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Capturing CO, from Coal-Fired Power Plants:
Challenges for a Comprehensive Strategy

Summary

Any comprehensive approach to substantially reduce greenhouse gases must
addresstheworld’ sdependency on coal for aquarter of itsenergy demand, including
almost half of its electricity demand. To maintain coa in the world’s energy mix in
a carbon-constrained future would require development of atechnology to capture
and store its carbon dioxide emissions. This situation suggests to some that any
greenhouse gas reduction program be delayed until such carbon capture technology
has been demonstrated. However, technological innovation and the demands of a
carbon control regime are interlinked; a technology policy is no substitute for
environmental policy and must be developed in concert with it.

Much of the debate about developing and commercializing carbon capture
technology has focused on the role of research, development, and deployment
(technol ogy-push mechanisms). However, for technol ogy to befully commercialized,
it must also meet a market demand — a demand created either through a price
mechanism or aregulatory requirement (demand-pull mechanisms). Any conceivable
carbon capture technology for coal-fired powerplants will increase the cost of
electricity generation from affected plants because of efficiency losses. Therefore,
few companies are likely to install such technology until they are required to, either
by regulation or by a carbon price. Regulated industries may find their regulators
reluctant to accept the risks and cost of installing technology that is not required.

The Department of Energy (DOE) has invested millions of dollars since 1997
in carbon capture technology research and development (R&D), and the question
remains whether it has been too much, too little, or about the right amount. In
addition to appropriating funds each year for the DOE program, Congress supported
R&D investment through provisions for loan guarantees and tax credits. Congress
also authorized a significant expansion of carbon capture and sequestration (CCYS)
spending at DOE in the Energy Independence and Security Act of 2007.

L egislation has also been introduced in the 110" Congress that would authorize
spending for carbon capture technology development. Other legidlation introduced
invokes the symbolism of the Manhattan Project of the 1940s and the Apollo
program of the 1960sto frame proposalsfor large-scale energy policy initiativesthat
include devel oping CCStechnology. However, commercialization of technol ogy and
integration of technology into the private market were not goals of either the
Manhattan Project or Apollo program.

Finally, it should be noted that the status quo for coal with respect to climate
change legiglation isn’'t necessarily the same as “business as usua.” The financial
markets and regulatory authorities appear to be hedging their bets on the outcomes
of any federal legidlation with respect to greenhouse gas reductions, and becoming
increasingly unwilling to accept the risk of a coal-fired power plant with or without
carbon capture capacity. Thelack of aregulatory scheme presents numerous risksto
any research and devel opment effort designed to devel op carbon capture technol ogy.
Ultimately, it also presents arisk to the future of coal.
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Capturing CO, from Coal-Fired Power
Plants: Challenges for a Comprehensive
Strategy

Introduction: Coal and Greenhouse Gas Emissions

The world meets 25% of its primary energy demand with coal, a number
projected to increase steadily over the next 25 years. Overall, coal isresponsiblefor
about 20% of global greenhouse gas emissions.! With respect to carbon dioxide
(CO,), themost prevalent greenhouse gas, coal combustion wasresponsiblefor 41%
of the world’'s CO, emissions in 2005 (11 billion metric tons).?

Coa is particularly important for electricity supply. In 2005, coal was
responsible for about 46% of the world's power generation, including 50% of the
electricity generated in the United States, 89% of the electricity generated in China,
and 81% of the electricity generated in India® Coal-fired power generation is
estimated to increase 2.3% annually through 2030, with resulting CO, emissions
estimated to increase from 7.9 billion metric tons per year to 13.9 billion metric tons
per year. For example, during 2006, it is estimated that China added over 90
gigawatts (GW) of new coal-fired generating capacity, potentially adding an
additional 500 million metric tons of CO, to the atmosphere annually.*

Developing a means to control coal-derived greenhouse gas emissions is an
imperative if serious reductions in worldwide emissions are to occur in the
foreseeable future. Developing technology to accomplish this task in an
environmentally, economically, and operationally acceptable manner has been an
ongoing interest of the federal government and energy companies for a decade, but
no commercia deviceto capture and store these emissionsis currently availablefor
large-scale coal-fired power plants.

! Pew Center on Global Climate Change, Coal and Climate Change Facts, (2008), available
at [http://www.pewclimate.org/global -warming-basics/coal facts.cfm].

2 International Energy Agency, World Energy Outlook 2007: China and India Insights
(2007), pp. 593.

® World, China and India statistics from International Energy Agency, World Energy
Outlook 2007: China and India Insights, (2007), pp. 592, 596, and 600; United States
statistics from Energy Information Administration, Annual Energy Review: 2005 (July
2006), p. 228.

* Pew Center on Global Climate Change, Coal and Climate Change Facts (2008), available
at [http://www.pewclimate.org/global-warming-basics/coalfacts.cfm]. Capacity factor
derived by CRSfrom data presented, assuming plantswould operate in basel oad mode with
70% capacity factors.
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Arguably the most economic and technol ogically challenging part of the carbon
capture and sequestration (CCS) equationis capturing the carbon and preparing it for
transport and storage.” Depending on site-specific conditions, the capture component
of aCCS system can be the dominant cost-variable, and the component that could be
improved most dramatically by further technological advancement. Asindicated in
Table 1, capture costs could be 5-10 times the cost of storage. Breakthrough
technol ogiesthat substantially reduce the cost of capturing CO, from existing or new
power plants, for example by 50% or more, would immediately reshape the
economics of CCS. Moreover, technological breakthroughs would change the
economics of CCSirrespective of aregulatory framework that emerges and governs
how CO, is transported away from the power plant and sequestered underground.

Table 1. Expected Costs of CCS Technology Elements

CCSElement $/Metric Ton of CO,
Capture $40-$80
Storage $3-$8
Monitoring and Verification $0.2-$1.0

Source: S. Julio Friedmann, Carbon Capture and Sequestration As a Major Greenhouse Gas
Abatement Option (November 2007), p. 11.

Note: Capture and storage costs are very site-specific. These estimates reflect the magnitude of

difference between capture and storage costs; actual site-specific costs could vary substantially from
these estimates. Estimates do not include any transportation costs.

In contrast, the cost of transporting CO, and sequestering it underground is
likely less dependent on technol ogical breakthroughs than on other factors, such as:

o thecostsof construction materialsand labor (in the case of pipelines

for CO, transport);

e the degree of geologic characterization required to permit
sequestration;

o the requirements for measuring, monitoring, and verifying
permanent CO, storage;

e the costs of acquiring surface and subsurface rights to store CO,;
e costs of insurance and long-term liability; and
o other variables driving the cost of transportation and sequestration.®

® For ageneral discussion of carbon capture and sequestration, see CRS Report RL33801,
Carbon Capture and Sequestration (CCS), by Peter Folger.

¢ For moreinformation on policy issuesrel ated to the transportation of CO,, see CRSreports
RL33971: Carbon Dioxide (CO,) Pipelines for Carbon Sequestration: Emerging Policy
Issues, and CRS Report RL34316, Pipelines for Carbon Dioxide (CO, ) Control: Network
Needs and Cost Uncertainties, by Paul W. Parfomak and Peter Folger.
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That is not to say that the transportation and storage components of CCS are
independent of cost and timing. Depending on the degree of public acceptance of a
large-scale CCS enterprise, the transportation and sequestration costs could be very
large, and it may take years to reach agreement on the regulatory framework that
would guide long-term CO, sequestration. But the variablesdriving cost and timing
for thetransportation and storage of CO, are lessamenableto technological solution.

Thisreport examinesthe current effort to devel op technol ogy that woul d capture
CO,. Firdt, the paper outlines the current status of carbon capture technology.
Second, the paper examines the role of government in devel oping that technol ogy,
both in terms of creating a market for carbon capture technology and encouraging
development of the technology. Finally, the paper concludes with a discussion of
implications of capture technology for climate change legidlation.

Background: What Is Carbon Capture Technology
and What Is Its Status?

Major reductions in coal-fired CO, emissions would require either pre-
combustion, combustion modification, or post-combustion devices to capture the
CO,. Because there is currently over 300 GW of coal-fired electric generating
capacity in the United States and about 600 GW in China, a retrofittable post-
combustion capture device could have a substantial market, depending on the
specifics of any climate change program. Thefollowing discussion provides a brief
summary of technology under development that may be available in the near-term.
It is not an exhaustive survey of the technological initiatives currently underway in
this area, but illustrative of the range of activity. Funding for current government
research and development activities to improve these technologies and move them
to commercialization are discussed |ater.

Post-Combustion CO, Capture

Post-combustion CO, capture involves treating the burner exhaust gases
immediately before they enter the stack. The advantage of this approach is that it
would allow retrofit at existing facilities that can accommodate the necessary
capturing hardware and ancillary equipment. Inthissense, itislikeretrofitting post-
combustion sulfur dioxide (SO,), nitrogen oxides (NOXx), or particul ate control onan
existing facility. A simplified illustration of this processis provided in Figure 1.
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Figure 1. Simplified Illustration of Post-Combustion CO, Capture
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Sour ce: Scottish Centrefor Carbon Storage. Figureavailableat [http://www.geos.ed.ac.uk/
sces/capture/postcombustion.html].

Post-combustion processes capture the CO, from the exhaust gas through the
use of distillation, membranes, or absorption (physical or chemical). The most
widely-used capture technology is the chemical absorption process using amines
(typically monoethanolamine (MEA)) available for industrial applications. Pilot-
plant research on using ammonia (al so an amine) asthe chemical solventiscurrently
underway with demonstration plantsannounced. Theseapproachesto carbon capture
are discussed below. Numerous other solvent-based post-combustion processes are
in the bench-scale stage.’

Monoethanolamine (MEA). The MEA CO, carbon capture process is the
most proven and tested capture processavailable. Thebasic design (commonto most
solvent-based processes) involves passing the exhaust gases through an absorber
where the MEA interacts with the CO, and absorbs it. The now CO,-rich MEA is
then pumped to astripper (also called aregenerator) which uses steam to separatethe
CO, fromthe MEA. Water isremoved from theresulting CO,, which iscompressed
while the regenerated MEA is purged of any contaminants (such as ammonium
sulfate) and recirculated back to the absorber. The process can be optimized to
remove 90-95% of the CO, from the flue gas.®

Although proven on an industrial scale, it has not been applied to the typically
larger volumesof flue gasstreamscreated by coal-fired powerplants. Thetechnology
has three main drawbacks that would make current use on a coal-fired powerplant
quitecostly. Firstisthe needto divert steam away fromits primary use— generating
electricity — to be used instead for stripping CO, from MEA. A second related
problem isthe energy required to compressthe CO, after it’ s captured — needed for
transport through pipelines — which lowers overall powerplant efficiency and
increases generating costs. A recent study by the Massachusetts Institute of
Technology (MIT) estimated the efficiency ossesfrom theinstallation of MEA from

" For a useful summary of carbon capture technology, see Steve Blankinship, “The
Evolution of Carbon Capture Technology Part 1,” Power Engineering (March 2008).

