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Q: Please state your name, occupation, and business address. 

A: My name is Daniel Lashof, I am the Science Director for the Natural Resources 

Defense Council’s Climate Center, and my business address is 1200 New York Avenue, 

NW, Suite 400, Washington, D.C., zip code 20012. 

Q: Please summarize your education and experience. 

A: I hold a PhD in Energy and Resources from the University of California, Berkeley, 

and an undergraduate degree in physics and mathematics from Harvard. I am now the 

Science Director and Deputy Director for the Natural Resources Defense Council’s 

Climate Center, and I have worked for NRDC for over 8 years. Prior to joining NRDC, 

among other things, I worked at the U.S. EPA as an environmental scientist, with the 

Bruce Company as a senior analyst in the climate change center, and with Lawrence 

Berkeley Laboratory as a research assistant. I have authored or co-authored more than 21 

major publications, many directly relating to climate change, and have given testimony ii 

dozens of instances in a variety of settings. I also have been the recipient of numerous 

honors and have held several climate-related appointments. My CV is attached as 

Exhibit A. 

Q: What is the purpose of your testimony today? 

A: This testimony is submitted in support of NRDC’s intervention to advocate for the 

best and least cost option for meeting Florida’s power needs, and in particular to explain 

why it is absolutely necessary to consider the likely costs associated with carbon dioxide 

emission in the context of decisions about the development of new capacity - especially 

for proposals involving coal-fired electricity generation. The regulation of carbon 

dioxide (CO2) will have a significant impact on the relative economics of coal-based 

electricity generation, and should be taken into account when determining whether a 

particular project is the most cost-effective and least risky alternative available, whether 

other cost-effective alternatives exist, and whether efficiency and other demand-side 
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management (“DSM?) measures are reasonably available to mitigate the need for the 

proposed plant. 

Q: Why are Carbon Dioxide emissions so important? 

A: Carbon dioxide is a potent heat-trapping (also known as “greenhouse”) gas. As we 

burn fossil hels, we release more and more CO:! into the atmosphere - C02 that 

otherwise would have remained trapped in the coal, oil, or other fossil fie1 source. By 

dramatically increasing the rate of such emissions over the past 200 years, we have 

significantly changed the concentration of CO:! in the atmosphere, leading to changes in 

climate, including a pronounced increase in global temperatures, increased melting of sei 

ice, ice sheets, and glaciers, and alterations in weather patterns (and according to some 

scientists the generation of larger, more powerfbl hurricanes). 

There is virtual unanimity within the scientific community that human activities 

have contributed significantly to global climate change and that if left unchecked the 

continued release of global warming pollutants (primarily C02) will result is dramatic 

climate disruption by the end of this century. The science tells us that each year 

emissions from burning fossil fuels and destroying forests puts about twice as much 

carbon dioxide ((202) into the atmosphere as natural sources can remove. As a result, the 

amount of carbon dioxide in the atmosphere is rising worldwide and the rate of growth is 

increasing. The average CO:! concentration in Earth’s atmosphere is now over 380 parts 

per million by volume (ppm), which is higher than it has been for at least 650,000 years.’ 

In 2005 the concentration of carbon dioxide in the atmosphere increased by 2.5 ppm, the 

third largest annual increase ever recorded Although there is considerable variation 

from year to year in the rate of increase in atmospheric carbon dioxide, the rise has been 

Siegenthaler, U., T.F. Stocker, E. Monnin, D. Luthl, J. Schwander, B. Stauffer, D. Raynaud J. Barnola, H 1 

Fischer, V. Masson-Delmotte, and J. Jouse (2005) Stable Carbon Cycle-Climate During the Late 
Pleistocent, Science, 310, p. 1313-1317. 

http : //www . cmdl . nom. gov/ccgg/trends/ 
Tans, P. (2006) Trends in Atmospheric Carbon Dioxide, NOAA ESRL,, available at: 
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more than 2 ppm in 3 of the last 4 years and preliminary 2006 data indicate that this trend 

is continuing 

The unprecedented buildup of carbon dioxide in our atmosphere endangers our 

environment, our health, and our economy. Carbon dioxide traps heat in the earth’s 

atmosphere, preventing it fiom escaping into space. So the imbalance in the carbon cycle 

has also thrown the earth’s energy balance out of whack, which means that each year the 

earth absorbs more energy from the sun than it radiates back into space. Global warming 

is the inevitable result and the human fingerprint on Earth’s climate is now clearly visible 

As a result, the control of carbon emissions (especially CO2) is being widely 

recognized as vital to protect against catastrophic public health, environmental, and 

economic consequence of global warming. Indeed, a study release just this week, 

produced by Sir Nicholas Stern, former chief economist of the World Bank and currently 

the Head of the UK Government Economic Service, concludes, among other things, that 

the levelized costs of global warming could range from 5 to 20% of global GDP.3 The 

report also concludes that many or most of the worst consequence of global warming can 

still be avoided at much lower cost, but doing so will require immediate and dramatic 

action. 

In particular, because energy production is the single largest anthropogenic 

contributor of C02 emissions, and because coal-fired electricity generation is the largest 

single source of these energy-related emissions, controlling CO2 from coal-fired power 

plants will necessarily become a major component of any program to reduce C02 

emission 

Q: Why is regulation of COZ a virtual certainty during the life of this proposed 

power plant? 

’ The Suiiuiiaq of Coiiclusioiis from tlus report IS uicluded as an attachelit to tlus testiiiioii> . and the fiill 
report IS a\ ailnble at WT steinru :cn ore ith 
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A: It has become abundantly clear that C02 emissions, from sources such as coal-fired 

power generation, are creating a serious threat of dramatic climate disruption. The 

international community has already begun to take action to curb such emissions - 190 

countries have joined the United Nation’s Framework Convention on Climate Change, 

and most have ratified the Kyoto Protocol (the U.S. and Australia alone among the 

industrialized countries have not). More recently certain States have also taken concrete 

steps to reduce their carbon footprint - for example, several Northeast States have formec 

the Region Greenhouse Gas Initiative (RGGI) to reduce carbon emission in that part of 

the c0unt1-y.~ The state of California also has passed legislation to limit the state’s 

greenhouse gas emissions, and to require that new long-term investments in baseload 

generation meet a minimum standard for greenhouse gas emissions, and several Western 

and Midwest States are now contemplating actidn to limit greenhouse gases. Moreover, 

members of Congress have introduced numerous bills, amendments, and resolutions 

specifically addressing global warming, and the Senate last year passed a resolution 

calling for a “comprehensive and effective national program of mandatory, market-based 

limits and incentives on emissions of greenhouse gases that slow, stop, and reverse the 

growth of such emissions’’ j,‘ Studies continue to show that such regulation is the only 

responsible and economically sensible course of action; for example the Stern Report 

referenced above concluded that while the cost of inaction could range from 520% of 

GDP, the cost of stabilizing ambient concentrations at 450 to 550 ppm COz-equivalent 

can be accomplished for about 1% of GDP. According to the report, the key policies 

See x I\ r m  01 2 4 

’ Seimte Aniencliiient 866 a Sense of the Senate chiinte clmiige resolution proposed b! Seiiators Biiig,iiiiaii 
Specter. Domeiuci. Ale\;?iider. C a m  ell. Lieberiiiw. Lautenberg. McCaLIi. Jeffords. Kern Snou e. Colluis 
and Boxer adopted b! a xote of i? to 44 oii June 2 2 .  2005 Congressional Record. Vol 151. June 2 2  2OUS. 
s 7 0 3  - s7077. S7089 
(’ See 11 11 .lip org fs 1 2005 I i 4 html hi Ma) of tlus !ear the House Appropriations Coiiuiuttee approx ecl 
siiidar language See u 17 imt ciiiiiate 01 m liar s beiiig doiie’in the coiigiess Index c h i  for more 
mformatioii on Congressional actioii 011 global 11 ariiuig 
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require to meet the goal are the implementation of carbon emission regulation (such as 

cap and trade measures), the deployment of low carbon-technologies and fbrther low- 

carbon innovation, and the removal of barriers to energy efficiency. 

As the momentum to regulate greenhouse gas emissions continues to grow arounc 

the country and internationally, businesses are increasingly recognizing the risk 

associated with carbon emissions. For example: 

PacifiCorp and Idaho Power Company have explicitly addressed the financial risk 

associated with carbon emissions in their r e c e n t w s .  Idaho Power's draft IRP, 

for example, explains that the utility analyzed the financial risk of carbon 

emissions because "it is likely that carbon dioxide emissions will be regulated 

within the thirty year timeframe addressed in the 2004 IRP."7 

PG&E's long-term plan recognizes the risk of increasing costs for carbon 

emissions. 

Last year, the Coalition for Environmentally Responsible Economies (CERES) 

convened a Dialogue among experts from the power sector, environmental 

groups, and the investment community focusing on climate change. The Dialogue 

participants found that greenhouse gas emissions will be regulated in the U.S., 

and that the "issue is not whether the U. S. government will regulate these 

emissions, but when and how."' 

Utility shareholders are recognizing that the likelihood of regulation of carbon 

emissions represents a real financial risk, and are asking utilities to disclose those 

risks. Thirteen major public pension funds, which manage $800 billion in assets, 

recently asked the Securities and Exchange Commission to require companies to 

See PacfiCorp. "2003 Integrated Resource Plan." v x  11 .paci~~corp.coiii.  Idaho Power Compan!-. "Draft 
2004 Integrated Resource Plan." W ~ Y .  idahopon-er. coiilieiier~-center/2O(~4Ltydraft,litiii. 
' Coalitioii for EiiviroiutieiitalI!- Responsible Economies. "Electric Power. Lnl-estors. a i d  Climate Change. '* 
June 2003. p. 4 ( T ~ Y I Y .  ceres. orgireportsimaLIi.htii). 
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disclose the financial risks they face from climate ~ h a n g e . ~  Meanwhile, in 2004 

alone institutional shareholder groups filed 29 proposals asking individual 

companiesto outline their response to global warming. 

There is overwhelming evidence that carbon emissions will likely be regulated in the nea 

future, and accordingly, businesses in the U.S. are taking this financial risk quite 

seriously. We urge the Commission and Florida's utilities to recognize formally that 

carbon dioxide emissions pose a real and substantial financial risk to customers and 

shareholders. 

The general consensus in the U. S. is that federal COZ emission controls are 

inevitable. Notably, the utility industry as well has begun to recognize that national 

carbon emission limits are both necessary and desirable - for example, executives from 

Duke Energy and NRG have recently made statements strongly supporting the idea of 

national carbon limits, and emphasizing the responsibility of the electric power sector to 

take action to address global warming. lo Because power generation is the single most 

significant source of COZ in the United States (accounting for nearly 40% of U. S. 

emission), this industry - and coal-fired power generation in particular - is certain to be 

among the first industry sectors affected by carbon-related regulation. 

Based on the growing consensus and concern about global warming, it is my viev 

that national regulation of CO;! is imminent, and is virtually certain to occur within the 

operational life of this proposed facility. 

Q: Why would regulation of COZ have such a significant impact on the cost of coal- 

fired power generation? 

A. Unlike other pollutant emissions, it is not economically feasible to capture COZ from 

conventional coal fired power plants As a result, when a facility like the proposed TEC 
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is built, its carbon emissions are effectively “locked in” for the plant’s operational life, 

making an overall reduction of aggregated COz emissions that much more difficult. 

However, because coal-fired power plants are the largest single contributors to 

C02 emissions, they represent the low-hanging fruit when it comes to C02 regulation. As 

a result; any strategy aimed at reducing COZ in order to address the impending global 

warming crisis will need to achieve significant reductions in emissions from such 

facilities. Because it is considered the most cost-effective way to ensure these reduction$ 

a carbon trading scheme is likely to be established (much like the one now operating in 

Europe), which will assign a cost for C02 emission credits that large emitters of C02 (lik 

power plants) will need to purchase. One result of this kind of regulatory scheme is a 

significant increase in the cost of generating electricity using carbon intensive- 

technology. 

When carbon reduction requirements emerge they will make the operation of 

carbon intensive power generation units - like the one proposed here - much more 

expensive (requiring either the purchase of C02 credits to offset emissions, or the direct 

control of CO2 output). To minimize costs of meeting Florida’s power needs, the PSC 

should require exploration of other options (including conservation, efficiency, and other 

demand-side strategies, renewable energy sources, and alternative technologies such as 

IGCC). 

Q: Why do you believe that the proposed Taylor Energy Center is not the least cost 

option and is a risky proposition for Florida’s electricity customers? 

A.  As indicated in other testimony it appears that there are real opportunities to address 

fbture capacity needs through conservation, efficiency and other demand-side 

management options, and there are other potentially more cost-effective alternatives to 

the proposed project, such as renewable energy resources (such as biomass-fired power 

plants), and more advanced and more efficient coal technologies such as integrated 

[Summary of pleading] - 9 
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gasification combined cycle (IGCC), which can allow for the capture and permanent 

disposal of C02. 

Tallahase found that a resource plan based on increased investment in demand side 

management (DSM) and a biomass-fired power plant would be lower cost than a plan in 

which the City invests in its proposed share of the Taylor Energy Facility. In addition, 

however, because the applicants here have not evaluated the true cost of a pulverized 

coal-fire power plant, including costs associated with fbture carbon regulation, their 

analysis is incomplete. 

11 Indeed, an analysis of energy options available to the City of 

The Taylor Energy Center project has chosen a coal-based technology for 

generating electricity that will create huge volumes of C02 emissions that will be 

effectively uncontrollable for the foreseeable future. We estimate that the proposed 800 

MW facility will emit about 5.8 million tons of C02 pollution annually. The facility will 

likely operate for at least 50 years - adding over 290 million tons of C02 to the 

atmosphere during its operational life. (Assuming the generating unit has an approximatt 

heat rate of 9000 BTUs per kwh,  that means about 1,850 pounds of C02 per MWH. An 

800 MW plant running at approximately 90% capacity factor would produce 6.3 million 

MWH per year (800 * 8760 * 0.9). That equates to (1850*6,300,000/2000) or 5,827,500 

million annual tons of C02.). Because C02 emission will likely be regulated over most 

of this plant's operating life, these carbon emissions will add significantly to the cost of 

operating this facility. 

There are various cost estimates related to h ture  carbon dioxide emissions contro 

that span a range from $8 per ton to $40 per ton. For example, there is currently a carbon 

dioxide trading program in Europe that serves as one component of European efforts to 

For a descriptioii of IGCC see hrtv u x u  zasific'ition oisxaspioc hr in  More mforiiiation IS also 11 

ax ailable at littp 11 11 11 net1 doe cox technoloeics soalvoner omtication iiide\ I iml  Presentations froiii 
x eiidors a id  others from the receiit gaslficatioii tecluiologies coilfereiice III Waslungton D C are ax ailable 
on-hie at litti, /IT\\ 11 gasification orgi Presentations 2006 Iitni 
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address global warming In that trading program, carbon dioxide eiiiissioiis have reached 

a high of about $42 per ton.12 Several states in the U.S. have specifically required 

consideration of future carbon costs as a part of their energy planning processes. In 

particular, the California Public Utilities Commission requires that the utilities use a 

"greenhouse gas adder" of $8 per ton C02, beginning in 2004 and escalated at 5% per 

year, in long-term planning and procurement for purposes of evaluating new long-term 

resource  investment^.'^ The Montana Public Service Commission has a similar 

requirement '' Idaho Power is using a carbon cost of$14/toli stai3iiiy in 2012 '' As a 

result, reasonable estimates for COZ costs under expected U.S. regulations range from 

about $8 to about $40 per ton. 

Even assuming a relatively low carbon cost, of say $12 per ton, it is clear that 

emission from a facility like the one proposed here could create a significant financial 

burden At this rate to h l ly  account for the facility's emission, for example, it would cos 

TEC almost 70 million dollar per year. Given the growing consensus regarding the need 

for quick and decisive action to control global warming, and the clear indication that 

carbon emission restriction of some kind are a virtual certainty, there is simply no good 

reason not to include consideration of such costs in the planning process. Failing to do 

so, in fact, does a material disservice to Florida's electricity consumers. 

The fact that there is uncertainty about the timing and the specific cost impact of 

carbon dioxide regulation is no excuse to ignore the issue entirely. Assuming no cost for 

carbon emissions over the life-time of the plant is equivalent to assuming there is 100% 
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certainty that carbon will not be regulated, clearly an imprudent assumption. Indeed, 

there is an entire industry -the insurance industry - whose business it is to quantify 

uncertain risks, and despite profound uncertainty about whether and when we might 

experience significant costs, most of us make monthly payments to insure ourselves and 

our families against risks related to sickness, auto accidents, fire, disability and death. 

We do so because it is the responsible thing to do. The PSC owes no lesser responsibilitj 

to the people of Florida. 

In addition to the purely energy cost-related issues described above, Florida sits 

on the front-lines of the battle against global warming and its potentially devastating 

effects, and therefore should have a particular interest in recognizing the importance of 

addressing global warming and leading the charge to reduce carbon emissions. The 

overwhelming consensus among climate scientists is that global warming, if it remains 

unchecked, will cause serious climate disruption including more intense hurricanes, more 

frequent and more severe floods, and potentially catastrophic sea level rise - effects that 

the citizens of Florida are likely to feel acutely. Certainly a strong policy that recognizes 

the likelihood and importance of controlling COz emissions would be consistent with the 

PSC’s mission to serve the public welfare, especially in a state with 2,276 miles of tidal 

coastline and a mean elevation of only 100 feet above sea level. 

Q: Are you sponsoring any exhibits? 

A: Yes. There are 7 exhibits attached to my testimony. 
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Abstract 
Nen coiii entioiial coal plaits ale ai iiiipiildeiit financial mi estiiient The 11 oild 
scientific coniniuni~ ii arm that carbon diovde (CO?) enussions from our use of fossil 
fuels. especiall! coal. IS leading to dangerous global 11 ainung Policies to ieduce CO2 
enwsioiis ale eiiieiging at e\ el? lei el of goi einment. including 111 tlie US Congress. 
11 luch IS actii el! considering sei era1 mandator! . market-based CO1 proposals ii ith 
increasing support from the prii ate sector Lan s requiring coal plants to pa! to enut 
CO? ii 111 be adopted in tlie nelt feu ! eais. substantiall! raising the costs of coal poi1 el 

Nei-eitlieless. man!- utilities ha\-e proposed ini-esting in nei i -  coni-entional coal plaits 
that ii-ill operate for decades. ignoring the econonlic impact of these i-irhia11~- inevitable 
CO2 reduction law.  perhaps because the!. believe the!. Ii-ill be able to pass these costs 
on to ratepa!-en Utility managers and shareholders should reconsider tlie financial risks 
to their companies and customers. Regulators should prevent utilities from iiiahng these 
mio r  investment mistakes bj- refusing to approi-e the constniction of nex conventional 
coal plants and b!. requiring them to invest in cleaner altematii-es. or at tlie i-ei?- least. 
b!. nxning utilities that CO? costs iinist be borne b!. their sliareholders. not b!. 
ratepa!-ers. 

Executive summary 

It is now virtually inevitable that America will adopt a federal law limiting global 
warming pollution from power plants. Indeed, given the momentum of emerging policy 
responses to globaI warming on the local, state: and regonal Ievels in the United States 
(as well as intemationally), federal legslation will probably be adopted within the next 
five years. This document discusses why such a law is so likely, what kind of new costs 
cod plants will face as a result, and how these future costs make building new. 
conventional coal plants a reckless financial gamble. 

We would like to thank the Garfield Foundation for providing funding for this w-ork 
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The need for legal limits to America’s global warming pollution is undeniable. 
Scientists have long known that the burning of fossil fuels releases heat-trapping carbon 
dioxide (CO2) into the air, where it is building up. Scientific concern that this buildup 
could disrupt our climate has been growing steadily since the late 1980s. Every year. the 
science has become even more compelling: Earth continues to experience record- 
breaking warmth, humans’ dominant role in this warming becomes clearer, and we see 
the planet reacting to the warming in troubling ways. 

