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1. Introduction and Summary
a. Summary of the argument

US climate change legislation will play @rdral role in determining the substance and
effectivenes®f any global agreemeiu replace the Kyoto Protocol when it expires in 2012
This paperanalyzedraft USclimate changéegislation in particular tle Waxman Markey
(WM) BiIll that was passed bthe House of Representatives eartld@s year | argue that
WM and the KerryBoxer (KB) legislationthat is being debated in the Senat# fail to
promote an early transition to a low carbon econorhypropse amendments that would
bring the legislation more into line witthe aim of making thatransition as soon as
possible Below, | summarizéhe mainpointsof the paper

First, draft US legislationis timid in a number of respects. It postpones sigaifteemissions
cuts until well into the future. Furthermoreyalies on price signals from CO2 markets to
drive CO2 emission reduction in the short and long term,ittubduces varioustost
mitigationd measures to keep CO2 prices dowithereby weakeng the incentive to cut
emissions Generally this leaves investors and the rest of the world wondering whether and
when the US is going to take actidmt will be effective in cutting emissions, especially
from existing coal stations

Secondthe legitation is timid because iaims to win support from those sectors that are
most negatively affectely it. Onegoal of the legislations to providetransitional support
for the coal industry and its customers, notably in the power se8taentral pointis that
the WM legislation does not regulate emissions frawisting coalffired power stations
which are a very substantial source of CO2 emissidnder the Clean Air A¢tthe EPA is
now authorized to regulate those emissions. In this respedrghkegislationweakens the
directregulation of emissions from existing cdakd stations.

Third, the likely resultof timidity has been described as equivalent to merging slowly onto a
highway with very fast moving traffic¢ in other wordsjt is very dangerous. Going too
slowly on climate creates\geral potential problems

1 TheUS maynot shut down important sources of CO2 emissions, notaiakfired
power stations, for a long time, leading to a large build up of CO2 that has to be
offset rapidly ad expensively later.

1 Legislation creates inadequate price incentives to finance théodeent of zero
and low carborgeneration technologies, including CCS on new and existing coal
and gas power stations, as well as renewable and nuclear power.

1 Prices vl alsobetoo low to provide the necessary demaittk incentives to cut
energy consumption and related emissions.

1 The legislation could therefore slow the move towards a zero carbon electricity
sector, postponing the adoption of PHEV that would loweeddence on imported
oil.



1 Coal dies slowly rather than being transfornmet® a new technological base, and
meanwhile the US builds a lot of natural gas pfatftatwill be obsolete before the
end of their engineering lives.

1 The failure of weak market mbanisms to achieve climate objectives will
eventually lead to their abandonment and to regulated procuréntmutt with a
very significant delay.

Fourth the draft legislation does not send the right signal to the rest of the world, in
particular to Chia. The US is signldéing that there is no need to take urgent measures to cut
CO2 emissions from existing cefiled plants. Indeed, existing US plant is much older and
less efficient than Chinese power stations and there is a stronger case to shuthpéadS

than in China. If China follows the US down the path of not cutting emissions from existing
plant, the prospects of stabilizing the concentration of GHG in the atmosphere would
virtually disappear. And if China moves ahead of the US to deveto adoptcarbon
capture and storage (CCRY their existing and neveoal plants, then the US will lose an
important commercial opportunity.

Fifth, faced with these prospectspropose a plan to reviddS legislation. There are two
alternative§ both d which involve making an earlier transition to a low carbon economy.
My preferredapproachis to rely on CO2 marketsbut this would only make sense
legislationpromises significantly higherand stabléCO2 pricesto encouragénvestment in a
range ofcarbon reducing technologiesd to drive down emissions from existing plant
Even in this case, targets are seldom credible, especially ifiehexll into the future. If
this approach is not politically realistic, then we camebt on CO2 markets tpromote the
necessary investment and transformation. The alterrgppeachs to rely moreon non
price signals (e.gCO2emission standard$) promote retrofitting of existing coal plarits
lower CO2 emissionsor a timetable for their closureFdlowing the latter approactihe
EPA would be responsible for administering the emission standdesdified in the
legislation. Finally, | conclude thatfor either alternativethe legislation should leave as
much room as possible for technological inaben, to promoe a range of technologies in
addition to CCS

b. Outline of the paper

The paper has six sections in addition to this introduction and sumiSaction 2
introducesmy understanding of the conclusions of the science of climate change and the
role of policy in addressing.it | accept the view that public policy aimed at cutting
greenhousgas (GHG)emissions, significantly and urgently,asform ofinsuranceagainst

truly cataclysmic climate changeA wide range of technologiésfrom renevable energy

to nuclear and CCS, as well as energy efficieang the end of deforestationwill be
required. The question is what sort of public policy will promote the enormous invéstmen
requiredin order to achieve significant, early and sustainahie iouemissions.

Section 3 examines the importancecofitbased emissionsom existing power stations
These account for a very large and growing share of global emissions, especially in the US
and China. There is no way to stabilize the global cortcation of GHG at acceptable
levels without cuttig emissions from thestations.

2 Some natural gafired plants will certainly be needed, not least to back up renewable energy. However, these
plants also emit CO2. These emissions must also be eliminated in order to decarbonize the electricity sector.
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Section 4 examinea briefly the basic technologies (including CCS) available to cut
emissions from these stationslt concludes that CCS could potentially play a very
significant role in meeting the challenge of climate change, but there is still a significant
uncertainty about the costs of C@gd the likelihood that it will be adopted on a large scale
in the next twenty years.

Section 5analyzes US draft climate legistan, and in particular the way dealswith coalt

related powerThe focus on coal ifor three reasons. First, cdahsed power is a major

source ofenergy and ofCO2 emissions inthe USecond, the US has the
reserves of coal and it svidentand understandabkbhat the main partiesvant this vast

resource to be somehow accommodated in US climate and energy policy. However, the
protective political instincts being applied are not in the Jang interests of the coal
producers, the eimonment, or the US economyAs | explain later, a policy of cautious
gradualism with respect to conventional coal will lead to its extinction, not a soft landing.

Third, the influence of the coal lobby, and the need to obtain their suppdhe main

reason why that legislation is so timid

Section 6 identifies a number of concerns with draft US legislation and its reliance on
politically-influencedmarkets especially to reduce emissions from existing coal pldnts.
argue thatthe legislation istoo tentativeand will not enable the US to make an early
transition to a low carbon economy.

