database was then linked to individual coal
generator operating cost data based on plant code and
unit-level identifiers so that the cost of adding a given
pollution control technology, if not already present,
could be estimated.

Our analysis assumed that the following pollution
controls would be installed (if not already present) at
each coal generator: a wet scrubber to control SO,, selec-
tive catalytic reduction (SCR) for NOy, a baghouse for
particulate matter, and activated carbon injection (ACI)
for mercury. The presence of a dry scrubber (for SO,) or
selective non-catalytic reduction (for NOy) was deter-
mined to be adequate pollution control for our analysis.

We estimated the total costs (including capital
costs and fixed and variable O&M costs) of adding wet
scrubbers and SCR using data from the EPA Integrated
Planning Model (Sargent & Lundy 2010a; Sargent &
Lundy 2010b). For determining emissions, we assumed
a constant NOy removal rate of 87.5 percent; we varied
the SO, emissions rate based on generator reporting,
and used national averages to adjust for the sulfur
content of bituminous, subbituminous, or lignite-based
coal fuels. For labor and other component costs, such
as limestone, waste disposal, auxiliary power, and
water, we used the EPA’s default values. We also
included the variable costs required for additional
auxiliary power needs. When emissions data or capac-
ity factor values were not available, we developed a
regression analysis that log-transformed the data to
estimate the cost of adding pollution controls. Results
of our regressions varied for each pollutant, but overall
showed explanation of variation with an r-squared of
0.75 for both SO, and NOy controls.

The methodology and assumptions used to deter-
mine the costs of adding baghouses and activated
carbon injection were based on an analysis prepared
for the Eastern Interconnection Planning Cooperative
(CRA International 2010; Cichanowicz 2006).

In addition, we also adjusted pollution control cost
estimates such that if multiple units went into a single
flue, SO,, particulate matter, and mercury pollution
controls were calculated for a single exhaust rather
than for each unit, thereby reducing the cost of add-
ing pollution controls. This adjustment was not made
for NOx pollution controls because in order to func-
tion properly, the catalyst in SCR technology must be
installed at the boiler and injected at a high tempera-
ture before the gas exits the flue.

Some of the coal generators in the operational
fleet installed pollution control technologies after
2009. In these cases, we estimated the costs of
installation, and then added those costs to our base
operating cost estimates for 2009. This allowed us
to include generators that had pollution controls
installed in 2010 or later but also to ensure that the
costs of adding those technologies were included in
our economic comparisons with cleaner alternatives.
We did not analyze any potential de-rating or small
incremental energy losses from powering installed
pollution controls.

Comparing Coal with Cleaner
Energy Sources

After estimating the base operating costs and the cost
of adding pollution controls for those coal generators
lacking scrubbers, post-combustion NOx controls,
baghouses, or ACI, our analysis then compared the
estimated total cost to operate each coal generator at
its 2009 capacity factor against the cost of producing
power from three competitive energy resources: exist-
ing NGCC plants, new NGCC plants, and new wind
power facilities.

The cost and performance assumptions for the
alternative technologies are listed in Table A-2, p. 76.
The assumptions were largely taken from the EIA’s
Annual Energy Outlook (EIA 2012c; EIA 2011a), with
the exception of heat rate for existing natural gas
generation, which was drawn from an analysis by the
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Table A-2. Fixed and Variable Operations and Maintenance Costs, by Capacity

Existing NGCC New NGCC
Overnight capital cost ($/kW) - 1,000 2,000
Fixed charge rate - 12% 9%
Fixed O&M ($/kW-yr) 14.44 14.44 2773
Variable O&M (cents/kWh) 0.31 0.31 0
Heat rate (Btu/kWh) 7,700 6,430 0
Average natural gas price (AEO 2012) ($/MMBtu) 4.88 4.88 0
Fuel escalation rate (20 yr) (%) 25 25 0
Fuel levelizing factors 1.25 1.25 0
Fuel cost (avg. price) (cents/kWh) 4.7 39 0
Electricity cost (cents/kWh)? 52 6.0 7.2
Alternative Scenarios
Wind w/PTC (cents/kWh)®? - 5.2
CO, price (cents/kWh) 0.69 0.57 0
Electricity cost - low® natural gas price (cents/kWh) 4.0 5.0 -
Electricity cost - high® natural gas price (cents/kWh) 6.4 7.0 -

2 Figures based on AEO 2012.

® Assumes 85 percent capacity factor for gas and 35 percent capacity factor for wind.

< EIA base forecast multiplied by 0.75 or 1.25 to create a low and high gas price respectively.

American Clean Skies Foundation, a natural gas indus-
try trade organization (Swisher 2011).

All wind economic assumptions were also based
on EIA data (EIA 2011a). In addition, we assumed
an average capacity factor of 35 percent based on a
review of recently installed wind turbines by Lawrence
Berkeley National Laboratory (LBNL) (Wiser and
Bolinger 2011). The LBNL report showed capacity fac-
tors ranging from 20 percent to 46 percent for 2009
wind projects, and suggested that reduced curtailment,
project siting, larger rotors, greater hub heights, and
advances in low-wind-speed turbines could increase
the capacity factor in future projects.

Alternative Scenarios

Our analysis presents several alternative scenarios to
examine the effect of key variables that could each
influence the relative economic competitiveness of
the operational coal fleet, including natural gas prices,

tax incentives for the deployment of wind power, and
a price on carbon dioxide. Table A-2 lists some of the
cost assumptions used in our alternative scenarios.

Natural gas prices. Our core analysis assumed a
national 20-year levelized natural gas price of $4.88/
MMBtu ($4.88 per million British thermal units) for
both existing and new NGCC units, based on the EIA's
reference case projections for the electricity sector from
its Annual Energy Outlook 2012 (EIA 2012c¢). In our alter-
native scenarios, we also examined the effect on the
economics of operating coal generators, using forecasts
for a low and a high natural gas price for both new and
existing natural gas facilities to account for uncertainty
in fuel supply and demand. The low natural gas price
scenario assumed a 25 percent decrease in the EIA's
reference case projections (to $3.66/MMBtu), while the
high natural gas price scenario represented a 25 percent
increase in the EIA projections (to $6.10/MMBtu).
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A price on carbon. In addition to assessing the
effect of variability on the price of natural gas, we
analyzed the effect of putting a price on carbon as a
generic proxy for a constraint on carbon emissions.
We assumed a carbon price of $15 per ton, which is
consistent with more conservative, low-cost price
forecasts from several government, industry, and
expert analyses (Johnston et al. 2011).* A carbon price
raises the operating costs of both coal generators and
natural-gas-fired plants. However, based on smoke-
stack CO, emissions, which we assumed to be 119 |Ib
of CO,/MMBtu (NETL 2007), new NGCC plants typi-
cally produce approximately half the CO, emissions
per megawatt-hour of power generated by new coal
plants, and 36 percent of the average CO, emissions
for the existing U.S. coal fleet. As a result, placing a
price on carbon has a greater cost impact on electricity
generated from coal than from natural gas. Conversely,
renewable energy sources such as wind and solar that
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APPENDIX B

EPA Pollution Standards for Power Plants

The Environmental Protection Agency (EPA) is
required under the Clean Air Act to develop and
enforce standards for harmful pollutants such as sulfur
dioxide (S0O,), nitrogen oxides (NOy), particulate mat-
ter, mercury and other toxic pollutants, and carbon
dioxide (CO,). In addition, the agency is also in the
process of finalizing standards for toxic ash residuals
from coal combustion, and for cooling-water intake
structures at power plants. Although many of the pol-
lution controls we analyzed in this report will reduce air
pollutants that the EPA is regulating, it is important to
note that we did not model the actual EPA standards.
The EPA standards contain compliance flexibilities that
may not always require the installation of a specific
pollution control technology.