Most developed nations have responded to this evidence by ratifying the Kyoto 
Protocol, whch requires them to reduce their CO2 emissions. The United States has not 
ratified Kyoto, but as the world’s largest emitter of heat-trapping gases by far, it is under 
increasing intemational pressure to act. Along with almost every other nation in the 
world, the United States did ratify the 1992 Framework Convention on Climate Change, 
a treaty with the objective of preventing dangerous global warming. And in 2005 the U.S. 
Senate passed a landmark resolution stating that mandatory federal C02 limits should be 
enacted. Several proposals establishing COz limits are being considered by Congress, and 
a series of hearings have been held in the Senate to discuss the design of such limits. 

The congressional response is being spurred in part by a growing policy response 
on the state and regional level, including the regonal C02 limits and trading system 
being established by eight northeastern states. Within the last year or two, a substantial 
number of major companies-including half of America’s 10 largest power companies- 
have called for such regulation, and most utility executives believe that such regulation is 
coming. 

There is no doubt that the burden of future C02 regulations will fall heavily on 
coal plants. Power plants are the largest source of U.S. C02 emissions, accounting for 39 
percent of the nation’s energy-related emissions, and most of these emissions come from 
coal plants. In fact, coal plants produce one-third of America’s C02 emissions-about the 
same amount as all our cars, S U V s ,  trucks, buses, planes, shps, and trains combined.* 

Each new coal plant represents an enormous long-term increase in global 
warming emissions. A 500-megawatt ( M W )  plant, for example, produces the annual 
global warming emission equivalent of roughly 600,000 cars,3 but unlike a car, a coal 
plant is designed to operate for 40 to 50 years (and they often operate even longer). 
Global warming cannot be effectively addressed without limiting coal plant emissions. so 
the congressional proposals under consideration all target coal plants. 

U.S. Environmental Protection Agency- (EPA), ‘Tnventory of US Greenhouse Gas Emissions and Sinks: 
1990-2004,” April 2006. Online at 

nt as estimated by 
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It is widely expected that future C02 regulations will take the form of a “cap-and- 
trade” system, similar to the national law for controlling the sulfur dioxide (S02) 
emissions that cause acid rain. Such a system would establish a national cap on C02 
emissions, and power plant operators would have to own an “allowance” for each ton of 
C02 they emit. Operators could buy and sell these allowances for a price established by 
market forces. Economists believe such a cap-and-trade system would provide the 
flexibility and incentives to meet a given C02 cap at the lowest cost. 

Utilities are increasingly quantifj..ing the risk they face from future C02 allowance 
costs in their planning documents. In some cases, they do so because state regulators 
demand it, and in other cases they do it at their own initiative. Stuhes forecasting the 
price of future C02 allowances range widely, but useful estimates are emergmg from the 
literature. These estimates inlcate that coal plants face CO2 costs that will increase the 
cost of coal power substantially and perhaps severely. Mid-range projections of COZ 
allowance prices could increase the cost of electricity from the average new coal plant by 
roughly half.4 Because coal plants are designed to last for decades, these added financial 
costs-along with the environmental costs created by coal plants-will be borne by both 
the present and future generations. 

These allowance price forecasts generally assume the adoption of federal policies 
that aim for modest C02 emission reductions at best. However, the science now indicates 
that if we hope to avoid dangerous global warming, developed nations will need to 
reduce their C02 emissions dramatically-as much as 60 to 80 percent or more-by 
2050.5 

This evidence has prompted governments including California, New Mexico, the 
New England states, the eastem Canadian provinces, the United Kmgdom. and the 
European Union to adopt long-term CO2 emission reduction targets in the 60 to 80 
percent range. It is therefore reasonable to expect that even if the emission cap initially 
enacted establishes only modest, short-term targets, it will be followed with increasingly 
stnct national caps in the decades ahead-that is, throughout the operating lifetime of 
coal plants proposed today. 

Meanwhile, climate policies are likely to accelerate the development of energy 
resources that sigruficantly reduce heat-trapping emissions (reducing the cost of these 
resources relative to coal) and the development of energy efficiency technologies 
(reducing electricity demand below currently projected levels). In all likelihood, these 
changes will improve the economics of coal alternatives just as ever-tightening emission 
caps ark worsening the economics of coal plants. 
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Given these highly foreseeable trends, why are so many utilities still proposing to 
lock themselves into capital-intensive coal plants rather than investing in options that do 
not expose them to such financial risk? These utilities may be bettmg on their ability to 
pass the risk on to ratepayers in the form of higher electric rates-the same way they 
routinely pass through environmental compliance costs today. Utilities holding this belief 
have little incentive to assess and avoid the risks of future C02 regulation. That places on 
state utilities regulators an enhanced responsibility to assess for themselves the risks 
associated with gambling huge amounts of money on a large, multi-decade source of COZ 
emissions just as the nation is about to launch a large, multi-decade effort to reduce C02 
emissions that will surely target coal power. 

Utilities may also be ignoring these political developments under the reckless 
assumption that any plant built before a federal COz cap is adopted will be allocated 
allou7ances for free. Ths  gamble ignores the growing opposition to granting such a 
windfall to utilities (particularly those that could avoid new allowance costs by simply 
investing in alternatives to coal). The Northeast Regonal Greenhouse Gas Initiative 
(RGGI) model rule, for example, requires that at least 25 percent of allowances be 
auctioned rather than allocated,6 and Vermont, the first Northeast state to pass enabling 
legislation, requires all allowances to be a~c t ioned .~  In fact, 28 different stakeholders in 
the RGGI model rule draft-including businesses, consumer groups, environmental 
organizations, state agencies, and an electricity distribution company-supported 
auctioning 50 to 100 percent of allowances.’ 

At the federal level, Senators Pete Domenici (R-NM) and Jeff Bingaman (D-NM) 
issued a white paper describing the design elements of a mandatory system to reduce 
emissions. The paper notes that auctioning off all allowances would minimize the costs to 
the U.S. economy as a whole, streamline the adrmnistrative process, and avoid 
unintended competitive advantages and windfall profits for certain market parhcipants.’ 
A recent Wall Street study also predicts that the United States will have an auction-based 
rather than allocation-based cap-and-trade system. lo 

If regulators do authorize the construction of a new coal plant, they should notifji 
the utility up front that it will not be allowed to pass future C02 compliance costs on to 
ratepayers. The last time the nation’s utilities embarked on a large-scale campaign to 
build new baseload plants (plants that operate most of the time) was the 1960s and 1970s; 
the result was scores of abandoned nuclear projects and a great deal of excess generating 
capacie. Disputes over whether ratepayers or utility shareholders should pay for these 

Regional Greenhouse Gas Initiative (RGGI) Model Rule, subpart X X - 5 . 3 .  Online at 
- 

h 

“Summary of Comments on the RGGI Model Rule Draft,” 2006. 

Greenhouse Gas Regulatory System,” February 
, ‘ ; i ip  i i i ~ i i . i ! t i i ! i . i s i  q i i ! c i i i i  i ~ l i ? . ( i ~ ~ ~ ~ ~ ~ ’ ~ ~ ) ~ . ~ ~ ~ i  

Implici~tions for the Piwer Industry.’. Hemstein Kesenrcb April 1 0  

Sen. Pete V. Domenici and Sen. Jeff Bingaman, “Design Elements of a Mandatory Market-Based 
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investment mistakes led to a series of decisions requiring shareholders to pay for at least 
a portion of the losses. Those decisions stressed the importance of forcing utilities to 
assume financial risk in order to give them an incentive to track events that could 
increase the cost of construction projects and to reassess the viability of those projects as 
conditions warrant. 

Given the momentum now driving the nation toward COz limits-and the 
substantial impact such limits will have on the cost of coal power-it has never been 
more critical to ensure that utility managers are staying abreast of current developments 
Placing the financial risk of future CO;! costs on shareholders, clearly and up front, will 
create that incentive. This regulatory approach is not only fully consistent with rate- 
making principles, but also builds on the lessons learned from the expensive investment 
mistakes of the past. 

I. Scientific evidence clearly establishes the need for policies limiting COZ emissions 
now and reducing them dramatically over a period of decades. 

A. The scientific consensus about the reality of global warming is strong and 
growing stronger. 

The world scientific community spoke with one voice recently to deliver an 
unprecedented and remarkably pointed message to world leaders. Eleven of the world’s 
most respected national science academies, including the U.S. National Academy of 
Sciences (NAS), issued t h s  joint statement in anticipation of the 2005 G8 Summit: 

“Climate change is real. There will always be uncertainty in understanding a 
system as complex as the world’s climate. However, there is now strong evidence 
that signflcant global warming is occurring. ”11 

The statement called on world leaders to acknowledge that ”the threat of climate change 
is clear and increasing,” and urged all nations “to take prompt action to reduce the causes 
of climate change. ”12 

The NAS is generally considered America’s preeminent scientific association. It 
was chartered by Congress in 1863 and tasked with the role of advising the nation on 
scientific matters. Its 2,000 members-all elected to the academy in recognition of their 
distinguished achievements in original research-include the nation‘s most respected 
scientists; roughly 10 percent have won a Nobel Prize. l3 When the Bush administration 

The ‘Jomt Science Academies’ Statement Global Response to Clmate Change’ was issued b t  the NAS 
and Its counterpart academies 111 Brazil, Canada, Chma, France, German), India, Italy, Japan, Russia, and 
the 1 Jwteil Kmgtiom OnI111e 

’’ See the NAS I\ eh i te  
Ihld 
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took office in 2001, it asked the NAS for confirmation that our heat-trapping emissions 
are causing global warming. and it received that confirmation. ’‘ 

This joint statement follows a growing number of statements and reports 
reflecting concem about global warming from the NAS, the American Geophysical 
Union, the American Association for the Advancement of Science, the American 
Meteorologcal Society-indeed every scientific association in the nation whose 
membership has expertise directly relevant to the issue. l5 The consensus on the reality of 
climate change is so strong that a review of 928 papers published in peer-reviewed 
scientific journals between 1993 and 2003 did not find a single paper that disagreed with 
the consensus view. l6 

The scientific consensus has been gaining strength at the intemational level as 
well. Since 1988, thousands of scientists have been part of a formal process-under the 
auspices of the Intergovernmental Panel on Climate Change (1PCC)-for methodically 
and collectively looking at the climate science and publishing reports to help the world’s 
policy makers determine the scope of the global warming threat. The IPCC has published 
three major assessments to date (1990, 1995, and 2001), each time expressing greater 
concem about the certainty and potential danger of global warming.17 Given the record- 
brealilng warmth the planet has continued to ex erience since the 2001 IPCC report and 
subsequently published scientific assessments,”it is widely expected that the IPCC’s 
upcoming 2007 report will continue that trend. l9 

Evidence that we are changmg the climate and that the planet is responding in 
worrisome ways is now so strong that many who have dismissed global warming in the 
past have recently changed positions. Prominent members of the m e l a  who formerly 
declared themselves skeptical of the threat have quite publicly “switched sides.”20 Even 

NAS, “Climate Change Science: An Analysis of Some Key Questions,” 2001. Online at 14 

American Meteorological Society 84, 508-5 15 (online at 
. .  

long record of opposing alarmism. But based on the data I’m now- switching sides regarding global 
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ExxonMobil, which has for years dlsputed the mainstream climate science more 
aggressively than any corporation in America, now admits ”that the accumulation of 
greenhouse gases in the Earth’s atmosphere poses risks that may prove significant for 
society and ecosystems. We believe that these risks justify actions now, but the selection 
of actions must consider the uncertainties that remain.”21 The company continues to 
exaggerate the uncertainties, to fund groups that cast doubt on the science (to the growing 
dismay of investors22), and to resist govemment regulation, but the science is now so 
strong that it can no longer deny that the risks justify an immediate response.23 

B. The evidence establishes that global warming is already harming the planet, 
and that we face much greater levels of damage in the century ahead. 

The basics of global warming science have been understood for a long time. Heat- 
trapping or ”greenhouse” gases, of which C02 is the most important, allow the sun‘s light 
to penetrate to Earth’s surface, where some of it is absorbed and converted into heat. 
These gases then prevent that heat from radiating back out to space, thereby keeping the 
planet warm enough to support life. 

When we bum fossil fuels, the carbon in those fuels is converted into C02; since 
coal contains the most carbon, it creates the most C02 for every unit of energy released.24 
Humans have emitted enough C02 to raise background concentrations of this critical 
heat-trapping gas by about one-third above pre-industrial levels, and concentrations 
continue to rise.25 Once concentrations rise, it takes centuries for natural processes to 
bring them back down again.26 

\wniing. from skeptic to convert.“ (-+Finall~- Feeling the Heat.“ Ma!. 24. 2006. Online at 
!I  f i ~ i :  se /ijct. i i i ~ t i i i 7 ~ s .  coil I ,gs/ t i  hs h.trc f .  /i t i l l  / ‘ )re  7 ~r FiOB I EFci-?B3.1 Oi’ 7 m ” . 4  ( ’U~UYjL)h-IO448-?. 
subscription required). A few days earlier, Michael Shermer wrote in Scientific American, “environmental 
skepticism [on climate change] was once tenable. No longer. It is time to flip from skepticism to activism.” 
(“The Flipping Point: How the Evidence for Anthropogenic Global Warming Has Converged to Cause this 
Environmental Skeptic to Make a Cognitive Flip,” June 2006,28. Online at 

) 
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In recent years, scientific concern over global warming has grown both because 
our understanding of Earth’s climate has improved and because the warming trend has 
continued. The National Aeronautics and Space Administration (NASA) reports that 
2005 was the warmest year on record.27 The five warmest years have all occurred since 
1997 (incluQng each of the last four years).28 In 2001 the IPCC concluded that global 
average temperatures rose 0.6 degree Celsius (1.1 degrees Fahrenheit) in the twentieth 
century.29 However, due to steady warming in th s  century, total warming over the last 
100 years is now up to 0.8 degree Celsius (1.4 degrees Fahrenheit), with most of that 
increase (0.6 degree Celsius or 1.1 degree Fahrenheit) occurring in just the last 30 
years.30 Scientists have’a high level of confidence that the present time is warmer than 
any period in at least 400 years.31 

Scientists have been looking for natural causes that would explain the steep 
warming trend of recent years and have been unable to find them; indeed, it appears that 
natural causes alone (e.g., solar variation and volcanic activity) should have led to stable 
or slightly cooler average global temperatures in recent decades.32 Computer models can 
only duplicate the recent warming by includmg today’s phenomenally h g h  
concentrations of heat-trapping gases, especially C O Z . ~ ~  Figure 1 compares today’s COZ 
levels with those occurring over the last 400,000 years. New ice core data go back even 
further, and show that global COZ levels are 27 percent higher than they have been at any 
time in the past 650,000 years.34 
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Other geologic evidence indicates that current COZ levels are probably higher 
than at any time in the last 20 million years.35 Projections show that in the years ahead, 
unless actions are taken to reduce emissions, C02 levels could rise to 750 parts per 
million by volume (ppmv) or highe?-well beyond the scale used in Figure 1. Ln other 
words, we have already dramatically increased the atmospheric concentrations of a gas 
that plays a critical role in determining Earth’s climate, and much more dramatic changes 
lie ahead if current trends continue. 

The consequences of global warming are now evident around the world, and in 
many respects Earth is responding to the warming at a faster rate than scientists predicted 
just a few years ago. The effects of climate change are now visible in most ecosystems 
and appearing more rapidly than predicted.37 Recent studies have suggested a link 
between global warming, higher sea surface temperatures, and an unexpected increase in 
humcane strength.38 Mountain glaciers are in widespread retreat, enormous ice shelves in 

35 IPCC TAR, Summary for Policymakers, 7 .  
36 Ibid., 14. 

Hans Joachim Schellnhuber, ed., Avoiding Dangerous Climate Change, Chapter 12; Cambridge 37 

TTIli\-ersl~- P1-ess. 2006 ( )dIl1e at 

ein-  Emciiiuel. “Increosmg I)estiiicti\-eness of Tropical Cyclones (k-er  the Past 30 Years.“ August 4. 

(;eorgln InstltLlte of 
Technology, ”Hurricanes are Getting Stronger, Study Says,” press release, September 15, 2005 (online at 
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Antarctica have collapsed with surprising suddenness, and Arctic permafrost and 
northern polar sea ice are melting dramati~ally.~' Satellites show that perennial sea ice in 
the Arctic shrunk at a rate of nine percent per decade between 1979 and 2003 (Figure 2). 

Figure 2: Arctic Sea Ice Is Retreating 

Earth's response to the warming we have experienced thus far increases concems 
about how the planet will respond to the much greater warming expected in the century 
ahead. The IPCC's 2001 assessment predicts warming of another 1.5 to 5.8 degrees 
Celsius (2.7 to 10.4 degrees Fahrenheit) by 2100.40 Figure 3 compares t h s  warming with 
observed temperatures during the previous century and with estimated temperatures of 
the last 1,000 years. 

The range of warming estimates for the next century reflects uncertainties about 
Earth's climate system as well as uncertainty about the future rate at which heat-trapping 
gases will be emitted. Recent studies of how natural systems release more heat-trapping 
gases in response to warming, ampliQing the effect of human-made emissions, suggest 
the 2001 predictions may be c~nserva t ive .~~ 

( I W P / / V  j i k  6.74): National Center for .4tiiiospheric Reseurch. 
ycles in Fueling 2005 Hurricane Season, NCAR Scientists "Global Warming Surpassed 

Conclude," press release, June 22,2006. 
3qPCC TAR; Summary for Policymakers, 4; Arct 
.k-c-ctic. Cmihri~lge IJiiwrsity Press. 2MN (online 
the Nuticinn1 Snoiv aiiil Ice Data Center (ouline at  
" '  IPCC TAR. Sumninr!. for Polic!-iii;ikers. 1 3.  
"Murgnret S Tom and J o l ~  Hark. "Wssing Feed bucks. As!-iiuiietric 7Jncertuinties. and the 1.Jnileresthate 
of Future Warming," 2006, Geophysical Research Letters 33:L 10703; Lawence Berkeley National 
Laborator).., "Feedback Loops 

Geophysical Union, "Greenho 

pacts of a Warming 
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lSt Century," press release, 
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Moreover, the NAS and others warn that future warming could occur in abrupt 
and unpredictable ways. Evidence of past climate changes show the planet has a histoT 
of quickly lurching from one climate pattem to another in a way that would make it far 
harder for nature and society to adapt.'* 

Source: IPCC, "Climate Change 2001 :Synthesis Report," Summary for Policymakers, 34. 

C. Evidence indicates that dramatic reductions in COz levels will be required in 
the decades ahead. 

Currently, much of the scientific and policy discussion occurring globally focuses 
on how deeply and quickly COz emissions need to be cut in order to avoid triggering 
dangerous global warming.43 The intemational community has been treat\.-bound to work 

National Research Council, Abrupt Climate Change: Inevitable Surprises, National Academies Press, 42 
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toward this goal since the Framework Convention on Climate Change was adopted in 
1992 and ratified by 188 nations (including the United States).44 

Evidence of the dangers associated with warming greater than two degrees 
Celsius above pre-industrial levels has been compelling enough to persuade the European 
Union (EU) to adopt the goal of limiting planetary warming to thls 
that to have a reasonable chance of achieving th~s goal, net heat-trapping emissions for 
both developed and developing countries must be reduced at least 15 to 50 percent below 
1990 levels by 2050.46 The European Parliament has adopted a resolution pushing for 
develo ed nations to reduce emissions 30 percent by 2020 and 60 to 80 percent by 
2050. The United Kmgdom adopted a similar target in 2003: 20 percent reductions by 
2010 and 60 percent by 2050. 

Studies show 

4Y 

In this country, two states have already adopted similarly ambitious goals. 
Califomia has adopted a target of reducing heat-trapping emissions by 80 percent (below 
1990 levels) by 2050,4* and New Mexico seeks a 75 percent reduction (below 2000 
levels) by 2050.49 A regional goal was set in 2001 when the Conference of New England 
Governors and Eastem Canadan Premiers adopted a long-term target of reducing global 
warming emissions 75 to 85 percent below 2001 levels.50 

In the discussion that follows it is important to keep t h ~ s  science in mind. Most of 
the policies currently in place or being debated, intemationally and domestically, aim to 
acheve relatively modest targets that will have to be followed with more aggressive 
reductions in the years ahead if we are to avoid dangerous warming over the long term. 
Today’s policy proposals must therefore be seen as the first steps in a much longer global 
process. 

Ultimately, emission reductions of the magnitude needed will require a historic, 
worldwide transition away from the energy technologies that we rely on today, and 
particularly away from conventional coal plants, during the next four and a half 
decades-roughly during the operating lifetime of a new coal plant. 