Section7 prgoses a plan to make the legislatioore effective As mentioned abovehére
are two possible ways forwaravhich place a greater or lesser relmmn market forces
My overall conclusion is that, in the current pal#ti and economic situatioit,is difficult to
have confidence in the CO2 priead targetas a basis for making the transition to a low
carbon economy.Non-price measuresnay well be more effectivein particularas a basis
for cutting CO2 emissions from existing cdaed power stations.However, it will be
important to design and implement those measures in a way that is techneldgl,
leaving as much room as possible feehnological innovation.

2. The challenge of climate changé science and politics

Most climate scientists who are studying the link between climate and greenhouse gas
emissions have little doubt that mamadeemissions are the cause of an increasinglyssri

crisis of climate chandeOf course, some disagree strongly. | find it difficult to understand
howthe worldd s g o v e r n take the risk of aatastraphic climate change lighglyen

the factrlthat we have only one plan€he Financial Times puhis quite well in a recent
editoriaf’.

AUl ti mat ethye, umikcken talilnti es are combined wi
are doing something significant to the global climate, a good reason why the world
should invest hundreds of billions of doBain cutting carbon emissions is to insure
against truly cataclysmic climate change

3 IPCC Climate Change 2007: Synthesis Report, adoptéd®g Plenary XXVII (Valencia, Spain, 127
November, 2007).
* Financial Times, Monday November 2, 2009, Editorial, Page 10.
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Although | claim no scientific expertise, | asufficiently persuaded by theveight of the
evidence in thelP CC 06 s r eapcept tha thdreois a good economic case to curb
greenhouse gas emissiong,only as a form of insurancdn this part of the paper, |
summarize briefly some of the recent scientific evidence of climate change, the evidence of
growing global CO2 emissiorisom fossil fuels, and the politics of curbing those emissions.

a. The Science

Recent evidence from M|Tpublished in the American Meteorological Societiosirnal of

Climate indicates a median probability of surface warming of 5.2 degrees Celsid90y 2

with a 9®% probability range of 3.5 to 7.4 degrees. This can be compared to a median
projected increase in the 2003 study by MIT of just 2.4 de@etsus The conclusions of

the recentMIT study are presented on a large roulette wheel, whichinobsmusof the
significantuncertainty andperhaps,also hat we ar e gambl ing with t

As the graph below illustratégylobalfossil carboremissionshave been growing steadily for

more than 200 years, but accelerated quite substaraifddly 1950. This acceleration has
strained the eart hénsssiananataraly, tegding somerclenatdogisty bt |
to argue that we adoserto the probability of abrugior runaway)climate change

Figure 1: History of Global Carbon Emissions (8007 2004

Global Fossil Carbon Emissions

—— Total

""" —— Petroleum pessssfee 6000
— Coal

----- — Natural Gas e AL e /01

Cement Production

Million Metric Tons of Carbon / Year

1800 1850 1900 1950 2004

Source Carbon Dioxde Information Analysis Centriitp://cdiac.ornl.gov/trends/emis/glo.html.

There are a number of positive feedbacks that appear to contribute to global wadmenis.
through the release of methane gasesi(@ancethrough the melting of Artic permafrost)
which are far more powerful greenhouse gases than carbon dioxide. The melting of sea ice

® http://web.mit.edu/mitei/research/spotlights/changdes.html
® CDIAC, http://cdiac.ornl.gov/trends/emis/glo.html
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also creates an albedo affect. The sea absorbs heat from the sun, while the ice largely reflects
the surs rays bek to space. When sea ice melts, it exposes the sea to the suhight
heating will contribute to further warmingilong with changes in atmospheric and ocean
currents, hisis a furthereason why the IPCC predidtgatpolar temperatures in the northe
hemispherewill rise up to twice as much as those of the rest of the world. Scientists are
increasingly concerned that positive feedbacks like these will cause a runaway greenhouse
effect.

The consequences of the failure to stabilize CO2 concemtrati@acceptable levels would
affect hundreds of millions of people. The hardest hit will be in developing countries, with
growing problems of health, access to food and water, loss of homes to floods, drought and
radical weather events, and more frequeats over access to resources. The governments
of the wealthiest countries, including the US, also recognize that this could undermine global
political, economic and military stability, and that climate change will create serious
problems for theiown citizens.

b. The politics

Governments have been discussing domestic and international policy action to address
climate change since the late 1980s. So far, they have delivered very little. Consider the
following figures

CO, emissions have risen alIm@Q% since these negotiations began in 1988.

CO, emissions rose at 1.1% per annum from 1990 to 2000, but rose to 2.9% after 2000,
after the signing of the Kyoto Protocol in 1998.

1 Coalbased emissions grew at 1% from 12900, but at 4.4% since 2000.

il
il

Toavoid dangerous interference in the world
committed to limiing temperature increases to 2 degreessiGgin this century, which
apparentlyrequires the stabilizemn of GHG conentration at 450 ppm of CO2 equivale

and probably les§ The longer the world waits to takaction, the faster and more
expensively we will have to finish the job.

To achievethe 450 ppmievel of GHG concentratigrglobal emissions must peak and then
start dropping between 2015 and 20&ince developing country emissions will continue to
grow for some timafter that industrialized countries must start by cutting emissions by 25
40% by 2020, using 19 asthe base year

Two things are very clear.First, dabilization of GHG conceration levels will require
massive investments in many differdatv-carbon technologies to decarbonize the power
sector(through nuclearpower, renewable energy and CC®).electrify the land transport
sector €.g.plug-in hybrid vehicles)to substanglly reduce energy consumption and to end
deforestation Second, on current performance, the world is unlikely to meet any of these
climatetargets The clock is tickingand the bomb could go off at any mom&nt

" IEA World Erergy Outlook 2008, page 47.
® There is a global campaign of NGOs pressing for an ambitious climate deal in Copenhagen. It is called
Tcktcktck. Seevwwicktcktckorg/



There is no silver bullet, but one critigeart of the solution involves reducing CO2 emissions
from coalbased electricity which is now the largest sag of CO2 emissiondBelow, |
explain why it is so urgent to cut emissions fra@xisting coalbased power stations
especially in the US andniha.

3. The threat from existing coakfired power stations

a. Coal as an increasingly source of energy and CO2 emissions

Coal demand has grown more in absolute terms than any other energy@aurtee past
ten yearsNotice in particular the growth sin@out2000, when Chinese demand for coal
began to grow substantiaffy

Figure 2: Global Energy Demand by Source (19801 2030)

0 Quadrillion Btu

History Projections
200
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= Nuclear
0o I=
1980 1995 2006 2015 2030

Source IEA (2008),World EnergyOutlook page 80.