This appendix summarizes some recent and
upcoming EPA standards aimed at reducing air and
water pollution from coal-fired power plants.

* The Cross-State Air Pollution Rule (CSAPR) will
reduce NOy and SO, emissions, which contribute
to ozone pollution, fine particle pollution, and acid
rain. Emissions of NOy and SO, are often carried
far from their source by prevailing winds and can
cause pollution in other states. The CSAPR requires
a total of 28 eastern states to reduce their annual
SO, emissions as well as their NOy emissions annu-
ally and/or during the ozone season (basically the
summer). The rule sets state budgets for those
pollutants and allows trading within and among the
states (subject to some constraints) to meet overall
required reductions in emissions. By 2014, com-
bined with other final state and EPA actions, the
CSAPR will reduce power plant SO, emissions by
73 percent and NOy emissions by 54 percent from
2005 levels in the regulated region. The CSAPR
was finalized on July 6, 2011, and was originally
meant to go into force in January 2012. As this
report went to print, the U.S. Court of Appeals
for the District of Columbia Circuit issued a
ruling vacating the CSAPR. The ruling will likely

be challenged. Thus the timeline for a new rule is
uncertain.

The Mercury and Air Toxics Standard (MATS) will
reduce emissions of mercury and other toxic pol-
lutants (such as arsenic, chromium, and nickel) and
acid gases (including hydrochloric acid and hydro-
fluoric acid) emitted by coal- and oil-fired genera-
tors. Even in small amounts, heavy metals and acid
gases are linked to health problems such as cancer,
heart disease, neurological damage, birth defects,
asthma attacks, and premature death. MATS was
finalized in December 2011 and became effective
on April 16, 2012. The rule sets technology-based
emissions limitation standards for mercury and
other toxic air pollutants, reflecting levels achieved
by the best-performing sources currently in opera-
tion. The rule provides for a three-year compliance
period (to 2015), with the possibility of a one-year
extension (to 2016) that would be made available
in a broad range of situations by state permitting
authorities. In addition, the EPA can provide for a
further one-year extension (to 2017), if needed, via
an administrative order. For more information see
http.//www.epa.gov/mats/.

Carbon pollution standards for power plants will
reduce emissions of CO, from fossil-fired power
plants. On March 27, 2012, the EPA proposed an
output-based performance standard for new plants
that would limit their emissions to 1,000 pounds of
carbon dioxide per megawatt-hour of electricity (Ib
CO,/MWh). The agency is also expected to issue
guidelines for a carbon standard for existing fossil-
fired power plants, as required under the Clean Air
Act. For more information see http.//epa.gov/car-
bonpollutionstandard/actions.html.

A proposed rule for coal combustion residuals (or
coal ash) from coal-fired power plants was released
by the EPA on June 21, 2010. Coal ash is filled with
toxic pollutants that can contaminate the soil and
water near disposal sites. The EPA’s proposed rule
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contained two options to reduce environmental

and health hazards by regulating coal ash under the
Resource Conservation and Recovery Act (RCRA).
A final rule has not yet been issued. For more
information see http.//www.epa.gov/osw/nonhaz/
industrial/special/fossil/ccr-rule/index.htm.

* The Cooling Water Intake Structure Rule will set
Clean Water Act standards that reduce injuries and
deaths to fish and other aquatic species caused
by water-use practices related to cooling systems
in power plants. A proposed rule (issued under

the CWA §316(b)) was published on April 20,
2011. The proposed rule limits the amount of fish
that can be killed, calls for site-specific studies to
reduce such impacts, and requires that new plants
install technology that is equivalent to closed-cycle
cooling (which continually recycles and cools water
to reduce fresh withdrawals from the water body).
A final rule has not yet been issued. For more
information see http.//water.epa.gov/lawsregs/
lawsguidance/cwa/316b/index.cfm.
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APPENDIX C
State Rankings Summary Tables

Table C-1. Summary of 353 Ripe-for-Retirement Coal Generators, by State (High Estimate)

State Capacity No. of Coal Ne'f C:ueneration Avg. Online  Avg. Capacity Aggj;ii?oﬁsoz
(MW) Generators  (million MWh) Year® Factor® (million tons)®
1 | Georgia 7,411 22 34.7 1969 58% 20.5-364
2 | Alabama 6,534 24 234 1963 45% 151-25.8
3 | Tennessee 3,860 22 9.6 1955 33% 64-10.8
4 | Florida 3,815 1 15.6 1978 50% 10.9-18.0
5 | Michigan 3,648 39 16.0 1961 52% 12.0-19.3
6 | South Carolina 2,942 1l 1.2 1970 46% 6.2-114
7 | Wisconsin 2,450 18 101 1962 47% 72-119
8 | Indiana 2,431 16 73 1966 39% 6.5-9.8
9 | Mississippi 2,406 8 9.7 1976 51% 7.2-1.7
10 | Virginia 2,201 20 7.3 1971 42% 52-86
11 | Ohio 2,198 16 55 1964 31% 34-59
12 | North Carolina 213 13 74 1968 40% 46-79
13 | Maryland 2,081 9 8.9 1966 53% 55-96
14 | New Jersey 1,897 6 4.3 1969 28% 35-54
15 | New York 1,502 12 6.1 1962 51% 42-70
16 | West Virginia 1,465 3 6.0 1975 49% 47 -74
17 | Kentucky 1,391 10 4.8 1965 42% 29-51
18 | lowa 1,268 17 4.4 1967 41% 42-6.2
19 Pennsylvania 1179 14 6.8 1983 73% 45-77
20 | Nebraska 922 8 44 1967 54% 35-55
21 | lllinois 823 8 31 1960 47% 32-46
22 | Missouri 746 14 3.2 1962 51% 27-42
23 | Minnesota 680 n 25 1960 42% 22-34
24 | Kansas 631 5 3.2 1971 69% 27-42
25 | Arizona 581 3 24 1975 54% 17-28
26 | New Hampshire 559 4 29 1964 62% 19-3.2
27 | Delaware 442 1 1.6 1980 42% 0.8-15
28 | Connecticut 400 1 1.0 1968 31% 07-12
29 | Colorado 316 4 19 1968 73% 19-28
30 | North Dakota 75 1 0.4 1963 66% 04-06
31 | Alaska 8 2 0.1 1952 60% 01-0.2
Totals 58,972 353 2254 1967 47% 156.7 - 259.9