Framework Convention on Climate Change,” Article 2. Online at 44 

4 h 
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11. The global warming policy response is mounting at every level. 

A. Other developed nations are deepening their commitments to emission cuts. 

The global policy response to climate change has increased along with scientific 
concem. As noted above, in 1992 the United States and most other nations entered into 
the Framework Convention on Climate Change. That treaty commits developed nations 
to adopt policies limiting global warming emissions, but its emission reduction target is 
not binding.51 The world community then negotiated the Kyoto Protocol, under which 
developed nations must reduce their emissions an average of five percent below 1990 
levels by the period 2008 to 2012. The protocol went into effect in February 2005 despite 
the United States’ refusal to ratify it. 

Almost every other developed nation did ratify Kyoto, so that currently nearly 
half of the global economy is committed to emission reductions under its  provision^.^^ 
Many nations, particularly within the EU, have already adopted mandatory emission 
limits. The EU itself is limiting CO2 emissions with a multinational cap-and-trade system 
a market-based regulatory approach pioneered in the United States (see part 11, section 
C), and the European Parliament has also endorsed steep, long-term emission reductions. 

The United States’ refusal to ratify Kyoto or otherwise limit its global warming 
emissions leaves it nearly isolated within the developed world-a conspicuous position 
for a country that is the world’s richest and also emits roughly one-quarter of the world’s 
heat-trapping emissions, far more than any other nation.53 The only other developed 
country that has refused to be bound by Kyoto is Australia.54 

Over the years, pressure has mounted on the United States to reduce its emissions. 
At the 2005 G8 Summit, climate change was at the top of the agenda, and the United 
States was persuaded to sign a statement pledging to “act with resolve and urgency” in 
reducing emissions.55 In November 2005, the European Parliament passed a resolution 
stating that it “[dleplores the non-implementation by the current U.S. admmistration” of 
the Framework Convention and America’s failure to ratify Kyoto.56 

Industrial nations currently subject to the Kyoto limits helped sustain the 
protocol’s momentum by agreeing in December 2005 to negotiate deeper cuts in global 

5 1  Framework Convention on Climate Change, article 4, section 2(a). 
52 Innovest Strategic Value Advisors, “Carbon Disclosure Project 2005;” 19. Online at 
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warming emissions for the years after Kyoto compliance ends in 2012.57 As these and 
other nations deepen and extend their commitments to mandatory emission cuts, pressure 
will continue to increase on the United States to do likewise. 

B. U.S. states, regions, and cities are enacting their own climate policies. 

In the absence of federal limits on heat-trapping emissions, many states have 
moved forward with their own climate-related policies, including cap-and-trade systems 
now emergmg on both coasts. The most developed of these is the Regonal Greenhouse 
Gas Initiative (RGGI) being undertaken by several northeastem and mid-Atlantic states. 
In December 2005, Connecticut, Delaware, Maine, New Hampshlre, New Jersey, New 
York, and Vermont formally agreed to launch the nation’s first regional program 
imposing a mandatory cap on heat-tra ping emissions from power plants.58 In April 
2006, Maryland joined RGGI as well. Under the agreement, beginning in 2009, the 
states will stabilize power plants’ C02 emissions and then cut them 10 percent by 2019.60 
The RGGI model rule was adopted in August 2006 to implement the agreement.61 

P9 

On the West Coast, the California legslatwe passed a bill on August 3 1, 2006 
that sets in place the nation’s most comprehensive, economy-wide global warming 
emissions reduction program. The bill requires the state’s global warming emissions to be 
reduced to 1990 levels by 2020. This reduction will be accomplished through an 
enforceable statewide cap on global warming emissions that will be phased in starting in 
2012. The bill would also coordinate the efforts of various state agencies, including a 
pending proceeding at the Public Utilities Commission to establish a load-based cap on 
the three large investor-owned utilities as well as other jurisdictional utilities in the state. 
Governor Schwarzenegger has indicated that he will sign the bill into law.62 

California has also taken the lead in fighting climate change by requiring utilities 
to make aggressive investments in energy efficiency as well as factor hture CO;! 
regulatory costs into their resource choices (see part V, section A) and by pursuing a 
performance standard for global warming emissions that would prevent the procurement 
of power from conventional coal plants.63 Other efforts Califomia has taken to reduce 
global warming emissions include the adoption of motor vehicle standards requiring a 30 

s7 Union of Concemed Scientists, ”World Moves Forward on Global Warming, Bush Administration Stays 
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percent reduction in C02 emissions from vehicles by the period 2013 to 2016.64 As of 
June 2006, 10 other states plus Canada-representing approximately one-third of 
automobile sales in North America-had adopted California’s standards.65 

These efforts are part of a wider trend among states to respond to global warming. 
Twenty states and the District of Columbia, for example, have already adopted renewable 
energy standards covering approximately 40 percent of the electricity used in the United 
States,66 partly in response to global warming. Massachusetts, New Hampshire, Oregon, 
and Washngton have already passed laws limiting power plant C02 emissions or 
requiring plant owners to purchase offsets.67 Califomia, Oregon, and Washington have 
also joined forces on the West Coast Governors’ Global Warming Initiative, which 
involves a variety of steps for reducing global warming emissions6’ 

The policy response to climate change is also accelerating at the local level. 
Mayors of more than 270 cities, representing more than 48 million Americans, have 
endorsed the US Mayors Climate Protection Agreement. Under thts agreement they 
commit to workmg withm their own communities to achieve the emission reduction 
targets of the Kyoto Protocol, and to urge the federal government to adopt a global 
warming emission trading system.69 More than 150 local govemments participate in 
another initiative to inventory their heat-trapping emissions, develop emission reduction 
targets, and implement policies to meet them.70 

All of these state and local efforts increase the calls for and the likelihood of a 
climate response at the federal level, which would avoid a patchwork of different 
standards around the nation. 

C. Congress is moving toward mandatory cap-and-trade C02 limits. 

Momentum behind mandatory federal limits on CO:! emissions continues to grow 
in Congress. In 2005, the Senate (with bipartisan support) passed a resolution finding that 
accumulating global warming emissions are causing temperatures to rise beyond natural 
variability and posing a “substantial risk” of rising sea levels and more frequent and 
severe droughts and floods. It states that “mandatory steps will be required to slow or 
stop the growth” of global warming emissions and that ”Congress should enact a 

Califomia Air Resources Board, ”Climate Change Emission Control Regulations.’‘ Online at 64 

125-0; Washmgton Revised Code, “Carbon Dioxide Mitigation,” Chapter 80.70; Oregon Revised Statutes, 
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comprehensive and effective national program of mandatory. market-based limits and 
incentives on emissions of greenhouse gases.” The program goal would be to eventually 
reverse the growth of such emissions in a way that would not harm the U.S. economy and 
would encourage comparable action by major trading  partner^.^' In May 2006, an 
identically phrased resolution was adopted with bipartisan support by the powerful House 
Appropriations C~mmittee.’~ 

It is widely understood that by using the phrase ”mandatory, market-based 
limits,” the Senate was refemng to a particular lund of regulatory approach known as 
cap-and-trade. Under such a program, a cap would be established limiting how many tons 
of CO;! could be emitted nationwide, and the same number of “allowances” would be 
issued, each one granting its owner the right to emit one ton of C02. 

A market price for C02 allowances would emerge as operators begm buying and 
selling them. In practice, power plants that could reduce CO2 emissions at a lower cost 
than the market price of an allowance would do so; those that could not would purchase 
additional allowances to cover their emissions. This system of regulation was pioneered 
in 1990 to reduce power plants’ emissions of sulfur dioxide and other pollutants that 
cause acid rain, and it proved so successful and efficient that virtually every proposal to 
regulate C02-whether international, regonal, or federal-has included some form of 
~ap-and-trade.~~ 

As of July 2006, there are at least seven proposals7* under consideration that 
would establish a cap-and-trade system for C02, including the Climate Stewardship and 
Innovation Act (S. 1151) introduced by Senators John McCain (R-AZ) and Joseph 
Lieberman (D-CT) and a proposal sponsored by Senator Jeff Bingaman (D-NM) modeled 
after a proposal of the National Commission on Energy Policy (NCEP).75 The Senate 
Energy and Natural Resources Committee also conducted extensive hearings on the 
design features of a cap-and-trade system based on the NCEP model in April 2006, 
accepting comments from many different stakeholders. Many members of the pokver 
industry participated in these hearings, including companies that support mandatoq 
regulations and those that, whle still opposed to mandatory limits, now consider them 
inevitable and want to have a say in shaping them (see part 111). Two of the most 

Sense of the Senate on Cllmate Change, H R 6 $161 2, Energy Policy Act of 2005 T h s  resolution passed 71 

by a vote of 54-43 
-’ See Senate Committee on Energy and Natural Resources, “Chaman Doinemci and Senator Blngaman 
React to House Committee Vote on Clmate Change,” press release, May 10 2006 Onllne at 

By setting a pnce on COz emissions, the effect on coal plant nsks would be the same as a cap-and-trade 
system that results m equivalent allowance pnces, and the arguments m t h s  paper would still apply 

In addition to those mentioned in the text, these proposals lnclude the Clean Air Planning Act of 2006 (S 
2724) introduced by Senator Thomas Carper (D-DE), the Keep Amenca Competitive Global Warming 
Policy Act of 2006 (H R 5049), mtroduced bj Representatives Tom Udall (D-NM) and Tom Petri (R-)VI) 
and the Strong Economy and Cllmate Protection Acf announced and clrculated for discussion by Senator 
Dianne Femstem (D-CA) but not yet mtroduced 
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ambitious bills -- the Global Warming Pollution Reduction Act (S. 3698) introduced by 
Senator Jim Jeffords (I-VT) and the Safe Climate Act (H.R. 5642) introduced by 
Representatives Henry Waxman (D-CA) and Maurice Hinchey (D-NY)-- would aim to 
reduce heat-trapping emissions 80 percent below 1990 levels (in line with scientific 
estimates of what is needed to avoid dangerous global ~a rming) . ’~  

Political support for a cap-and-trade system is extremely broad, encompassing 
major U.S. environmental advocacy groups and those in industry that support C02 
regulation in general. This method of regulation has even been explicitly endorsed by a 
substantial segment of the U.S. evangelical Christian movement. Several dozen 
evangelical leaders recently issued a statement declaring that the need for action on 
global warming is urgent and calling for national legslation requiring C02 reductions 
through “cost-effective, market-based mechanisms such as a cap-and-trade program.” 
They stress that we need urgent action because we are making long-term decisions today 
that will determine C02 emissions in the future, including “whether to build more coal- 
burning power plants that last for 50 years rather than investing more in energy efficiency 
and renewable energy. ”” 

Utilities may be ignoring these political developments under the reckless 
assumption that any plant built before a cap-and-trade system is adopted will be allocated 
allowances for free. Thls gamble ignores the growing opposition to granting such a 
windfall to utilities (and particularly those who could avoid new allowance costs by 
simply investing in altematives to coal). 

The RGGI model rule, for example, requires that at least 25 percent of allowances 
be auctioned rather than allocated, and Vermont, the first Northeast state to pass enabling 
leg slation, requires auctioning 100 percent of  allowance^.^^ In fact, 28 different 
stakeholders in the RGGI model rule draft, including businesses, consumer groups, 
environmental organizations, state agencies, and an electricity distribution company: 
supported auctioning 50 to 100 percent of  allowance^.'^ The proceeds from such an 
auction would be used to fund investments in energy efficiency, renewable energy, and 
other low-carbon energy technologies. as well as direct rebates to consumers. 

On the federal level, Senators Bingaman and Pete Domenici (R-NM) issued a 
white paper describing the design elements of a mandatory system to reduce C02 
emissions. The paper notes that auctioning off all allowances would minimize the costs to 
the U.S. economy as a whole, streamline the administrative process, and avoid 
unintended competitive advantages and windfall profits for certain market participants.’* 
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A recent Wall Street study further predicts that the United States will have an auction- 
based rather than allocation-based cap-and-trade system. ’’ 

In short, not only is it now virtually inevitable that a federal program limiting C02 
emissions will be approved in the next few years, but it is also fairly certain that this 
program will take the form of a cap-and-trade system under which every ton of C02 
emitted will come with a cost, determined by the forces of supply and demand for C02 
allowances. 

D. Coal plants will certainly be covered by future climate regulations. 

While the scope of a federal program limiting global warming emissions is under 
active discussion, every climate bill that has been proposed would cover CO;! emissions 
from coal plants-for good reason. Coal plants are by far the largest individual sources of 
C 0 2  emissions, representing nearly one-third of U. S. energy-related CO2 emissions (the 
entire power sector accounts for 39 percent of such emissions). Coal plants emit about the 
same amount of C02 as all petroleum-based emissions from cars, trucks, trains, and 
planes combined, which represent another thud of U.S. energy-related C02 emissions. 
The remaining third comes from a variety of technologes and sources including, most 
notably: industnal use of petroleum, natural gas, and coal; residential use of natural gas: 
and the electricity sector’s use of natural gasg2 

Not only are coal plants a dominant source of C02, but they are also relatively 
few in number compared with the millions of sources in other sectors, making them far 
easier for any federal program to regulate. A single new 500 M W  conventional coal 
plant, for example, can emit the annual C& equivalent of more than 600,000 cars.83 All 
of the federal regulatory proposals described above would limit C02 emissions from coal 
plants; the only question is whether they would also attempt to regulate other sectors of 
the economy as well. 

Additionally, analysis by the U.S. Energy Information Administration (EIA) 
shows that the electricity sector accounts for many of the most cost-effective reduction 
 option^.'^ While power plants account for 39 percent of U.S. energy-related C02 
emissions, they have the potential to account for somewhere between 66 and 85 percent 

*‘ Wynne. 2006 
*’ EPA 2006, EIA 2005 Energy-related emissions of C 0 2  represent 97 percent of total U S emissions of 
co2 
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of energy-related C@ emission reductions according to computer models designed to 
show the least expensive options for complying with various C02 regulations.’’ 

The most sigmficant change from the EIA’s “business-as-usual” scenario to its 
carbon reduction scenarios is the resulting impact on coal generation. In the business-as- 
usual scenario, approximately 174 gigawatts (GW) of new coal capacity (the equivalent 
of 290 new 600 MW coal plants) are added by 2030. By contrast, in the two deepest 
carbon reduction scenarios EIA analyzed, not a single new conventional coal plant is 
added beyond those already under 
additional conventional coal plants would make it more expensive to achieve the carbon 
reduction targets.” 

In other words, the construction of any 

111. The power industry increasingly supports federal COZ limits. 

Over the years, most of the power industry has been strongly opposed to federal 
CO2 limits from .power plants, but that attitude has been changmg rapidly, especially in 
2006. Many prominent power companies now openly support the federal regulation of 
C02 from coal plants. The chief executive of Duke Energy, one of the nation’s largest 
coal-burning utilities, has said of global climate change, “From a personal perspective I 
can think of no more pressing global issue.” He went on to say: 

“From a business perspective, the need for mandatory federal policy in the 
United States to manage greenhouse gases is both urgent and real. In my view, 
voluntary actions will not get us where we need to be. Until business leaders 
know what the rules will be-which actions will be pennlized and which will be 
rewarded-we will be unable to take the signlJicant actions the issue requires. ”sg 

Duke’s website states, “Congress needs to establish a national, economy-wide 
greenhouse gas mandatory program as soon as p~ssible.”’~ 

The head of Exelon has stated, “We accept that the science on global warming is 
overwhelming. There should be mandatory carbon  constraint^."^^ And the head of PNM 

Ibid., 18. 
Ibid.; 22. In the deepest carbon reduction scenario, approximately 103 GW of existing coal capacity (1 71 
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plants) is retired, and 17 GW of new integrated-gasification combined-cycle (IGCC) capacity with carbon 
capture and sequestration equipment is added. 
ST UCS does not consider all of EIA’s assumptions and methods realistic, nor do we believe its scenarios 
achieve the lowest possible cost. EIA has typically underestimated the potential of energy efficiency, 
combined heat and power, and renewable energy to reduce emissions at lower costs (see UCS, Clean 
Energy Blueprint, 2001). However, EIA’s modeling is still useful for demonstratmg how changes in one 
variable (e.&., imposition of carbon reduction targets) affect the economics of another (e.g., building new 
conventional coal plants) under a consistent set of assumptions. 
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Resources said at Senate hearings, “We believe now is the time for a healthy debate at the 
federal level on climate change, and we support the move to a mandatory program.”91 

Many other power companies have expressed their support for federal CO2 limits 
through coalition statements. In 2003, for example, Calpine, Con Edison, Keyspan, 
Northeast Utilities, PG&E Corporation, PPL Corporation, Public Service Enterprise 
Group, and Wisconsin Energy signed onto the CERES Consensus Statement, which 
called on the federal government to “develop a national, mandator)., market-based 
program” limiting global warming emissions.92 In April 2006, the Clean Energy Group‘s 
Clean Air Policy Initiative submitted comments to the Senate Committee on Energy and 
Natural Resources supporting the adoption of a cap-and-trade program for the electricity 
sector.’j Entergy, Exelon, and Florida Power & Light thereby added their names to those 
publicly calling for such a law.94 

In sum, five of the nation’s 10 largest private power producers (Calpine, Duke, 
Entergy, Exelon, and Florida Power & Light), accounting for more than 15 percent of 
U.S. electricity generation,” now support mandatory limits on CO2 from power plants. 
Another (Progress) acknowledged in a 2006 special report to shareholders that the 
evidence for climate change is sufficient to warrant “action” by the “public sector,” 
whch the company believes should cover all sectors of the economy.96 Executives from 
three of the remaining companies in the top 10 (American Electric Power, Southem 
Company, and Xcel), accounting for another 12 percent of U.S. power generation, have 
acknowledged that federal limits on CO;! are coming, even if they do not support them.97 

90 John W. Rowe, August 16,2004, quoted in Business Week. Online at 
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This expectation is widely shared in the industry: a 2004 national survey of electricity 
generating companies found that 60 percent of respondents expected mandatory limits on 
CO;! within 10 years, and about half expected such limits within five years.98 

The industry leaders quoted above echo the rising call for C02 limits by 
companies in other industries, including some of the nation’s largest corporations. Wal- 
Mart calls climate change “an urgent threat not only to our business but also to our 
customers, communities, and the life support systems that sustain our world.”99 Both 
Wal-Mart and GE expressed support for CO2 limits in April 2006 Senate hearings,’” and 
Ford Motor Company and Hewlett-Packard joined 22 other multinational corporations in 
a 2005 statement urging leaders of the G8 nations to adopt cap-and-trade or other market- 
based mechanisms to limit global warming emissions. ’’’ 

When a significant share of industrq’ speaks out in favor of environmental 
regulations, includmg several major companies in the industry sector likely to be most 
heavily regulated, it is a strong sign that such regulations are near at hand. It is quite 
possible that C02 limits will be in place and operational before the same could be said for 
a proposed coal plant currently in the regulatory approval process. 

IV. The private financial community is pushing companies to disclose and reduce their 
exposure to future climate regulation. 