Coal is also the largest and fastest growing source of anthropogenice@{d&ions in
absolute termsAccording to the IEA, in 2006, coal accounted for 42% of world (energy
related) CO2 emissions of 27.9 billion tons. By contrast, petroleum accounted for less than
39%"°

On current trends, coal will become an even more itapb source of emissions than it

already is. The IEA Reference Scenario in their 2008 World Energy Outlook, for instance,
forecasts that by 2030, petrol eumds share wi
46% of a much higher level of global esgy-related CO2 emissions, of 40.6 billion tons

CO2

° IEA (2008),World EnergyOutlook page 80.
191EA (2008),World Energy Outlookpage 507



The US and China currently account for mo r

consumption of coal, and of ceadlatedCO2emissions. In 2006, together they accounted for
about 57% of coabasel CO2 emissions. In 2030, their combined share of emissions will
rise to 62% according to the IEA Reference Scenario. This increase comes primarily from
China, whose annual consumption @t will account for more than 60% of the global
increase!The BPgraph belowreflects theimportance of Asia (China) and North America
(US) in theproduction andonsumption of coaf*

Figure 3: Global Production and Consumption of Coal (1998 &2008)

Production Consumption

World coal consumption grew by 3.1% in 2008, the first below-average increase since 2002, Coal nonetheless remained
the fastest-growing primary energy source for the sixth consecutive year, China accounted for more han 85% of global
growth even though Chinese consumption growth was below average.

Source BP Statistical Review of World Energy, 2009
b. Electricity as the key source of colased emissions

By far the most important source of CO2 emissions from coal is associated with electricity
generation.Outside China, nearly all coal is used for electricity generatiGhobally, in

2006, coalsource electrity accounted for 8.3 billion tonnes @021 more than 30% of
world energy related CO2 emissions. The IEA Reference scenario predicts tHahsszhl
electricity emissions wilfise to 13.5 billion tonne€02 by 2030, and account for 33% of the
much large global total of 436 billion tonnes™

The US and China together account for ovef®0 f t h e wlased gbwes capacity, |
which isabout 1,333 GW. Over the past five years, China has brought on streabasedl
capacity approximately equal tbe entire US coal fleet; China also plans significant further
additions.

1 Bp, Statistical Review of World Energy 2009.
121EA (2008)WEO 2008 page 507.



Together, these two countries are responsible for almost 60% of current emissions from coal
based electricity. In the US in 2006, coal accounted for 80% of emissions from the powe
sector, and codlased generation alone accounted for 34% of US emelgyed CO2
emissions. US emissions from coddased power are currently more than thebased
emissions of the entire US transport fleet of all kiftd&nd US coalfired power plats over

35 years old alone account for 7% of global CO2 emissfbns

By far the most significant anticipated increase in -4@eaed emissions comes from China.
There, the IEA Reference Scenario is that Chineselmsdd power emissions will rise
from 2.8 to 6.0 GtCO2 between 2006 and 2030, with the power sector accounting for over
50% of total Chinese emissions at the end of the pef@dnese emissions from cef@led

power plants could account for 15% of world CO2 emissions by.2030

c. The magnituck of the problem posed by existing power stations

Between 1750 and 200&bout 1,200 billiortons of CO2 were released into the atmosphere
from the consumption of fossil fuels and cement production. Half ofhdesdccurred since
the mid 19704° Looking forward, coafired power stations will be the most important
source of incremental emissions.

How important will emissions from coéited stationsbe in comparisonwith accumulated
emissions? According to th2008 IEA Reference Scenario, cesburceemissions from
power statias in 2020 will be about 12.1 billion tonn€®2. If these plants were to run for
65 yearsand their output was never C@dtigated,their total emissions would be equivalent

to 786 billion tons of CO2, almost 2/3 of the totalume offossitbasedemissions over the
past 250 years. Using thEeA forecastcapacity figure for 2030, emissions over the life of the
plant wouldyield 877 billion tons, over P® of total accumulatetbssiFbasedemissionsup

to 2005. Even if we weretuse the 2006 capacity figure, allowing these plants to operate
without emission controls over 65 years would generate a volume of emissions equal to about
50% of the historic totalEven if these figures are only approximately right and subject to
many aqualifications’, the order of magnitude of the potential emissions from existing coal
plant should be a cause for concern

d. The US power fleet and co¥l
The US coabased power fleet has a capacity of about 315 GW, which is only 30% of total

US generationcapacity but accounts for 50% of outpulm comparisonwith the best
available technology, US coal stations are relatively old and inefficient, and are an important

131EA, WEO, page 513.

4 Dale Simbeck and Waranya Roekpooritat, 2008arterm technologies for retrofit CO2 capture and storage

of existing coafired power plants in the Uted Sates MIT Energy Initiative Symposium on Retrofitting

Existing Coal Plants for CO2 Emissions Mitigation, March 23, 2009, Cambridge MA.

15|EA, WEO. Pages 531 and 507.

®Boden, T.A., G. Marland, and R.J. Andr2809. Global, Regional, and Nationalssi-Fuel CO2 Emissions.
Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak
Ridge, TN, U.S.A. doi 10.3334/CDIAC/00001

" Whether coal plant will actually run as they have in recent years will depemadmnfactors, one of which is

the price of gas and of CO2. If gas prices were to fall significantly, for instance, this would make coal plants less
competitive. We discuss this issue later in the paper.

18 See Simbeck and Roekpooritat, 2009, Op.Cit.



contributor to global CO2 emissiorfsor instance e average age afuS coal plant isbout

35 years (65 years being a normal plant lifg}th over 70% more than 30 years old.
Average efficiency idbelow 33% compared to modern coal plants of closer to 40%e

average CO2 emissions are about 0.97 metric tons CO2 pehddivy which is abat 20%

higher than modern coal plantdS coal plants 35 years and older account for 7% of the
worl dés anthropogenic fossil fuel CO2 emissi

The high percentage of emissions reflects the type of technology that is currently in use.
Most of the US et employs pulverized coal combustion technology, either subcritical or
supercritical. Subcritical systems operate at about 1025° F and typically have efficiencies of
32%. Supercritical power plants operate at higher temperatures, allowing for eiiigienhc

up to 42%. The US has about 75 GW of supercritical capacity (23% of the total). This is
higher tharthe world average (13%) bldwer than some other countries, in particular Japan
(70%), which has the most efficient fleet in the world.