2 Data for average online year and average capacity factor reflect weighted averages based on total state capacity.

® The low end of the avoided annual CO, emissions range reflects replacement of coal with existing natural gas, and the high end of the range reflects
replacement of coal with resources emitting zero carbon dioxide, such as wind, or reduced demand due to energy efficiency.
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Table C-2. Summary of 153 Ripe-for-Retirement Coal Generators, by State (Low Estimate)

swe Gy NooCol Gownton | AEOTINe AE Cy Gl
(million MWh) (million tons)®
1 | Georgia 3,997 14 17.7 1968 56% 11.9-18.7
2 | Florida 1,628 5.8 1974 46% 44-66
3 | Mississippi 1,438 4 53 1975 49% 43-63
4 | Michigan 1190 16 3.9 1962 40% 3.8-53
5 | Alabama 1159 7 39 1957 44% 29-44
6 | South Carolina 907 6 1.6 1962 22% 11-17
7 | Virginia 899 10 34 1970 48% 3.0-43
8 | Wisconsin 678 9 29 1957 46% 25-36
9 | Pennsylvania 651 10 4.4 1990 87% 3.2-49
10 | lowa 507.6 12 12 1965 28% 1.8-23
11| Missouri 446.5 8 2.0 1965 51% 1.6-24
12 | New York 406.6 6 11 1960 36% 14-18
13 | Minnesota 3433 7 1.2 1961 37% 12-16
14 | Ohio 2835 5 0.1 1952 4% 01-0.2
15 | North Carolina 2517 5 0.5 1988 21% 05-0.7
16 | Kentucky 216 4 0.8 1957 48% 0.7-11
17 | New Hampshire 213.6 3 13 1957 71% 1.0-16
18 | Colorado 2043 3 13 1975 78% 14-19
19 | Tennessee 175 1 0.3 1954 26% 0.2-04
20 | Nebraska 167.8 2 0.7 1979 50% 0.7-10
21 | West Virginia 164.6 2 1.0 1992 92% 0.8-12
22 | Maryland 136 1 0.4 1959 37% 04-0.6
23 | New Jersey 136 1 0.1 1962 7% 0.1.-01
24 | North Dakota 75 1 04 1963 66% 04-06
25 | Indiana 511 4 0.0 1960 2% 0.2.-0.2
26 | lllinois 51 4 0.3 1965 60% 11-1.2
27 | Kansas 49 1 0.3 1955 72% 03-04
28 | Alaska 25 1 0.01 1952 42% 01-01
Totals 16,428 153 61.8 1967 47% 51.6 -75.3

2 Data for average online year and average capacity factor reflect weighted averages based on total state capacity.

® The low end of the avoided annual CO, emissions range reflects replacement of coal with new natural gas, and the high end of the range reflects replace-
ment of coal with renewable resources such as wind that emit zero carbon dioxide, or reduced demand due to energy efficiency.
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Table C-3. State Ranking of Combined Coal Generators Announced for Retirement plus High
Estimate of Coal Generators Identified as Ripe for Retirement

Combined Total

Announced Retirements

Ripe for Retirement
High Estimate

Capacity No. of Coal Capacity No. of Coal Capacity No. of Coal
(MW) Generators (MW) Generators (MW) Generators
1 | Ohio 8,962 59 6,763 43 2,198 16
2 | Georgia 8,667 26 1,257 7,41 22
3 | Alabama 7,377 30 844 6 6,534 24
4 | Pennsylvania 5,024 40 3,845 26 1179 14
5 | North Carolina 5,017 39 2,904 26 213 13
6 | Florida 4,998 15 1183 4 3,815 1
7 | Indiana 4,725 40 2,293 24 2,431 16
8 | West Virginia 4,403 21 2,938 18 1,465 3
9 | Virginia 4,314 34 2,114 14 2,201 20
10 | South Carolina 4,066 26 1125 15 2,942 n
1 | Tennessee 3,985 23 125 1 3,860 22
12 | Michigan 3,760 1 112 2 3,648 39
13 | lllinois 3,246 25 2,423 17 823 8
14 | Wisconsin 2,827 26 377 8 2,450 18
15 | New York 2,661 21 1,160 9 1,502 12
16 | Kentucky 2,623 19 1,233 9 1,391 10
17 | Mississippi 2,406 8 - - 2,406 8
18 | Maryland 2,190 1 10 2 2,081 9
19 New Jersey 1,922 7 25 1 1,897 6
20 | Nevada 1,878 1,878 3 - -
21 | Missouri 1,687 19 942 5 746 14
22 | lowa 1,553 31 285 14 1,268 17
23 | Texas 1,490 1,490 3 - -
24 | Washington 1,460 2 1,460 2 - -
25 | Colorado 1,093 13 777 9 316 4
26 | Delaware 1,052 7 610 6 442 1
27 | Nebraska 922 8 - - 922 8
28 | Minnesota 919 12 239 1 680 1
29 | Kansas 719 7 88 2 631 5
30 | New Mexico 633 3 633 3 - -
31 | Connecticut 614 2 214 1 400 1
32 | Oregon 601 1 601 1 - -
33 | Arizona 581 3 - - 581 3
34 | New Hampshire 559 4 - - 559 4
35 | Massachusetts 542 5 542 5 - -
36 | Oklahoma 473 1 473 1 - -
37 | Utah 189 2 189 2 - -
38 | North Dakota 75 1 - - 75 1
39 | Alaska 9 3 2 1 8 2
Totals 100,222 641 41,249 288 58,973 353
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APPENDIX D

Alternative Scenarios Summary Table

Table D-1. Summary of Results, Core Analysis vs. Alternative Scenarios

. Percent of .
. . No. of Coal Net Generation . Avoided CO,
SEEITD EREETTE) Generators (million MWh) O EIeCt”.CIty (million tons)”
Consumption

Existing NGCC 59 353 225 6% 157 - 260

(high estimate)
Core analysis

New NGCC 16 153 62 2% 52-75

(low estimate)
Alternative Scenarios
High natural Existing NGCC 35 254 113 3% 83-134
gas price New NGCC 6 98 16 1% 17 -23
Low natural Existing NGCC 138 556 651 18% 427 - 725
gas price New NGCC 36 232 154 4% 120 -179