Concem is undeniably growing among investors and lenders over the financial 
risks of future C02 constraints. For example, the Investor Network on Climate Risk 
(INCR) was launched in 2003 as a coalition of institutional investors managing $600 
billion in assets; by early 2006, it included a much wider array of investors managmg 
more than three trillion dollars in assets.”* The Carbon Disclosure Project, an investor 
coalition undertaken on the intemational level to obtain global warming emission data 
from 1,900 multinational corporations, now represents investors managing $31 trillion in 
assets-three times more than in 2003. lo3 

The INCR stresses the regulatory risk faced by U.S. companies with high global 
warming emissions. calling federal carbon constraints ”only a matter of time.”lo4 It has 
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called on companies in the electricity sector to estimate how future heat-trapping 
emission limits will affect their businesses and to identify steps they are talung to reduce 
those effects. lo5 In doing so, a board member of the nation’s largest public pension fund 
said, “Ignoring the impact of carbon on the environment and on corporate bottom lines 
would be fiscally irresponsible and a disservice to investors, taxpayers and the 
environment.”lo6 

Investors are particularly concemed with the financial wisdom of buildmg new 
coal plants in the United States gven the growing momentum here for federal C02  limits. 
Several of the nation’s largest institutional investors recently wamed TXU that the 
“future cost of carbon could alter the prudence” of the utility’s plan to invest in new coal 
plants, and that TXU was “potentially exposing itself to unprecedented compliance costs” 
given the long lifespan of coal plants. It urged TXU to disclose to shareholders “how it 
has accounted for the ‘future cost of carbon’ in its resource planning for these  plant^.""^ 

Many of the nation’s largest banlcs and investment firms have recently announced 
more aggressive climate policies. Bank of America, for example, has launched a formal 
effort to assess and limit its risk from financing emission-intensive industries, including a 
commitment to reduce emissions from its public energy and utility portfolio seven 
percent by 2008. lo’ JP Morgan Chase sees climate change as a “critical issue” with 
“potentially very serious consequences for both ourselves as well as our clients.“ In a 
recent speech, its director of environmental affairs said, “for the new power projects we 
are beginning to quantify the financial costs of those greenhouse gas emissions and 
incorporating that into our financial analysis of the transaction,” and went on to note that 
looking at those costs is ”going to have a big impact.”’09 The head of global projects for 
Lehman Brothers has also addressed a cap on global warming emissions by saying, 
“There’s a consensus that somethmg’s coming,” adding that, “people are very much 
focused on how that’s going to affect 

Wall Street is also begnning to assess the impact new laws would have on 
particular power companies. Bemstein Research recently released a report describing the 
growing momentum toward C02 regulation, concluding that, “Regardless of which party 
wins the 2008 presidential elections , , . it is probable that the next administration will 
favor mandatory national limits on C 0 2  emissions.”’” The report went on to identi@ the 

e Eui-th Institute. 

J o l u  Veech. quoted in ”&inl\-sts Vieu Energ!. Polic!- Act tllrough ClLliiate Change Leiw..‘ August 30 

Wynne, 2006 
2005, SiUL Generation Markets Week. 
I l l  
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utilities facing the greatest financial risk: “unregulated coal-fired generators supplying 
markets where gas is the predominant price setting fuel,””* which cannot pass the added 
costs of an emission cap on to consumers. The assumption, of course, is that regulated 
utilities will be able to pass future compliance costs on to ratepayers-an assumption we 
challenge below (see part VI), but which does reflect current regulatory practice. 

l h s  attitude reveals why, at least for the moment, some sectors of the financial 
community are still willing to help regulated utilities build new coal plants even when 
they know that such plants will be substantially more expensive in the carbon-constrained 
world ahead. Wall Street is not concerned with protecting ratepayers-that will be a job 
for state regulators. 

V. Future costs of C02 regulation must be part of any realistic estimate of a new coal 
plant’s operating costs. 

A. 
and regional planners. 

C02 costs are increasingly factored into risk planning by utilities, regulators, 

Representatives of three utilities explained in a 2005 trade joumal article the 
importance of assessing and managing C02 risk: 

“The financial risk associated with likely future regulation of carbon dioxide 
emissions is becoming a focus of utilities ’ and regulators ’ risk management 
eforts, as they recognize the imprudence of assuming that carbon dioxide 
emissions will not cost anything over the 30-year or longer llfetime of new 
investments. Utilities can help protect their customers and shureholdersJi.om this 
financial risk by integrating an estimated cost of carbon dioxide emissions into 
their evaluation of resource options, and selecting the overall least-cost por (folio 
of resources. Utilities can learn from the experience thut some utilities have 
gained at managing this risk to emure that today’s investments do not lock 
cus fomers or shareholders into much higher costs tomorrow $greenhouse gases 
are regulated. ’’‘I3 

A recent Lawrence Berkeley National Laboratory analysis of westem U.S. 
utilities’ resource planning practices found the practice of quantifying COZ risk to be 
widespread: “Given the potential for future carbon regulations to dominate environmental 
compliance costs, seven of the twelve utilities in our sample. . . specifically analyzed the 
risk of future carbon regulations on portfolio  election.""^ State regulators have since 
ordered three additional utilities to include CO;! costs in their planning, leaving only two 

‘ I 2  Ibid, 2. 
Karl Bokenkamp’(1daho Power), Hal LaFlash (Pacific Gas & Electric), Virinder Singh (Pacificorp), and 

Devra Bachrach Wang, “Hedging Carbon h s k :  Protecting Customers and Shareholders from the Financial 
h s k  Associated with Carbon Dioxide Emissions,” July 2005, The Electricip J o u m l  18(6): 11-24. 

Mark Bohger and Ryan Wiser, ”Balancing Cost and Risk: The Treabnent of Renewable Energy in 
Westem Utility Resource Plans,” Lawrence Berkeley National Laboratory, August 2005. Online at 
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utilities (out of the 12 sampled) that continue to ignore COZ risks.”’ In its most recent 
resource plan, Northwestern Energy (formerly Montana Power) says it is “the mainstream 
practice of utility planners to factor a carbon tax into their models.””6 

Califomia, Oregon, and Washington require utilities to factor COZ costs into their 
resource plans, and Montana ordered one utility, Northwestern Energy, to do so in its 
2005 plan.’” The California PUC actually chose a specific C02 value and requires the 
three investor-owned utilities in the state to use that value when evaluating bids (whch 
has a direct, ongoing effect on resource selection outside the planning context). 11* 

In 2005, the Northwest Power and Conservation Council (often referred to as the 
Northwest Council) issued a resource plan that incorporates estimates of future COZ 
values beginning in 2008.1’9 This is worth noting not only because the 20-year plans 
developed by th~s  federally created regional agency cover the entire Northwest, but also 
because most energy planning is conducted by utilities rather than independent planners 
who have no financial incentive to select one type of resource over another. 

B. A useful range of COz price forecasts is emerging from the literature. 

Over the last few years, federal cap-and-trade proposals before Congress have 
spawned numerous analyses using computer models to simulate the market response to 
these regulations. For example, the EIA, the U.S. Environmental Protection Agency, the 
Massachusetts Institute of Technology (MIT), and the Tellus Institute have all modeled 
the effects of proposed legislation resulting in varying CO2 cost projections.’20 The 

Ibid., 62. 
Northwestern Energy, “2005 Electric Default Supply Resource Procurement Plan,” Volume 2, Chapter 

See Bolinger and Wiser, 2005, 57 (note 75) and 60; Washington Administrative Code, section 480-1 00- 
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238; and Califomia PUC, “Interim Opinion on E3 Avoided Cost Methodology,” April 22, 2004 (online at 
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” ‘ I  See EIA. “Energ>- blurket Impucts of Alternatiw Greeidiouse Gas IntensiF- Targets.” blurch 2006. 
“Impacts of Modeled Recommendations of the National Commission on Energy Policy,” April 2005; 
“Analysis of Senate Amendment 2028, the Climate Stewardshp Act of 2003;‘’ May 2004; “Analysis of 
S.139, the Climate Stewardshp Act of 2003,” June 2003;(online at 

Technology Joint Progr 

24 



doniestic polic! option that has been subjected to the iiiost anal!-sis IS the Climate 
Steu ardship Act proposed b! Senators McCain and Lieberiiiail 

Another more recent polic! proposal anal! zed b! the EIA IS one de\ eloped b\ the 
NCEP Tlus approach focuses on reducing eiiussion "intensib." (enusions per dollar of 
gross doiiiestic product) rather than total enussions. but like all cap-and-trade proposals it 
11 ould still iiiipose a cost on COZ enussions 

I n  Ma\ 2000. S! iiapse Eiierg Ecoiioiiucs coiiducted a re\ ien of the cost 
projections of 10 such modeled anal! ses. as ne11 as the emerging polic? iespoiise to 
cliniate change and recent scientific and political del elopnieiits 
in the Iugh. nud-imge. and Ion COZ cost projections shonn in Figuie 4 

This rei leu resulted 

Figure 4 

Possible Costs of Federal C 0 2  Emission Limits 

Synapse Mid Case 

2005 2010 2015 2020 2025 2030 

Source: Johnston et al., 2006. 122 

While Synapse wams that the real cost of C02 is unlikely to follow a smooth path, 
the company believes its projections "represent the most reasonable range to use for 
planning purposes, gven all of the information we have been able to collect and analyze 
bearing on this important cost component of future electricity generation."12' When 

Lucy Johnston, Ezra Hausman, Anna Sommer, Bruce Biew-ald, Tim Woolf, David Schlissel, Amy 1 2 1  

Roschelle, and David White, "Climate Change and Power: Carbon Dioxide Emissions Costs and Electricity 
Resource E'lum~ig." S!-nnpse Energ!- Economics. Mu! 18. 2006 (.)nluie at 
L' i lL ' , 'Q- ' :  , i  iiii!, 
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Synapse’s cost projections are levelizedI2‘ over 30 years to 2005 dollars, the low COz 
cost projection is $8.50/ton, the mid-range projection is $19.60/ton, and the high 
projection is $30,80/t0n.’~~ 

Estimates of the price of future C02 allowances vary depending on a variety of 
factors, including the emission reduction target, the availability of offsets, whether 
international trading is allowed, the implementation timeline, and the existence of 
complementary policies such as energy efficiency programs and renewable electricity 
standards. 126 Two assumptions are particularly important and merit additional discussion 
here: the emission reduction target and the rate of technological progress. 

First, all the analyses are based on relatively modest changes in U.S. emissions. 
The Climate Stewardshp Act, for example, aims to return U.S. C02 ermssions to 2000 
levels over the period 2010 to 2015. 127 The NCEP proposal, which has been at the 
forefront of Senate hearings to design a cap-and-trade system, would slow the rate of 
emission growth but not reverse it.’28 None of the federal proposals that underlie these 
CO2 cost estimates actually claim to deliver emission cuts sufficient to stabilize global 
C02 concentrations at a level that would avoid dangerous climate change. 129 Even the 
Kyoto Protocol, which would have required the United States to cut emissions seven 
percent below 1990 levels by the period 2008 to 2012, is only intended to be a first step 
leading to greater reductions later. 

As discussed in part I, section C, the science indicates that in order to prevent 
dangerous climate change, developed nations will need to reduce C02 emissions as much 
as 60 to 80 percent by 2050. Therefore, whatever federal policy to limit C02 emissions is 
initially adopted will have to be quickly followed with increasingly tighter caps if we are 
to put ourselves on a path toward climate stabilization in the decades ahead. 

Much tighter national caps than those that have been analyzed would-all other 
things being equal-have the effect of driving C 0 2  prices hgher than the studies project. 
However, at some point, rising C02 prices would make low- or zero-carbon technologies 
competitive, leveling out the increase in C 0 2  costs. How quickly that point is reached 
depends on a second important assumption: how quickly these technologies will develop. 
Most of the studies that provide the basis for the published cost projections (particularly 

“Levellzed” cost means “The present value of the total cost of buildmg and operatmg a generating plant 124 

over its economic life, converted to equal annual payments Costs are levelized m real dollars (1 e , 
adjusted to remove the unpact of d a t i o n )  ’. EIA Glossary. 
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2050 hake not yet been the subject of analysis and are not reflected m cost projections 

Climate Change Secretariat, ’Canng for Climate A Guide to the Climate Change Conkention and the 130 

ework Convention on Climate Change, 2003,25 Onlme at 
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those by the EIA) make very pessimistic assumptions about the cost and performance of 
renewables, efficiency, and other altemative technologies, both today and in the years 
ahead.’31 Moreover, they assume that there will be no new policies requiring or providmg 
incentives for greater use of these technologies, despite growing support for such policies 
at both the state and federal level. 

PG&E* 
Avista 2003“ 

Using more optimistic assumptions about the costs, performance, and policy 
support for these clean energy technologes would have the effect of reducing C 0 2  prices 
below projected levels (or keeping them from rising as much as they otherwise would in 
response to ever-tightening caps).’32 In thls way, the rapid development of coal 
alternatives would have the paradoxical effect of reducing the future costs of coal power. 
Of course, if utilities and regulators use these more optimistic assumptions about the 
development of low-carbon energy in forecasting C02 prices, they must use the same 
assumptions when determining whether it would be cheaper in the long run to simply 
invest in low-carbon alternatives rather than building new coal plants. Optimism about 
altemative technologies to coal may reduce the estimated cost of coal plants by keeping 
future CO:! allowance prices low, but that same optimism undermines the economic logic 
of building a new coal plant in the first place. 

$0-9/ton (start year 2006) 
$3/ton (start year 2004) 

The C02 price projections by Synapse are roughly consistent with the range of 
projections being used by utilities and the Northwest Council in their resource plans, 
though without encompassing the highest and lowest of those values. Table 1 shows the 
range ofnumbers in use.133 (In some cases, these values are discounted by the utility with 
a probability weighting when actually used in planning.) 

Portland General Electric* 
Xcel-PSCCo 
Idaho Power* 
Pacificorp 2004 
Northwest Energy 2005 
Northwest Power and 
Conservation Council 

$15 and $62/ton (2026 and 2023) 
$0-.55/ton (start year 2003) 

$9/ton (start year 2010) escalating at 2.5%/year 
$0-6l/ton (start year 2008) 

$0-55/ton 
$15 and $4l/ton 

$0-15/ton between 2008 and 2016 
$0-3l/ton after 2016 

1 Avista2005 I $7 and $25/ton (2010) I 

13* For example, see Steve Clemmer (Umon of Concemed Scientists), “Renewable Energy Modelmg Issues 
XI the National Energy Modelmg System,” presentation at the National Renewable Energq Laboratory 
Energy Analysis Semmar, Washmgton DC, December 9, 2004 Onlme at 

complementary policies for energy efficiency and renewable energy technologies The resultmg COz cost 
projections were closer to the Synapse mid-range projections and leveled off more in the later years of the 
forecast See Tellus Institute. 2004 
‘33 Ibid 30 
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Not included in Table 1 is the estimate of future C02 regulatory costs that 
Califomia requires its utilities to assume in resource selection. At eight dollars per ton in 
2004, rising by only five percent annually (less than the rate at which Synapse's 
projections rise), California's estimate begns near the hgh end of the Synapse analysis 
but move toward the low end in later years.'34 

Wall Street analysts Bemstein Research recently modeled the impact of a C02 
allowance requirement on the earnings of several U.S. coal-fired generators, choosing 
nine dollars per ton of COZ as the price on which to base its analysis. It also considered a 
$28/ton COZ price based on the allowance prices recently prevalent under the European 
Union's cap-and-trade system, which reached levels as high as $35/ton during the past 
year.13' As Figure 5 shows, COz prices dropped sharply in May on news that many 
companies emitted less C02 than expected, suggesting that large emitters had been 
allocated too many allowances. 136 Prices have since partially rebounded. 

Figure 5 
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Source: EU: PointCarbon.com using an average exchange rate for 2005 of 1.25 U.S. dollars per euro. 

There are great uncertainties associated with predicting the future cost of CO2 
allowances, but this holds true for many other aspects of utility planning-especially 

See Bolmger and Wiser. 2005,60 
Wynne, 2006,ll-17 
Reuters, "EU undershoots emissions cap that cntics call lax," May 12,2006 Onlme at 
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when considering the wisdom of investing in capital-intensive power plants that typically 
operate for a half-century or more in a rapidly changing world. The most prudent way to 
assess and minimize ths  risk is to consider the impact of a reasonable range of C02 cost 
projections (such as those described above) on a proposed coal plant. The one COz price 
projection certain to be wrong is zero. 

(levelized) 
Base price (no C02 cost) 
Low projection: $8.50/ton 
Mid-range projection: 
$19.6O/ton 
High projection: 
$30.8O/ton 

C. 
power. 

Reasonable projections of C02 prices would greatly increase the cost of coal 

-. 

above base price 
$47.5 O/MWh - 
$55.67/Mwh 17% 
$66.34/MWh 40% 

$77.1 1/MWh 62% 

C02 allowance prices in the ranges discussed above would significantly increase 
the price of power from new coal plants. How much CO;! allowance prices raise the cost 
of generating electricity from coal depends on the efficiency of the plant in question, but 
generally speaking, new coal plants emit roughly one ton of COZ per megawatt hour 
(Mwh) of electricity pr~duced.’~’ Ths means, for example, that a C02 price of $10 per 
ton would increase a plant’s costs by $lO/MWh (or one cent per kilowatt-hour). Figure 6 
shows how the cost of coal-fired electricity would rise in response to dfferent C02 
prices, starting with the EIA’s estimated average base price of $47.50/MWh for new 
pulverized coal plants placed into service in the upper Midwest in 2015.’38 

Applying the Synapse levelized C02 cost projections to a coal plant increases the 
cost of energy from the EIA’s average coal plant by the amounts and percentages shown 
in Table 2. For example, the cost of energy from an average coal plant would be 40 
percent higher over its operating lifetime assuming mid-range C02 costs starting at five 
dollars per ton in 2010 and rising to $35 per ton by 2030. 

Table 2: Increase in Energy Cost Based on Projected C02 Cost 
1 Price of C02 Allowance I Cost of energy I Percent increase 1 

13‘ Coal has a carbon intensity of 220 pounds per million British thermal units @tu) and a new supercritical 
pulverized coal plant has a heat rate of 8,742 Btu per kilowatt-hour in 2005 (220 lbsimillion Btu x 8;742 
BtulkWh/2,000 lbslton x 1,000 kWhlMWh/1,000,000 = 0.96 ton of C 0 2  per MWh). See EIA, Assimptiom 
.for Annual Energy Outlook 2006,2006. 
138 EIA, “NEMS EMM Factors for AE006,” spreadsheet, 2006. The costs are representative of a new coal 
plant built in the Midwest. Recent data indicates that EIA’s base price for coal may be low. EIA’s figure 
assumes ovemight capital costs of $1,235/kW for a new plant. By comparison, the engineering firm Black 
and Veatch assumes overnight capital costs of $1,73O/kW, based on the average cost of over 60 coal plant 
projects under construction or with air permits. (Source: Personal Communication with &c O’Connell, 
Black and Veatch, August 20, 2006.) Using these capital costs, along with EIA’s other assumptions, would 
raise the base cost of energy to $58/MWh. 
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Any utility proposing to build a coal plant would be reckless to make such a long- 
term investment without fully assessing a variable that could easily increase costs by $86 
million per year on average, or $4.3 billion over a 50-year period, for a 600 MW coal 
plant.’” The risk of future cabon constraints is far too great to ignore. 
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Source: EIA, ‘“EMS EMM Factors for AE006,” spreadsheet, 2006, and Johnston et al., 2006. The costs are 
representative of a new coal plant built in the Midwest. 

D. Given the carbon-constrained world ahead, renewables and efliciency will 
generally be a much better investment than new coal plants. 

In many cases, coal plants are already more expensive than cleaner options. This 
is particularly true with respect to investments in energy efficiency and wind turbines (in 
locations with favorable winds). With mid-range estimates of future CO;! costs adding 
close to $20/MWh (or two cents per kilowatt-hour) to the cost of energy from a coal 
plant, cleaner options will cost less than coal in an even wider range of cases. 

Based on an estmate by Synapse for the Big Stone I1 coal plant under a mid-range COz cost projection 
See David A Schlissel and Anna Sommer, dmct testmony to the South Dakota PUC, case no EL05-022, 

139 
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While the exact cost comparisons will vary by location, two recent analyses 
compare coal plants with cleaner options in a carbon-regulated world. and in these 
analyses new conventional coal plants cannot compete. The first such analysis is a 
massive exercise in regonal resource planning recently conducted by the Northwest 
Council.'4o With no financial stake in the outcome to skew its planning judgment, the 
council's fifth 20-year plan (adopted in December 2004) is a useful contribution to 
resource planning. 

Among other things, the plan ranks various supply- and demand-side options on a 
cents-per-kilowatt-hour scale. The Northwest Council identifies 25 different conservation 
and renewable options that cost less than the cheapest new coal plant (even in Montana, a 
coal-producing state).14' The plan looks at many hfferent scenarios and various price 
estimates for future C02 costs (though these estimates re date recent developments such 
as the Senate resolution calling for carbon regulation). E 2  - 

The plan concludes that much more investment in conservation is warranted even 
though the Northwest has already made relatively high investments in conservation over 
the years.143 Overall, the Northwest Council's approach of identifying options that are 
both low-cost and lowrisk yielded a plan that greatly increases investment in 
conservation and wind and does not include any new conventional coalplants for the 
regon throughout the 20-year planning period.lU While the council's cost estimates may 
not directly apply to other regons, they provide a valuable example of how conventional 
coal plants become uncompetitive compared with energy efficiency and renewable 
energy when independent resource planners use realistic assumptions about the future 
and factor in carbon risk. 

