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arbon dioxide (CO,) is an end product created by

the combustion of carbon-based fuel.' It is usu-

ally released to the atmosphere, and most scientists
believe these emissions are a major contributing factor to
climate change.> Under both international law and U.S.
domestic law, CO, is a pollutant, but it cannot be con-
trolled with the techniques used to control traditional air
pollution.’ One option for preventing CO, emissions from
being released to the atmosphere is to require combustion
sources to utilize carbon capture and storage (sequestra-
tion) (CCS). This involves capturing CO,, compressing
it to a supercritical state, injecting it into an underground
geological depository, and managing the site to assure per-
manent sequestration. Because the electric power industry
emits over 40% of U.S. CO, emissions,” it is a primary
target for government efforts aimed at developing and
using CCS.

CCS is evolving from the technology used for enhanced
oil recovery (EOR), which is a technology that has been
used for more than 40 years and is subject to a long-
established regulatory regimen. CO, is injected into an oil
field to increase its production, but EOR is not designed
to achieve long-term sequestration. A few electric power
plants are attempting to capture CO, and sell it to the
petroleum industry. The first commercial-scale, coal-fired
power plant using CCS technology is the Texas Clean
Energy Project (TCEP). It is to be constructed with
the assistance of $450 million in federal funding and
is expected to capture 90% of the CO,, most of which
will be used for EOR.> The Hydrogen Energy California
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(HECA) is to receive $400 million in federal grants to cap-
ture CO, for EOR. It plans to use coal and petcoke to pro-
duce hydrogen to fuel an integrated gasification combined
cycle (IGCC) power plant. In Indiana, the Department of
Environmental Management issued the nation’s first draft
prevention of significant deterioration (PSD) permit that
includes greenhouse gas (GHG) limits based on captur-
ing CO, that will be shipped to Texas in a pipeline to
be injected for EOR.” The draft permit is being reviewed
because of environmentalist objections to the permit not
requiring permanent sequestration.®

CCS has little chance of being used by electric utili-
ties unless it involves EOR. Despite expenditures of about
$6.9 billion by the U.S. Department of Energy (DOE)
since 2005 to develop and commercialize CCS technol-
ogy, it is still a costly way to deal with CO,.” Removing
CO, from exhaust gas and compressing it into a liquid is
an energy-intensive process, which is expected to require
approximately 15-30% of a power plant’s net power out-
put.” On average, electricity generated by CCS-equipped
plants would be expected to cost about 75% more than if
generated by conventional coal-fired plants.!" Moreover, it
will require many plants to be built over many years using
CCS before significant cost reductions can be expected to
occur.”? CCS’s parasitic power demand would require sig-
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nificant new electric-generation capacity to be constructed
if CCS was widely adopted.

High costs and the absence of effective sanctions on CO,
emissions limit adoption of CCS. Six power plant projects
with CCS are planned or under construction. Five of the
six are to receive federal funds totaling over $2 billion; the
sixth project’s organizers are seeking federal funds.’ One
of these five projects was recently abandoned, and several
other projects were abandoned prior to receiving funding.”

There are more cost-effective ways for electric utilities
to deal with their CO, emissions than by adopting CCS.
They can choose not to burn fossil fuel to generate electric-
ity by using nuclear energy, hydroelectric, or other renew-
able energy sources. Each of these energy sources has an
economic and environmental cost that results in the elec-
tric power industry continuing to use fossil fuels as their
primary source of energy. In 2011, approximately 42% of
the electricity generated in the United States came from
coal-fired plants, 25% came from natural gas-fired plants,
19% came from nuclear plants, 8% came from hydroelec-
tric plants, and less than 5% was generated from other
renewable sources.'® It would require massive investment
in new generating facilities to end the use of fossil fuels.

Another approach is to substitute fossil fuels having a
higher ratio of hydrogen to carbon than is found in coal.
Petroleum combustion produces 72% of the CO, emissions
as coal having the same heat value. Natural gas produces
58% of the CO, compared to coal.” The use of natural
gas to generate electricity has grown from 18% in 2002 to
25% in 2011, during which time electric power generation
increased by over 6%." In April 2012, natural gas-fired
power plants in the United States for the first time gener-
ated the same amount of electricity as coal-fired plants.”
The U.S. Energy Information Administration’s (EIA’) pro-
jection is that the percentage of electricity generated from
coal will drop to between 40 and 37% by 2020.2° The use
of natural gas is driven by its relatively low price, but its use
results in both lower conventional air pollution and CO,
emissions than using coal.

Another approach to lower CO, emissions is to gener-
ate electricity from fossil fuel in a more thermally efficient
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process. New plants usually are more fuel-efficient than old
plants and therefore produce less CO, per megawatt (M'W)
hour. But because coal-fired plants have a long useful life
and the cost of replacing them is high, existing plants
are kept in operation for as long as possible.> However,
the legal requirements to control conventional air pollut-
ants, the nascent regulation of CO,, and the high costs of
maintenance for aging plants is leading to the retirement
of many old facilities, and they usually are replaced with
plants that do not burn coal.