8 Ryan M. Dailey and Donald S. Shattuck, “An Introduction to CO, Capture and
Sequestration Technology, Utility Engineering” (May 2008), p. 3.
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25%-28% for new construction and 36%-42% for retrofit on an existing plant.® This
loss of efficiency comes in addition to the necessary capital and operations and
mai ntenance cost of the equipment and reagents. For new construction, theincrease
in electricity generating cost on alevelized basis would be 60%-70%, depending on
the boiler technology.”® In the case of retrofit plants where the capital costs were
fully amortized, the MEA capture process would increase generating costs on a
levelized basis by about 220%-250%.

A third drawback is degradation of the amine through either overheating (over
205 degrees Fahrenheit [F]) in the absorber or through oxidation from oxygen
introduced in the wash water, chemical durry, or flue gasthat reacts with the MEA.
For example, residual SO, in the flue gas will react with the MEA to form
ammonium sulfate that must be purged from the system.*? This could be a serious
problem for existing plantsthat do not have highly efficient flue gas desulfurization
(FGD) or selective catalytic reduction (SCR) devices (or none), requiring either
upgrading of existing FGD and SCR equipment, or installation of them in addition
to the MEA process.

Chilled Ammonia (Alstom). An approach to mitigating the oxidation
problem identified above is to use an ammonia-based solvent rather than MEA.
Ammonia is an amine that absorbs CO, at a slower rate than MEA. In a chilled
ammonia process, the flue gas temperature is reduced from about 130 degrees F to
about 35-60 degreesF. Thislower temperature hastwo benefits: (1) it condensesthe
residual water in the flue gas, which minimizes the volume of flue gas entering the
absorber; and (2) it causes pollutants in the flue gas, such as SO,, to drop out,
reducing the need for substantial upgrading of upstream control devices.”® Using a
slurry of ammonium carbonate and ammoni um bi carbonate, the sol vent absorbsmore
than 90% of the CO, inthefluegas. Theresulting CO,-rich ammoniaisregenerated
and the CO, is stripped from the ammonia mixture under pressure (300 pounds per
square inch [psi] compared with 15 psi using MEA), reducing the energy necessary
to compress the CO, for transportation (generally around 1,500 psi).*

The chilled ammonia process is a proprietary process, owned by Alstom. In
collaboration with American Electric Power (AEP) and RWE AG (the largest
electricity producer in Germany), Alstom has announced plans to demonstrate the

® Massachusetts Institute of Technology, The Future of Coal: An Interdisciplinary MIT
Sudy (2007), p. 147. Hereafter referred to as MIT, The Future of Coal.

191 evelized cost isthe present value of thetotal cost of building and operating agenerating
plant over itseconomic life, converted to equal annual payments. Costsarelevelizedinreal
dollars (i.e., adjusted to remove the impact of inflation).

1 MIT, The Future of Coal, pp. 27, 149.

12 Ryan M. Dailey and Donald S. Shattuck, “An Introduction to CO, Capture and
Sequestration Technology, Utility Engineering” (May 2008), p. 4.

13 |bid, p. 5.

14 Steve Blankinship, “The Evolution of Carbon Capture Technology, Part 1,” Power
Engineering (March 2008), p. 30.
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technol ogy on a20 megawatt (MW) slipstream™ at AEP' sMountaineer plant in West
Virginia, and to inject the captured CO, into deep saline formations on site.** Once
commercia viability is demonstrated at Mountaineer, AEP plans to install the
technology at its 450 MW Northeastern Station in Oologah, OK, early in the next
decade. The captured gasisto be used for Enhanced Oil Recovery (EOR). Thetarget
isfor full commercialization in 2015.

Ammonia (Powerspan). A second ammonia-based, regenerative process
for CO, capture from existing coal-fired facilities does not involve chilling the flue
gas before it enters the absorber. Using higher flue gas temperatures increases the
CO, absorption ratein the absorber and, therefore, the CO, removal. However, the
higher flue gastemperatures al so mean that upgradesto existing FGD deviceswould
be necessary.

Thisprocessisbeing devel oped by Powerspan.*® Called ECO,, two commercial
demonstrations designed for 90% CO, capture have been announced with projected
operationsto beginin 2011 and 2012. Thefirst will use a 120 MW dlipstream from
Basin Electric’s Antelope Valley Station in North Dakota. The second will be sited
at NRG'sW.A. Parish plant in Texas and use a125 MW dlipstream. The captured
CO, isto be sold or used for EOR.

Pre-combustion CO, Capture

Currently, a requirement for the pre-combustion capture of CO, is the use of
Integrated Gasification Combined-cycle (IGCC) technology to generate el ectricity.™
There are currently four commercial IGCC plants worldwide (two in the United
States) each with a capacity of about 250 MW. The technology has yet to make a
major breakthrough in the U.S. market because its potential superior environmental
performanceiscurrently not required under the Clean Air Act, and, thus, asdiscussed
above for carbon capture technology, its higher costs can not be justified (see the
Virginia State Corporation Commission decision, discussed below).

Carbon capture in an IGCC facility would happen before combustion, under
pressure using aphysical solvent (e.g., Selexol and Rectisol processes), or achemical
solvent (e.g., methyl diethanolaimine (MDEA)). A simplified illustration of this

> Slipstream refersto pil ot testing at an operating power plant using aportion of thefluegas
stream.

6 AEP News Release, RWE to Join AEP in Validation of Carbon Capture Technology,
(November 8, 2007).

1 Ryan M Dailey and Donald S. Shattuck, “An Introduction to CO, Capture and
Sequestration Technology, Utility Engineering” (May 2008), p. 7.

18 powerspan Corp., Carbon Capture Technology for Existing and New Coal-Fired Power
Plants (April 15, 2008).

19 |GCCisan electric generating technol ogy in which pulverized coal isnot burned directly
but mixed with oxygen and water in a high-pressure gasifier to make “syngas,” a
combustible fluid that is then burned in a conventional combined-cycle arrangement to
generate power.
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processisprovidedin Figure2. Basicaly, theIGCC unit pumps oxygen and acod
slurry into agasifier to create asyngas consisting of carbon monoxide and hydrogen.
Thesyngasiscleaned of conventional pollutants (SO, particulates) and sent to ashift
reactor which uses steam and a catalyst to produce CO, and hydrogen. Becausethe
gases are under substantial pressure with ahigh CO, content, aphysical solvent can
separate out the CO,. The advantage of aphysical solvent isthat the CO, can befreed
and the solvent regenerated by reducing the pressure— aprocessthat is substantially
less energy-intensive than having to heat the gas asin an MEA stripper.

Figure 2. Simplified Illustration of Pre-Combustion CO, Capture
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Sour ce: Scottish Centrefor Carbon Storage. Figureavailableat [http://www.geos.ed.ac.uk/
sces/capture/precombustion.html].

From the capture process, the CO, is further compressed for transportation or
storage, and the hydrogen is directed through gas and steam cycles to produce
electricity. MIT estimates the efficiency loss from incorporating capture technol ogy
on an IGCC facility is about 19% (from 38.4% efficiency to 31.2%).%° Thisloss of
efficiency comesin addition to the necessary capital and operationsand maintenance
cost of the equipment and reagents. For new construction, the estimated increasein
electricity generating cost on alevelized basisgenerally rangesfrom 22%-25%, with
American Electric Power estimating the cost increase at 41%.%*

There isalot of activity surrounding the further commercialization of IGCC
technology and in the demonstration of carbon capture methods on that technology.
As illustrated in Figure 3, numerous projects are currently in the development
pipeline. Whether development will be delayed by DOE’ sdecision to restructurethe
FutureGen initiative (as discussed |ater, see box) is unclear.?

2 MIT, The Future of Coal, p. 35.
2L MIT, The Future of Coal, p. 36.

22 Brad Kitchens and Greg Litra, “Restructuring FutureGen,” Electric Light & Power,
(May/June 2008), pp. 46-47, 58.
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Figure 3. Status of Global IGCC Projects

Annocunced Under Development Pilot Scale
Have announced Intentions o begin Parual permimung received, Nnancial Incentives ConsIrucTion or
development of an IGCC project secured andior FEED inimared Commissioning Inmiated
@ Duss—— g pitsubishi HI
&  AER.—
g @15 @ Dotang® RIS I
% @ Gicbal Energy
g’ @ GreenGen
i Projects Currently Proceeding
¥
5 Projects Stalled / Delayed
i __WpExcenior Orens
@ ZaroGan FutureGan
@ Hydrogan Ener @ Tren
e B&B)u. &%miﬁ_ : RWE . o Projects Cancelled
8 @n:pc @nrec ¢ - Canirica s ® Southern Company
®sce .Ll.mlnant :Kegw @ st /,/.‘I'EOO
Northwest
- Mm-.m'.p‘ T Mrn Power Group
@rL® Hm.-ommopmum
WETEoEP. .N‘RG @ NRG
N Time
Bevond 2013 2010-2013 2008-2009

Sour ce: Emerging Energy Research (EER), “ Global IGCC Power Markets and Strategies:
2007-2030" (December 2007). See [http://www.emerging-energy.com/].

Combustion CO, Capture

Attempts to address CO, during the combustion stage of generation focus on
increasing the CO, concentration of the flue gas exiting the boiler. The more
concentrated the CO, iswhen it exitsthe boiler, theless energy (and cost) isrequired
later to prepare it for transport or storage. The most developed approach involves
combusting the coal with nearly pure oxygen (>95%) instead of air, resultinginaflue
gas consisting mainly of highly concentrated CO, and water vapor. Using existing
technology, the oxygen would be provided by an air-separation unit — an energy
intensive processthat would be the primary source of reduced efficiency. Thedetails
of this“oxy-fuel” process are still being refined, but generally, from the boiler the
exhaust gasis cleaned of conventional pollutants (SO,, NOx, and particul ates) and
some of the gases recycled to the boiler to control the higher temperature resulting
from coal combustion with pure oxygen. Therest of the gas stream issent for further
purification and compressionin preparation for transport and/or storage.”® Depending
on site-specific conditions, oxy-fuel could be retrofitted onto existing boilers. A
simplified illustration of this processis provided in Figure 4.