The second reIevant analysis was conducted by Synapse Energy Economics: 
which in May 2006 submitted testimony critiquing a resource comparison that a coalition 
of utilities seehng to build a conventional coal plant submitted to South Dakota 
 regulator^.'^^ The utilities did not compare the proposed 600 MW Big Stone I1 plant with 
a comparable investment in energy efficiency, nor did Synapse. However, the utilities did 
compare Big Stone I1 with the altemative of building 600 MW of wind power along with 
a 600 M W  natural gas combined-cycle plant. Not surprisingly, the utilities' windgas 
altemative was more expensive than Big Stone 11, since it assumed only 600 MW of wind 
power and unnecessarily assumed that the wind turbines required 100 percent backup 
from natural gas to compensate for the wind's intermittent nature. 

14' Northwest Power and Conservation Council. 2005 
I d '  Ibid Table OV-2, 26-27 
'" Ibid , 19 The Northwest Council assumes C 0 2  costs of between zero and $1 5 per ton b e g m g  m 2008, 
and between zero and $30 per ton b e g m g  m 2016 
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Synapse reworked the comparison by increasing the amount of wind power to 800 
and 1200 MW, reducing the amount of natural gas to levels that would be needed to 
provide an equivalent amount of electric generation and capacity (300 to 480 M W )  as the 
coal plant,146 and factoring in its low, mid-range, and hgh  COz cost estimates (described 
in part V, section B). Synapse also completed a sensitivity analysis of a few key variables 
including the continued existence of the federal production tax credit for hind, a capaciw 
value for wind (which affects the amount of natural gas capacity needed), and whether 
the utilities were investor-owned or publicly owned. 

Under all of the COZ price forecasts, the analysis showed that all of the high-mind 
(1,200 MW) scenarios were approximately the same or less costly than the 600 MW coal 
plant, even without the federal production tax creht and using a very conservative 
capacity value for wind. Under the most likely mid-range COz price forecast, Big Stone I1 
cost 27 to 71 percent more than the hgh-wind scenarios, across the entire range of 
assumptions. 14' 

The analysis also showed that all of the windgas altematives had lower costs than 
the 600 MW coal plant under both the mid-range and high COZ price forecasts. Coal 
fared remarkably poorly in these comparisons even though Synapse did not correct all of 
the utilities' assumptions that underestimated the cost of coal and overestimated the cost 
of wind.14* In addition, the Big Stone I1 co-owners recently announced that the capital 
costs for the project have increased by 50 percent-from $1.2 billion to $1.8 bi1li0n.l~~ 
Using these new costs, and incorporating energy efficiency into the altematives analysis, 
would make the altematives even more economically viable than described above. 

Both the Northwest Council and Synapse analyses show coal unable to compete 
financially with other options available today when hture carbon constraints are 
considered. In the future, coal is likely to be even less competitive, because policies 
designed to combat global warming will not just make coal more expensive but will 
surely accelerate improvements in cleaner technologes. Unlike conventional coal plants. 
many energy efficiency and renewable energy technologies are still relatively new. As 
they break out of niche markets and achieve greater economies of scale, improvements in 
price and performance will follow. Utilities that invest heavily in coal today are therefore 

Ibid., 14. Synapse explains in its testimony that, by accepting the utilities' assumption that any dedicated 
backup plants would be built to support wind power, its analysis overstates the cost of the wind options. 
'47 Ibid., Tables 1 and 2, 17. (A corrected version of these tables with slight alterations to the originally- 
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assumptions that bias the analysis against wind. For example, whle the tax and financing advantages of 
public utilities were reflected in the cost of Big Stone 11, they were not reflected in the cost of wind. 
Synapse corrected the utilities' assumption that wind had zero capacity value, but it conservatively assunied 
that wind resources have a capacity value of only 15 or 25 percent (despite recent utilib- studies showing 
that wind in the region has a capacity value between 27 and 34 percent). Synapse also used the utilities' 
value of $12/MWh for the production tax credit, despite data from the EIA showing a value of $21/MWh. 

Associated Press, '' ND chances, exec says," August 4; 2006. 149 
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not only running unnecessary financial risks, but also losing the flexibility to take full 
advantage of the technologcal opportunities ahead. 

E. Retrofitting a pulverized coal plant to limit CO2 emissions is feasible, but will 
be very expensive. 

Coal plants emit far more C02 than any pollutant that is federally regulated today. 
By way of example, the Final Environmental Impact Statement for the Weston 4 coal 
plant in Wisconsin lists potential mercury emissions of 78 pounds per year, sulfur dioxide 
emissions of about 2,300 tons per year, and nitrogen oxide emissions of about 1,600 tons 
per year. C02 emissions, by comparison, are projected to be 4,100,000 tons per year.15’ 
Collecting and disposing of C02 emissions therefore pose much greater technological 
challenges than those faced by coal plants to date. 

It is considered technologcally possible to capture 80 to 90 percent of the COZ 
from a conventional coal plant by scaling up methods currently in use to produce C02 for 
beverage and chemical  application^.'^' However, the costs-in terms of energy consumed 
by the capture process and added capital and operating expenses-would be very high. 
The energy penalty of adding such technology to the plant would equal 24 to 40 percent 
of the energy produced by the plant.152 A recent MIT study estimates that a d l n g  C02 
capture technology to a conventional coal plant and disposing of the COZ in geologcal 
formations would increase the plant’s levelized cost by nearly $30/MWh or 74 percent.ls3 

Thus, there is no technological solution that can be reasonably expected to buffer 
a conventional coal plant from the financial risk associated with COZ regulation. Whether 
the plant operator ultimately pays for emission allowances or installs technology to 
capture and dspose of the C02, it runs a high risk of greatly increased costs. 

VI. Regulators should protect ratepayers from future CO2 costs by refusing to authorize 
new coal plants; alternatively, they should clearly place the risk of future COt costs 
on utility shareholders rather than on ratepayers. 

Currently, a utility’s environmental compliance costs are routinely passed through 
to ratepayers as a cost of providing electricity. In particular, costs of buying pollution 
allowances (such as the sulfur dioxide allowances coal operators purchase today) are 
considered operating expenses recoverable through rates. This regulatory pattem of 

Public Service Commission of Wisconsin, Weston Unit 4 Power Plant Final Environmental Impact 
Statement, Volume 1,  July 2004, 134 and 145. Online at 

icle il hal-e to he iI1creasecl 
by a factor of between 20 and 50 for deployment at a 500 M W  coal plant. 
15’ Ibid, Summary for Policymakers, 4. 

and Current Investments in Alternative Coal-Fired Power Plant Designs,” MIT Joint Program on the 
Science and Policy of Global Change, December 2005; 4. 

Ram C. Sekar; John E. Parsons, Howard J. Herzog, and Henry D. Jacoby, “Future Carbon Regulations 153 
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treating pollution allowance costs as operating expenses means that utilities may feel 
confident that they can also recover any future C02 allowance costs through their rates. 

Such confidence, however, means a utility operating in a regulated environment 
has little incentive to assess C02 allowance costs in a serious way, even when 
contemplating major new long-term investments. From a societal standpoint, this is a 
financial disaster waiting to happen; the financial risks of building a new coal plant are 
very high, but the party making the investment is not deterred because it does not feel at 
risk. 

It is: of course, up to state regulators to make sure this financial disaster is 
avoided and that ratepayers are protected. By far the best way to do that is to deny 
approval of the proposed coal plant and encourage the utility to pursue less financially 
risky altematives. 

However, if regulators do approve construction of a proposed plant, they should 
ensure that the utility has an incentive to minimize this risk as it emerges by warning it 
that future C02 allowance costs will not be recoverable through rates. This is particularly 
important grven how rapidly climate change policy is evolving and how long it takes to 
build a coal plant. Because utilities would for some time have the ability to cancel or 
downsize new plants in response to the growing risk of C02 costs, regulators should give 
them the incentive to monitor and respond to that risk. Shfiing the risk of future COZ 
regulations onto utilities may be inconsistent with current rate treatment of pollution 
allowances, but it is fully consistent with underlying ratemaking principles and the case 
law related to investments in new baseload plants. 

In the late 1960s and 1 9 7 0 ~ ~  many of the nation’s utilities believed two things that 
tumed out to be wrong: that electricity demand would keep growing at a fast rate and that 
nuclear power would be an inexpensive way to meet that demand. These mistaken beliefs 
resulted in substantial excess baseload capacity in the early 1980s (largely from unneeded 
coal plants), many abandoned nuclear plants, and disputes around the nation about 
whether the costs of these mistakes should be paid by utility shareholders or ratepayers. 

The regulatory decisions made during th s  era typically allocated at least a share 
of excess costs to shareholders, and articulated standards intended to grve utilities a 
stronger incentive to avoid such unwise investments in the future.’j4 Now that utilities are 
again in the midst of a baseload power plant construction boom based on risky 
assumptions, these standards are again highly relevant. 

Two complementary regulatory approaches emerge in these disputes: the “prudent 
investment approach” and the “shared costs approach.” Both approaches are intended, in 
part, to create incentives for utilities to continually rethink their investment decisions in 

154 For overviews of these cases see &chard J. Rerce, Jr., ”The Regulatory Treatment of Mistakes in 
Retrospect: Canceled Plants and Excess Capacity,” 132 U. Pa. L. Rev. 497 (1 984); “Abandoned Nuclear 
Plant Recovery,” 83 ALR4th 183 (1991); and Roger D. Colton, “Excess Capacity: Who Gets the Charge 
from the Power Plant?” 34 Hastings L.J. 11 33 (1983). 
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light of emergmg events (rather than stickmg to a chosen path even when subsequent 
developments clearly make that path unwise). 

Under the prudent investment approach all or part of a utility's investment can be 
excluded from rates if any decision made by the utility in relation to that investment is 
found to be imprudent. T h ~ s  could include the decision to build a power plant and the 
subsequent decision not to cancel it after changmg circumstances show the project to be 
unwise. 'j5 

While this principle has often been invoked by utilities seeking to recover from 
unsuccessful investments that appeared to be prudent when they were initially made,'j6 
the principle is also intended to protect ratepayers from unwise utility decisions. 15' Over 
the years, regulators have denied rate recovery for some enormous investments judged to 
be imprudent, including costs related to abandoned nuclear power plant construction 
plansi5* and coal plants that were built but created excess capacity.'j9 

To determine whether an investment was prudent, courts consider what a utility 
knew or should have known when the investment was made, and any altemative 
generating options that were available at the time. The inquiry not only focuses on the 
initial decision to build a plant, but also on the subsequent, ongoing decisions to continue 
pursuing construction even after events such as the adoption of a new regulatory 
approach greatly increased cost estimates beyond those originally projected. As parts I 
through V show, buildmg a coal plant without reasonably factoring in the substantial 
financial risk associated with coming climate laws is clearly imprudent. On these 
grounds alone, regulators would be justified in disallowing rate recovery of COZ costs. 

However, an investment need not be deemed imprudent for recovery to be 
disallowed. The U.S. Supreme Court has explicitly upheld the authority of state 
regulators to limit a utility's recovery for an investment that appeared prudent at the time 
it was made but ultimately proved unwise.'60 States have considerable discretion to set 
rates that appropriately balance the interests of shareholders and ratepayers, and some 
have adopted approaches that divide financial risks between these parties. State regulators 
have particularly used this shared costs approach in cases of excess capacity built as a 
result of inaccurate demand forecasts, because they concluded that placing all the risk on 
ratepayers is unfair and creates the wrong incentives for utility management. In 1982, for 
example, Iowa regulators refused to pass on to ratepayers all the costs a utility incurred in 
building what later proved to be excess generating capacity, even though the decision to 
build was reasonable when made. The Iowa commission explained its reasoning this way: 

See Pierce, supra, p. 7. 
See Duquesne Light Co. v. Barasch, 488 U.S. 299, 109 S.Ct. 609 (1989). 
Verizon Communications Inc. v. FCC, 535 U.S. 467,122 S.Ct. 1646,1659 (2002). 
See e.g., Association of Businesses Advocating Tariff Equity v. Public Service Commission, 527 

155 

158 

N.W.2d 533 (Mch. App. 1994); In Re Interstate Power Company, 416 NW2d 800 (Mnn. App. 1987); Re 
Boston Edison Co., 46 PUR4th 43 1 (Mass DPU, 1982), aff d 455 NE2d 41 4. 

I 6 O  Duquesne Light Co. v. Barasch, 488 U.S. 299, 109 S. Ct. 609 (1989). 
Gulf Power Company v. Florida Public Service Commission, 453 So.2d 799 @la. 1984); 159 
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“In the real world of competitive enterprise, management officials must 
continuously rethink prior decisions as new events unjold. Those who jkil to stay 
on top of current events lose out to their competition. Iowa utilities should also 
maintain surveillance over costs associated with a particular decision, and in the 
absence of the kznd of incentive provided by a competitor, the responsibi1il)i~falls 
upon us to provide the requisite incentive. :,161 

The Wisconsin Supreme Court agreed with Iowa’s shared costs approach and 
recognized the authority of Wisconsin regulators to apply it in the same context. 16* 

Pennsylvania regulators applied similar reasoning in an excess capacity case: noting that 
while the investments were prudent and the excess capacity was no fault of the utility or 
its investors, “neither was it the fault of ratepayers. Under these circumstances there must 
be some sharing of the risk associated with bringing these large plants on line.“’63 

North Dakota regulators took a similar approach in response to excess capacity 
created by a coal plant, refusing to allow all the costs to be passed on to ratepayers 
Though they did not deem the utility’s investment imprudent, regulators felt it was 
“unreasonable to expect ratepayers to completely absorb the risk” of excess capacity, and 
that ‘-there must be some risk placed on the utility and there must be some incentive for 
the pool and the indvidual utility member to continuously strive for accurate and precise 
management” of investments in baseload capacity. 164 

Both the prudent investment approach and the shared costs approach recognize 
the importance of giving utilities a strong incentive to avoid making investment mistakes, 
especially when building expensive, long-lived baseload plants. And both lines of cases 
stress how important it is for utility management to keep track of changes that affect the 
wisdom of the utility’s investment during the period after a plant receives regulatory 
approval but before construction is completed. 

These cases grew out of an era (the 1970s) when utilities making large 
investments in baseload capacity were surprised by events beyond their control- 
primarily the OPEC embargo, which led to slower growth in energy demand, and the 
Three Mile Island accident, which resulted in stricter safety standards and hgher 
construction costs. Once again, utilities are making huge investments in baseload power, 
but this time the global changes that threaten the economic viability of these investments 
are far more predictable than they were in the past. Indeed, they are looming. and they 
threaten to substantially increase the cost of energy from new coal plants. It is even more 
critical today that utilities be gven a strong incentive to track regulatory developments 
and continually re-examine their construction decisions in light of those developments. 

16‘ Re Iowa Public Service Company, 46 PUR4th 339, 368-69 (IA Commerce Commission, 1982). 
Madison Gas and Electnc Company v. Public Service Commission of Wisconsin, 325 N.W.2d 339 

(Wis. 1982). 
163 Pennsylvania Public Utility Commissionv. Phladelpha Electric Co.: 37 PuR4th 381, 387 (pa. Public 
Utility Commission, 1980). 

Re Montana-Dakota Utilities Co., 44 PUR4th 249, 255 (N.D. PSC 1981); see also Re Otter Tail Power 
Company, 44 PUR4th 21 9 (N.D. PSC 1981 ). 

I62 
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Regulators can create such an incentive by determining, as a condition of plant approval, 
that future C02 costs will be bome by utility shareholders rather than ratepayers. 

VII. Conclusion 

The fight against global warming will unquestionably change the laws. 
economics, and technology of power production and use. Many different groups have a 
role to play in helping ensure our society responds sensibly to these changes. 

0 Utilities should factor future C02 costs into their resource planning and 
procurement, aggressively pursue conservation, efficiency and renewable energy, 
and at the very least defer making major coal plant construction decisions until 
they have a clearer picture of the regulatory risks and technologcal opportunities 
ahead. 

0 Regulators should insist that utilities take the above steps. They should also 
protect ratepayers by refking to authorize the construction of new conventional 
coal plants, which are premised on the regulatory conditions of the past, not those 
of the future. At the least, they should warn utility managers that shareholders will 
bear the risk that coal investments will result in excess carbon costs. 

0 Investors and shareholders should recognize the inevitability of C02 regulations 
and understand that utilities that behave imprudently by building coal plants 
despite these costs would, under existing regulatory principles, be prevented from 
recovering at least a portion of such costs in their rates. Shareholders should 
question utility management closely on how they are assessing and managng 
carbon risks, and require reporting and accountability. Long-term investors should 
favorably regard companies who are proactively considering and managing these 
risks effectively. 

Ratepayers and consumer groups should realize that the utilities building new coal 
plants will seek to recover all their costs, including CO2 regulatory costs. from 
ratepayers. While legal principles support denying rate recovery of these costs, 
history shows that these cases are extremely contentious and expensive. A far 
better way for ratepayers and consumer groups to protect themselves from such 
financial risk is by resisting the construction of new conventional coal plants in 
the first place and by supporting investments in cleaner alternatives such as 
efficiency and renewable energy. 

Building a major energy resource - especially one that costs as much and lasts as 
long as a coal plant -- is unavoidably an exercise in predicting the future. It cannot be 
prudently done without objectively analyzing the trends and potential risks that will shape 
the decades ahead. In the case of new coal plants, the critical trends are undeniable and 
moving with unstoppable momentum: CO2 levels are rising to levels unseen on the 
planet in millions of years, global temperatures are setting new records. scientific 
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evidence showing that ow current energy path is leading to dangerous climate changes is 
mounting, and the policy response at every level of government is accelerating. To 
assume in the face of these trends that a new coal plant could be put into service and 
allowed to emit millions of tons of COZ for free for the next few decades is reckless, to 
say the least. New conventional coal plants in the age of global warming are not just bad 
policy - they are a bad investment, and one we cannot afford to make. 
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I. Introduction 

As regulation of carbon dioxide 
emissions becomes increasingly 
likely, utilities are be,@nning to 
analyze and actively manage the 
financial risk associated with their 
portfolios' emissions. Fossil fuel- 
based investments made today 
will continue operating and 

emitting carbon dioxide for 30 to 
40 years or more, and it is highly 
likely that carbon dioxide emis- 
sions will be regulated within that 
timeframe. As the single largest 
source of U.S. greenhouse gas 
(GHG) emissions, the electrif 
sector is likely to figure promi- 
nently in any regulatory program 
to reduce emissions. 
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tilities such as PacifiCorp, U Idaho Power, and Pacific 
Gas and Electric Company are 
helping to protect their customers 
and shareholders from the finan- 
cial risk associated with hture 
regulation by integrating an esti- 
mated future cost of emissions 
into their evaluation of resource 
options, and selecting the overall 
least-cost portfolio of resources. 
The experience gained to date 
provides a model for other utili- 
ties and regulators seeking to 
reduce exposure to the cost of 
futuxe regulation of carbon diox- 
ide emissions and to reduce cus- 
tomers' overall long-term cost for 
energy services. 

If. Risk Management Is a 
Crucial Utility 
Responsibility 

Integrated resource planning 
rose in prominence within the 
electric industry in the 1970s and 
1980s amid market shocks asso- 
ciated with oil price volatility 
and unexpededly high costs for 
nuclear power, among other 
factors. Such trends pushed up 
electricity prices and prompted 
regulators to require thorough 
planning exercises by utilities, 
allowing for public smtiny 
of resource investment plans. 
With the arrival of deregulation 
in the mid-l99Os, integrated 
resource pIans (IRE') became a 
historical artifact in many states 
rather than a vital ongoing 
process. 

Recent turmoil. within the 
electric industry has focused 

attention once again on one of the 
crucial responsibilities of utilities: 
electric-resource portfolio man- 
agement. Effective portfolio 
management requires a fully 
integrated approach to identify 
customer electric service needs 
and to select demand- and sup- 
ply-side alternatives to meet those 
needs through a portfolio that 
minimizes total cost and envir- 
onmental impacts, and has an 
acceptable level of risk.' 