The U.S. Environmental Protection Agency’s (EPA%)
standards for hazardous air pollutants from coal-fired and
oil-fired power plants that were promulgated on February
16, 2012,? are an example of EPA’s rules that make old coal-
fired power plants candidates for retirement and make new
plants a risky investment.” The rule applies to about 1,100
existing coal-fired units and 300 oil-fired units at about 600
power plants.? Existing and new coal-fired generating units
have numerical limits for mercury emissions, particulate
matter (PM, as a surrogate for toxic non-mercury metals,
including arsenic, chromium, and nickel), and hydrogen
chloride (HCL, as a surrogate for toxic acid gases).” The rule
also modifies the new source performance standard (NSPS)
for fossil-fueled electric generating units (EGUs) to include
revised numerical emission limits for PM, sulfur dioxide
(SO,), and nitrous oxides (NO,).* EPA predicted that this
rule will result in the generation capacity for pulverized coal
plants being reduced by about 10 gigawatts (gW), and the
generating capacity of combined-cycle natural gas plants will
increase by about eight gW.?” The rule is being challenged
in the U.S. Court of Appeals for the District of Columbia
(D.C)) Circuit in at least 30 lawsuits brought by industry,
environmentalists, and 24 states because of its high costs
and potentially unachievable time lines.?* On November 16,
2012, EPA signed a proposed rule to revise the mercury and
air toxics limits for new coal- and oil-fired power plants to
make them more stringent.””

Coal-fired power plants are also subject to EPA’s PSD
program, which applies in areas that meet EPA’s air qual-
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ity standards.”® Beginning January 2, 2011, construction
permits are required to include GHG requirements. On
November 10, 2010, EPA made available the PSD and
Title V Permitting Guidance for Greenhouse Gases (Guid-
ance), which was updated in March 2011.*' The Guidance
provides that a major CO, source seeking a PSD permit
is to use the best available control technology (BACT).
EPA does not prescribe GHG BACT requirements, but
emphasizes the importance of BACT options that improve
energy efficiency.® To control the number of permits that
will need to be issued for GHG emission sources, EPA pro-
mulgated the “tailoring” rule on June 3, 2010.* The rule
subjects GHG sources to the PSD permitting program if
their emissions exceed specified GHG thresholds.* EPA’s
tailoring rule was upheld by the D.C. Circuit in Coalition
for Responsible Regulation v. EPA.%

Facilities that attempt to obtain PSD permits are
often subject to opposition by EPA and environmental-
ists opposed to coal-fired power plants. The Chase Power
Development’s 1,300 MW, coke-fired Las Brisas Center at
Port of Corpus Christi, Texas, is seeking to avoid GHG
controls and has filed suit in the D.C. Circuit challeng-
ing EPA’s takeover of the GHG permitting program in
Texas.?® In South Dakota, an application by Hyperion for
a construction permit to build a petroleum refinery and
integrated gasification combined-cycle power plant led to a
detailed analysis of the BACT choices by the state’s Depart-
ment of Environment and Natural Resources (DENR).
The DENR approved Hyperion’s design because GHG
emissions per barrel of refined product were equivalent
to the best performing plant.”” The DENR rejected addi-
tional controls, and specifically rejected requiring CCS.** A
revised PSD permit was issued on September 15, 2011, and
challenges to the permit were argued in October 2012.%

In Jowa, the Department of Natural Resources issued
a permit on May 16, 2011, to allow MidAmerican Energy
Company’s George Neal South Power Plant, owned by
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Berkshire Hathaway, to install pollution controls at an
existing plant. The permit restricts CO, emissions to 2,588
pounds per MW hour, which will not require the plant
to significantly reduce CO, emissions beyond its current
emissions, but it will reduce mercury and SO, emissions.*

EPA supported a Michigan permit for the Wolverine
Power Supply Cooperative in Michigan issued on June
29, 2011, that has weak and cursory BACT requirements
related to GHG emissions.” That permit was upheld by a
Michigan circuit court and has been appealed by environ-
mentalists to the Michigan Court of Appeals.®

In Illinois, state officials issued a draft PSD permit for the
Taylorville Energy Center that allows it to emit five million
tons of CO, per year and rejected the need for including
CCS.* EPA and environmentalists objected to approving a
permit without CCS.* On April 30, 2012, the Illinois EPA
issued a PSD permit that included weak CO, limits, butit
did not require CCS.? Subsequently, the facility’s manage-
ment indicated that they were considering using natural
gas to cut costs and avoid possible legislative barriers to the
projects construction.’® Moreover, environmentalists were
challenging the permit with EPA’s Environmental Appeals
Board.?” Faced with opposition by EPA because the permit
did not have mandatory CO, limits based on CCS, Illinois
EPA withdrew the PSD permit on July 6, 2012.%

Operating permits are required for major sources as well
as sources subject to NSPS or the hazardous air pollut-
ant regulations.” For facilities that are subject to operat-
ing permit requirements, CO e requirements are imposed
beginning July 1, 2011.*° Facilities that do not have an
operating permit are required to obtain one if emissions
exceed 100,000 tons per year of CO,e, even if they emit no
other pollutants.”