e. Conclusin

First,c o a | i's the worl dds most i mport Segan, and gr
China and the US are the wor |,cha@nyy bdcausetheayost i n
rely heavily on coal for power generatiotlS coaifired power stations areelatively old

andinefficient andaccount for a substantial share of global CO2 emissidhsd, UScoat

fired stations are very olmh comparison to the Chinese fleet

A major challenge is to significantly and urgently cut emissions from existingficed

power plant especially in the US and Chin&s an MIT study recently concludedhere is

no credible pathway towards stringent GHG stabilization targets without CO2 emissions
reduction from existing coal power plant'®

4. Clean coali oxymoron or possible solution?

It would be very attractive if we could cut emissions from dmeed power stations,
basically because they account for such a large share of world emissionscandehere

are relatively few of theni less than 5000. If we were lalto cut theCO2 emissions at a
significant proportion of these stations, it would make an enormous difference to global
emission levels. By contrast, trying to cut an equivalent volume of CO2 emissions in other
activities would be more difficult, requig changes in behaviour and in emissions from a
vast number of smaller sources.

One option is to shut down the existiogatfired stations.This isvery unlikely to happen in

the foreseeable futuréor reasons explored later in this paper. The alterngs to find ways

to cut CO2 emissions from @albased generation plant§his section explores briefly the
technological options and looks in a bit more detail at the economics of the most promising
technology on the horizdncarbon capture and stoa@CCS).

¥'MIT Energy Initiative Symposium on Retrofitting Existing Coal Plants for CO2 Emissions Mitigation, March
23, 2009, Cambridge MA, page 5.



a. Range of clean coal options for existing stations

Clean codsounds like an oxymoron. As long as coal is being buitedl] emit CO2, as

well as nitrous oxidessulphur dioxideand particulates. Clean coal technologies those

that aim to reduce the environmental impact of doa$ed generation. Most commonly,
clean coal refers to technologidsat deal with the atmospheric problems associated with
burning coal. Originally, the focus was on sulphur dioxide and particulates whrehte

cause of acid rain. However, in this paper, | am interested in technologies that aim to reduce
carbon dioxide emissions from existing cfiséd power stationd® Theseinclude:

1 Retrofitting existing plants to allow CO2 capture, or rebuilding thenallow for
carbon capture and storage (CCS);

1 Increasing the efficiency of existing cefaled power stations through retrofits and
operational changes;

1 Repowering of existing power stations, which would involve replacing coal as the
main fuel, for intance by natural gas; and

1 Cofiring of coal plants with biomass to lower CO2 emissions.

CCS offers the most significant reduction of CO2 emissions, potentially as much as 90% of
emissions on those plants where it can be fitted. Although this techritdsgyot been fully
demonstrated at scale and is facing a number of regul&ooypomicand technical barriers,

it is the centratbebehind the US draft legislation and requires some further explanation.

b. CCSi technology

Carbon capture and storageaives three phases: the capture of CO2 from the fossil fuel, its
transport to a storage site (or to the site where it will be used) and then its gtmrage
sequestration All three of these phases are important. Below, | focus on the most expensive
phasei capture.

There are three ways to capture CO2 from -fioatl power plants, all of which involve
substantiatresiduabpower requirements

1 Post combustion capturé & h e process of “presaures ovo r mi n g
concentration CO2 into a relatiyepure CO2 streaBwhich can therbe compressed,
transported andstored. This is the most appropriate technoldgy retrofitting
existing plants.

1 Pre-combustion capturé involving coal gasification to produce synthesis gas that is
then used to produc€O2 and H2 streams. The higher efficiency of the capture
process compensates for the higher fixed cost of the gasification. This approach is

2 Retrofitting of CoalFired Power Plants for CO2 Emissions Reductidvi§T Energy Initiative Symposium,
23 March 2009.This symposium addressed the subject in great detail.

2L Retrofitting of CoalFired Power Plants for CO2 Emissions Reductidfi§T Energy Initiative Symposium,
March 23, 2009, page 19.
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most suitable for new power stations using integrated gasification combined cycle
(IGCC) technology.

1 Oxycombusbn is the combustion of coal with pure oxygen instead of arastarge
power requirements, but enables the separation of highly concentrated CO2 and has
lower efficiency losses. This approach is most suitable for new power stations.

Figure 4: CO, Capture Systems
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Figure 3.1 CO, capture systems (adapted from BP).

Source IPCC Special Report: Carbon Capture and Stor2@@5, page 108
http://lwww.l.ipcc.ch/pdf/speciakports/srccs/srccs_chapter3.pdf

It is important to note that not all of these technologies are equally suitable for existinmg powe
stations. Only the first, pesbmbustion technology is suited to existing power stations
without major modifications. On the other hand, for a variety of reasons, many existing
power stations are not well suitéd CCS: e.g, lack of space for theequired capture
equipmenbr they are simply too small and inefficient.

According to the IPCC, the potential for CCS is substaffti@heir analysis concludes that

CCS could provide between 155% of the global, cumulative emission mitigation effort by
2100. Although the role of CCS is expected to grow over time} sueEnarios assume that

CCS maybegin to play a importantrole after 20207

c. CCS-economics
A significant determinant of the speed of technology 4skes the relationship between the

expected price of CO2 and the cost of avoiding CO2 emissions through CCS. If the expected
CO2 price is below the expected cost of avoided CO2 emissions through CCS, then investors

2|PCC Special Report on CCS. Sh#p://wwwi.ipcc.ch/pdf/special
reports/srccs/srccs_summaryforpolicymakers.piiso, see IPCC slides hattp://www.ccs
africa.org/fileadmin/ccafrica/user/docs/Dakar_6_9/Dakar_Davidson_06SepRRCGSRCCS.pdf

% Most of what | see suggests that large scale demonstration plants will be the focus for thEOngedis
before commercial viability can be proven. Alstom, howesays that it will have a commercially available
capture technology b3015.
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will not fit the CCS. The cost of avoiding COS emissions with CCS is signifly higher for
older and less efficient plants.