Evalua fing 
uncertainties 

and demonstrating 
risk mnlzagement 

is a key 
impem five 

in lung-term 
plmning. 

n states such as Oregon and I Idaho that did not fully 
restructure their eiftctric indus- 
tries, utilities never stopped 
working with their regxlators on 
IRPs. Other states, such as Cali- 
fomia, that did restructrrre have 
reconsidered and are now devel- 
oping new tools to enable utilities 
to efktively manage costs and 
risks through portfolio manage- 
ment and long-term plans. 
Throughout the industry, there is 
growing recognition that portfolio 
management and long-term 
planning processes are essential 
to enable utilities to provide low- 
cost, reliable, and environmen- 
tally sensitive energy services. 

IRPs and long-term plans serve as 
common guidebooks for both the 
utility and the regulator, so that 
subsequent resource decisions are 
founded upon common under- 
standings and assumptions that 
utilities believe will assist them in 
making a strong case for cost 
recovery. 

Evaluating uncertainties and 
demonstrating risk management 
i s  it key imperative in long-term 
planning. Recent volatility in the 
eiwctpif market has heightened 
awareness among regulators 
regarding the importance of uti- 
lity risk management, and many 
regulators require risk evaluation 
in long-term planning. For 
example, the Oregon PUC issued 
an order that requires considera- 
tion of uncertainty in resource 
planning.* The Utah PSC also 
requires an evaluation of different 
load forecasts, the risk associated 
with various resource options, 
and consideration of how an 
action plan addresses such r i s k s 3  
More generally, it requires eva- 
luation of any significant risk 
associated with resource options, 
and a demonstration of flexibility 
in the resulting action plan rather 
than a pre-deterqined suite of 
actions that cannot adjust to 
changing conditions. 

A. Evaluating the hancia l  
risk'of global. warming 
reguiation 

More and more utilities, 
including PacifiCorp and Idaho 
Power, hcorporate extensive risk 
analysis in their IRPs, with dif- 
ferentiation between stochastic 
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and scenario risks. Stochastic 
risks consist of estimated devia- 
tions from an average value, and 
embody factors with w-hich utili- 
ties have substantial experience 
and can subject to standard sta- 
tistical models. (Of course, while 
historical experience is extremely 
useful in assessing risks, this 
information must always be 
combined with informed judg- 
ment about the fuwe risk.) Nat- 
ural gas prices, electricity market 
prices, hydropower generation, 
and loads all represent stochastic 
risks. In contrast, scenario risks 
represent a significant and sus- 
tained movement away from an 
"average" trend; &esse are risks 
that can be quantified but which 
are the subject of substantial 
uncertainty often dependent on 
decision points rather than 
broader "market" trends. By their 
nature, scenario risks cart be more 
difficult to quanhfy than sto- 
chastic risks, and are therehe  
subject to more debate, either 
about their importance or about 
their potential material value. 
GHG regulations represent an 
important scenario risk associated 
with political decision making 
that utilities need to consider in 
their Ws. 

he Oregon PUC was one of T the first to look at the 
financial risk associated with 
carbon dioxide emissions. The 
OPUC issued a 2993 order 
requiring regulated utiIities to 
conduct sensitivity analyses on 
carbon dioxide emissions. The 
OBUC order followed a memo 
from the Oregon Department of 
Justice, which stated that the 

OPUC "may require utilities to 
consider in their least-cost plans 
the likelihood that external costs 
may be internalized in the 
future." Furthermore, the Cum- 
mission is authorized to allow a 
utility to recover the costs of a 
cleaner but more expensive 
resource? The order went on to 
say khat the OPUC "would also 
need to find that the resource 
acquisition was prudent, pre- 
sumably because it mitigated the 

The pace of policy 
development suggests 
fhaf carbon dioxide 
missions may be 
vegulnted in the 
datively near future, 
and likely within the 
lifetime of new utility 
investments. 

risk that external costs would be 
internalized" in the future due to 
new regulation. 

IfI. Carbon Dioxide 
Emissions Are Likely to 
Be Regulated within the 
Lifetime of New 
Investments 

The pace of poky development 
intemationally and throu.ghout 
the US. suggesh that carbon 
dioxide emissions may be regu- 
lated in the relatively near future, 
and likely within the lifetime of 
new utiiity investments. These 
new investments will generate 

electricity for the next 30 to 40 
years or even longer, and invest- 
ments in carbon-emitting 
resources therefore create a 
financial risk for utilities and their 
customers. 

A. National and international 
actions 

In February 2005, the Kyoto 
Protocol entered intu force, bind- 
ing the ratifying countries to 
specific targets and timetables for 
GHG emission reductions, with 
strong reliance on market-based 
mechanisms. just the month 
before, the European Union's 
Emissions Trading Scheme 
became the world's first large- 
scale GHG emissions trading 
program. And while the United 
States did not ratify the interna- 
tional treaty, several bills that 
wodd regulate carbon dioxide 
emissions are pending before the 
U.S. Congress.' One of these, the 
Climate Stewardship Act, intro- 
duced by Sens. McCain and Lie- 
berman, received 43 votes in the 
Senate in 2003. The bill is expected 
to be brought back for another 
vote in the Senate, and the House 
has introduced a companion biL6 

€3. State and regional actions 

More than half the states 
mound the country have devel- 
oped or are developing strategies 
to reduce GHG emi~sions.~ For 
example, the Northeast and Mid- 
Atlantic states are engaged in a 
cooperative Regional. Greenhouse 
Gas Initiative fRGGf) to develop a 
regional cap-and-trade program 
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to reduce carbon dioxide emis- 
sions. The goal of RGGf is to 
reach agreement on the design 
of the cap-and-trade program 
this year. Similarly, the governors 
of California, Washington, and 
Oregon have joined together to 
cdl for a regional GHG reduction 
initiative, concluding that their 
states "must act individually 
and regionally to reduce green- 
house gas emissions."' And 
just last month, in June 2005, 
Governor Schwarzenegger 
announced aggressive new GHG 
emission reduction targets for 
~alifonnia.' 

alifomia has adopted regu- C lations requiring reductions 
of GHG emissions from vehi- 
cles.'' Other states including New 
York, New Jersey, and Massa- 
chusetts, have also adopted these 
regulations; in total, the states 
adopting these regulations 
represent nearly one-third of the 
US. car market. The Califamia 
Public Utilities Commission 
(CPUC) is now exploring a cap- 
and-trade program for carbon 
dioxide emissions associated with 
the utilities' purtfolios." The 
Montana Public Senice Com- 
mission has required Northwes- 
tern Energy to account for the 
financial risk associated with 
carbon dioxide emissions in its 
next long-term p k "  in addi- 
tion, Washington recently passed 
a law re,aulating carbon dioxide 
from new pwer plants, requiring 
that 20 percent of the carbon 
dioxide from new plants either be 
taxed or mitigated through offset 
p~ojects'~; this ~ a w  is simihr to the 
carbon dioxide emission stan- 

dards for new power plants khat 
Oregon has had since 1997.14 

C. Businesses recognize the 
risk 

As the momentum to regulate 
GHG emissions continues to grow 
around the country and interna- 
tionally, businesses are increas- 
ingly recognizing the risk 
associated with earbon dioxide 
emissions. Organizations such as 

As the nzomentum to 
regulate GHG 

emissions gyuws, 
businesses are 

increasingly 
recognizing the risk 

associated with carbon 
diuxide missiuns. 

the Carbon Disclosure Project and 
the Investor Network on Climate 
Risk have substantially raised .the 
profile of climate-related risks 
when analyzing the financial 
health of c o m p d e  worldwide. 
Last year, 13 major public prtsim 
funds, which manage $800 bilIiun 
in assets, asked the S e M € i e s  and 
Exchange Commission to require 
companies to disclose the finan- 
cial risks they face fTom climate 
change.l5 Memwhiie, instifx- 
tional shareholder groups and 
public pension funds filed 31 
resolutions this year asking indi- 
vidual companies to disclose 
fmancial risks and their phns to 
reduce GHG emissions.16 

n response to this pressure, I some of the nation's largest 
utilities, including Cinergy, 
American Electric Power, and 
TXIJ, have issued reports on the 
financial risks they face from 
complying with regulations to 
address global wanning. And 
Cinergy, one of the Largest emit- 
ters of cxbon dioxide in the 
electric industry, made global 
warming the central focus of its 
2004 annual report.17 

fV. Different Resources 
Create Widely Varying 
Risk Exposures 

The magnitude of the carbon 
dioxide regulation risk faced by 
utilities and their customers 
depends on the total carbon 
dioxide emissions of the utilities' 
portfolio. Portfolios that are mare 
dependent on carbon-emitting 
resowces face a greater risk of 
increased costs. Different electri- 
city resources have widely vary- 
ing emissions o€ carbon dioxide, 
creating varying levels of finan- 
cial risk. For example, the 
Northwest Power and Conserva- 

regional planning organization, 
established by Congress in 1980) 
reports that a new conventional 
coal plant will emit atmost 1,000 
metric tons of carbon dioxide per 
GWh, while a new combined 
cycle naimal gas plant will emit 
about 400 metric tons per GWh, or 
60 percent less than the coal 
plant.1s htegrated gasification 
combined cyck (IGCC) coal-Bred 
power plants emit nearly 800 

tion Council it& Northwest's 
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metric tons of carbon dioxide per 
Gwh, 20 percent less than a con- 
ventional coal plant but still 
double a combined-cycle gas 
plant; with carbon capture and 
sequestration, these IGCC plants 
have the potential to decrease 
carbon dioxide emissions relative 
to standard coal plants by about 
90 percent, emitting only about 80 
metric tons of carbon dioxide per 
GWh.” Energy efficiency and 
renewable resources, such as 
hydro, wind, solar, geothermal, 
and biomass have low if any 
lifecycle carbon dioxide emis- 
sions. A number of these 
resources, particularly IGCC, 
solar, and many forms of biomass, 
are typicaliy higher in cost than 
conventional generation using 
cod and gas. An important 
question is whether their lower 
emissions offer protection against 
future regulatory costs in a 
manner that justifies their selec- 
tion by utilities seeking lowest 
cost and lowest risk for their 
customers. 

ust as  important as the emis- 
sions profile of the various 

technologies is the difficulty in 
reducing carbon dioxide emis- 
sions from existing thermal gen- 
eration. There is no cost-effective 
“end-of-stack” technology 
option currently available to 
reduce carbon dioxide emissions 
from existing thermal plants, 
compared to other pollutants that 
are more amenable to retrofit 
approaches to sunk investments. 
This makes planning in advance 
of potential regulations even 
more crucial for carbon dioxide 
(Figure 1). 
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Figure 1: Comparison of Carbon Dioxide Emission Rates of Electricity Generation 
Resources 

Conventiond coal-fired power 
plants present khe most serious 
financial risk in the face of 
potential carbon dioxide regula- 
tion, because of their higher 
GHG emissions. For example, 
assuming that carbon dioxide 
emissions will cost about $12 per 
ton, a 500 MW coal plant‘s emis- 
sions would result in approxi- 
mately $50 million per yeu:ar in cost 
exposure for a utility.20 A 
500 MW baseload combined cycle 
natural gas plant (at a 90 percent 
capacity factw), by contrast, 
would result in a cost exposure 
of a b u t  $20 million per year. 
And a less efficient 500 rvrW 
peaker gas plant with a heat rate 
of 9,300 Btu per k W h  (and a 10 
percent capacity factor) would 
have an exposure of about $3 
million per year. A 500 MW 
baseload IGCC cod-fired power 
plant, with 90 percent carbon 
sequestration, would have a risk 
exposure of about $4 million per 
year. However, this is not the only 
fuel-related risk that utilities face. 
The risks associated with carbon 
dioxide emissions are in addition 
to the specific r isks and costs 
associated with each fuel. It is the 

summation of these risks that 
utilities must consider in future 
resource decisions. 

The magnitude of the carbon 
dioxide risk is large enough to 
merit active consideration. To 
protect customers and share- 
holders, utilities can and sliuuld 
factor these estimated carbon 
dioxide costs into their evaluation 
of different resource options in 
developing their long-term 
investment plans and when 
choosing resources in procure- 
ment. 

V. A Proxy Value of the 
Risk Associated with 
Greenhouse Gas 
Emissions Is Useful for 
Planning Purposes 

Utilities can help protect their 
customers and sharehotders from 
the financial risk associated with 
the likely future regulation of 
GHG emissions by integrating an 
estimated cost of emissions into 
their evaluation of resource 
options, and selecting the overall 
least-cost portfoIio. Establishing a 
value of the risk of GHC emission 



limits requires informed judg- 
ments about the likelihood of 
future regulation, the form such 
regulation might take (e.g., var- 
ious options to allocate emission 
allowances under a cap-and-trade 
approach), and the Ilkely cost 
under such regutation. 

tility decisions about U resource investments are 
ideally based upon what is 
“known and knowabk” at the 
time of the decision. This stan- 
dard inherently includes the 
possibility that certain market 
factors can change after the time 
of a decision. However, utilities 
should make an informed 
judgment about the future. Since 
it is unlikely that GHC emissions 
will continue to cost utilities 
nothing whatever over the long 
lifetime of new investments, uti- 
lities should make an informed 
judgment about the range of rea- 
sonable policy scenarios and 
associated GHG costs and settle 
on a best estimate to use as an I 

imputed cost in modeling 
resources in long-term plans and 
in evaluating procurement 
options. 

here are several estimates of T the potential cost of carbon 
dioxide emissions that utilities 
and regulators can look to in 
order to quantify the risk asso- 
ciated with GHG emissions. Esti- 
mates of realistic imputed costs 
for GHG emissions range up to 
about $50 per ton of carbon 
dioxide. These estimates are 
based on an ana&& of current 
market prices and estimated costs 
under proposed federal policies. 
Utilities and regulators can also 

look to imputed costs now in use 
in other jurisdictions. 

A. Current GHG market 
prices 

The primary market in GHG 
emission allowances is the Eur- 
opean Union’s Emissions Trading 
Scheme IETS!. Since the ETS 
began full trading in January 

2005, the price of emission 
allowances has ranged from a low 
of about $9 per ton of carbon 
dioxide to a high of about $22.2‘ In 
the US., the Chicago Climate 
Exchange provides a f o m  for 
entities to voluntarily trade GKG 
emissions. In recent months, 
allowances on the Chicago Cli- 
mate Exchange have been trading 
at prices between $1.50 and $2 per 
ton of carbon dioxide2‘; liowever, 
since entities participating in the 
Chicago Climate Exchange 
voluntarily entered into the 
exchange, the current prices are 
very likely lower than would be 
expected under a regulatory pro- 
gram with enforceable emission 
limits and comprehensive cover- 
age. The Climate Trust, which 

invests in carbon dioxide offset 
projects to mitigate the impact of 
fossil fuel power plants, estimates 
the average cost of carbon dioxide 
based on their investments to 
range from approximately $3 up 
to $6 per ton.23 

B. Estimated GHG costs 
under proposed federal 
policies 

The Energy Information 
Administration‘s analysis of the 
McCain-Liebennan Climate 
Stewardship Act found carbon 
dioxide allowances to be in the 
range of $15 tu $34 per metric ton, 
over the period 2010-2020 (in 2001 
d ~ l t a r s ) . ~ ~  The Massachusetts 
Institute of Technology’s Joint 
Program on the Science and Pol- 
icy of Global Change modeled an 
earlier and more stringent version 
of &e Climate Stewardship Act: 
and found that the emissions 
allowance price of carbon dioxide 
wodd  likely range from $21 per 
ton in 2010 to $36 per ton in 2020 
{in 2001 dollars).25 In addition, the 
Energy Infomation Administra- 
tion‘s analysis of another bill 
before Congress, the Clean Power 
Act, estimated that carbon diox- 
ide allowance prices in 2010 
would range from $15 to $25 per 
ton of carbon dioxide and in 2020 
would range horn $14 to $33 
dollars per ton (in 1999 doUars)F6 
In addition to current proposals in 
Congress, the National Commis- 
sion on Energy Policy has pro- 
posed a national cap on carbon 
dioxide intensity that caps mar- 
ket-clearing prices at $7 per ton of 
carbon dioxide beginning in 201 0, 
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with a 5 percent increase annually ~ United Kingdom and Denmark nario analysis using costs of $0, 
thereafter. 

C .  Estimakd carbon dioxide 
costs currently used by 
utilities and regulators 

Several utilities and regulators 
have already established esti- 
mated costs of GHG emissions to 
use in planning and procurement. 
These values are at the conserva- 
tive end of the spectrum of likely 
costs, largely due to the continu- 
ing uncertainty about when reg- 
ulations will be enacted and what 
those costs will be. 

T required its regulated utili- 
ties to use several sensitivities in 
modeling carbon dioxide costs, 
including $0, $10, $25, and $40 (in 
1990 dollars). While the OPUC 
did not require utilities to incor- 
porate a carbon dioxide value 
(above $0 per ton) into the base 
case of their IRP modeling efforts, 
PacifiCorp decided in 2002 to 
propose such an approach. faci- 
fiCorp found that the risks of 
future carbon dioxide regulations 
were significant enough to war- 
rant “prudently preparing” 
through appropriate planning. 
Rather than adopt one of the 
OPUC-mandated sensitivity 
values for its B P  base case, Pa&- 
fiCorp developed its own value for 
carbon dioxide based upon inter- 
nal review of a variety of data from 
domestic and international 
sources. PacifiCorp staff reviewed 
severd categories of data, includ- 
ing the current carbon dioxide 
offset market in the US.; existing 
markets for GHG emissions in the 

he Oregon PUC has 

(which developed an emissions $10, $25, and $40 per ton carbon 
market before the European 
Union‘s development of imple- 
mentation plans for its compliance 
with the Kyoto Protocol); and 
macroeconomic analyses of 
several federal propods to cap 
GHG emissions, including 
analyses by the U.S. Department 
of Energy. 

In its 2002 IRP, PacifiCorp 
assumed that carbon dioxide 
Limits would begin in 2008. By the 
time it prepared its 2004 IRP, lack 
of regulations in the US. led 
PacifiCorp to push back the 
assumed initiation of limits. 
hstead of assuming full impie- 
mentation of carbon dioxide lim- 
its in 2008, the company‘s base 
case scenario assumes a 50 per- 
cent probability of an $8 per ton 
carbon dioxide cost starting in 
2010, increasing to 75 percent in 
2011 and a 100 percent probability 
of Occurrence by 2012.” The 
introduction of such probabilities 
was infended to capture uncer- 
tainty more effectively. 

As required by the OPUC, 
PacifiCorp also conducted sce- 

dioxide (in 2990 dollars). The 
company applied these values to 
all portfol..ios that passed an initial 
evaluation saeen based on cost 
wder  the base case. The result 
was an understanding of the 
possible spread of costs for an 
individual portfolio based on 
multiple vari&ons of different 
risks, including carbon dioxide as 
well as he1 prices, power market 
prices, and others. The company 
could then rank portfolios 
according to risk and incorporate 
this information into the final 
selection of an optimal portfolio. 

The base case scenario used in 
Idaho Power Company’s (IPC) 
2004 JJ3.P assumes a $12.30 per ton 
cost for carbon dioxide emissions 
beginning in 2008; scenario ana- 
lysis was also conducted at $0 and 
$49.21 per ton of carbon dioxide. 
The estimated costs of carbon 
dioxide emissions used in the risk 
analysis are based on the Oregon 
Public Utilities Commission’s 
order, and ”IPC also confirmed 
that these costs represent reason- 
able estimates of the risk that IPC 
and its customers face due to 
potential future regulation of 
carbon dioxide In 
its risk analysis, Idaho Power 
estimated a 50 percent probability 
of a cost of $12.30 per ton of car- 
bon dioxide, a 30 percent prob- 
ability of zero cost, and a 20 
percent probability of a cost of 
$49.21 per ton.*’ 

Pacific Gas and Electric Com- 
pany’s 2004 tong-Term Pxocure- 
ment Plan assumed an imputed 
cost of $8 per ton of carbon 
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dioxide, In December 2004, the 
California Public Utilities Com- 
mission (CPUC, issued a decision 
requiring the utilities under its 
jurisdiction to use an estimated 
cost for GHG emissions in eval- 
uating new long-term resource 
commitments and in developing 
future long-term plans. The 
Decision adopted a range of costs 
between $8 and $25 per ton of 
carbon dioxide, pending a final 
decision on a single value, and 
required that the estimated cost of 
carbon dioxide enter the utilities' 
analysis of long-term commit- 
ments in 2007.3' In April 2005, the 
'CPUC adopted the final imputed 
costs for carbon dioxide emissions: 
a levelized cost of $8 per ton of 
carbon dioxide, based on a cost 
stream of $5 per ton in the near 
term, $12.50 per ton by 2008, and 
$17.50 per ton of carbon dioxide by 
2013.3' The report upon which the 
CPUC based its imputed cost 
assessed the range of likely future 
scenarios of carbon dioxide regu- 
lation, and the associated costs, 
and concluded that this was a 
conservative and reasonable esti- 
mate?' 