Existing NGCC 115 524 515 14% 348 - 584
Carbon price

New NGCC 41 271 172 5% 138 - 204

Without tax credits 22 190 55 2% 69
Wind

With tax credits 63 363 243 7% 279

* For all natural-gas-related scenarios, the low end of the avoided annual CO, emissions range reflects replacement of coal with existing or new natural gas
(respectively, based on the specific scenario), and the high end of the range reflects replacement of coal with renewable resources such as wind, which emit
zero carbon dioxide, or reduced demand for electricity due to energy efficiency.
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APPENDIX E
Plant-level Listings by State

Table E-1. 288 Coal Generators Announced for Retirement or Conversion

Coal Plant Plant Owner GeR::i:;:frs c?lslilvd;y Online Year
Alabama Widows Creek Tennessee Valley Authority 60f8 844 1952 - 1954
Alaska Che Power Plant Aurora Energy, LLC Tof4 2 1952
Arapahoe Xcel Energy Inc. Tof2 46 1951
Cameo Xcel Energy Inc. 20of 2 75 1957 - 1960
Colorado Cherokee Xcel Energy Inc. 3o0f4 421 1957 - 1962
Valmont Xcel Energy Inc. 1of1 192 1964
W.N. Clark Black Hills Corp. 20f2 44 1955 - 1959
Connecticut Thames S & S Deconstruction Tof1 214 1989
Dover Steam Energy Center NRG Energy, Inc. 1of1 18 1985
Delaware Edge Moor Energy Center Calpine Corp. 20f2 252 1954 - 1966
Indian River NRG Energy, Inc. 3of 4 340 1957 - 1970
Central Power & Lime JPMorgan Chase & Co. Tof1 125 1998
Florida Crist Southern Co. 1of 4 94 1959
Crystal River Progress Energy, Inc. 20of 4 964 1966 - 1969
Georgia Harllee Branch Southern Co. 20f4 658 1965 - 1967
Jack McDonough Southern Co. 20f2 598 1963 - 1964
Crawford Edison International 20f2 597 1958 - 1961
Fisk Street Edison International 1of1 374 1968
Hennepin Power Station Dynegy Inc. 20f2 306 1953 - 1959
Hutsonville Ameren Corp. 20of 2 150 1953 - 1954
[llinois Jce;‘Ler::;TLSmurfit Madison Smurfit-Stone Container Corp. Tof1 13 1958
Lakeside City Water, Light and Power 20of 2 75 1961 - 1965
Meredosia Ameren Corp. 30of3 354 1948 - 1960
Vermilion Power Station Dynegy Inc. 20f2 182 1955 - 1956
Will County Edison International 20of 4 371 1955
Dean H. Mitchell NiSource Inc. 30f3 384 1959 - 1970
Eagle Valley AES Corp. 4 of 4 302 1951 - 1956
Edwardsport 7-8 Duke Energy Corp. 20of 2 109 1949 - 1951
Harding Street AES Corp. 20f3 227 1958 - 1961
Indiana Perry K Citizens Energy Group 4 of 4 24 1925 - 2009
R. Gallagher Duke Energy Corp. 20of 4 300 1959 - 1960
State Line Energy Dominion Resources, Inc. 20of 2 334 1955 - 1962
Tanners Creek American Electric Power 30f4 520 1951 - 1954
Whitewater Valley City of Richmond 20of 2 94 1955 - 1973
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Coal Plant

Plant Owner

Retiring

Generators

Capacity
(MW)

Online Year

Dubuque Alliant Energy Corp. Tof3 15 1929
Lansing Alliant Energy Corp. 20f3 49 1949 - 1957
Pella City of Pella 2 0of 2 38 1964 -1972
lowa Prairie Creek Alliant Energy Corp. Tof2 23 1951
Sixth Street Station Alliant Energy Corp. 60of 6 85 1921 - 1950
Sutherland Station Alliant Energy Corp. 20f3 75 1955
Kansas Riverton Empire District Electric Co. 20f2 88 1950 - 1954
Big Sandy American Electric Power Tof2 281 1963
Cane Run PPL Corp. 30f3 645 1962 - 1969
Kentucky Green River PPL Corp. 2 0of 2 189 1954 - 1959
Henderson 1 Henderson City Utility 20of 2 44 1956 - 1968
Tyrone 3 PPL Corp. 1of1 75 1953
Maryland R. Paul Smith Power Station FirstEnergy Corp. 20f2 10 1947 - 1958
Massachusetts Salem Harbor 1-3 Dominion Resources, Inc. 30f3 330 1952 - 1958
Somerset NRG Energy, Inc. 2 of 2 212 1959
Michigan Presque Isle Wisconsin Energy Corp. 20f7 12 1964 - 1966
Minnesota Riverside Xcel Energy Inc. 1of1 239 1964
Missouri Asbury Empire District Electric Co. Tof2 19 1986
Meramec Ameren Corp. 4 of 4 923 1953 - 1961
Nevada Mohave Edison International 20f2 1,636 1971
TS Power Plant Newmont Mining Corp. 1of1 242 2008
New Jersey Howard Down \lj't:‘lft';”d Municipal Electric Tof1 25 1970
New Mexico Four Corners Arizona Public Service Co. 30f5 633 1963 - 1964
Greenidge AES Corp. 20f2 163 1950 - 1953
Jennison AES Corp. Tof1 60 1945
New York Lovett GenOn Energy, Inc. Tof1 200 1969
Rochester 7 (Russell) Iberdrola, S.A. 4 of 4 253 1948 - 1957
Westover AES Corp. Tof2 44 1943
Buck Duke Energy Corp. 4 of 4 370 1941 - 1953
Cape Fear Progress Energy, Inc. 20f2 329 1956 - 1958
Cliffside Duke Energy Corp. 4 0of 5 210 1940 - 1948
North Carolina Dan River Duke Energy Corp. 30f3 290 1949 - 1955
L.V. Sutton Progress Energy, Inc. 30f3 672 1954 -1972
Lee Progress Energy, Inc. 30f3 402 1951 - 1962
Riverbend Duke Energy Corp. 4 of 4 466 1952 - 1954
W.H. Weatherspoon Progress Energy, Inc. 30f3 166 1949 - 1952
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Coal Plant

Plant Owner

Retiring

Generators

Capacity
(MW)