% MIT, The Future of Coal, pp. 30-31.
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Figure 4. Simplified Illustration of Oxy-fuels CO, Capture
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Sour ce: Scottish Centrefor Carbon Storage. Figureavailableat [http://www.geos.ed.ac.uk/
sces/capture/oxyfuel.html].

The largest oxy-fuel demonstration projects under development are the
Vattenfall Project in Germany and the Callide Oxyfuel Project in Queensland,
Australia. The Vattenfal project is a 30OMW pilot plant being constructed at
Schewarze Pumpe and schedul ed to begin operation soon. The captured CO, will be
put in geological storage once siting and permitting processes are completed.? The
Cadllide Project is being sponsored by CS Energy, who, with six partners, is
retrofitting a30 MW boiler at its Callide-A power station with an oxy-fuel process.
Operation of the oxy-fuel process is scheduled for 2010, with transport and
geological storage of the CO, planned for 2011.%

Numerous other bench- and pilot-plant scale initiatives are underway with
specific work being conducted on improving the efficiency of the air-separation
process. MIT estimatesthe efficiency lossesfrom theinstall ation of oxy-fuel at 23%
for new construction and 31%-40% for retrofit on an existing plant (depending on
boiler technology).?? This loss of efficiency comes in addition to the necessary
capital and operations and maintenance cost of the equi pment and reagents. For new
construction, theincreasein electricity generating cost on alevelized basiswould be
about 46%. In the case of retrofit plants where the capital costs are fully amortized,
the oxy-fuel capture process would increase generating costs on alevelized basis by
about 170%-206%.%"

2 For more information, see Vattenfall’s website at [http://www.vattenfall.com/www/
co2_en/co2_en/879177tbd/879211pilot/index.jsp]

% For more information, see ES Energy’s website at [http://www.csenergy.com.au/
research_and_development/oxy_fuel _news.aspx].

% MIT, The Future of Coal, p. 147.
Z MIT, The Future of Coal, pp. 30, 149.
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DOE-Supported Technology Development

As summarized in Table 2, CO, capture technology is currently estimated to
significantly increase the costs of e ectric generation from coal-fired power plants.
Research is ongoing to improve the economics and operation of carbon capture
technology. DOE’s National Energy Technology Laboratory (NETL) is supporting
avariety of carbon capturetechnol ogy research and development (R& D) projectsfor
pre-combustion, oxy-combustion, and post-combustion applications. A detailed
description of all the NETL projects, and of carbon capture technology R& D efforts
inthe private sector, isbeyond the scope of thisreport. However, funding from DOE
(described later) is supporting approximately two dozen carbon capture research
projects that range from bench-scale to pilot-scale testing.?® The types of research
explored in the NETL-supported projects include the use of membranes, physical
solvents, oxy-combustion, chemical sorbents, and combinations of chemical and
physical solvents. According to the NETL, these technologies will be ready for
dipstream tests by 2014 and for large-scalefield testing by 2018.° Projects pursued
by the 3|%rivate sector may be ready for pilot-scale testing by 2010 and possibly
sooner.

Table 2. MIT Estimates of Additional Costs of Selected Carbon
Capture Technology
(percent increase in electric generating costs on levelized basis)

New Construction Retrofit*
Post-combustion (MEA) 60%-70% 220%-250%
Pre-combustion (IGCC) 22%-25% not applicable
Combustion (Oxy-fuel) 46% 170%-206%

Sour ce: Massachusetts I nstitute of Technology, The Future of Coal: An Interdisciplinary MIT Study
(2007), pp.27, 30, 36, 149. Seetext for discussion of technologies.

* Assumes capital costs have been fully amortized.

% Steve Blankinship, “The Evolution of Carbon Capture Technology, Part 2,” Power
Engineering (May 2008), pp. 62-63.

# DOE National Energy Technology L aboratory, Carbon Sequestration FAQ Information
Portal, at [http://www.netl.doe.gov/technol ogies/carbon_seq/FA Qs/tech-status.html#].

% For example, the American Electric Power (AEP) Mountaineer Plant in West Virginiais
planning to capture about 90% of CO, from 15 MW(e) of the plant’s output (equivalent to
about 100,000 metric tons of CO, per year) beginning in 2010.
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Roles for Government

Generdly, studies that indicate that emerging, less carbon-intensive new
technologies are both available and cost-effective incorporate a price mechanism
(such as a carbon tax) that provides the necessary long-term price signal to direct
research, devel opment, demonstration, and deployment efforts (called * demand-pull”
or “market-pull” mechanisms).** Developing such a price signal involves variables
such as the magnitude and nature of the market signal, and itstiming, direction, and
duration. Inaddition, studiesindicate combining asustained price signal with public
support for research and devel opment effortsisthe most effectivelong-term strategy
for encouraging development of new technology (caled *technology-push’
mechanisms).** As stated by Richard D. Morgenstern: “The key to a long term
research and development strategy is both a rising carbon price, and some form of
government supported research program to compensate for market imperfections.”*

The various roles the government could take in encouraging development of
environmental technologies are illustrated in Figure 5. The federa role in the
innovation process is a complex one, reflecting the complexity of the innovation
processitself. The inventive activity reflected by government and private research
and devel opment effortsoverlap with demand pull mechanismsto promoteor require
adoption of technology, shapingtheefforts. Likewise, theseinitiativesarefacilitated
by the government as a forum for feedback gained through both developed and
demonstration efforts and practical application. The process is interlinked,
overlapping, and dynamic, rather than linear. Attempting to implement onerolein
avacuum can result in mis-directed funding or mis-timing of results.

This section discusses these different roles with respect to encouraging
development of carbon capture technology, including (1) the need for ademand-pull
mechanism and possible options; (2) current technology-push efforts at the U.S.
Department of Energy (DOE) and the questions they raise; and (3) comparison of
current energy research and devel opment efforts with past mission-oriented efforts.

3 For example, see Interlaboratory Working Group, Scenarios for a Clean Energy Future,
ORNL/CON-476 (November 2000).

2 For example, see CERA Advisory Service, Design Issues for Market-based Greenhouse
Gas Reduction Strategies; Special Report (February 2006), p. 59; Congressional Budget
Office, Evaluating the Role of Prices and R&D in Reducing Carbon Dioxide Emissions
(September 2006).

¥ Richard D. Morgenstern, Climate Policy Instruments: The Case for the Safety Valve
(Council on Foreign Relations, September 20-21, 2004), p. 9.
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Figure 5. The Federal Role in R&D
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Source: Margaret R. Taylor, Edward S. Rubin and David A Hounshell, “Contral of SO,
Emissions from Power Plants: A Case of Induced Technological Innovation in the U.S.,”
Technological Forecasting & Social Change (July 2005), p. 699.

The Need for a Demand-Pull Mechanism

Economists note that the driving force behind the development of new and
improved technologies is the profit motive.... However, market forces will
provide insufficient incentives to develop climate-friendly technologies if the
market prices of energy inputs do not fully reflect their social cost (inclusive of
environmental consequences).... Even if energy prices reflect all production
costs, without an explicit greenhouse gas policy firms have no incentive to
reduce their greenhouse gas emissions per se beyond the motivation to
economize on energy costs. For example, a utility would happily find away to
generate the same amount of electricity with less fuel, but without a policy that
makes carbon dioxide emissions costly, it would not care specifically about the
carbon content of its fuel mix in choosing between, say, coal and natural gas.
For firms to have the desire to innovate cheaper and better ways to reduce
emissions (and not merely inputs), they must bear additional financial costs for
emissions.®

Much of thefocus of debate on devel oping carbon capture technol ogy has been
on research, development, and demonstration (RD&D) needs. However, for
technology to be fully commercialized, it must meet a market demand — ademand
created either through a price mechanism or aregulatory requirement. Assuggested
by the previousdiscussion, any carbon capturetechnol ogy for coal-fired powerplants

3 Carolyn Fischer, Climatechange Policy Choicesand Technical Innovation, Resourcesfor
the Future Issue Brief #20 (June 2000), p. 2.
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will increase the cost of electricity generation from affected plants with no increase
in efficiency. Therefore, widespread commercialization of such technology is
unlikely until it is required, either by regulation or by a carbon price. Indeed,
regul ated industries may find their regulators reluctant to accept the risks and cost of
installing technology that isnot required by legislation. Thissentiment wasreflected
in arecent decision by the Virginia State Corporation Commission in denying an
application by Appalachian Power Company (APCo) for a rate adjustment to
construct an IGCC facility:

The Company asserted that the value of this project is directly related to (1)
potential futurelegal requirementsfor carbon capture and sequestration; and (2)
the proposed IGCC Plant’ s potential ability to comply cost effectively with any
such requirements. Both of thesefactors, however, are unknown at thistimeand
do not overcomethe other infirmitiesin the Application. Thelegal necessity of,
and the capability of, cost-effective carbon capture and sequestration in this
particular IGCC Plant, at thistime, has not been sufficiently established to render
APCo’s Application reasonable or prudent under the Virginia Statute we must
follow.*

At the sametimethereisreluctanceto invest in technology that is not required,
the unresolved nature of greenhouse gas regulation is affecting investment in any
coal-fired generation.* Theriskinvolvedininvestingin coal-fired generation absent
anticipated greenhouse gas regulations is outlined in “The Carbon Principles’
announced by threeWall Street banks— Citi, JPMorgan Chase, and M organ Stanley
— in February 2008. As stated in their paper:

Theabsenceof comprehensivefederal action on climate change createsunknown
financial risks for those building and financing new fossil fuel generation
resources. The Financial Institutions that have signed the Principles recognize
that federal CO, control legidation is being considered and is likely to be
adopted during the service life of many new power plants. It is prudent to take
concrete actionstoday that help devel opers, investors and financiersto identify,
analyze, reduce and mitigate climate risks.*

Similarly, lack of aregulatory scheme presents numerous risks to any RD&D
effort designed to develop carbon capture technology. Unlike a mission-oriented
research effort, like the Manhattan Project to develop an atomic bomb, where the
ultimate goal is victory and the cost virtually irrelevant, research efforts focused on

% State Corporation Commission, Application of Appalachian Power Company, Case No.
PUE-2007-00068 (Richmond, April 14, 2008), p. 16.