VI. Utilities Can Reduce 
Exposure to the Financial 
Risk Associated with 
Carbon Dioxide 
Emissions 

tilities can select a portfolio U &at reduces exposure to 
the cost of future regulation of 
carbon dioxide emissions, while 
balancing other gods, by indud- 
ing an estimated cost for carbon 

dioxide emissions in integrated 
resource planning and in evdu- 
ating procurement options. Once 
a reasonable proxy value of the 
financial risk associated with 
carbon dioxide emissions has 
been assessed, it should be used to 
inform decision makers about 
tradeoffs between resource 
im7estments in order to properly 
manage and mitigate &e risk. 

In general, the ultimate goal of 
long-term planning prwesses is to 
ensure that adequate resources axe 
available to reliably serve the 
demand for the energy services 
that utilities provide, while balan- 
cing costs, risks, and environmen- 
tal concerns. Utilities can ensure 
that resource investments achieve 
this goat by including all costs and 
signrficant risks in modeling port- 
folio and resource options. 
Investment decisions should be 
made with a full understanding of 
the total costs of each resource 
alternative, based on &e best 
information available at the time of 
the investment. Otherwise, custe 
mers and usties codd be locked 
into investments that expose them 
to higher costs in later years. 

s Idaho Power explained in A its IRP: "Idaho Power 
Company believes it is prudent to 
incorporate reasonable estimates 
for the cost of carbon dioxide 
emissions into the IRP resource 
modeling and analysis, and to 
thereby actively seek to lessen the 
Company's and customers' 
exposure to the financial risk 
associated with carbon dioxide 
emi~sions. ' '~~ Moreover, utilities 
believe that incorporating carbon 
dioxide into planning and pro- 
curement demonstrates foresight 
and prudence due to the long 
lead-time to acqnire certain 
resources, and the long depre- 
ciated lives of those resources 
once they are developed. By 
comparison, utilities that do not 
build carbon risk into their long- 
term planning will be left with 
few avenues to reduce costs in 
Complying with regelations, due 
to sunk costs and more limited 
and costly options to reduce 
emissions from existing 
resources. 

VII. Incorporating an 
Estimated Carbon Cost 
into Planning and 
Procurement: Examples 
from Three Leading 
Utilities 

In order to develop a resource 
portfolio that minimizes overall 
costs and risks, utilities should 
incorporate their best estimate of 
the cost of carbon dioxide emis- 
sions as an integral part o€ their 
long-term plan and p r m e m e n t  
mdelirxg processes, just like 



other readily foreseeable and 
significant costs and risks. The 
estimated cost should be modeled 
as an operational cost of each 
carbon-emitting resource. The 
outcome of such a modeXing 
process should be a resource 
portfolio that reduces the utilities' 
and their customers' exposure to 
this financia1 risk to a level that 
the utility believes is appropriate. 

ifferent utilities have used D different methodologies to 
account for the financial risk of 
carbon dioxide emissions in their 
long-term planning and procue- 
ment processes. In this section, we 
discuss the methodology used by 
three of the leading utilities in this 
arena, PacifiCorp, Idaho Power, 
and Pacific Gas and Electric 
Company, as well as stakeholder 
reactions to the policy. The three 
utitities that contributed to this 
article dl agree on the importance 
of including the future risk of 
carbon dioxide regulation in their 
resource planning decisions. 
However, the exampIes cited for 
each utility do not necessarily 
mean that the other two utilities 
endorse or would propose similar 
ways of addressing the issue. 

Each of the utilities discussed in 
this section has integrated an 
estimated cost for carbon dioxide 
emissions into their evaluation of 
resource options. In all cases, the 
financial risk of carbon dioxide 
emissions is one of many factors 
influencing the utilities' decisions 
about resource investments. The 
experience gained to date pro- 
vides insight for other utsities 
and their regulators seeking to 
reduce exposure to the cost of 

future regulation of carbon diox- 
ide emissions and to reduce their 
customers' overall long-term cost 
for energy services. 

A. Idaho Power Company 

In its 2004 Integrated Resource 
Plan, Idaho Power Company 
analyzed 12 different portfolios of 
resources. These portfolios were 

developed to explore a variety of 
different resource alternatives, 
ranging from portfolios with an 
emphasis on wind generation to 
an emphasis on coal generation to 
diversified portfolios, and the 
costs and benefits of each. Idaho 
Power analyzed the total cost of 
each portfolio over 30 pears, 
including an estimated cost of 
$12.30 per ton of carbon dioxide in 
its base case analysis. (Idaho 
Power derived the selected value 
from the $10 per ton value in 1990 
dollars required by the Oregon 
PUC for risk analysis.) Idaho 
Power also analyzed and ranked 
the total cost of the portfolios 
under four different scenarios, 
which included variations in the 
estimated cost of carbon dioxide 

emissions (€ram '$0 to $49.21 per 
toon of carbon dioxide) as well as 
other variables. Idaho Power then 
selected five of the portfolios for 
further risk analysis, in order to 
identify a porifolio that was 
robust under a variety of possible 
scenarios. 

Idaho Power's fmal portfolio 
was a balanced and diversified 
portfolio that faced the second- 
lowest exposure to the fmancial 
risk associated with carbon diox- 
ide emissions of the five "finalist" 
portfolios. Idaho Power's use of 
an estimated cost of earbon 
dioxide emissions makeridly . 
influenced the selection of the 
final portfolio, increasing the 
procurement of energy efficiency, 
renewable energy, and other low- 
emitting resources, but it 
remained one factor among many 
used to select the best portfolio. 

Idaho Power's IRB lays out a 10- 
year resource plan as well as a 
near-term action plan. Because 
Idaho Power intends to acquire 
the resources Identified in the IRP 
using separate competitive soli- 
citations or procurement pro- 
cesses for each type of resource, 
Idaho Power does not intend to 
incorporate an estimated cost for 
carbon dioxide emissions into its 
actual procurement pracess. 

B. PacifiCorp 

PacifiCorp incorporated an 
estimated cost for carbon dioxide 
emissions into its IRP in two 
ways. First, it built in an 
assumption of an $8 per ton value 
in its forecasts for naturai gas 
prices and for emissions 
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allowances for nitrogen oxide and 
sulfur dioxide over a 25-year 
period, which in turn affected the 
electric market price forecast. 
(Note that higher carbon dioxide 
values actually reduce costs 
associated with nitrogen oxide 
and s u l f u r  dioxide emissions due 
to less coal-fEed generation and 
an associated rise in excess 
allowances.) These market prices 
then helped the company deter- 
mine cost-effectiveness for dif- 
ferent resource options, and, with 
variations and multiple model 
runs, they also helped the com- 
pany understand the risk asso- 
ciated with carbon dioxide 
regulation. Second, carbon diox- 
ide costs were attributed to 
emissions associated with differ- 
ent portfolios, wtth an assump- 
tion that emissions are capped at 
2000 Conversely, portfo- 
lios with emissions below 2500 
levels received credits associated 
with excess allowances that could 
be sold to other This 
approach adds cost to thermal 
generation while effectively 
rewarding renewabte energy and 
demand-side energy efficiency for 
their emissions-free attributes. 
Finally, PacifiCorp subjected each 
portfolio that stwived initial 
cost and risk analysis to carbon 
dioxide values ranging from $0 to 
$40 per ton to comply with the 
OPUC‘s 1993 order. 

hen applied to different W resource portfolios, the 
higher carbon dioxide cost sce- 
narios, particularly the $25 and 
$40 per ton values, had the biggest 
impact on cost differentials 
among portfolios. Coal-heavy 

portfolios looked unattractive due 
to the cost of emissions above 
2000 levels, while “balanced” 
portfolios that avoided excessive 
exposure to high gas prices while 
exhibiting a much lower emis- 
sions level than coal-heavy port- 
folios fared well due to the sale of 
excess emissions allowances.36 

PacifiCorp’s use of an esti- 
mated carbon cost is not limited to 

planning; it is also firmly tied into 
purchasing efforts. PacifiCorp 
built on its modeling efforts in the 
IW by employing a forward price 
curve for electricity in evaluating 
procurement options that 
includes the impact of an $8 per 
ton estimated cost for carbon 
dioxide. The curve serves as a 
market price referent for bids 
submitted to the utility‘s 2004 
request-for-proposals for renew- 
able resources. Of course, since 
the vast majority of renewable 
emit little to no carbon dioxide, 
the bids themselves do not face 
carbon dioxide costs, but the 
market price referent curve 
includes a market with thermal 
resources, so the mbon dioxide- 
free renewables benefit Srom 

incorporating carbon dioxide into 
the price referent. 

PacifiCorp also applied the 
estimated carbon dioxide cost to 
its 2003 request for proposals 
(RFP) for thermal resources. In the 
2003 RFF’, PacifiCorp compared 
bids to a “next best dkrnative,’’ 
which was a combined-cycle 
natural gas plant proposed by the 
company to build and own. 
Because that plant would be an 
owned resource, the utility 
assumed that it would have to 
bear carbon dioxide costs. For 
bids proposing a power-purchase 
agreement, the company assumed 
that &e counterparties codd pass 
along carbon dioxide costs to the 
utility when regulations arrive. 
Bids were therefore assumed to 
have the same carbon dioxide 
costs as the utility-owned plant. 
However, the utility offered 
counterparties the abirity to 
explicitfy Indemrufy the utility for 
any carbon dioxide-related price 
risks in exchange for a payment of 
up to $3 per ton in accordance 
with the IRP assumptions. Effec- 
tively, the utility was offering an 
insurance payment to protect 
ratepayers from potentially costly 
regulations. I 

T 2003 thermal RFP won based 
on least cost, without indemnify- 
ing PacifiCorp for the carbon 
dioxide risk. However, negotia- 
tions between PacifiiCarp and 
potential counterparties prior to 
final selection included dialogues 
on contractual language and col- 
lateralization to support a sup- 
plier‘s obligation to hold carbon 
dioxiderefated risk. In particular, 

he resource selected in the 

----.-- 

j 
20 1040-6190i$-sce front matter 0 2oD5 Elsevier Ins. Au. rights reserved., doi:/10.1016/j.tej.2005.05.007 The Electriciky Journal 





the negotiations raised concerns 
among PadfiCorp staff that 
counterparties did not fully 
appreciate what it meant €0 hold 
such risk. For example, a project 
developer disposed to perceiving 
little risk of future GHG repla- 
tions could claim to bear the risk 
without a clear plan to cover the 
commitment in case of regula- 
tions and associated imposition of 
costs. This initial experience 
should prove instructive for the 
utility and bidders alike when 
another thermal WP is issued. 

C. Pacific Gas and Electric 
Company 

The California PUC recentjy 
adopted a new policy requiring its 
regulated utilities to explicitly 
account for the financial risk 
associated with carbon dioxide 
emissions in evaluating long-term 
resource commitments. The 
CPUC found that "Tilt is likely 
that greenhouse gas emissions 
will be regulated within the 
timeframe addressed in the utili- 
ties' [long-term procurement 
plans] and the lifetime of the 
utilities' long-term resource 
comm2"nts,'7 and concluded 
that "[glreenhouse gas emissions 
pose a real and substantial 
financial risk to customers and the 
uti~itiies."~~ 

PG&E will be using the CPUC- 
adopted "greenhouse gas adder" 
in evaluating offew it receives in 
response to competitive solicita- 
tions, as well as in its next long- 
term procurement plan. Ln accor- 
dance with CPUC requirements, 
PG&Es solicitations will be "all- 

source'' solicitations, welcoming 
both renewable and non-renew- 
zble bids, as well as utility-owned 
and contracted resources. These 
resource options will be evaluated 
using a least-cost/best-fit analy- 
sis, which uses market value, 
portfolio fit, credit, location, and 
other factors to rank all of the 
offers received and to select the 
best mix of resources. The "GHG 

I 

adder" will be one element of the 
market value evaluation, and -rdl 
affect the relative market valua- 
tions of resources based on their 
carbon dioxide emissions. 

PG&E is currently in the pro- 
cess of conducting its first com- 
petitive solicitation and using the 
estmated cost for GHG emissions 
in its evaluation. PG&E's current 
competitive solicitation is for 
particular peaking and inter- 
mediate products md the 
resources compared are likely to 
have similar emission profiles, so 
the "GHG adder," as just one of 
many factors used in evaluating 
bibs, is unlikely to have a sub- 
stantial impact on the outcome of 
the solicitation. But since PG&E 
conducts all-source solicitations, 

at some point it expects to com- 
pare resources with sigruficantly 
different emissions profiles, 
where the "GHG adder" could 
have a material effect on the 
outcome of the solicitation. 

D. Stakeholder views 

Stakeholder reaction to the 
introduction of an estimated cost 
for GHG emissions has been 
diverse, though typically accept- 
ing. Idaho Power's I@ elicited 
supportive comments on its use of 
a carbon risk value. PacifiCorp's 
LRT drew a range of comments 
reflecting its diverse service ter- 
ritory, which stretches from the 
Oregon coast to Utah and eastern 
Wyoming. Utah Commission staff 
had questions about the 
mechanics of the estimated car- 
bon dioxide cost and the basis of 
the valuation, but not about the 
existence of the estimated cost 
itself. In California, the issue was 
the subject of formal regulatory 
hearings in which numerous 
issues were debated. As with any 
kind of scenario risk, this type of 
debate is to be expected. 

he first threshold issue dis- T cussed in some areas was 
whether regulation of carbon 
dioxide emissions is Likely within 
the lifetime of new investments. 
An overwhelming majority O€ 

stakeholders agree that such reg- 
ulation is likely. However, other 
voices expressed concern. For 
example, the Utah Committee of 
Consumer Services, while 
"appreciating PacifiCorp's 
proactive approach," also felt that 
the uncertainty surrounding the 
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existence and extent of future 
regulations made them uncom- 
fortable with any value in the base 
case. In California, some utilities 
asserted that it would be prema- 
ture for the Commission to adopt 
an estimated h&re cost of carbon 
dioxide emissions, and that 
instead the Commission and the 
uldizies should wait to act until 
carbon dioxide is regulated. By 
the time carbon dioxide is regu- 
lated it may be too late for utilities 
to protect customers and share- 
holders €rom increased costs 
associated with long-term com- 
mitments made earlier. Electric 
resources are long-term, rapital- 
intensive investments. Onee car- 
bon dioxide is regulated, utllities 
that do not plan now wifl prob- 
ably not be able to reshape their 
port-falios overnight, at least not 
wlthout incurring massive costs. 

election of an appropriate S estimated cost of carbon 
dioxide dss ions  was also the 
subject of considerable discussion 
among stakeholders. Some 
pointed to the lack of federal 
action to date as a reason to 
reduce the estimated cost - but 
not eliminate it entirely. Conver- 
sely, other stakeholders asserted 
that the estimated cost was not 
high enough, given increasing 
prices in European markets. Such 
conflicting comments reflect both 
different interests, as well as the 
inherent challenge of quantifymg 
a scenario risk. 

Some stakeholders expressed 
toncern that the actual cost of 
carbon dioxide emissions might 
ultimatelybe higher or lower than 
the estimated cost. However, the 

most simple and compelling 
consideration is that the risk of 
GHG regulations dearly exists, 
and therefore to value carbon 
dioxide is prudent utility man- 
agement; planning and purchas- 
ing decisions that are made today 
must use the best available 
information. Uncertainky about 
fume costs is simply a fact of life 
in the electric industry, and utili- 

ties must continue to make long- 
lived investment decisions based 
on the best information available 
at the tirne of the investment. 

Stakeholder discussion also 
centered around the possibility 
khat the use of an estimated car- 
bon cost codd inaease rates in 
the near-term before carbon 
dioxide emissions are regulated. 
Incurring a small cost in the near- 
term to hedge against a much 
larger risk is appropriate. Utilities 
routinely incur these "insurance 
premium" type costs to hedge 
other risks such as natural gas 
price risk. Moreover, it is often 
prudent to incur modest, near- 
term costs in order to protect 
customers from much larger 
potential future costs, even if those 

future costs do not end up being 
as large as anticipated. 

Etimately, both PacifiCorp's U and Idaho Power's RPs 
received high praise from regu- 
lators, environmental stake- 
holders, and other stakeholders 
such as customer groups. The 
praise reflected in part the fact 
that the uhlities examined 
numerous cost and risk factors 
that led to diverse resource 
selections. "he financial risk 
associated with carbon dioxide 
emissions was one of many fac- 
tors used to select the o@.nal 
portfolio, and no single factor 
dominated planning decisions. 
PG&E, for its part, has been a 
national leader in calling for 
responsible market-based 
responses to the risks associated 
with global climate change, and 
the company was an early sup- 
porter of the California PUC's 
decision, which attracted wide- 
spread support from other key 
stakeholders. 

VHI. Conclusion 

Risk management is increas- 
ingly recognize@ as a crucial 
responsibility of utility portfolio 
managers. The financial risk 
associated with likely future reg- 
ulation of carbon dioxide emis- 
sions is becoming a focus of 
utilities' and regulators' risk 
management effom, as they 
recognize the imprudence of 
assuming that carbon dioxide 
emissions wifl not cost anything 
over the 30-year or longer lifetime 
of new investments. Utilities can 
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help protect their customers and 
shareholders from this financial 
risk by integrating an estimated 
cost of carbon dioxide emissions 
into their evaluation of resource 
options, and selecting the overall 
Least-cost portfolio of resources. 
Utilities can learn from the 
experience that some utilities 
have gained at managing this risk 
to ensure that today's investments 
do not lock customers or share- 
holders into much higher costs 
tomorrow if greenhouse gases are 
regulated.. 
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models of the global effects - shows that climate change will have serious impacts 
on world output, on human life and on the environment. 

All countries will be affected. The most vulnerable - the poorest countries and 
populations -will suffer earliest and most, even though they have contributed least to 
the causes of  climate change. The costs of extreme weather, including floods, 
droughts and storms, are already rising, including for rich countries. 

Adaptation to climate change - that is, taking steps to build resilience and minimise 
costs - is essential. It is no longer possible to prevent the climate change that will 
take place over the next two to three decades, but it is still possible to protect our 
societies and economies from its impacts to some extent - for example, by providing 
better information, improved planning and more climate-resilient crops and 
infrastructure. Adaptation will cost tens of billions of dollars a year in developing 
countries alone, and will put still further pressure on already scarce resources. 
Adaptation efforts, particularly in developing countries, should be accelerated. 

The costs of stabilising the climate are significant but manageable; delay 
would be dangerous and much more costly. 

The risks of the worst impacts of climate change can be substantially reduced if 
greenhouse gas levels in the atmosphere can be stabilised between 450 and 
550ppm COP equivalent (C0,e). The current level is 430ppm C02e today, and it is 
rising at more than 2ppm each year. Stabilisation in this range would require 
emissions to be at least 25% below current levels by 2050, and perhaps much more. 

Ultimately, stabilisation - at whatever level - requires that annual emissions be 
brought down to more than 80% below current levels. 

This is a major challenge, but sustained long-term action can achieve it at costs that 
are low in comparison to the risks of inaction. Central estimates of the annual costs 
of achieving stabilisation between 500 and 550ppm C02e are around 1% of global 
GDP, if we start to take strong action now. 

Costs could be even lower than that if there are major gains in efficiency, or if the 
strong co-benefits, for example from reduced air pollution, are measured. Costs will 
be higher if innovation in low-carbon technologies is slower than expected, or if 
policy-makers fail to make the most of economic instruments that allow emissions to 
be reduced whenever, wherever and however it is cheapest to do so. 