Online Year

Akron Recycle Energy BFG City of Akron 1of1 0.3 1979
Ashtabula FirstEnergy Corp. 1of1 256 1958
Avon Lakes GenOn Energy, Inc. 2 of 2 766 1949 - 1970
Bay Shore FirstEnergy Corp. 30f3 499 1959 - 1968
Conesville American Electric Power 1of 4 162 1962
Eastlake FirstEnergy Corp. 50f5 1,257 1953 - 1972
JCe;‘Lenrts;r})S'_lmurfit Pickaway Smurfit-Stone Container Corp. 1of1 7 1981
Lake Shore FirstEnergy Corp. 1of1 256 1962
Ohio Miami Fort Duke Energy 20of 4 263 1949 - 1960
Muskingum River American Electric Power 4 0of 5 914 1953 - 1958
Niles GenOn Energy, Inc. 20of2 266 1954
O.H. Hutchings AES Corp. 2of6 138 1948 - 1949
Picway American Electric Power 1of1 106 1955
R.E. Burger FirstEnergy Corp. 30of3 416 1950 - 1955
Richard Gorsuch me”can Municipal Power, 4ofa 200 1988
Shelby Municipal Light City of Shelby 4 of 4 37 1948 - 1973
Walter C. Beckjord Duke Energy Corp. 6of 6 1,221 1952 - 1969
Oklahoma Northeastern American Electric Power 10of 2 473 1979
Oregon Boardman Portland General Electric 1of1 601 1980
Armstrong Power Station FirstEnergy Corp. 20of 2 326 1958 - 1959
Cromby 1 Exelon Corp. 1of1 188 1954
Eddystone 1-2 Exelon Corp. 20f2 707 1960
Elrama GenOn Energy, Inc. 40f4 510 1952 - 1960
Pennsylvania Hunlock Power Station UGl Corp. 1of1 49.9 1959
New Castle GenOn Energy, Inc. 30of3 348 1952 - 1964
Portland GenOn Energy, Inc. 2 0of 2 427 1958 - 1962
Shawville GenOn Energy, Inc. 4 of 4 626 1954 - 1960
Sunbury Corona Power, LLC 40f 4 438 1949 - 1953
Titus GenOn Energy, Inc. 30f3 225 1951-1953
Canadys SCANA Corp. 30of3 490 1962 - 1967
Dolphus M. Grainger Zc;l:thzgte;rolina Public Service 20f2 163 1966
South Carolina 'y ) 1o ekin SCANA Corp. 20f2 294 1958
Savannah River (U.S. DOE) U.S. Department of Energy 7 of 7 78 1952
Urquhart SCANA Corp. 1of1 100 1955
Tennessee Johnsonville Tennessee Valley Authority 10f10 125 1952
JT. Deely CPS Energy 20of 2 932 1977 - 1978
Texas Welsh American Electric Power 1of 3 558 1980
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Retiring Capacity

Coal Plant Plant Owner Online Year

Generators (MW)

Utah Carbon miﬁ;g‘:”gj” Energy 20f 2 189 1954 - 1957
Chesapeake Dominion Resources, Inc. 4 of 4 650 1953 - 1962
Clinch River American Electric Power 1of 3 238 1961
Virginia Glen Lyn American Electric Power 20f2 338 1944 - 1957
Potomac River GenOn Energy, Inc. 50f5 514 1949 - 1957
Yorktown Dominion Resources, Inc. 20f2 375 1957 - 1959
Washington Centralia TransAltaCorp. 20f2 1,460 1972 -1973
Albright FirstEnergy Corp. 30of3 278 1952 - 1954
Kammer American Electric Power 30f3 713 1958 - 1959
Kawha River American Electric Power 20f2 439 1953
West Virginia North Branch Dominion Resources, Inc. 1of1 80 1992
Philip Sporn American Electric Power 50of 5 1106 1950 - 1960
Rivesville FirstEnergy Corp. 20f2 10 1943 - 1951
Willow Island FirstEnergy Corp. 20f2 213 1949 - 1960
Alma Dairyland Power Cooperative 3of 5 45 1947 - 1951
Wisconsin E.J. Stoneman DTE Energy Co. 20f2 53 1952
Menasha City of Menasha Tof 3 7 2006
Valley Station Wisconsin Energy Corp. 20of 2 272 1968 - 1969
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The following two tables list all of the coal genera-
tors we identified as ripe for retirement, under both our
high and low estimates, by state. This report is a static
analysis that takes a "snapshot" of the coal fleet and
its relative economic competitiveness compared with
natural gas combined-cycle power plants and cleaner
alternatives. While this report evaluates some of the
most important criteria affecting the future economic
viability of coal-fired generators, other localized unit-
specific factors including reliability and related issues

will help determine whether coal plant owners decide
whether to retrofit or retire specific individual units.
For each coal-fired power plant listed in the high
estimate (Table E-2), we indicate the number of coal
generators at that plant deemed ripe for retirement
because they are uneconomic compared with an existing
natural gas power plant. For some plants, all generators
at that plant are identified for potential closure, while for
other plants, those units that remain competitive with
existing natural gas are not identified for closure.

Table E-2. High Estimate of 353 Coal Generators Identified as Ripe for Retirement