% As stated by DOE: “Regulatory uncertainty for GHG legislation is akey issue impacting
technology selection and reliability of economic forecasts. Returns on investment for
conventional plants, including supercritical, can be severely compromised by the need to
subsequently address CO, mitigation. Higher capital costs incurred for IGCC may make
such new plants|ess competitive unlesstheir advantagein CO, mitigationisassured.” DOE
National Energy Technology Laboratory, Tracking New Coal-fired Power Plants (June 30,
2008), p. 14.

37 Citi, Morgan Chase, and M organ Stanley, The Carbon Principles: Fossil Fuel Generation
Financing Enhanced Environmental Diligence Process (February 2008), p. 1.
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developing a commercia device need to know what the market wants in a product
and how much the product is worth. At the current time, the market value of a
carbon capture deviceis zero in much of the country because there is no market for
carbon emissionsor regul ationsrequiring their reduction.® All estimates of valueare
hypothetical — dependent on areduction program or regulatory regime that doesn’t
exist. With no market or regulatory signals determining appropriate performance
standards and cost-effectiveness criteria, investment in carbon capturetechnology is
arisky businessthat could easily result in the development of a*“white elephant” or
“gold-plated” technology that doesn’t meet market demand.

While the “threat” of a carbon regime is stimulating RD&D efforts and
influencing decisionsabout future energy (particularly electricity) supply, thecurrent
spread of greenhouse gas control regimes being proposed doesn’t provide much
guidance in suggesting appropriate performance and cost-effecti veness benchmarks
for a solution with respect to coal-fired generation. For example, isolating just one
variable in the future price of carbon under a cap-and-trade program — tonnage
reduction requirement — the future value of carbon reductions can vary
substantially.®* Asillustrated by Figure 6, three possible reduction targetsin 2050

— maintaining current 2008 levels (287 billion metric tons [bmt]), reducing
emissionsto 50% of 1990 levels (203 bmt), and reducing emissionsto 20% of 1990
levels (167 bmt) — result in substantially different price tracks for CO,.*> Without
a firm idea of the tonnage goal and reduction schedule, any deployment or
commercialization strategy would be a high-risk venture, as suggested by the
previously noted Virginia State Corporation Commission conclusion.

3 Exceptions to this would include areas where the carbon dioxide could be used for EOR,
or where a state or region has enacted greenhouse gas controls, such as California and
several northeastern states.

% For afuller discussion of the uncertaintiesinvol ved in estimating the cost of cap-and-trade
programs, see CRS Report RL 34489, Global Climate Change: Costsand Benefitsof S. 2191
(S. 3036), by Larry Parker and Brent Y acobucci.

“0 Segey Paltsev, et al., Assessment of U.S. Cap-and-Trade Proposals, MIT Joint Program
on the Science and Policy of Global Change, Report 146 (April 2007), p. 16.
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Figure 6. CO, Price Projections
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Source: Segey Paltsev, et a., Assessment of U.S. Cap-
and-Trade Proposals, MIT Joint Program on the Science
and Policy of Global Change, Report 146 (April 2007), p.
16. For detailson the analysis presented here, consult the
report. Available at [http://mit.edu/global change].

Approaches to a Demand-Pull Mechanism

There are two basic approaches to a demand-pull mechanism: (1) aregulatory
reguirement, and (2) apricesignal viaamarket-based CO, reduction program. These
approaches are not mutually exclusive and can serve different goals. For example, a
regulation focused on new construction (such as the New Source Performance
Standard under Section 111 of the Clean Air Act*) could be used to phase in
deployment of carbon capture technology and prevent more coal-fired facilitiesfrom
being constructed without carbon capture (or ensure they would be at least “ ready”
for carbon capture later). At the sametime, a carbon tax or cap-and-trade program
could beinitiated to begin sending amarket signal to companiesthat further controls
will be necessary in the future if they decide to continue operating coal-fired
facilities.

Creating Demand Through a Regulatory Requirement: An
Example from the SO, New Source Performance Standards

It is an understatement to say that the new source performance standards
promulgated by the EPA were technology-forcing. Electric utilities went from
having no scrubbers on their generating units to incorporating very complex
chemical processes. Chemical plants and refineries had scrubbing systems that
were afew feet in diameter, but not the 30- to 40-foot diameters required by the
utility industry. Utilitieshad dealt with hot flue gases, but not with saturated flue

*I The Clean Air Act, Section 111 (42 U.S.C. 7411).
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gases that contained all sorts of contaminants. Industry, and the US EPA, has
always looked upon new source performance standards as technology-forcing,
because they force the development of new technologies in order to satisfy
€missions requirements.*?

The most direct method to encourage adoption of carbon capture technology
would be to mandate it. Mandating a performance standard on coal-fired
powerplantsisnot anew idea; indeed, Section 111 of the Clean Air Act requiresthe
Environmental Protection Agency (EPA) to develop New Source Performance
Standards (NSPS) for any new and modified powerplant (and other stationary
sources) that inthe Administrator’ sjudgment “ causes, or contributessignificantly to,
air pollution which may reasonably be anticipated to endanger public heath or
welfare.” NSPS can beissued for pollutants for which there isno National Ambient
Air Quality Standard (NAAQS), like carbon dioxide.* In addition, NSPSisthefloor
for other stationary source standards such as Best Available Control Technology
(BACT) determinationsfor Prevention of Significant Deterioration (PSD) areas and
Lowest Achievable Emission Rate (LAER) determinations for non-attainment
areas.

The process of forcing the development of emission controls on coal-fired
powerplants is illustrated by the 1971 and 1978 SO, NSPS for coal-fired electric
generating plants. The Clean Air Act states that NSPS should reflect “the degree of
emission limitation achievabl ethrough the application of the best system of emission
reduction which (taking into account the cost of achieving such reductions and any
non-air quality health and environmental impact and energy requirements) the
Administrator determines has been adequately demonstrated.”* In promulgating its
first utility SO, NSPSin 1971, EPA determined that a 1.2 pound of SO, per million
Btu of heat input performance standard met the criteriaof Sec. 111 — astandard that
required, on average, a 70% reduction in new powerplant emissions, and could be
met by low-sulfur coal that was available in both the eastern and western parts of the
United States, or by the use of emerging flue gas desulfurization (FGD) devices.*

At the time the 1971 Utility SO, NSPS was promulgated, there was only one
FGD vendor (Combustion Engineering) and only three commercial FGD units in

“2 Donald Shattuck, et al., AHistory of Flue Gas Desulfurization (FGD) —The Early Years,
UE Technical Paper (June 2007), p. 3.

3 For afuller discussion of EPA authority to regul ate greenhouse gases under the Clean Air
Act, see Rabert J. Meyer, Principal Deputy Assistant Administrator, Office of Air and
Radiation, EPA Testimony beforethe Subcommittee on Energy and Air Quality, Committee
on Energy and Commerce, U.S. House of Representation (April 10, 2008).

“ For adiscussion of the structure of the Clean Air Act, see CRS Report RL30853: Clean
Air Act: ASummary of the Act and ItsMajor Requirements, by JamesE. McCarthy, Claudia
Copeland, Larry Parker, and Linda-Jo Schierow.

%542 U.S.C. 7411, Clean Air Act, Sec. 111(a)(1)

6 40 CFR 60.40-46, Subpart D — Standards of Performance for Fossil-Fuel-Fired Steam
Generator for Which Construction is Commenced After August 17, 1971.



CRS-17

operation — one of which would be retired by the end of the year.*” This number
would increase rapidly, not only because of the NSPS, but also because of the
promulgation of the SO, NAAQS, the 1973 Supreme Court decision preventing
significant deterioration of pristine areas,”® and state requirements for stringent SO,
controls, which opened up a market for retrofits of existing coal-fired facilitiesin
addition to the NSPS focus on new facilities. Indeed, most of the growth in FGD
installations during the early and mid-1970swasin retrofits— Tayl or estimatesthat
between 1973 and 1976, 72% of the FGD market was in retrofits.* By 1977, there
were 14 vendors offering full-scale commercial FGD installation.*

However, despite this growth, only 10% of the new coal-fired facilities
constructed between 1973 and 1976 had FGD installations. In addition, the early
performance of these deviceswas not brilliant.>* In 1974, American Electric Power
(AEP) spearheaded an ad campaign to have EPA reglect FGD devices as “too
unreliable, too impractical for electric utility use” in favor of tal stacks,
supplementary controls, and low-sulfur western coal.® This effort was ultimately
unsuccessful asthe Congress chose to modify the NSPS requirements for coal-fired
electric generators in 1977 by adding a “percentage reduction” requirement. As
promulgated in 1979, the revised SO, NSPSretained the 1971 performance standard
but added a requirement for a 70%-90% reduction in emissions, depending on the
sulfur content of the coal.>® At the time, this requirement could be met only through
use of an FGD device. Theeffect of the* scrubber requirement” isclear from the data
provided in Figure 7. Based on their analysis of FGD development, Taylor, Rubin,
and Hounshell state the importance of demand-pull instruments:

Resultsindicatethat: regulation and the anticipation of regul ation stimulate
invention; technol ogy-push instruments appear to be less effective at prompting
invention than demand-pull instruments; and regulatory stringency focuses
inventive activity along certain technology pathways.>

4" Margaret R. Taylor, The Influence of Government Actions on Innovative Activitiesin the
Development of Environmental Technologies to Control Sulfur Dioxide Emissions from
Sationary Sources, Thesis, Carnegie Institute of Technology (January 2001), p. 37, 40.

“ Friv. SierraClub, 412 US541 (1973). Thisdecision resulted in EPA issuing “prevention
of significant deterioration” regulationsin 1974; regulations what were mostly codified in
the 1977 Clean Air Amendment (Part C).

“ Taylor, ibid., p. 37.
% Taylor, ibid., p. 39.

*1 For adiscussion of challenges arising from the early development of FGD, see Donald
Shattuck, et al., A History of Flue Gas Desulfurization (FGD) — The Early Years, UE
Technical Paper (June 2007).

*2 Examplesincludefull-page adsin the Washington Post entitled “ Requiemfor Scrubbers,”
“Scrubbers, Described, Examined and Rejected,” and “Amen.” For an example, see
Washington Post, p. A32 (October 25, 1974).

%3 40 CFR 60.40Da-52Da, Subpart Da — Standards of Performance for Electric Utility
Stream Generating Unitsfor Which Constructionis Commenced After September 18, 1978.