An important action by EPA concerning CCS is the
April 13, 2012, proposed NSPS to limit CO, emissions
from new or modified EGUs greater than 25 megawatt elec-
tric (MWe) located in the continental United States.”> The
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standards are based on the emissions produced by a natural
gas combined-cycle (NGCC) facility. EPA does not expect
any coal-fired EGU to meet this standard without utilizing
CCS technology to prevent 50% or more of the CO, emis-
sions from being released to the atmosphere. EPA’s proposed
NSPS creates a new Subpart TTTT in 40 C.E.R. Part 60
that will regulate GHG emissions from all fossil fuel-fired
EGUs including electric utility steam-generating units and
IGCC units currently regulated in Subpart Da and natu-
ral gas combined-cycle units currently regulated in Subpart
KKKK.? By combining coal-fired and natural gas-fired
units into one NSPS, EPA has essentially mandated that
new EGUs be fueled by natural gas, unless they are willing
to gamble on the use of coal with the costly and commer-
cially unproven CCS technology.”® The utility industry has
challenged EPA’s proposed rule in the D.C. Circuit, but the
court has not ruled on whether this is a final agency action
subject to judicial review.” On July 24, 2012, H.R. 6172
was introduced to prevent EPA from requiring CCS until it
can be demonstrated that it is technologically and economi-
cally feasible.’® Even if EPA modifies the proposed NSPS
when it is promulgated in final form, the coal-fired electric
power industry can expect the pressure to reduce CO, emis-
sions from its power plants will continue.

EPA’s proposed NSPS does not cover existing plants
unless they are modified, but Canada, in September 2012,
announced a new rule that recognizes CCS as a control
option for existing coal-fired plants.”” Canada requires all
coal-fired utilities to meet a performance standard gener-
ally equivalent to EPA’s proposed 1,000 pounds of CO, per
MW hour.®

The Safe Drinking Water Act (SDWA)* requires EPA
to establish minimum requirements for state underground
injection control (UIC) programs. On December 10, 2010,
a final rule was promulgated governing underground injec-
tion of CO,, effective January 10, 2011.°° The rule creates a
new Class VI category for wells used for CCS that requires
minimum technical criteria for Class VI wells to protect
underground sources of drinking water.® EPA has issued
numerous guidance documents that cover the five plans
that must be submitted with a Class VI permit applica-
tion.”? Primacy guidance was released in June 2011, as a
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draft guidance document, and states must submit primacy
application to EPA if they want to run the CCS program.
No state was granted Class VI primacy in 2012, but Wyo-
ming has an application under consideration. Thus, EPA
remains the permitting authority.

CCS adoption has been driven by a carrotand-stick
approach. The stick as discussed above is to use federal laws
to restrict the release of CO,. Efforts to make it costly to
emit CO, through the imposition of a carbon tax, a cap-
and-trade program, or some similar economic sanction
have been unsuccessful. In 2013, the political climate for
enacting such measures does not exist.® Even if such efforts
reemerge, electric utilities will be more likely to convert to
natural gas than use CCS on a coal-fired plant. This has
already been the reaction by electric utilities to EPA’s more
stringent pollution control requirements aimed at conven-
tional pollutants. Announcements are regularly being made
that old plants are being shut down and plans for new coal-
burning plants are being cancelled. The Sierra Club claims
to have blocked more than 150 proposed coal plants.*

The carrot to encourage CCS is federal funds and tax
benefits, but the enthusiasm for this approach is being tem-
pered by concern for the federal deficit. Since 2005, DOE’s
coal program has been funded at a level of about $0.4
billion per year.® The American Recovery and Reinvest-
ment Act of 2009 provided an additional $3.4 billion for
CCS development, although much of this money remains
unspent because of the time lag in developing large proj-
ects and because the private sector canceled projects that
were to receive federal funds.®® Moreover, several different
tax credits for plants that incorporate “clean coal” tech-
nologies that capture and store CO, cost the federal gov-
ernment about $0.2 billion per year in foregone revenue
through 2015.9 Most observers, however, believe the time
of substantial federal funding for CCS is coming to an end.
DOFE’s fiscal year 2013 budget request includes cuts of $19
million for CCS-specific funding research, and the Obama
Administration eliminated new funding for CCS demon-
stration projects, although funds are still available under
the 2009 stimulus law.¢®

Coal is projected to continue to be used for generating
electricity for many years, but its role will slowly diminish.
The driving force is the economics of electric power genera-
tion, which at this time is dominated by the relatively low
cost of natural gas. Inexpensive natural gas appears to have
ended the prospects for large-scale adoption of CCS.
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