Plant Owner Generators C(anr;;Nci;:y Online Year
Greene County Southern Company 20f2 568 1965 - 1966
Gadsden Southern Company 20f2 138 1949
Charles R. Lowman E:gs;sr;)tl';\t/z Energy Tof 3 66 1969
Alabama Gorgas Southern Company 4 0of 5 628 1951 - 1958
Barry Southern Company 50f5 1,771 1954 - 1971
Colbert Tennessee Valley Authority 50f5 1,350 1955 - 1965
E.C. Gaston Southern Company 50f5 2,013 1960 - 1974
Alaska Che Power Plant Aurora Energy, LLC 20f4 8 1952
Apache Station Arizona Electric Power 202 408 1979
Arizona | ‘ Cooperative Inc.
|5-|t.a\t/?/c:|:0n sundt Generating UniSource Energy Tof1 173 1967
Arapahoe Xcel Energy Inc. Tof2 12 1955
Colorado Martin Drake Plant Colorado Springs Utilities 20f3 125 1962 - 1968
Nucla Eia_r?:eri}:iesgs:\]i:tsigcnift(ion, Inc. Tof 4 79 1991
Connecticut Bridgeport Harbor 3 2:21:; IS:Cr?/ice Enterprise 10of1 400 1968
Delaware Indian River NRG Energy, Inc. lof4 4472 1980
Scholz Southern Company Tof1 49 1953
Deerhaven Gainesville Regional Utilities 1of1 251 1981
C.D. Mclntosh, Jr. 3 Multi-owned 1of1 364 1982
Florida Cedar Bay Generating Goldman Sachs Group, Inc. 1of1 292 1994
Lansing Smith Southern Company 20f2 340 1965 - 1967
Crystal River Progress Energy, Inc. 20f4 1,478 1982 - 1984
Crist Southern Company 3of4 1,041 1961 -1973
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Plant Owner Generators C(ah;;‘?Nci;cy Online Year
Plant Crisp Eg;pmcl‘s’;gtly Power Tof1 13 1957
Mitchell Southern Company 1of1 163 1964
Kraft 1-3 Southern Company 30f3 208 1958 - 1965
Georgia Harllee Branch Southern Company 20f4 1,088 1968 - 1969
Bowen Southern Company 4 of 4 3,499 1971-1975
Hammond Southern Company 4 of 4 953 1954 - 1970
Yates Southern Company 7 of 7 1,487 1950 -1974
Joliet 9 Station Edison International 1of1 360 1959
Pearl Station Prairie Power, Inc. 1of1 22 1967
Tuscola Station Duke Energy Corp. 30f3 18 1953 - 2001
Illinois Will County Edison International Tof 4 299 1957
Marion z‘;‘(‘;;‘:r;”ﬁ'\lg”"is Power Tof 4 33 1963
Dallman City Water, Light and Power Tof4 90 1968
Jasper 2 City of Jasper 1of1 15 1968
Logansport City of Logansport Tof2 18 1958
F.B. Culley Vectren Corp. Tof2 104 1966
Frank E. Ratts Eg’f’j;elrn?ergy Rural Electric 10f 2 117 1970
Crawfordsville crowfordsvile Flectric Light 202 24 1955 - 1965
Indiana Peru City of Peru 20f2 35 1949 - 1959
Tanners Creek ég:s;:s;‘ Electric Power Tof4 580 1964
Warrick ALCOA Tof4 323 1970
R.M. Schahfer NiSource Inc. Tof 4 556 1979
R. Gallagher Duke Energy Corp. 20f4 300 1958 - 1961
Wabash River Station Duke Energy Corp. 3of5 361 1953 - 1956
Earl F. Wisdom Corn Belt Power Cooperative 1of1 33 1960
M.L. Kapp Alliant Energy Corp. 1of1 218 1967
Prairie Creek Alliant Energy Corp. Tof2 50 1958
Fair Station Ezgg:ggyea Power Tof2 38 1967
Ames City of Ames 2 0of 2 109 1968 - 1982
s Riverside (IA) m‘)‘lj(ﬁ;g‘:”éj” Energy 20f2 1 1949 - 1961
Streeter Station City of Cedar Falls 20of 2 52 1963 - 1973
Sutherland ST Alliant Energy Corp. 1of3 82 1961
Lansing Alliant Energy Corp. 1of 3 275 1977
Dubuque Alliant Energy Corp. 2 of 3 66 1952 - 1959
Muscatine Muscatine Power & Water Tof 4 75 1969
Walter Scott, Jr. Energy Center M;?Q:;zrg;n Energy 20f4 131 1954 - 1958
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Plant Owner

Generators

Capacity

(MW)