* Margaret R. Taylor, Edward S. Rubin, and David A. Hounshell, “Control of SO,
(continued...)
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Figure 7. Number of FGD Units and Cumulative GW
Capacity of FGD Units: 1973-1996
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That government policy could force the development of atechnology through
creating amarket should not suggest that the government was limited to that role, or
that the process was smooth or seamless. On the latter point, Shattuck, et al.,
summarize the early years of FGD development as follows:

The Standards of Performance for New Sources are technol ogy-forcing, and for
the utility industry they forced the devel opment of atechnology that had never
been installed on facilities the size of utility plants. That technology had to be
developed, and a number of installations completed in a short period of time.
The US EPA continued to force technology through the promulgation of
successive regulations. The development of the equipment was not an easy
process. What may have appeared to be the simple application of an equipment
item from oneindustry to another often turned out to be fraught with unforeseen
challenges.”®

The example indicates that technology-forcing regulations can be effective in
pulling technology into the market — even when there remains some operational
difficultiesfor that technology. The difference for carbon capture technology isthat
for long-term widespread devel opment, anew infrastructure of pipelinesand storage
sites may be necessary in addition to effective carbon capture technology. In the
short-term, suitable alternatives, such as enhanced oil recovery needs and in-situ
geologic storage, may be available to support early commercialization projects
without the need for an integrated transport and storage system. Likewise, with

%4 (...continued)
Emissions from Power Plants: A Case of Induced Technological Innovation in the U.S.,”
Technological Forecasting & Social Change (July 2005), p. 697.

% Shattuck, et. al., p. 15.
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economicsmorefavorablefor new facilitiesthanfor retrofits, concentrating on using
new construction to introduce carbon capture technology might be one path to
widespread commercialization. As an entry point to carbon capture deployment, a
regulatory approach such asNSPS may represent afirst step, as suggested by the SO,
NSPS example above.

Creating Demand Through a Price Signal: Carbon Taxes,
Allowance Pricing, and Auctions

Much of the current discussion of devel oping amarket-pull mechanism for new
carbon capture technol ogy hasfocused on creating apricefor carbon emissions. The
literature suggests that this is an important component for developing new
technology, perhaps moreimportant even than research and development. Asstated
by the Congressional Budget Office (CBO):

Analysesthat consider the costs and benefits of both carbon pricingand R&D all
come to the same qualitative conclusion: near-term pricing of carbon emissions
isan element of acost-effective policy approach. That result holds even though
studies make different assumptions about the availability of alternative energy
technologies, the amount of crowding out caused by federal subsidies, and the
form of the policy target (maximizing net benefits versus minimizing the cost of
reaching atarget).>®

Two basic approaches can be employed in the case of a market-based
greenhouse gas control program: a carbon tax and a cap-and-trade program. The
carbon tax would create a long-term price signal to stimulate innovation and
development of new technology. This price signal could be strengthened if the
carbon tax were escalated over the long run — either by a statutorily determined
percentage or by an index (such as the producer price index). A carbon tax’s basic
approach to controlling greenhouse gas emissionsis to supply the marketplace with
a stable, consistent price signal — a signal that would also inform innovators as to
the cost performancetargetsthey should seek in devel oping alternativetechnol ogies.
Designed appropriately, there would be little danger of the price spikes or market
volatility that can occur in the early stages of atradeable permit program.®’

A cap-and-trade program creates a price signal for new technology through a
market price for carbon permits (called alowances) — an allowance is a limited
authorization to emit one metric ton of carbon dioxide equivalent (CO.€). Inacap-
and-trade system, these all owances areissued by the government and either all ocated
or auctioned to affected companies who may use them to comply with the cap, sell
them to other companies on the market, or bank them for future use or sale. The
resulting market transactions result in an alowance price. This price on carbon

% Congressional Budget Office, Evaluating the Roles of Prices and R&D in Reducing
Carbon Dioxide Emissions (September 2006), p. 17.

" In addition, some of the revenue generated by the tax could be used to fund research,
devel opment, demonstration, and deployment of new technol ogy to encouragethelong-term
transition to aless-carbon-intensive economy.
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emissions, however, can be both uncertain and volatile.®® In addition, a low
allowance price may be insufficient to encourage technology development and
refinement. For example, the 1990 acid rain control program effectively ended the
development of FGD for retrofit purposes by setting an emission cap that resulted in
low allowance prices and that could be met through the use of low-sulfur coal.
Noting that only 10% of phase 1 facilities chose FGD to comply with its
requirements, Taylor, et al., state:

The 1990 CAAA, however, athough initially predicted to increase demand for
FGD systems, eroded the market potential for both dry and wet FGD system
applications at existing power plants when the SO, allowance trading market
returned low-sulfur coal to itsimportancein SO, control.... Asaresult, research
in dry FGD technology declined significantly. In this case, the flexibility
provided by the 1990 acid rain regulations discouraged inventive activity in
technologies that might have had broader markets under the traditiona
command-and-control regimesin place prior to 1990.%° [footnotes from original
text omitted]

A cap-and-trade program need not have such aresult. For example, to more
effectively promote carbon capture technology, the price signal under a greenhouse
gasreduction program could be strengthened by requiring the periodic auctioning of
asubstantial portion of available allowancesrather than giving them away at no cost.
The SO, program allocated virtually all of its allowance at no cost to affected
companies. Auctioning a substantial portion of available allowances could create a
powerful price signal and provide incentives for deploying new technology if
structured properly.®® The program could create a price floor to facilitate investment
in new technology viaareserve price in the allowance auction process. In addition,
the stability of that price signal could be strengthened by choosing to auction
allowances on afrequent basis, ensuring availability of allowances closeto thetime
of expected demand and making any potential short-squeezing of the secondary
market more difficult.®*

%8 For afuller discussion, see CRS Report RL 33799, Climate Change: Design Approaches
for a Greenhouse Gas Reduction Program, by Larry Parker.

* Margaret R. Taylor, Edward S. Rubin, and David A. Hounshell, “Effect of Government
Actions on Technological Innovation for SO, Control,” Environmental Science &
Technology (October 15, 2003), p. 4531. Inamorerecent article, theauthorsstate: “ Finally,
the case provides little evidence for the claim that cap-and-trade instruments induce
innovation more effectively than other instruments.” Margaret R. Taylor, Edward S. Rubin,
and David A. Hounshell, “ Control of SO, Emissionsfrom Power Plants: A Case of Induced
Technological Innovation inthe U.S.,” Technological Forecasting & Social Change (July
2005), p. 697-8.

€ |ikeacarbontax, therevenuesreceived could be at |east partly directed toward research,
development, and demonstration programs.

& Karsten Neuhoff, Auctions for CO, Allowances—A Straw Man Proposal, University of
Cambridge Electricity Policy Research Group (May 2007), pp. 3-6. A short-squeeze is a
situation where the price of a stock or commodity rises and investors who sold short
(believing the pricewasgoingtofall) rushto buy it to cover their short position and cut their
losses.
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One positive aspect of the acid rain cap-and-trade experience for encouraging
deployment of technol ogy wasthe effectivenessof “bonus’ allowancesand deadline
extensions as incentives to install FGD. Specifically, about 3.5 million of the
allowanceswere earmarked for Phase 1 powerplants choosing to install 90% control
technology (such as FGD). Such units were allowed to delay Phase 1 compliance
from 1995 to 1997 and receive two allowances for each ton of SO, reduced below a
1.2 Ib. per mmBtu level during 1997-1999. The 3.5 million allowance reserve was
fully subscribed, and was a major factor in what FGD was installed during Phase 1
of the program. Thisexperience may bodewell for proposed CCS* bonusallowance”
provisionsin several greenhouse gas reduction schemes currently introduced in the
Congress.

Current Technology-Push Mechanisms: DOE
Investment in CCS R&D

The Department of Energy (DOE) is currently engaged in avariety of activities
to push development and demonstration of carbon capture technologies. These
activities include direct spending on research and development, and providing loan
guarantees and tax credits to promote carbon capture projects. These technology-
push incentives, and the issues they raise, are discussed below.

Direct Spending on R&D

The federal government has recognized the potential need for carbon capture
technology — as part of broader efforts to address greenhouse-gas induced climate
change— since at least 1997 when the DOE spent approximately $1 million for the
entire CCS program.®® DOE spending on the CCS program has increased over the
11-year period to its highest amount in FY2008 of $118.9 million.®* If DOE
spending for FutureGen (discussed further below) isincluded, together with carbon-
capturetechnol ogy investmentsthrough thelnnovationsfor Existing Plants (IEP) and
the Advanced Integrated Gasification Combined Cycle (AIGCC) programs (aso
within the DOE Office of Fossil Energy), then CCS spending at DOE could equal
nearly $283 millionin FY 2008.% If the Administration’ sbudget request for FY 2009
were fully funded, then overall spending for CCS R&D could equal $414 million, a
46% increase over FY 2008 spending levels. Figur e 8 showsthetrajectory of overall
DOE spending on CCS, under this accounting, since FY1997. From FY 1997 to
FY 2007, atota of nearly $500 million has been alocated to CCS at DOE.

62 Personal communication, Timothy E. Fout, General Engineer, DOE National Energy
Technology Laboratory, Morgantown, WV (July 16, 2008).

8 CCSresearch and devel opment program line item in the DOE budget (part of the Office
of Fossil Energy), U.S. Department of Energy, FY2009 Congressional Budget Request,
Volume 7, DOE/CF-030 (Washington, DC, February 2008).

® Ibid.
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Figure 8. Spending on CCS at DOE Since FY1997
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Source: Personal communication, Timothy E. Fout, General Engineer, DOE National Energy
Technology Laboratory, Morgantown, WV (July 16, 2008); and U.S. Department of Energy, FY2009
Congressional Budget Request, Volume 7, DOE/CF-030 (Washington, D.C., February 2008).

Note: Funding for FutureGen shownistheappropriated amounts. AlGCC meansAdvanced | ntegrated
Gasification Combined Cycle, and |EP means Innovations for Existing Plants; both are programs
under DOE’s Office of Fossil Energy. Funding for FY 2009 are the requested amounts.

According to DOE, the CCS line item in its Fossil Energy budget allocated
approximately 12% of the FY 2008 budget to carbon capture technology specifically,
or approximately $14.3 million. Nearly $68 million, or 57% of the FY 2008 CCS
budget, was allocated to the regional partnerships,® which are primarily pursuing
projects to store CO, underground, not to develop capture technologies. The
remaining third of the FY 2008 budget was allocated to other aspects of CCS, such
as technologies for monitoring, mitigating, and verifying the long-term storage of
CO,, other aspects of sequestration, breakthrough concepts (which includes capture
technologies), and others. (See Figure 9 for the breakdown of the DOE CCS
program spending in FY2008.) Of the $283 million in total funding for CCSin
FY 2008 (by one estimation, which includes IEP and AIGCC funding (Figure 8)),
lessthan half islikely allocated for devel oping carbon capture technology.