The IPCC estimates a significant talg of CCS for efficient plants if CO2 prices are in

excess of $280/tCO2. This estimate does not reflect the early stages of the development of

the technology andounds optimistian comparisonwith more recent studies. McKinsey
estimates that the CCS costs for demonstration plamtdwi i ni ti al ly b-e i n t
90/t CO2, before event waiCO3* fTkelBraftleh Group lbas b et we
concluded that prices of $68/tCO2 would be required to justify investment in CCS due to

the effect of volatility on the cost of capif®

Figure 5: CCS Sorage Options

I Overview of Geological Storage Options Produced oil or gas

1 Depletedoil and gasreservoirs ~  eeeeeessesecenees Injected CO,

2 Use of CO, in enhanced oif and gas recovery B Stored CO
3 Deep saline formations — (a) offshore (b) onshore <

4 Use of CO, in enhanced coal bed methane recovery

Source IPCC Special Report Carbon Dioxide Capture and Storage, Executive Summary,
page 6. http://www1.ipcc.ch/pdf/speeia@ports/srccs/srccs_summaryforpolicymakers.pdf

The capture phase is the most expensiveqiaCCS, normally accounting for at least 60% of

the costs. On the other hand, transport costs will depend on the location of the storage
facility, and the cost of storage will also be subject to significant variation. Each of these
technologies has ke available andn usefor some time, but they are only now being
demonstrated at scale in 20 projects that are umdgror about to start. There continues to

be considerable uncertainty about costs.

24 McKinsey & Company¢Carbon Capture and Storage: Assessing the Econgn8eptember 2008, page 6.
% Celebi, Metin and Frank Graves, The Brattle Graf)?2 Price Volatility: Consequences and Cares
January 2009 Discussion Paper, page 8.
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The main reasanfor the high capture cosire the mcreased capital cost for the capture
technology itself, plushe ¢arasitic energyrequirement involved in capturing the CO2 from
existing coal plants.

Figure 6: CO, Capture and Storage from Power Plants
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Source IPCC Special Report Carbon DioeidCapture and Storage, Executive Summary,
page 4. http://wwwl.ipcc.ch/pdf/specra@ports/srccs/srccs_summaryforpolicymakers.pdf

The graph abov&illustrates that a plant with CCS ispturing a large percentag@0@s) of

the CO2 emitted, but has produaedre CO2 due to the energy requirements of the capture
process itself. The additiongbarasiti© energy requirement can be between 10% and 40%
more to produce the same electricity output. To put the overall cost of CCS in perspective,
the IPCC estimateshat it could add $.0t .05/kWh to the current price of cefited
electricity’ which in China is currently about $0.03/kWh and in the US abowt4/kwh. In

other words, with current technology, CC8uwd very substantially increase the cost of coal
fired power. In contrast, $50/tCO2 would add about the same $.05/kWh to the cost of a
conventional coal plant.

% |PCC Special Report on CCS. Séép://wwwl.ipcc.ch/pdf/special
reports/srccs/srccs_summaryforpolicymakers.péefe 4.
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d. Conclusion

I n 2005, the head of the US Department of
developing CCS had long been a strategic pyidar the US. The problem is that they had
planned to develop the technology by 2065! With the latest scientific findings on climate
change, and the fact that the Bush Administration had recogtieddthese findings
warranted earlyaction, the DOE hadorought forward the deadline for successful
development by 40 years, to 202btlo not know if his story is true, butgives one pause

for thought. Given the significant uncertainty that remains about the costs of CCS and its
deployment, it is reasonkbto be concerned that we are some way away knowing how

to cut coalbased COZ2emissions Yet, this technology isan importantpart of US
legislation.

5. The big deali smoothing the transition for coal
a. Introduction

This section provides an overviefdraft US climate legislatiqgrits treatment of the US coal
industry, and its key clients in the power sectdfhe first part summarizes briefly the draft
legislation The second explains how it affects coal, and the third explains why the coal
lobby has been so effectivsd far. It remains to be sekaw the legislationwill evolve in the
Senate, but | am betting that the coal industry will be at least as successful as it was in the
Houseof Representatives

Draft US climate legislation is the firslystematic attempt to secure a future for coal in a
low-carbon envirament. Itaimsto do soby promoting the development 6fCS, and to
smooth the transition in a number of way$ CCS achieves its promise, it would be one
absolutely vitalGvedge in the global effort to cut global greenhouse gas emissions.
Whether and when it will achieve that promise is central to any analysis of draft US
legislation.

Perhaps the most important question is whether the arrangements to smooth the transition
for coalwill undermine the efforts to convert the US economy into adavon economy

and will condemn US coal production to a path of gradual eliminaatrer than early
transformation to an environmentally sustainable source of endrgyll argue that the
proposed legislation will indeed havestformer, negativeffects

b. US Climate Legislation

The American Clean Energy and Security Act (ACESA), or WaxMarkey (WM) Bill,

was passed byhe House of Representativesarlier this year A similar piece ofdraft
legislation called the Clean Energy Jobs and American Power Act (CEJAPA) or-Kerry
Boxer (KB) Bill, is now being debated in the Senate. | refer below simply to WM and KB.

The central features of both pieces of legislation that are relevant toabes pan be

summarized as follows. Since WM has already been passed and KB is still being debate, |
will use WM as the starting point for the summary.

1 A reduction in carbon dioxide emissions from major US source®V calls for
reductions by stationaryarces (e.g. power stations) of 17% by 2020 and over 80%
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by 2050 through a capndtrade mechanism. KB calls for 20% by 2020 and over
80% by 2050. All reductions are relative to 2005, making both faildy non
ambitious in early years they effectivey amount to a €% reductionin emissions
compared to 1990

Cost mitigation measures to limit the CO2 prieed the overall cost of the
legislation. The measures include unlimited banking of CO2 emissiartsvoyear
compliance period (which allowsorrowing one year in advangeahe use of a reserve

of CO2 permits that can be released onto the market if CO2 prices are considered too
high, andabove all offsets

Offsets.Entities that are required to cut emissions may sulofféed credits in lieu

of emission allowances to meet their compliance obligatiohise EPA will issue
offset credits to qualifying projectsor the federal program as a whole, the total
guantity of offsets cannot exceed 2 billion tCO2, of which half can be international
projects. This is a substantiaffset program, which is expected to depress the price of
CO2 in the USThe coal industry strongy supports this provision.

Free allocation of emission permits coal interests WM allocates a large proportion

of the emissin permits free of charge to different groups as a means of gainin
support for the legislatioand providing transitional support to affected groups.
particular, merchant codlased generators obtain 3. ®¥the permits free of charge
equivalent to araverage of $2 billion per year until 2020depending on the CO2
price Electricity local distribution companie§LDCs) will receive 31.86 of the free
allowances in 2012equivalent to abou$11-36 billion per year on average over the
period 20122020, deending on the CO2 price. These allowances will be allocated in
a way that favars coatbased consumersince half will be based aannual average
CO2 emissions attributable to generation of electricity that is sold at retail by such
companies

Interndional trade restrictions. Under WM, US industriess(ich asiron, steel,
cement and paper) that are energy intensive and compete with fetgghers,
receivetwo kinds of support. First, they will receive an allocation1@2% of
emission permitdree of charge Second, imports from countries that do not have
similary stringentCO2 legislation will be required to purchase CO2 permiikird,
they may also get rebates from local distribution companies.