Online Year

Lawrence Westar Energy, Inc. 1of 3 49 1955
Nearman Creek City of Kansas City 10of1 261 1981
Kansas Quindaro City of Kansas City 20f2 239 1965 - 1971
Tecumseh Westar Energy, Inc. Tof2 82 1957
Dale East Kentucky Power Coop. Inc. 4 of 4 216 1954 - 1960
E.W. Brown PPL Corp. 20f3 560 1957 - 1971
Kentucky J. Sherman Cooper East Kentucky Power Coop. Inc. 20f2 344 1965 - 1969
R.A. Reid Big Rivers Electric Corp. 10of1 96 1966
Shawnee Tennessee Valley Authority 10f 10 175 1953 - 1956
Warrior Run Cogeneration AES Corp. 1of1 229 1999
C.P. Crane Constellation Energy Group, Inc. 20f 2 400 1961-1963
Maryland Dickerson GenOn Energy, Inc. 30of3 588 1959 - 1962
Herbert A. Wagner 2-3 ﬁ?Ste”a“O” Energy Group, 10f 2 136 1959
Chalk Point 1-2 GenOn Energy, Inc. 2 0of 2 728 1964 - 1965
Harbor Beach DTE Energy Company 1of1 121 1968
Erickson bag”hsti”g Board of Water & Tof1 155 1973
Endicott Generating QA;Z:E;” South Central Power 1of 1 55 1982
J.B. Sims City of Grand Haven 1of1 80 1983
Shiras City of Marquette Tof2 21 1972
B. C. Cobb CMS Energy Corp. 20of 2 313 1956 - 1957
J.C. Weadock CMS Energy Corp. 2 0of 2 313 1955 - 1958
Michigan Wyandotte Wyandotte Municipal Service 20f2 54 1958 - 1986
Commission
Escanaba City of Escanaba 20of 2 23 1958
James De Young City of Holland 20f3 41 1951 - 1969
Trenton Channel DTE Energy Company 20f3 240 1949 - 1950
J.R. Whiting CMS Energy Corp. 30of3 345 1952 - 1953
White Pine Copper Refinery Traxys North America LLC 30f3 60 1954
St. Clair DTE Energy Company 50f6 1,003 1953 - 1961
Eckert Station Lansing Board of Water & Light 60of 6 375 1954 -1970
Presque Isle Wisconsin Energy Corporation 5o0f 7 450 1974 - 1979
Willmar Z‘g:ﬁ”ﬁ;g’(‘)‘:‘”idpa' Utility Tof1 18 1970
Austin Northeast City of Austin 1of1 32 1971
Minnesota Hoot Lake Otter Tail Corporation 20f2 129 1959 - 1964
Black Dog Station Xcel Energy Inc. 2 0of 2 294 1955 - 1960
SylLaskin ALLETE, Inc. 20f2 16 1953
Silver Lake Rochester Public Utilities 30f3 91 1953 - 1969
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Plant Owner Generators C(an;;l%vd;cy Online Year
Henderson Sreenwood Utilties 20f2 33 1960 - 1967
Jack Watson Southern Company 20f2 877 1968 - 1973
Mississippi South Mississippi Electric
R.D. Morrow Power Assoc. 2 0of 2 400 1978
Victor J. Daniel, Jr. Southern Company 2 of 2 1,097 1977 - 1981
Lake Road Great Plains Energy Inc. 1of1 90 1966
Chamois gggg:lai'i‘jzt”c Power 20f2 59 1953 - 1960
Columbia City of Columbia 20of2 39 1957 - 1965
Missouri Missouri City City of Independence City 20f2 46 1954
Montrose Great Plains Energy Inc. 1of 3 188 1958
Blue Valley City of Independence 30f3 15 1958 - 1965
James River Power Station City Utilities of Springfield 3of5 209 1960 - 1970
Lon Wright City of Fremont 1of 3 92 1977
Nebraska North Omaha Omaha Public Power District 50f5 645 1954 - 1968
Platte City of Grand Island 1of1 1o 1982
Whelan Energy Center Multi-owned 1of1 76 1981
New Merrimack Northeast Utilities 20of2 459 1960 - 1968
Hampshire Schiller Coal Northeast Utilities 20f2 100 1952 - 1957
B.L. England 1-2 Multi-owned 20f2 299 1962 - 1964
Chambers Cogeneration Multi-owned 1of1 285 1994
New Jersey Mercer Public Service Enterprise 20f2 653 1960 - 1961
Group Inc.
Hudson 2 2‘:23; frfcr_“ce Enterprise 10f1 660 1968
Black River Generation Multi-owned Tof1 56 1989
Westover AES Corporation Tof 2 75 1951
C.R. Huntley NRG Energy, Inc. 1of 2 218 1957
New York Syracuse Energy Corp. GDF Suez SA Tof2 91 1991
Danskammer 3-4 Dynegy Inc. 20of2 387 1959 - 1967
Samuel A. Carlson JL?triTI]i(taiZtswn Board of Public 20of 2 49 1951-1968
Dunkirk NRG Energy, Inc. 4 of 4 627 1950 - 1960
Elizabethtown ST Vulcan Capital 1of1 35 1985
Lumberton ST Vulcan Capital 1of1 35 1985
Roxboro ST Capital Power Corp. 1of1 68 1987
North Carolina Southport ST Capital Power Corp. 20of2 135 1987
Rocky Mount/D.C. Battle Multi-owned 2 of 2 15 1990
Cliffside Duke Energy Corp. 1of 5 571 1972
G.G. Allen Duke Energy Corp. 50of 5 1155 1957 - 1961
North Dakota ;gio':es"ett Generating MDU Resources Group, Inc. Tof 2 75 1963
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Plant Owner Generators C(an;;m:i;cy Online Year
Hamilton City of Hamilton 20of2 76 1965 - 1975
Orrville City of Orrville Tof3 25 1971
Ohio O.H. Hutchings AES Corporation 4 0of 5 276 1950 - 1953
Painesville City of Painesville 30f3 46 1953 - 1990
W.H. Sammis FirstEnergy Corp. 60of7 1,776 1959 - 1969
Mitchell Power Station 3 FirstEnergy Corp. Tof1 299 1963
Westwood Generating Station | Integrys Energy Group, Inc. 1of1 36 1987
John B. Rich Memorial Gilberton Power Company 1of1 88 1988
Wheelabrator Frackville Waste Management, Inc. Tof1 48 1988
?(?thnee‘ﬁtﬁéﬂ Power GDF Suez SA Tof 1 58 1989
Ebensburg Power Company McDermott International Tof1 58 1990
Pennsylvania St. Nicholas Cogeneration lSr:::uylkill Energy Resource, 1of1 99 1990
Cambria Cogeneration Northern Star Generation 1of1 98 1991
Panther Creek Multi-owned 1of1 94 1992
Piney Creek Project Colmac Clarion, Inc. 1of1 36 1992
Scrubgrass Pacific Gas and Electric Co. Tof1 95 1993
Colver Power Project Constellation Energy Group, Inc. 1of1 18 1995
Beaver Valley Station AES Corp. Tof2 35 1987
Montour PPL Corp. Tof3 17 1973
H.B. Robinson Coal Progress Energy, Inc. 1of1 207 1960
Williams SCANA Corp. 1of1 633 1973
Wateree SCANA Corp. 20of2 772 1970 - 1971
South Carolina | jefferies South Carolina Public Service 20f2 346 1970
Authority
W.S. Lee Duke Energy Corp. 30f3 355 1951-1958
Winyah i%‘:ﬁirci;“’"”a Public Service 20f 4 630 1977 - 1980
John Sevier Tennessee Valley Authority 40f 4 800 1955 - 1957
Tennessee Kingston Tennessee Valley Authority 90f 9 1,700 1954 - 1955
Johnsonville Tennessee Valley Authority 9 0f 10 1,360 1951 - 1959
Altavista Dominion Resources, Inc. 1of1 71 1992
Hopewell (Polyester) Dominion Resources, Inc. 1of1 71 1992
Southampton Dominion Resources, Inc. 10of1 71 1992
Bremo Bluff Dominion Resources, Inc. 20f2 254 1950 - 1958
James River Station Goldman Sachs Group, Inc. 20f2 15 1988
Virginia Portsmouth Station Multi-owned 20of2 15 1988
Mecklenburg Cogeneration Dominion Resources, Inc. 20of 2 140 1992
Clinch River é?;;;ﬁ; lErLecft”c Power 20f3 475 1958
Chesterfield Dominion Resources, Inc. 3of4 659 1952 - 1964
Spruance Genco Multi-owned 4 of 4 230 1992
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Plant Owner Generators C(ah[;‘?Nci;cy Online Year
Morgantown Energy Facility GenOn Energy, Inc. 1of1 69 1991
West Virginia Grant Town Cogen Edison International 1of1 96 1992
John E. Amos ég:ﬁg;i; i'fft”c Power 1of 3 1,300 1973
Genoa Dairyland Power Cooperative 1of1 346 1969
Milwaukee County Wisconsin Energy Corp. 1of1 n 1996
Nelson Dewey Alliant Energy Corp. 2 of 2 200 1959 - 1962
Edgewater Alliant Energy Corp. 1of 3 60 1951
Wisconsin Menasha mieﬁ;;sha Electric & Water 1of3 14 1964
Weston Integrys Energy Group, Inc. 20of 4 142 1954 - 1960
Pulliam Integrys Energy Group, Inc. 4 of 4 350 1949 - 1964
South Oak Creek Wisconsin Energy Corp. 4 of 4 1,192 1959 - 1967
Alma Dairyland Power Cooperative 20f5 136 1957 - 1960
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For each coal-fired power plant listed below in the natural gas power plant. For some plants, all generators
low estimate (Table E-3), we indicate the number of at that plant are identified for potential closure, while
coal generators at that plant deemed ripe for retirement for other plants, those units that remain competitive
because they are uneconomic compared with a new with existing natural gas are not identified for closure.

Coal Plant

Table E-3. Low Estimate of 153 Coal Generators Identified as Ripe for Retirement

Capacity

Plant Owner Generators Online Year

(MW)

Greene County Alabama Power Company Tof2 299 1965

Colbert Tennessee Valley Authority 1of5 200 1955

Alabama Barry Alabama Power Company 1of5 272 1959

Gadsden Alabama Power Company 20f2 138 1949
Gorgas Alabama Power Company 20of5 250 1951 - 1952

Alaska Che Power Plant ii?)ec?a:{z!el};f.lecmc 1of4 3 1952

oorado |\ Mansmission Assoiation, inc. | 1914 7 1991
Martin Drake Plant Colorado Springs Utilities 20f3 125 1962 - 1968

Scholz Gulf Power Company Tof1 49 1953

Florida Cedar Bay Generating JEA Tof1 292 1994
Lansing Smith Gulf Power Company 20f2 340 1965 - 1967
Crist Gulf Power Company 20of 4 948 1970 - 1973

Mitchell Georgia Power Company Tof1 163 1964

Harllee Branch Georgia Power Company lof4 544 1969
Georgia Bowen Georgia Power Company 20of 4 1,595 1971-1972
Kraft 1-3 Georgia Power Company 30of3 208 1958 - 1965
Yates Georgia Power Company 7 of 7 1,487 1950 -1974

s Marion f’:‘(’)‘;t;:r;'li'\jgnms Power Tof 4 33 1963
Tuscola Station Ameren lllinois Company 30f3 18 1953 - 2001