& Beginning in 2003, DOE created seven regional carbon sequestration partnerships to
identify opportunities for carbon sequestration field tests in the United States and Canada.
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Figure 9. Expected Spending on CCS
by Category in FY2008
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Fout, General Engineer, DOE National Energy
Technology Laboratory, Morgantown, WV
(July 16, 2008).

Note: Total expected spending for CCS in
FY 2008 shown on this chart equals $118.91
million. Also, MMV as shown on the chart
stands for measurement, monitoring, and
verification.

Loan Guarantees and Tax Credits

Appropriationsrepresent one mechanismfor funding carbon capturetechnol ogy
RD&D; othersinclude loan guarantees and tax credits, both of which are available
under current law. Loan guarantee incentives that could be applied to CCS are
authorized under Title X V11 of the Energy Policy Act of 2005 (EPAct2005, P.L. 109-
58). Title XVII of EPAct2005 (42 U.S.C. 16511-16514) authorizesthe Secretary of
Energy to make loan guarantees for projects that, among other purposes, avoid,
reduce, or sequester air pollutants or anthropogenic emissions of greenhouse gases.
The Consolidated Appropriations Act for FY2008 (P.L. 110-161) provides loan
guarantees authorized by EPA ct2005 for coal-based power generation and industrial
gasification activitiesthat incorporate CCS, aswell asfor advanced coal gasification.
The explanatory statement® directs allocation of $6 billion in loan guarantees for
retrofitted and new facilitiesthat incorporate CCS or other beneficial usesof carbon.

% The explanatory statement was published with the Committee Print of the House
Committee on Appropriations, Consolidated Appropriations Act, 2008, H.R. 2764/Public
Law P.L.110-161. The Committee Print, which was published in January 2008, isavailable
at [http://www.gpoaccess.gov/congress/house/appropriations/08conappro.html].
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Title X111 of EPAct2005 providesfor tax creditsthat can be used for Integrated
Gasification Combined Cycle (IGCC) projects and for projects that use other
advanced coal -based generation technologies (ACBGT). For thesetypesof projects,
the aggregate credits available total up to $1.3 billion: $800 million for IGCC
projects, and $500 millionfor ACBGT projects. Qualifying projectsunder Title XIII
of EPAct2005 are not limited to technologies that employ carbon capture
technol ogies; however, the Secretary of the Treasury isdirected to give high priority
to projects that include greenhouse gas capture capability. Under the same title of
EPAct2005, certain projects employing gasification technology® would be eligible
to receive up to $650 million in tax credits, and these projects would aso receive
high priority from the Secretary of the Treasury if they include greenhouse gas
capture technology.

Encouraging Technology Development in the
Absence of a Market: Issues for Current Carbon
Capture RD&D Policy

Each of the funding mechanisms described above — appropriations, loan
guarantees, and tax credits— are examples of government “pushing” carbon capture
technologies (the upper left arrow in Figure 5) via direct spending and through
private sector incentives. Thus far, however, these activities are taking place in a
vacuum with respect to a carbon market or aregulatory structure. Lacking a price
signal or regulatory mandate, it is difficult to assess whether a government-push
approachissufficient for long-term technol ogy devel opment.®® Some studies appear
to discount the necessity of apricesignal or regulatory mandate, at least initially, and
place ahigher priority on the successful demonstration of large-scale technological,
economic, and environmental performance of technologies that comprise all of the
components of an integrated CCS system: capture, transportation, and storage.*® So
far, however, the only federally sponsored, fully integrated, large-scale CCS
demonstration project — called FutureGen (see box) — failed in its original
conception, which may have been due, in part, to the lack of a perceived market.

DOE announced it was restructuring the FutureGen program because of its
rising costs, which are difficult to assess against the project’s *benefits” without a
monetary val ue attached to those benefits(i.e., thevalue of carbon extracted fromthe
fuel and permanently sequestered). A carbon market would at least provide some
way of comparing costs against benefits. One could argue that the benefits of CCS

6 Under Title XIII of EPAct2005, gasification technology means any process which
convertsasolid or liquid product from coal, petroleum residue, biomass, or other materials,
which are recovered for their energy or feedstock value, into a synthesis gas (composed
primarily of carbon monoxide and hydrogen) for direct use in the production of energy or
for subsequent conversion to another product.

% See quote by Morgenstern above. In that analysis, government-supported research is
needed to compensate for market imperfections. Inthe current situation, thereisno market,
and thus its imperfections are maoot.

% MIT, The Future of Coal, p. xi.
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accrue to the amelioration of future costs of environmental degradation caused by
greenhouse gas-induced global warming. Although it may be possible to identify
overall environmental benefitsto removing CO, that would otherwise be rel eased to
theatmosphere, assigning amonetary val ueto those benefitsto compare against costs
is extremely difficult.

Tryingto Pick a Winner: FutureGen

On February 27, 2003, President Bush proposed a 10-year, $1 billion project to
build a coal-fired power plant that integrates carbon sequestration and hydrogen
productionwhile generating 275 megawattsof el ectricity, enough to power about 150,000
average U.S. homes. As originaly conceived, the plant would have been a coal-
gasification facility and produced between 1 and 2 million metric tons of CO, annually.
On January 30, 2008, DOE announced that it was*“ restructuring” the FutureGen program
away from asingle, state-of-the-art “living laboratory” of integrated R& D technologies
— asingleplant— toinstead pursue anew strategy of providing funding for the addition
of CCS technology to multiple commercial-scale IGCC plants.” In the restructured
program, DOE would support up to two or three demonstration projects, each of at least
300 MW, ™ and that would sequester at least 1 million metric tons of CO, per year. Inits
budget justification for FY2009, DOE cited “new market readlities” for its decision,
namely rising material and labor costsfor new power plants, and the need to demonstrate
commercial viability of Integrated Gasification Combined Cycle (IGCC) power plants
with CCS.”> A policy question that emerged following the DOE’ s decision to scrap the
original FutureGen concept was whether such a concept can be viable without a long-
term price signa for carbon. FutureGen supporters have indicated that the rise in
FutureGen'’ s proj ected costs were consistent with therisein global energy infrastructure
projects due to inflation, implying that rising costs are not unique to FutureGen.”
Nevertheless, the reasons given by DOE in its decision to cancel the original concept are
prima facie evidencethat lack of aprice signal for carbon in theface of knownandrising
costs for plant construction created too much uncertainty for the agency to continue the
project. It is unclear whether a long-term price signal would have supported the
FutureGen concept anyway, given the project’ s other uncertainties, such asits choice of
acapture technology and disagreements over the private cost-share agreement.™

0 See [http://www.fossil.energy.gov/news/techlines/2008/08003-DOE_Announces
Restructured FutureG.html].

™ See [ http://www.fossil.energy.gov/news/techlines/2008/08013-DOE_Takes Next Steps
With_Restruct.html].

72 DOE FY 2009 Budget Request, p. 16.

3 FutureGen Alliance pressrelease (April 15, 2008), at [http://www.futuregenalliance.org/
news/releases/pr_04-15-08.stm].

™ See, for example, Michael T. Burr, “ Death of a Turkey, DOE’'s Move to ‘ Restructure’
FutureGen Clearsthe Way for aMore Rational R&D,” Public Utilities Fortnightly (March
2008); and David Goldston, “Demonstrably Wrong,” Nature, Vol. 453, No. 16 (April 30,
2008), p. 16.
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What Should the Federal Government Spend on CCS
Technology Development?

As discussed above, severa studies underscore the value of along-term price
or regulatory signal to shape technological development and, presumably, to help
determine alevel of federa investment needed to encourage commercialization of
an environmental technology such as carbon capture. As stated by Fischer:

With respect to R& D for specific applications (such as particul ar manufacturing
technologies or electricity generation), governments are notoriously bad at
picking winners... [e.g., the breeder reactor]. The selection of these projectsis
best |eft to private markets while the government ensures those markets face the
socially correct price signals.”

Despite the lack of regulatory incentives or price signals, DOE has invested
millions of dollars since 1997 into capture technology R&D, and the question
remains whether it has been too much, too little, or about the right amount. In
addition to appropriating funds each year for the DOE program, Congress signaled
its support for RD&D investment for CCS through provisions for tax credits
available for carbon capture technology projects in EPAct2005, and through loan
guaranteesauthorized inthe Consolidated AppropriationsAct for FY 2008 (P.L. 110-
161). Congress also authorized a significant expansion of CCS spending at DOE in
the Energy Independence and Security Act of 2007 (EISA, P.L. 110-140), which
would authorize appropriations for a total of $2.2 billion from FY 2008 through
FY2013. Although EISA places an increased emphasis on large-scal e underground
injection and storage experiments, the legisation authorizes $200 million per year
for projects that demonstrate technologies for the large-scal e capture of CO, from a
range of industrial sources.

L egislation has also beenintroduced inthe 110" Congress that would authorize
specific amounts of spending for CCS and capture technology development.
Notably, the Carbon Capture and Storage Early Deployment Act (H.R. 6258), if
enacted, woul d authorizedistribution utilities™ to coll ect an assessment on fossil-fuel
based electricity delivered to retail customers. The assessment would total
approximately $1 billion annually, and would be issued by a corporation —
established by referendum among the distribution utilities — as grants or contracts
to private, academic, or government entitiesto accel erate commercial demonstration
or availability of CO, capture and storage technologiesand methods. Thislegislation
contains elements that resemble, in many respects, recommendations offered in the
MIT report.”

Some bhills introduced in the 110" Congress include incentives such as tax
credits, debt financing, and regulations to promote CO, capture technology

s Carolyn Fischer, Climate Change Policy Choices and Technical Innovation, Resources
for the Future Climate Issue Brief #20 (June 2000), p. 9

® A distribution utility is defined in the legislation as an electric utility that has a legal,
regulatory, or contractual obligation to deliver electricity directly to retail customers.