Promotion of renewable energy and energy edficy. WM requires electric utilities
to meet 20% of their electricity demand through renewable energy sparuts
energy efficiency by 2020. The original version ofKB did not include this
requirement.

Financial support along with mandates and incesdivio instal CCS on new coal

power plant.This is an important featuie the legislationas far as the coal sector is
concerned
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c. What does WM do for coaf’

There are at least six ways in which WM positively favours the coal industry, its customers
andemployees. The first three are positive in terms of their environmental impact, whereas
the last ones are not.

First, introducing a price for CO2 sends an important signal to investibrsises the cost of
producing electricity with coal and other lmgdarbons, moves coal down the merit orded
encourages investment in lower carbon technologies.

Second, the legislation would resolve a significant degree of regulatory uncertainty
particularly with respect to the path for reducing greenhouse ,gasae®gulations that affect

the geological storage of COand the permitted CO2 emissions and performance standards
for new coal plant. Indeedhe performance standards for new coal plant amount to a
mandate to instal CCS on new coalnl

Third, o make CCS investment more likely, the legislation introduces important financial
subsidies, incentives to fit CCS earynd creates afund to establish CCS demonstration
projects. First, WM authorzes fossil fuel generators, with the approval of staggiliators, to

create aCarbon Storage Research Corporation (CSR&he funded by a surcharge on
fossitfuel generated electricity sales. The CSRC would collect i thillion per year for

ten years tdelp fund at least 5 commercistale CCS demonstian projects. Beyond these
demonstration projects, WM awards bonus CO2 allowances (from the cap and trade system)
to subsidize the cost of CCS. The cumulative potential amount of these bonus allowances is
estimatedby the Pew Centefseetheir graphbelow)?® at $100 billion by 2030 and $240
billion by 2050. The first phase will include 6 GW on a fiesimefirst-serve basis, and the
second phase will fund up 66 GW of additional coal plant. The payments will reflect the
level of capture of CO2 (from tremokestack) and will reward early initiatives. In the second
phase, the EPA will select plants tre basis of a reverse auction to fund the most cost
effective CCS projects in different categoriegdh funds are supposed to cover a range of
capture techology options, including retrofitting of existing plant.

2" For the first three of my argumentsesthe Pew Center, 2008ttp://www.pewclimate.org/federal/what

waxmanmarkeydoesfor-coal

%8 |bid.
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Figure 7: Waxman Markey Bill - Support for CCS

- 5250

&

- 5200

- 5150

- 5100

S50

Annual CCS Incentives [billion 20085)
b

Cumulative CES Incentives [billion 200&S)

d228Ed2sHEagsaggzdzsz= 3
SEESE8s8888888888:28¢8 ¢

= Carbon S2orage Research Corporation s Cap-and-Trade Bonus Allowancs Value

Cumalztive 0TS Incemthves

Source The Pew Center, 2008ttp://www.pewclimae.org/federal/whatvaxmanmarkey
doesfor-coal

According to the UEIA (as reported by the Pew Centdle combination of CO2 prices,

CCS mandates and financial support will help to secure the future of thdaseal
electricity sector. Their forec(see the graph belo®)suggest that the power sector will

be responsible for 80% of the savings required under the cap and that CCS will account for
25% of the power sector savings. Under their BAU scenario, almost no coal plant would be
built, whereasvith the WM legislation, they argue that coal with CCS will account for about
70 GW of plant and 11% of US electricity generation in 2080te that coal with CCS plant
produces about 25% of the CO2/kWh as a new gas plant. So the building of coal @ith CC

a lot cleaner than saying no to coal and leaning on natural gas.

Figure 8: Waxman Markey Bill i Forecast New GeneratiorCapacity
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Source The Pew Center, 2008ttp://www.pewclimate.org/federal/whataxmanmarkey
doesfor-coal
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Fourth, the legislation provides protection for coal lobby custornenmall and largé from

price increases. In particular, electricity customers will receive rebates from their local
distribution companies to compensate them for the increase in electricity prices that results
from an increase in coal prices. Although WM desigme rebate in a way that aims to
preserve the incentive to consume less (by putting the rebate in the fixedraarhpf the
tari ff), t he c uiscteaseTais illsprolbablywkaked the disingemtive to
consume.

Fifth, the legislation has a number of cost mitigation measurdsattealikely tokeep CO2
prices from rising. Offsets are potentiallyhe mostmportant source of lowerostpermitsto
the extent thathese offsets will be available at a low priddowever, it is also worth noting
that the minimum (floor) CO2 price levels in WM are below the estimated costs of CCS.

Sixth, the legislatio postpones significant emission reductio®@r large domestic sources

of emissions (e.g. power stations) the legislation calls for%areduction in CQ emissions

by 2020, and an 838 reduction by 2050, in both cases using 2005 as the base year. This is
not ambitious by international standards. If the proposed US emissions targéb ofet@
measured by reference to 1990 as the base year, it woulchatooapproximately a-8%
reductionby 2020. Even though these US targets are not amgithere will be a strong
effort to weaken them further. By postponing the most significant cuts in emissions, WM
gives the coabased electricity sector time to adjust, but another way of putting this is that
the legislation has takesome ofthe pressure off the exisg coalpowered stations tout

their emissions.

Theselast three measures are a concessiothéocoal industry and its customers and, in
particular, to the owners of existing coéifed power stationsand their customersThis
reflects a deal explaed below.

d. TheBig Deal

What is proposed is effectively a deal to obtain the support of the coal lobby for climate
change legislation. On the one hand, the coal industry and the US power industry that relies
on coal are given time and substantial fugdio develop CCS. The WM legislation
effectively mandates CCS otnewd coalfired power stations, but does not impose
performancestandards on existing power stations, nor on stations which have already
initiated their permitting requestsso plants thagnter into operation over the coming years

will not face these standards if thayitiated their permitting before 2008 The WM
legislation would waiveexplicit regulation of CO2 emissions by the Environmental
Protection Agency (EPA) thavould otherwie be theconsequence of the 2007 Supreme
Court decision that authorized the EPA to regulate G@dssions’ Furthermore,

%0 The Bill estdlishes that units initially permitted starting in 2020 must reduce CO2 emissions by 65%. Units
initially permitted after January 1, 2009 shall reduce CO2 emissions by 50% by the earlier of (a) four years after
the commercial operation of 4 GW of genergtcapacity equipped with CCS, or (b) 2025. Note, however, that
plants that were initially permitted before 2009 will not be obliged to fit CCS. This means that a number of new
power stations will be built without a performance standard.