Jasper 2 City of Jasper 1of1 15 1968

Indiana Peru City of Peru Tof2 13 1949
Crawfordsville g;gva‘;rrdé‘g"'e Electric Light 20f2 24 1955 - 1965

Earl F. Wisdom Corn Belt Power Co-op. 1of1 33 1960

Riverside 'g‘;:ﬂ’;?:;ca” Energy 1of 2 5 1949

Fair Station Central lowa Power Cooperative Tof2 38 1967

Sutherland ST Interstate Power and Light Tof3 82 1961

lowa Company

Walter Scott, Jr. Energy Center | MidAmerican Energy Company Tof4 49 1954

Muscatine Muscatine Power & Water Tof 4 75 1969
Streeter Station City of Cedar Falls 2 of 2 52 1963 - 1973
Ames City of Ames 2 0of 2 109 1968 - 1982
Dubuque ITC Midwest LLC 20f3 66 1952 - 1959
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Capacity .
Coal Plant Plant Owner Generators MW) Online Year
Kansas Lawrence Westar Energy (KPL) 1of 3 49 1955
Kentucky Dale East Kentucky Power 4of4 216 1954 - 1960
Cooperative Inc.
Maryland Herbert A. Wagner 2-3 Baltimore Gas and Electric Tof2 136 1959
Company
Intertiol Transmission
Harbor Beach 1of1 121 1968
Company
Endicott Generating Michigan South Central Power 1of1 55 1982
Agency
Trenton Channel Detroit Edison Company 1of 3 120 1950
James De Young City of Holland 1of 3 29 1969
Michigan Presque Isle Wisconsin Electric Power Tof 7 90 1975
Company
Wyandotte Wyandpt?e Municipal Service 20of 2 54 1958 - 1986
Commission
. Michigan Electric
J.R. Whiting Transmission Company, LLC 30f3 345 1952 - 1953
Eckert Station Lansing Board of Water 6 of 6 375 1954 - 1970
& Light
Austin Northeast City of Austin 1of1 32 1971
Hoot Lake Otter Tail Power Company 20of2 129 1959 - 1964
Minnesota
Syl Laskin ALLETE (Minnesota Power) 20of2 16 1953
Silver Lake Rochester Public Utilities 2 of 3 66 1953 -1969
Lake Road KCP&L‘Greater Missouri Tof 1 20 1966
Operations Company
Chamois Associated Electric Tof2 44 1960
Cooperative Inc.
Missouri
Blue Valley City of Independence 1of3 65 1965
Columbia City of Columbia 2 of 2 39 1957 - 1965
James River Power Station City Utilities of Springfield 3of5 209 1960 - 1970
Henderson Entergy Mississippi, Inc. Tof2 13 1960
Mississippi Victor J. Daniel, Jr. Mississippi Power Company Tof2 548 1981
Jack Watson Mississippi Power Company 20of 2 877 1968 - 1973
Whelan Energy Center Nebraska Public Power District 1of1 76 1981
Nebraska
Lon Wright City of Fremont 1of3 92 1977
Merrimack Public Serwcel Company of Tof2 14 1960
New Hampshire
New Hampshire - -
Schiller Coal Public Service Company of 20f2 100 1952 - 1957
New Hampshire
New Jersey B.L. England 1-2 Atlantic City Electric Company Tof2 136 1962
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Capacity .
Coal Plant Plant Owner Generators MW) Online Year
Westover New YorI.< State Electric & Gas Tof2 75 1951
Corporation
Syracuse Energy Corporation Niagara Mohawk Power Tof2 91 1991
Corporation
New York .
Samuel A. Carlson Jar‘n.e.stown Board of Public 20f 2 49 1951 - 1968
(Jamestown) Utilities
Dunkirk Niagara Mohawk Power 20f4 192 1950
Corporation
Elizabethtown ST Carolina Power & Light Tof1 35 1985
Company
Lumberton ST Carolina Power & Light 1of1 35 1985
Company
North Carolina X X
Roxboro ST Carolina Power & Light Tof1 68 1987
Company
Rocky Mount,/D.C. Battle Virginia Electric and Power 20f2 15 1990
Company
North Dakota R'Mf Heskett Generating MDU Resources Group, Inc. lof2 75 1963
Station
Painesville City of Painesville Tof3 8 1953
Ohio )
O.H. Hutchings Dayton Power and Light 4of6 276 1950 - 1953
Company
Westwood Generating Station PPL Elect.rlc Utilities 1of1 36 1987
Corporation
Johr? B. Rich Memorial Power Pennsylvania Power Company 1of1 88 1988
Station
Wheelabrator Frackville Energy | PPL EIect.rlc Utilities Tof1 48 1988
Company Corporation
Northeastgrn Povye;r PPL Elect.rlc Utilities Tof1 58 1989
Cogeneration Facility Corporation
Ebensburg Power Company Eennsylvanla Electric 1of1 58 1990
Pennsylvania ompany
St. Nicholas Cogeneration PPL EIect.rlc Utilities 10of1 99 1990
Corporation
Cambria Cogeneration Pennsylvania Electric 1of1 98 1991
Company
. . Pennsylvania Electric
Piney Creek Project 1of1 36 1992
Company
Scrubgrass Pennsylvania Electric Tof1 o5 1993
Company
Beaver Valley ST Duquesne Light Company Tof2 35 1987
H.B. Robinson Coal Carolina Power & Light Tof1 207 1960
Company
South Carolina Jefferies South carollna Public Service 20f 2 346 1970
Authority
W.S. Lee Duke Energy Carolinas, LLC 30f3 355 1951 -1958
Tennessee Kingston Tennessee Valley Authority 1of9 175 1954
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Capacity .
Coal Plant Plant Owner Generators MW) Online Year
Bremo Bluff Virginia Electric and Power 20f2 254 1950 - 1958
Company
James River ST Virginia Electric and Power 20f2 115 1988
Company
Virginia . A
Chesterfield Virginia Electric and Power 20f4 300 1952 -1960
Company
Spruance Genco Virginia Electric and Power 4ofd 230 1992
Company
Morgantown Energy Facility Allegheny Electric Cooperative 1of1 69 1991
West Virginia Inc.
Grant Town Cogen Monongahela Power Company 1of1 96 1992
Nelson Dewey Wisconsin Power and Light 20f2 200 1959 - 1962
Company
Weston Wisconsin Public Service 20f 4 142 1954 -1960
Wisconsin Corporation
Alma Dairyland Power Cooperative 20of5 136 1957 - 1960
Pulliam Wisconsin Public Service 3of 4 201 1949 - 1958
Corporation
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