" MIT, The Future of Coal, p. 102.
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development. For example, S. 3132, the Accelerating Carbon Capture and
Sequestration Act of 2008, provides a tax credit of $20 per metric ton of CO,
captured and stored.” S. 3233, the 21% Century Energy Technology Deployment Act,
would establish a corporation that could issue debt instruments (such as bonds) for
financing technology development. A priority cited in S. 3233 is the deployment of
commercial-scale CO, capture and storage technol ogy that could capture 10 million
short tons of CO, per year by 2015. A bill aimed at increasing the U.S. production
of oil and natural gas while minimizing CO, emissions, S. 2973, the American
Energy Production Act of 2008, would require the promulgation of regulations for
clean, coal-derived fuels. Facilities that process or refine such fuels would be
required to capture 100% of the CO, that would otherwise be released at the facility.

Other legidlation introduced invokes the symbolism of the Apollo program of
the 1960s to frame proposals for large-scale energy policy initiatives that include
developing CCS technology.” Therelevance and utility of large-scale government
projects, such asthe Apollo program, or the Manhattan project, to devel oping carbon
capture technology are explored in the following sections.

Should the Federal Government Embark on a “Crash”
Research and Development Program?

Some policymakers have proposed that the United States invest in energy
research, development, and demonstration activitiesat the samelevel of commitment
asit invested in the past during the Manhattan project and the Apollo program. As
analogues to the development of technologies to reduce CO, emissions and thwart
long-term climate change, the Manhattan project and Apollo program are imperfect
at best. They both had short-term goal s, their success or failurewas easily measured,
and perhaps most importantly, they did not depend on the successful
commercialization of technology and its adoption by the private sector.
Nevertheless, both projects provide a funding history for comparison against CO,
capture technology cost projections, and as examples of large government-led
projects initiated to achieve a national goal. The Manhattan project and Apollo
program are discussed briefly below.

Thefederal government’ seffortsto promote energy technology development in
response to the energy crisis of the 1970s and early 1980s may be a richer analogy
to CO, capture technology devel opment than either the M anhattan project or Apollo
program. After thefirst oil crisisin 1973, and with the second oil crisisin the late
1970s, the national priority wasto reduce dependence on foreign supplies of energy,
particularly crude oil, through a combination of new domestic supplies (e.g., ail
shale), energy efficiency technologies, and alternative energy supplies such assolar,
among others. The success of these efforts was to have been determined, in part, by
the commercialization of energy technologies and alternative energy supplies and

8 S. 3132 would also provide a $10 per metric ton credit for CO, captured and used as a
tertiary injectant in an enhanced oil and natural gas recovery project.

™ For example, H.R. 2809, the New Apollo Energy Act of 2007; and H.R. 6385, the Apollo
Energy Independence Act of 2008.
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their incorporation into American society over the long-term.  Similarly, many
analysts see the devel opment of CCStechnol ogy as anecessary step needed over the
next several decadesor half-century to hel p alleviate human-induced climate change,
whichisitself viewed asaglobal problem for at |east the next century or longer. As
discussed more fully later, the outcome of the federa government’s efforts to
promote energy technologies in the 1970s and 1980s may be instructive to current
approaches to develop CCS technol ogy.

The Manhattan Project and Apollo Program. TheManhattan project took
place from 1942 to 1946.%° In July 1945, a bomb was successfully tested in New
Mexico, and used against Japan at two locations in August 1945. In 1946, the
civilian Atomic Energy Commission was established to manage the nation’ s future
atomic activities, and the Manhattan project officially ended. According to one
estimate, the Manhattan project cost $2.2 billion from 1942-1946 ($21 billion in
2007 dollars), greater than the original cost and time estimate of approximately $148
million for 1942 to 1944.%

TheApollo program encompassed 17 missionsincluding six lunar landingsthat
took placefrom FY 1960 to FY 1973.%2 Although preliminary discussionsregarding
the Apollo program beganin 1960, Congressdid not decideto fund it until 1961 after
the Soviets became the first country to send a human into space. The peak cost for
the Apollo program occurredin FY 1966 when NASA’ stotal budget was $4.5 billion
and its funding for Apollo was $3.0 billion.®* According to NASA, the total cost of
the Apollo program for FY 1960-FY 1973 was $19.4 billion ($95.7 billion in 2007

8 U.S. Department of Energy, Office of History and Heritage Resources, “ The Manhattan
Project: An Interactive History,” webpage at [http://www.cfo.doe.gov/me70/
manhattan/1939-1942.htm]. F.G. Gosling, The Manhattan Project: Making the Atomic
Bomb, January 1999 edition (Oak Ridge, TN: Department of Energy).

8 Richard G. Hewlett and Oscar E. Anderson, Jr., A History of the United States Atomic
Energy Commission: The New World, 1939/1946 ,Volume |, (University Park, PA: The
Pennsylvania State University Press, 1962). Appendix 2 provides the annual Manhattan
project expenditures. These costs were adjusted to 2007 dollars using the price index for
gross domestic product (GDP), available from the Bureau of Economic Affairs, National
Income and Product Accounts Table webpage, Table 1.1.4., at
[http://www.bea.gov/beal/dn/nipaweb/] .

8 There is some difference of opinion regarding what activities comprise the Apollo
program, and thus when it begins and ends. Some include the first studies for Apallo,
Skylab, and the use of Apollo spacecraft in the Apollo-Soyuz Test Project. This analysis
isbased on that provided by the National Aeronautics and Space Administration (NASA),
whichincludesthefirst studies of Apollo, but not Skylab or Soyuz activities, ina2004 web
update by Richard Orloff of its publication entitled Apollo By The Numbers: A Satistical
Reference, NASA SP-2000-4029, at [http://history.nasa.gov/SP-4029/Apollo 00
Welcome.htm].

8 Thefunding datais available at [ http://history.nasa.gov/SP-4214/app2.html#1965]. Itis
based on information in NASA, The Apollo Spacecraft - A Chronology, NASA Special
Publication-4009, at [http://www.hqg.nasa.gov/office/pao/History/SP-4009/contents.htm].
This datais from Volume 4, Appendix 7 at [http://www.hg.nasa.gov/office/pao/History/
SP-4009/v4app7.htm].
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dollars).®* The first lunar landing took place in July 1969. The last occurred in
December 1972. Figur e 10 showsthefunding history for both the M anhattan project
and Apollo program.

DOE-Supported Energy Technology Development. The Department
of Energy has its origins in the Manhattan project, and became a cabinet-level
department in 1977,% partly in response to the first oil crisis of 1973, caused in part
by the Arab oil embargo. Another ail crisis(the“second” oil crisis) took place from
1978-1981 asaresult of political revolutionin Iran. Funding for DOE energy R& D
rosein the 1970sin concert with high oil prices and resultant Carter Administration
prioritieson conservation and devel opment of alternative energy supplies. Crudeail
pricesfell during the 1980s and the Reagan Administration eliminated many energy
R&D programs that began during the oil crisisyears. Figure 10 showstherise and
fall of funding for DOE energy technology programs from 1974 to 2008.

Comparisons to CO, Capture R&D at DOE. Current DOE spending on
CCStechnol ogy devel opment (discussed above) isfar below levelsof funding for the
Manhattan project and Apollo program and for the energy technology R& D programs
at their peak spending in the late 1970s and early 1980s. The development of CO,
capture technology is, of course, only one component of all federal spending on
global climate change mitigation. However, thetotal annual federal expenditureson
climate change, including basic research, are still far lessthan the Manhattan project
and Apollo program, athough similar to DOE energy technology development
programs during their peak spending period.®” For comparison, the FY 2008 budget
and FY 2009 budget request for DOE’ s energy technology R& D is approximately $3
billion per year. (See Figure 10.)

Even if spending on CO, capture technology were increased dramatically to
Manhattan project or Apollo program levels, it is not clear whether the goal of
devel oping acommercially deployabl e technology would berealized. Asmentioned
above, commercialization of technology and integration of technology into the
private market were not goals of either the Manhattan project or Apollo program.
For the Manhattan project, it did not matter what the cost was, in one sense, if a
consequence of failing to build a nuclear weapon was to lose the war. For CO,
capture, the primary goal isto develop atechnology that would be widely deployed
and thuseffective at removing asubstantial amount of CO, over the next half century

8 Richard Orloff, Apollo By The Numbers: A Statistical Reference, NASA SP-2000-4029,
2004 web update, at [http://history.nasa.gov/SP-4029/Apollo_00 Welcome.htm]. The
funding data is available at [http://history.nasa.gov/SP-4029/Apollo_18-16 Apollo_
Program_Budget Appropriations.htm]. It is based on information in NASA, The Apollo
Spacecraft - A Chronology, NASA Specia Publication-4009, at [http://www.hg.nasa.gov/
office/pao/History/SP-4009/contents.htm].

& Department of Energy, “Origins & Evolution of the Department of Energy,” webpage at
[http://www.doe.gov/about/origins.htm].

% The Department of Energy Organization Act of 1977 (P.L. 95-91).

8" CRSestimatesthat budget authority for federal climate changeprogramswas$5.44 billion
in FY2007. See CRS Report RL33817, Climate Change: Federal Funding and Tax
Incentives, by Jane A. Leggett.
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or more, which necessarily requires its commercialization and widespread use
throughout the utility sector.

Figure 10. Annual Funding for the Manhattan Project, Apollo
Program, and DOE Energy Technology Programs
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Sour ce: Congressional Research Service. Manhattan Project data: Richard G. Hewlett and Oscar E.
Anderson, Jr., A History of the United States Atomic Energy Commission: The New World,
1939/1946,Volume 1. Apollo program data: Richard Orloff, Apollo By The Numbers: A Statistical
Reference, NASA SP-2000-4029, 2004 web update. DOE data: CRS Report RS22858, Renewable
Energy R&D Funding History: A Comparison with Funding for Nuclear Energy, Fossil Energy, and
Energy Efficiency R&D, by Fred Sissine.