* The Supreme Caty, (in Massachusetts v. EP2007) ruled that CO2 could be considered a pollutant under

the Clean Air Act, allowing the EPA to regulate C@aissions. Obeyinthe ruling the EPA declared CO2 a
danger to the health and welfare of Americans, settingimitsaapparatus to regulate those emissidhss is
likely to lead to litigation that would delay the implementation of CO2 emission controls. Nevertheless, the
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merchant power companies that rely on coal would receive a share of CO2 emission permits
for free, and regulated utilities relying aowal would receive free permits and be in a
position to protect their customers (through rebates) from the price implications of climate
legislation. This is clearly tavourable outcome for the coal and cdiatd power sectors.

On the other hand, and meturn, the proponents of federal climate legislation would gain
the necessary political support to pass climate legislation that introduces a price on carbon,
encairaging a shift towardsow carbon energy production. The proponents argue that,
given curent political and economic realities, this is a deal worth doing because getting US
climate legislation on the books is necessary to achieve mlgdgreement in the near
future

It is natural to compensateade who lose out from legislatiorHloweve, in this case, the
compensation has been very subséh@and it isworth asking why?

e. Why favaur coal?

This deal is a reflection of the influence of the coal lobby in political terms and of the
perception that a healthy coal sector is beneficialh® WS. Although coal ioften
considered to béad because of its effect on the environment, coal has support for four
reasons: (a) national security, (b) the cost of electricity, (c) the regional and social
distribution of wealth, and (d) the globalropetitiveness of US industry. Simply put, there
are tradeoffs between the environmental benefits of reducing coal emissions and the
economic and political benefits of relying on coBelow, we examine each of the key trade
offs and then explain how this likely to influence voting behaviour in the Senate.

National andenergysecurity. The US has the worl dbés | argest
remaining life of those reserves vary, but in all cases are sufficient to be considered of
strategic inportance. Currently, one of the few energy objectives that enjoy-pangs
support is the reduction of US dependence on imported oil, especially from the Middle East
and Venezuela. Looking forward, coal will become of even greater strategic impomance i
the transport sector as electricity replaces oil as a trarépeld

Cost of electricity Coal 6s ) ofhUS =lecaicity gerferatidon reflects the
economics of the industry prior to the introduction of a price fop @@issions. Domestic
coal is relatively inexpensive to minehereas (until recently) gas prices were relatively high
and volatile The resulting low variable costs of coal compensate for the relatively high fixed
costs of largescale coal plants. When G@mission costs arignored, the levelized cost of
new conventional codlased generation has generally been lower than the cost of
alternatives. The economics change when, Gfnission costs are internalized, but
conventional coal plants continue to be competitive until, Gfnission costs rise
substantiallyand gas prices fall significantly CQ, prices have to reach quite high levels
before it is uneconomic to run these plants, once they have been built. One of the central
objectives of the coal industry is to keep £€nission prices as low as possible until the
technology to capture and store d®commercially available.

White House appears to be determined to use the threat of EPA regulation as a stick mertbewoal lobby
to accept caqandtrade legislation. Note that KB does not waive EPA regulation, but | suspect that this will be
amended in the Senate or later.

| can't do comments in footnotes, b uense wfd,ut | ammsurec o n f i r n

you do!

19



Regional and social distribution of weafth The benefits of the coal industry are shared
unevenly. Typically, the beneficiaries of coal live or ige in the coal mining areas of the
east and the Rockies and the eoased electricity areas of the Midwest. Introducing a CO
price will negatively affect the economies, companies and generally the people of these
regions. Naturally, political represetives will resist climate legislation that adversely
affects their constituent3here is a disproportionately high representation (per capita) in the
Senate of regions that will be adversely affected by CO2 pricing.

Competitiveness of US industrySome industries, for instance cement and iron and steel,
point to the risk of leakage.€., that business will move to other parts of the world where
emissions are not controlled adequatéfy)lthough these industries now accept the
inevitability of fedeal climate legislation, they have lobbied for mechanisms that will
effectively protect them from cost increases and from foreign competitors.

The tradeoffs described above add up to strong and organized political support for
weakening climate change lsgition, compensating the loseend helping the coal and
related power industry to make a transition to a low carbon future. The fight is, to a large
extent, between those regions and interests that benefit from low cost coal now, and those
that do not. This fight will now be waged in the Senate, which is considering KBere are

three features of the Senate negotiations that could lead to an even weaker bill from the
environmental perspective.

First, the Senate is more sensitive than the House ofeRamtatives to regional political
interests Support for aggressive climate legislation comes mainly from Senators in the states
that rely least on coal, in particular the Pacific West and the North East. The states that rely
heavily on coal are more goerned about the introduction of climate legislation. This was
already evident in the House of Representatives, whose representation is based on popular
vote (.e., population), but will be even more cleaurt in the Senate, where each state has the
samevoting weight.

Second, a significant proportion of the Senators from the states with coal interedituare
dogdbDemocratsThus, while the Democrats now have 60 Senators and could pass legislation
without the support of Republican Senators, therenaary Democratic Senators who will
press for further concessions, for instgrageeasier emissions cap.

Third, the states that rely most on coal are demographically the poorer,dbatbsin terms

of income per capita and unemployment. It is diffidalt the current administration to pass
legislation without ensuring that these groups are protected. In the current economic climate,
the prospect of creating additional unemployment in these regions is especially unpalatable.

32 For a detailed analysis of the impactiodrbon geograpliyseedCarbon Geography: the Political Economy of
Congressional Support for Legislation Intended to Mitigate Greenhouse Gas Prdiliuittiael Cragg and

Matthew Kahn, 2009.

% To the extent that foreign producers of these products have more efficient production facilities and emit lower
CO2 per unit of output, the leakage argument becomes mainly a protectionist one.
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6. Concerns with draft US Legislation
a. So, what is wrong?

So what is wrong with WK In many respects, it sounds like a good deal. It is an impressive
commitment to cutting emissions from new coal plant through a major investment in CCS
technology that could be adopted in other does. It also allocates funding to the
development of other clean coal and low carbon technologies. | think it is the first systematic
attempt to tackle the coal problem head on.