The Possibility of Failure: The Synthetic Fuels Corporation. A
careful study of one of the federal projects initiated in response to the energy crisis
of the 1970s and early 1980s — the Synthetic Fuels Corporation (SFC) — may
provide a valuable comparison to current thinking about the federal role in CO,
capture technology development:

The government’ s attempt to devel op asynthetic fuelsindustry inthe late 1970s
and early 1980s is a case study of unsuccessful federal involvement in
technology development. In 1980, Congress established the Synthetic Fuels
Corporation (SFC), a quasi-independent corporation, to develop large-scale
projects in coal and shale liquefaction and gasification. Most of the projects
centered on basic and conceptual work that would contribute to demonstration
programsin later stages, although fundswere expended on several prototype and
full-scale demonstration experiments. Formed in response to the 1970s energy
crisis, the SFC was intended to support projects that industry was unable to
support because of technical, environmental, or financial uncertainties. Federal
loans, loan guarantees, price guarantees, and other financial incentivestotaling
$20 billion were authorized to spur industry action. Although SFC wasdesigned
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to continue operating until at least 1992, the collapse in energy prices,
environmental concerns, lack of support from the Reagan Administration, and
administrative problems ended the synthetic fuels program in 1986.% [citations
from original text omitted]

One of the primary reasons commonly cited for the failure of the SFC was the
collapse of crude oil prices during the 1980s, although other factors contributed.®
Without a stable and predictable price for the commodity that the SFC was
attempting to produce in specific, mandated quantities, the structure of the SFC was
unable to cope with market changes:

Thefailure of thefederal government’ seffort to create asynthetic fuelsindustry
yields valuabl e lessons about the role of government in technology innovation.
Thesynthetic fuel sprogramwasestablished without sufficient flexibility to meet
changesin market conditions, such asthe price of fuel. Public unwillingnessto
endure the environmental costs of some of the large-scal e projects was an added
complication. An emphasis on production targets was an added complication.
An emphasis on production targets reduced research and program flexibility.
Rapid turnover among SFC'’ shigh-level officialsslowed administrative actions.
Thesynthetic fuel sprogram did demonstrate, however, that |arge-scal e synthetic
energy projects could be build and operated within specified technical
parameters.® [citations from original text omitted]

It may be argued that the demise of DOE’ s FutureGen program (as originally
conceived, see box above) was partly attributable to the project’s inflexibility in
dealing with changing market conditions, in this case the rise in materials and
construction costsand the doubling of FutureGen' soriginal priceestimate. However,
the anal ogy between FutureGen and the SFC islimited. Although the SFC failed in
part because of collapsing oil prices (the costs of the SFC program could be
measured against the benefits of producing oil), for FutureGen the value of CO,
avoided (i.e. the benefit provided by the technology) was not even calculable for
comparison to the costs of building the plant, becausethereisnoreal global pricefor
CO..

The market conditions that contributed to the downfall of the SFC, however,
could be very different from the market conditions that would arise following the
creation of a price for CO, emissions. The stability and predictability of the price
signal would depend on the mechanism: carbon tax, alowance pricing, or auctions.
A mechanism that allowed for a long-term price signal for carbon would likely
benefit CO, capture technology R& D programs.

8 The National Academy of Sciences, “The Government Role in Civilian Technology:
Building a New Alliance” (National Academy Press, Washington, DC, 1992), pp. 58-59.

8 For avariety of reasons, Canada’ s experience with producing synthetic fuels, specifically
oil sands development, has differed from the U.S. experience. For more information, see
CRS Report RL34258, North American Oil Sands: History of Development, Prospects for
the Future, by Marc Humphries.

© [pid., p. 50.
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Implications for Climate Change Legislation

Any comprehensive approach to reducing greenhouse gases substantially must
addresstheworld’ sdependency on coal for aquarter of itsenergy demand, including
amost half of its electricity demand. To maintain coa as a key component in the
world’'s energy mix in a carbon-constrained future would require developing a
technology to capture and store its CO, emissions. This situation suggests to some
that any greenhouse gas reduction program be delayed until such carbon capture
technology has been demonstrated. However, technological innovation and the
demands of a carbon control regime are interlinked; therefore, atechnology policy
isno substitute for environmental policy and must be developed in concert with it.*

This linkage raises issues for legidators attempting to craft greenhouse gas
reduction legidlation. For the demand-pull side of the equation, the issue revolves
around how to create the appropriate market for emerging carbon capture
technologies. Table 3 compares four different “price” signals across five different
criteriathat influence their effectiveness in promoting technol ogy:

e Magnitude: What sizeof pricesignal or stringency of theregul ation
isimposed initially?

e Direction: What influences the direction (up or down) of the price
signal or stringency of the regulation over time?

e Timing: How quickly is the price or regulation imposed and
strengthened?

e Stability: How stable is the price or regulation over time?

e Duration: How long isthe price or regulation imposed on affected
companies?

In general, the criteriasuggest that regulation isthe surest method of forcing the
development of technology — price is not necessarily a direct consideration in
decision-making. However, regulation is also the most limiting; technologies more
or less stringent than the standard would have a limited domestic market (although
foreign opportunities may be available), and development could be frozen if the
standards are not reviewed and strengthened periodically. In contrast, allowance
priceswould provide the most equivocal signal, particularly if they arealocated free
to participants. Experience has shown allowance prices to be subject to volatility
with swings both up and down. The experience with the SO, cap-and-trade program
suggests the incentive can be improved with “bonus’ alowances, however, the
eligibility criteria used could be perceived as the government attempting to pick a
winner.

% Carolyn Fischer, Climate Change Policy Choices and Technical Innovation, Resources
for the Future Climate Issue Brief #20 (June 2000), p. 9.
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Table 3. Comparison of Various Demand-Pull Mechanisms

technological progress

progress

innovation or regulators
rarely review standard

M echanism Magnitude Direction Timing Stability Duration
Regulation Depends on available Subject to periodic Depends on frequency of | Very stable— can Depends on the
technology or review by regulatory regulatory review and become stagnant if regulatory procedures
performance standard authorities based on pace of technological discourages further for reassessment

Allowance Prices

Depends on stringency of
emissions cap and other
provisions of the cap-
and-trade program

Market-driven based
on the supply and
demand for
alowances

Depends on
environmental goal and
specified schedul e of
emission reductions

Can be quite volatile

Depends on
environmental goal and
specified schedul e of
emission reductions

Carbon Tax

Depends on level of tax

Generally specified by
legislation

Depends on escalator
provisionsin legislation

Stable

Depends on the
specified schedul e of
the carbon tax

Allowance Auctions

Same dynamics as
allowances prices; can be
strengthened by 100%
auctioning of allowances
and specifying areserve
price

Same dynamics as
allowance prices
unlesslegislation
specifies areserve
price

Same dynamics as
allowance prices unless
legislation includes a
reserve price — then it
depends on any escalator
clause

Allowance price
volatility can be
tempered by areserve
price and the specifics
of the auctioning
process

Same as for allowance
prices, but includes the
details of the auctioning
procedures

Sour ce: Congressional Research Service.
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In contrast, carbon taxes and allowance auctions (particularly 100% auctions
with areserve price) provide strong market-based price signals. A carbon tax isthe
most stable price signal, providing a clear and transparent signal of the value of any
method of greenhouse gas reductions. Substantial auctioning of allowances also
places aprice on carbon emissions, aprice that can be strengthened by incorporating
areserve price into the structure of the auction.

However, each of these signals ultimately depends on the environmental goal
envisoned and the specifics of the control program: (1) the stringency of the
reduction requirement; (2) the timing of desired reductions; (3) the techniques
allowedto achievecompliance. Theinterplay of thesefactorsinformsthetechnology
community about the urgency of the need for carbon capture technology; the price
signal informsthe community what cost-performance parameters are appropriate for
the emerging carbon market. The nature of that price signal (regulatory, market,
stability) informs the community of the confidence it can havethat it is not wasting
capital on a*“white elephant” or on a project that the market does not want or need.

The issues for technol ogy-push mechanisms are broader, and include not only
the specifics of any reduction program and resulting price signal, but aso
international considerations and the interplay between carbon capture technology,
storage, and the potential need for CO, transport. Groups as diverse as The Pew
Center, the Electric Power Research Institute, DOE, and MIT have suggested
“roadmaps’ and other schemesfor preparing carbon capturetechnol ogy for apending
greenhouse gas reduction program.® Generally, all of these approaches agree on the
need for demonstration-size (200-300 MW) projects to sort out technical
performance and cost effectiveness, and identify potential environmental and safety
concerns. The Energy Independence and Security Act of 2007 (P.L. 110-140)
reflected Congress' desire for more integrated demonstration projects, and DOE’s
restructured approach to FutureGen purportedly provides incentives for integrating
capture technology on IGCC plants of 300 MW or greater.

Finally, it should be noted that the status quo for coal with respect to climate
change legislation isn’'t necessarily the same as “business as usua.” The financial
markets and regulatory authorities appear to be hedging their bets on the outcomes
of any federal legidation with respect to greenhouse gas reductions, and are
becoming increasingly unwilling to accept the risk of a coal-fired power plant with
or without carbon capture capacity. This sort of limbo for coal-fired powerplantsis
reinforced by the MIT study, which makes a strong case against subsidizing new
construction (allowed for IGCC under the EPAct2005) without carbon capture
because of the unattractive costs of retrofits:

%2 For exampl e, see Pew Center on Global Climate Change, Coal and Climate Change Facts,
(2008), availableat [ http://www.pewclimate.org/global -warming-basi cs/coal facts.cfm]; Coal
Utilization Research Council and Electric Power Research I nstitute technol ogy roadmap at
[http://www.coal .org/roadmap/]; DOE Energy, National Energy Technology Laboratory,
Carbon Sequestration Technology Roadmap and Program Plan 2007 available at
[http://www.netl.doe.gov/technol ogies/carbon_seq/refshel f/project%20portfolio/
2007/2007Roadmap.pdf; and, MIT, The Future of Coal, pp. Xi-Xxv.
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Coal plantswill not be cheap to retrofit for CO, capture. Our analysis confirms
that the coststo retrofit an air-driven SCPC [supercritical pulverized coal] plant
for significant CO, capture, say 90%, will be greater than the coststo retrofit an
IGCC plant. However, ... the modifications needed to retrofit an IGCC plant for
appreciable CCS are extensive and not amatter of simply adding asinglesimple
and inexpensive process step to an existing IGCC plant.... Consequently, IGCC
plants without CCS that receive assistance under the 2005 Energy Act will be
more costly to retrofit and less likely to do so.

The concept of a “capture ready” IGCC or pulverized coal plant is as yet
unproven and unlikely to be fruitful. The Energy Act envisions“capture ready”
to apply to gasification technology. [citation omitted] Retrofitting IGCC plants,
or for that matter pulverized coal plants, toincorporate CCStechnology involves
substantial additional investmentsand a significant penalty to the efficiency and
net electricity output of the plant. As aresult, we are unconvinced that such
financial assistance to conventional IGCC plants without CCS is wise.®
[emphasisin original]

As noted earlier, lack of a regulatory scheme (or carbon price) presents
numerous risks to any research and devel opment effort designed to devel op carbon
capture technology. Ultimately, it aso presents arisk to the future of coal.

% MIT, The Future of Coal, pp. 98-99.