On the other hand, | have one minor concern and two major concernseldthely minor
concern has to do with compensating coal industry custoinens particular the small
customers who face increased electricity bills. The deal leaves customers facing
approximately the same bill as befop@ssiblyfor decades or moreAlthough the legislation
requires the rebate to be paid on the fixe
customersmay take nonotice. | do not expect this to elicit any demaagponse from
consumers unless the local utilities have stnagylatoy incentives to encourage customers

to make savings.However, to be fair, the Obama Administration has decided to make a
concerted effort to promote energy efficiency, in part through the development of smart
metering and the smart gridnd in part withregulatory incentives that promote energy
efficiency. So, on balance, this is less of a worry than it might appear.

The first major concerrs that the deal does not put enough pressure on existing coal plants
to cut emissions. Whereas newnitaface prformance standardéxisting plants do nat
where the term@existingd has been extended to include plants that were initially permitted
before 2009 The assumption is that existicgal plants will be disciplined by the market.
Below, | argue that #h market may well not impose much discipline on these plants. In that
case, they will continue to be a very significant source of emissions, sending a signal to
China that there is no need to act on tleen existing plants. Furthermore, by not putting
sufficient pressure on the emissions of existing plant, the legislation is not providing strong
enough incentives to develop the technologies that will kiatdefor retrofitting them (CCS,
repoweing, improved efficiency) or for replacingpem by low or zerocarbon generation
capacity

The second major concern is that CO2 prices will be depressed by a combination of factors,
including cost mitigation measures (e.g. offsets, use of the reserve) and the decision to
postpone more aggressive CO2 cuts.isTdocktail of measures means less pressure to cut
emissions from all sources, especially chat also natural gas. Indeed, if anything, it puts
natural gas in the dominant position for new plant expanfsiodecades, far longer than it
should besinceit is also an emitter of CO2.

In this section, we ask wheth@narket forceS8alone will lead to a significant decline in coal
based emissiona the next twenty yearkhirough the replacement of cdakd generation by

lower carbon generation natural @s, nuclear or rewables. In particular, can we expect
CO2 prices and competition from other fuels to reduce-lcas¢d generatiofiom existing

plant and if sg by how much? Although the consensus view is that market forces will
substantially reduceoalbased generation in the US, there are a number of reasons to expect
coalbased generation to continue at relatively high levels. particular, 1 will make
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reference to a recent presentation by a representative of the US EIA that sheds light on the
difficulties of backingexistingcoal out of the generation mi%

b. Why it will be difficult to back out existing codired stations

In thenext20 years or so of US climate policy, the major coal displacement will be from the
substitutionof coal bynaturd gas in the power despatch supply cufved/e can illustrate

the difficulty of backing out coal by referring to three kinds of competition: existing coal
plant v. existing gas plant; existing coal plant v. new coal or gas plant; and new coal plant v.
newgas plant.Since gas is the main competitor for coal in the US, the question is: how easy
is it for gas to replace coal?

Existingcoal vexistinggas. For the first of these, the question is: at what CO2 price will gas
plant replace coal plant? Thislindependon not only the CO2 price, but also on the relative
prices of coal and gas. The graph befoillustrates that if coal costs $2/MMBTU, and
natural gas is at $5/MMBTU, gas replaces coal in the merit order when CO2 prices are above
$35/tCO2. Howevemwhile coal prices have historically been very stable, gas prices have not

If gas prices are $7/MMBTU, CO2 prices have to rise above $60 before gas replaces coal. At
$13 gas priceclose to parity with current oil pricesO2 prices would have to &alevels

in excess of $120/tCO2Although it is very unlikely that gas prices will reach the upper end

of this range, it remains quite possible that it will be in th& 88MBTU rangé’

¥Howard Gruenspecht ,h atiEdl @asin&ldctiaty Geoetalion: €lkmaté Rolicy axd Other
Driversbo, LDC Gas Forum, Chgdgraplugedbelbvis frors thip gresentatien. 1 5,
% Although nuclear power is an alternatieeexisting coafired plant, market forceslone are unlikely to raise
substantially its market share over the next twenty years. On the one hand, existing nuclear plants have very
high levels of utilization, so there is not much room to replace coal through increased operations. Existing gas
plant on the other hand, is relatively underutilized and could replacéesald generation if the relative prices

were right. Gas also has the advantage of allowing for quick ramping up and ramping down, which is especially
important as a form of baakp tointermittent renewable energies. As for new capacity, it is evident that
investment in nuclear power involves substantially longer lead times, capital costs and public resistance than is
the case for gafired plant.

% bid.

37We should not rule out the possibility of even lower gas prices, in view of the recent development of
unconventional gas.
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Figure 9: Comparison of Fuel Cost forExisting Coal and CCGT Units with Diferent
CO2 Prices

Source Howard Gruenspecht, EI&The Outlook for Natural Gas in Electricity Generation:
Climate Policy and Other Driveiid.DC Gas Forum, Chicago 115 September 2009.

New coal v. newas. When comparingnew plants, the economics are generally much more
favourable to gas than to coal plants (conventional or IGCC). In other words, the CO2 price
that justifies a switch to gas from coal is much lower when the comparison is between new
plants than when it fers to existing plants. However, that begs the question of when
investors will choose to build new plantdnd it also reminds us that CCS will be needed for
gas plant, too.)

Existing ®al v. new coal or gs. There will be a strong incentive to operaising existing
coalired stations, rather than build new power stations. This is simply because the going
forward cost of an existing coal station does not include fixed capital costs, wtnereasts

of new stations do. To the extent that demaad be met by existing power stations,
investors will be reluctant to invest in new onespecially if CO2 prices are very uncertain
and volatile The fact thatovernigh® build capital costs have risen significantly in recent
years simply strengthenseticase for delaying investment in new plant.

In short, there are strong incentives to continue operating mle#icient plants, which are

often nearlyfully amortized.(In much the same way, people have weak economic incentives
to buy more efficient aa.) In states where utilities face rate of return regulation, existing
coal plants offer low cost electricity.

In the liberalked markets where prices are set by the cost of the most expensive plant
operating, low capital charges (on fully amortizedl gant) offer high returns to coal plant
owners.

It is also worth noting that investors in Europe saw substantial bemefitsproving the
efficiency of their coal plants because prices reflected the inteattiah of CO2 costs of the
marginal plant. Much higher electricity prices induced this sort of investment. If prices in

the US are, instead, based upon the average cost of service, the incentives to lower emissions
and improve efficiency will be less strong.
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