It would already be very difficult and costly to aim to stabilise at 450ppm C02e. If we 
delay, the opportunity to stabilise at 500-550ppm C02e may slip away. 

Action on climate change is required across all countries, and it need not cap 
the aspirations for growth of rich or poor countries. 

The costs of taking action are not evenly distributed across sectors or around the 
world. Even if the rich world takes on responsibility for absolute cuts in emissions of 
60-80% by 2050, developing countries must take significant action too. But 
developing countries should not be required to bear the full costs of this action alone, 
and they will not have to. Carbon markets in rich countries are already beginning to 
deliver flows of finance to support low-carbon development, including through the 
Clean Development Mechanism. A transformation of these flows is now required to 
support action on the scale required. 
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STERN REVIEW: The Economics of C h a t  

Summaw of Conclusions 

There is still time to avoid the worst impacts of climate change, if we take 
strong action now. 

The scientific evidence is now overwhelming: climate change is a serious global 
threat, and it demands an urgent global response. 

This Review has assessed a wide range of evidence on the impacts of climate 
change and on the economic costs, and has used a number of different techniques to 
assess costs and risks. From all of these perspectives, the evidence gathered by the 
Review leads to a simple conclusion: the benefits of strong and early action far 
outweigh the economic costs of not acting. 

Climate change will affect the basic elements of life for people around the world - 
access to water, food production, health, and the environment. Hundreds of millions 
of people could suffer hunger, water shortages and coastal flooding as the world 
warms. 

Using the results from formal economic models, the Review estimates that if we don't 
act, the overall costs and risks of climate change will be equivalent to losing at least 
5% of global GDP each year, now and forever. If a wider range of risks and impacts 
is taken into account, the estimates of damage could rise to 20% of GDP or more. 

In contrast, the costs of action - reducing greenhouse gas emissions to avoid the 
worst impacts of climate change - can be limited to around 1% of global GDP each 
year. L 

The investment that takes place in the next 10-20 years will have a profound effect 
on the climate in the second half of this century and in the next. Our actions now and 
over the coming decades could create risks of major disruption to economic and 
social activity, on a scale similar to those associated with the great wars and the 
economic depression of the first half of the 20'" century. And it will be difficult or 
impossible to reverse these changes. 

So prompt and strong action is clearly warranted. Because climate change is a 
global problem, the response to it must be international. It must be based on a 
shared vision of long-term goals and agreement on frameworks that will accelerate 
action over the next decade, and it must build on mutually reinforcing approaches at 
national, regional and international level. 

Climate change could have very serious impacts on growth and development. 

If no action is taken to reduce emissions, the concentration of greenhouse gases in 
the atmosphere could reach double its pre-industrial level as early as 2035, virtually 
committing us to a global average temperature rise of over 2°C. In the longer term, 
there would be more than a 50% chance that the temperature rise would exceed 
5°C. This rise would be very dangerous indeed; it is equivalent to the change in 
average temperatures from the last ice age to today. Such a radical change in the 
physical geography of the world must lead to major changes in the human geography 
-where people live and how they live their lives. 

Even at more moderate levels of warming, all the evidence - from detailed studies of 
regional and sectoral impacts of changing weather patterns through to economic 
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Action on climate change will also create significant business 
markets are created in low-carbon energy technologies and other low-carbon goods 
and services. These markets could grow to be worth hundreds of billions of dollars 
each year, and employment in these sectors will expand accordingly. 

The world does not need to choose between averting climate change and promoting 
growth and development. Changes in energy technologies and in the structure of 
economies have created opportunities to decouple growth from greenhouse gas 
emissions. Indeed, ignoring climate change will eventually damage economic growth. 

Tackling climate change is the pro-growth strategy for the longer term, and it can be 
done in a way that does not cap the aspirations for growth of rich or poor countries. 

A range of options exists to cut emissions; strong, deliberate policy action is 
required to motivate their take-up. 

Emissions can be cut through increased energy efficiency, changes in demand, and 
through adoption of clean power, heat and transport technologies. The power sector 
around the world would need to be at least 60% decarbonised by 2050 for 
atmospheric concentrations to stabilise at or below 550ppm COPe, and deep 
emissions cuts will also be required in the transport sector. 

Even with very strong expansion of the use of renewable energy and other low- 
carbon energy sources, fossil fuels could still make up over half of global energy 
supply in 2050. Coal will continue to be important in the energy mix around the 
world, including in fast-growing economies. Extensive carbon capture and storage 
will be necessary to allow the continued use of fossil fuels without damage to the 
atmosphere. 

Cuts in non-energy emissions, such as those resulting from deforestation and from 
agricultural and industrial processes, are also essential. 

With strong, deliberate policy choices, it is possible to reduce emissions in both 
developed and developing economies on the scale necessary for stabilisation in the 
required range while continuing to grow. 

Climate change is the greatest market failure the world has ever seen, and it 
interacts with other market imperfections. Three elements of policy are required for 
an effective global response. The first is the pricing of carbon, implemented through 
tax, trading or regulation. The second is policy to support innovation and the 
deployment of low-carbon technologies. And the third is action to remove barriers to 
energy efficiency, and to inform, educate and persuade individuals about what they 
can do to respond to climate change, 

Climate change demands an international response, based on a shared 
understanding of long-term goals and agreement on frameworks for action. 

Many countries and regions are taking action already: the EU, California and China 
are among those with the most ambitious policies that will reduce greenhouse gas 
emissions. The UN Framework Convention on Climate Change and the Kyoto 
Protocol provide a basis for international co-operation, along with a range of 
partnerships and other approaches. But more ambitious action is now required 
around the world. 
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STERN REVIEW: The Economics of Climates 

Exhibit DAL- Pa e 4 Of 4 
Countries facing diverse circumstances will use different approaches to m%e heir 
contribution to tackling climate change. But action by individual countries is not 
enough. Each country, however large, is just a part of the problem. It is essential to 
create a shared international vision of long-term goals, and to build the international 
frameworks that will help each country to play its part in meeting these common 
goals. 

Key elements of future international frameworks should include: 

0 Emissions trading: Expanding and linking the growing number of emissions 
trading schemes around the world is a powerful way to promote cost-effective 
reductions in emissions and to bring forward action in developing countries: 
strong targets in rich countries could drive flows amounting to tens of billions of 
dollars each year to support the transition to low-carbon development paths. 

Technology cooperation: Informal co-ordination as well as formal agreements can 
boost the effectiveness of investments in innovation around the world. Globally, 
support for energy R&D should at least double, and support for the deployment of 
new low-carbon technologies should increase up to five-fold. International co- 
operation on product standards is a powerful way to boost energy efficiency. 

0 Action to reduce deforestation: The loss of natural forests around the world 
contributes more to global emissions each year than the transport sector. 
Curbing deforestation is a highly cost-effective way to reduce emissions; large- 
scale international pilot programmes to explore the best ways to do this could get 
underway very quickly. 

0 Adaptation: The poorest countries are most vulnerable to climate change. It is 
essential that climate change be fully integrated into development policy, and that 
rich countries honour their pledges to increase support through overseas 
development assistance. International funding should also support improved 
regional information on climate change impacts, and research into new crop 
varieties that will be more resilient to drought and flood. 
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produces large 
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coal burned since the dawnof the Indus- 
trial Revolution. 

Coal’s projected popularity is disturb- 
ing not only for those concerned about 
climate change but also for those worried 
about other aspects of the environment 
and about human health and safety. 
Coal’s market price may be low, but the 
true costs of its extraction, processing 
and consumption are high. Coal use can 
lead to a range of harmful consequences, 
including decapitated mountains, air pol- 
lution from acidic and toxic emissions, 
and water fouled with coal wastes. Ex- 
traction also endangers and can kill min- 
ers. Together such effects make coalpro- 
duction and conversion to useful energy 
one of the most destructive activities on 
the planet [see box on page 731. 

In keeping with Scientific Ameri- 
run’s focus on climate concerns in this 
issue, we will concentrate below on 
methods that can help prevent COzgen- 
erated during coal conversion from 
reaching the atmosphere. It goes with- 
out saying that the environmental, safe- 
ty  and health effects of coal production 
and use must be reduced as well. Fortu- 
nately, affordable techniques for ad- 
dressing C02 emissions and these other 
problems already exist, although the 
will to implement them quickly stilllags 
signhcantly. 

~o~~~~ Strate 
T H E  T E C H N I Q U E  s that power provid- 
ers could apply to keep most of the car- 
bon dioxide they produce from entering 
the air are collectively called C02 cap- 
ture and storage (CCS) or geologic car- 
bon sequestration. These procedures 
involve separating out much of the C02 
that is created whencoal is converted to 
useful energy and transporting it to sites 
where it can be stored deep underground 
in porous media-mainly in depleted oil 
or gas fields or in saline formations (per- 
meable geologic strata filled with salty 
water) [see “Can We Bury Global 
Warming?” by Robert H. Socolow; SCI- 
ENTIFIC AMERICAN, July 2005]. 

All the technological components 
needed for CCS at coal conversion plants 
are commercially ready-having been 
proved in applications unrelated to cli- 

mate change mitigation, although inte- 
grated systems have not yet been con- 
structed at the necessary scales. Capture 
technologies have been deployed exten- 
sively throughout the world both in the 
manufacture of chemicals (such as fertil- 
izer) and in the purification of natural gas 
supplies contaminated with carbon diox- 
ide and hydrogen sulfide (“sour gas”). 
Industry has gained considerable experi- 
ence withe02 storage in operations that 
purify natural gas (mainly in Canada) as 
well as with C02 injection to boost oil 
production (primarily in the U.S.). En- 
hanced oil recovery processes account for 
most of the C02 that has been sent into 

Affordable 
methods that 
prevent CO, 
from reaching 

the atmosphere 
exist; the will to 
implement them 

quickly lags. 
-* - %,* 

underground reservoirs. Currently about 
35 million metric tons are injected annu- 
ally to coax more petroleum out of ma- 
ture fields, accounting for about 4 per- 
cent of U.S. crude oil output. 

Implementing CCS at coal-consum- 
ing plants is imperative if the carbon di- 
oxide concentration in the atmosphere is 
to be kept at an acceptable level. The 
1992 United Nations Framework Con- 
vention on Climate Change calls for sta- 
bilizing the atmospheric C02 concentra- 
tion at a “safe” level, but it does not spec- 
ify what the maximum value should be. 
The current view of many scientists is 
that atmospheric C02 levels must be kept 
below 450 parts per million by volume 
(ppmv) to avoid unacceptable climate 
changes. Realization of this aggressive 
goal requires that the power industry 
start commercial-scale CCS projects 

within the next few years and expand 
them rapidly thereafter. This stabiliza- 
tion benchmark cannot be realized by 
CCS alone but can plausibly be achieved 
if it is combined with other eco-friendly 
measures, such as wide improvements in 
energy efficiency and much expanded 
use of renewable energy sources. 

The Intergovernmental Panel on Cli- 
mate Change (IPCC) estimated in 2005 
that it is highly probable that geologic 
media worldwide are capable of seques- 
tering at least two trillion metric tons of 
CO2-more than is likely to be produced 
by fossil-fuel-consuming plants during 
the 21st century. Society will want to be 
sure, however, that potential sequestra- 
tion sites are evaluated carefully for their 
ability to retain C02 before they are al- 
lowed to operate. Two classes of risks 
are of concern: sudden escape and grad- 
ual leakage. 

Rapid outflow of large amounts of 
C02 could be lethal to those in the vi- 
cinity. Dangerous sudden releases-such 
as that which occurred in 1986 at Lake 
Nyos in Cameroon, when C02 of volca- 
nic origin asphyxiated 1,700 nearby vil- 
lagers and thousands of cattle-are im- 
probable for engineered C02 storage 
projects in carefully selected, deep po- 
rous geologic formations, according to 
the IPCC. 

Gradual seepage of carbon dioxide 
into the air is also an issue, because over 
time it could defeat the goal of CCS. The 
2005 IPCC report estimated that the 
fraction retained in appropriately select- 
ed and managed geologic reservoirs is 
very likely to exceed 99 percent over 100 
years and likely to exceed 99 percent over 
1,000 years. What remains to be demon- 
strated is whether in practice operators 
can routinely keep C02 leaks to levels 
that avoid unacceptable environmental 
and public health risks. 

Tech I: Q Io gy Ch 8 is: e s 
D E S  I G N  s T U  D I ES indicate that existing 
power generation technologies could cap- 
ture from 85 to 95 percent of the carbon 
in coal as C02, with the rest released to 
the atmosphere. 

The coal conversion technologies 
that come to dominate will be those that 
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To slow climate change, the authors urge power providers to  bui ld 
integrated gasification combined cycle (IGCC] coal power plants 
w i th  carbon dioxide captureand storage (CCS) capabilities 
[below] rather than conventional steam-electr icfaci l i t ies. 
Conventional coal plants burn the fuel to  transform water in to 
s team t o  turn a turbine-generator. If C C S  technology were applied 
to  a steam plant, C02 would be ext ractedf rom the f lue exhaust. 
An I G C C  plant, in contrast, employs a part ialoxidation reaction 

using l imited oxygen to  convert the coal in to  a so-called 
synthesis gas, or syngas (mostly hydrogen and carbon 
monoxide]. I t  i s  much easier and less costly to  remove CO2from 
syngas than f romthe f lue  gases o f a  steam plant.The hydrogen- 
rich syngas remainingafter LO2 extraction is  then burned t o  run 
both gas and steam turbine-generators.The world'sf irst 
commercial IGCC project that  wi l l  sequester C02 underground is  
being planned near Long Beach, Calif. 

f 
Con EXTRACTION 2Thesyngasisreactedwithsteamtoproduce a 

gaseous mixture o f  mostly carbon dioxide and 
hydrogen (Hr] from which COzisextracted for 
burial (yellowpathwoys at bottom) fed intoa high-pressure 

gasifierin which the coal is i 

GASIFICATION 
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c a n  meet the objectives of climate 
change mitigation at the least cost. Fun- 
damentally different approaches to CCS 
would be pursued for power plants us- 
ing the conventional pulverized-coal 
steam cycle and the newer integrated 
gasificationcombined cycle (IGCC). Al- 
though today’s coal IGCC power (with 
C 0 2  venting) is slightly more expensive 
than coal steam-electric power, it looks 
like IGCC is the most effective and least 
expensive option for CCS. 

Standard plants burn coalin a boiler 
at atmospheric pressure. The heat gen- 
erated in coal combustion transforms 
water into steam, which turns a steam 
turbine, whose mechanical energy is 
converted to electricity by a generator. 
In modern plants the gases produced by 
combustion (flue gases) then  pass 
through devices that remove particu- 
lates and oxides of sulfur and nitrogen 
before being exhausted via smokestacks 
into the air. 

Carbon dioxide could be extracted 
from the flue gases of such steam-elec- 
tric plants after the removal of conven- 
tional pollutants. Because the flue gases 
contain substantial amounts of nitrogen 
(the result of burning coal in air, which 
is about 80 percent nitrogen), the car- 
bon dioxide would be recovered at low 
concentration and pressure-which im- 
plies that the C02  would have to be re- 
moved from large volumes of gas using 
processes that are both energy-intensive 
and expensive. The captured COz would 
then be compressed and piped to an  ap- 
propriate storage site. 

In an  IGCC system coal is not burned 
but rather partially oxidized (reacted 
with limited quantities of oxygen from 

a Commercial power plants using IGCC 
technology, such as this one in Italy, have been 
operating since 1994. Together they generate 
3,600 megawatts ofelectricity. 

an  air separation plant, and with steam) 
at high pressure in a gasifier. The prod- 
uct of gasification is so-called synthesis 
gas, or syngas, which is composed most- 
ly of carbon monoxide and hydrogen, 
undiluted with nitrogen. I n  current 
practice, IGCC operations remove most 
conventional pollutants from the syngas 
and then burn it to turn both gas and 
steam turbine-generators i n  what is 
called a combined cycle. 

In an  IGCC plant designed to cap- 
ture C02, the syngas exiting the gasifier, 
after being cooled and cleaned of par- 
ticles, would be reacted with steam to 
produce a gaseous mixture made up 
mainly of carbon dioxide and hydrogen. 
The C 0 2  would then be extracted, 

DAVID G. HAWKINS, DANIELA. LASHOFand ROBERT H. WILLIAMS haveendeavored to help 
stave offcl imate change problems for decades. Hawkins is  director o f  the Climate Center 
at t he  Natural Resources Defense Council [NRDC), where he has worked on air, energy 
andcl imateissuesfor35years. Hawkinsserves on the boardsof many bodies that advise 
government on environmental and energy subjects. Lashof is science director and dep- 
u t y  director o f  the NRDC’s Climate Center, at which he has focused on national energy 
policy, climate science and solutions to global warmingsince 1989. Before arr ivingat the 
NRDC, Lashof developed policy options for stabilizing global cl imate at the U.S. Environ- 
mental Protection Agency. Williams is a senior research scientist at Princeton University, 
which he joined in 1975.At the university’s Princeton Environmental Inst i tute, he heads 
the Energy Systems/Policy Analysis Group and the Carbon Capture Group under the in- 
stitute’s Carbon Mitigation Initiative [which is supported by BPand Ford]. 

dried, compressed and transported to a 
storage site. The remaining hydrogen- 
rich gas would be burned in a combined 
cycle plant to generate power [see box 
on preceding page]. 

Analyses indicate that carbon diox- 
ide capture at  IGCC plants consuming 
high-quality bituminous coals would 
entail significantly smaller energy and 
cost penalties and lower total genera- 
tion costs than what could be achieved 
in conventional coal plants that cap- 
tured and stored COX. Gasification sys- 
tems recover C02  from a gaseous stream 
at high concentration and pressure, a 
feature that makes the process much 
easier than it would be in conventional 
steam facilities. (The extent of the ben- 
efits is less clear for lower-grade subbi- 
tuminous coals and lignites, which have 
received much less study.) Precombus- 
tion removal of conventional pollutants, 
including mercury, makes it feasible to 
realize very low levels of emissions at 
much reduced costs and with much 
smaller energy penalties than  with 
cleanup systems for flue gases in conven- 
tional plants. 

Captured carbon dioxide can be 
transported by pipeline up to several 
hundred kilometers to suitable geologic 
storage sites and subsequent subterra- 
nean storage with the pressure produced 
during capture. Longer distances may, 
however, require recompression to com- 
pensate for friction losses during pipe- 
line transfer. 

Overall, pursuing CCS for coal pow- 
er facilities requires the consumption of 
more coal to generate a kilowatt-hour of 
electricity than when COz is vented- 
about 30 percent extra in the case of 
coal steam-electric plants and less than 
20 percent more for IGCC plants. But 
overall coal use would not necessarily 
increase, because the higher price of 
coal-based electricity resulting from 
adding CCS equipment would dampen 
demand for coal-based electricity, mak- 
ing renewable energy sources and ener- 
gy-efficient products more desirable to 
consumers. 

The cost of CCS will depend on the 
type of power plant, the distance to the 
storage site, the properties of the storage 
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reservoir and the availability of oppor- 
tunities (such as enhanced oil recovery) 
for selling the captured C02. A recent 
study co-authored by one of us (Wil- 
liams) estimated the incremental electric 
generation costs of two alternative CCS 
options for coal IGCC plants under typ- 
ical production, transport and storage 
conditions. For CO2 sequestration in a 
saline formation 100 kilometers from a 
power plant, the study calculated that 
the incremental cost of CCS would be 
1.9 cents per kilowatt-hour (beyond the 
generation cost of 4.7 cents per kilowatt- 
hour for a coal IGCC plant that vents 
CO2-a 40 percent premium). For CCS 
pursued in conjunction with enhanced 
oil recovery at a distance of 100 kilome- 
ters from the conversion plant, the anal- 
ysis finds no increase in net generation 

cost would occur as long as the oil price 
is at least $35 per barrel, which is much 
lower than current prices. 

M A N Y  E L E C T R I C I T Y  producers in 
the industrial world recognize that en- 
vironmental concems will at some point 
force them to implement CCS if they are 
to continue to employ coal. But rather 
than building plants that actually cap- 
ture and store carbon dioxide, most 
plan to construct conventional steam 
facilities they claim will be “COz cap- 
ture ready”-convertible when CCS is 
mandated. 

Power providers often defend those 
decisions by noting that the U.S. and 
most other countries with coal-intensive 
energy economies have not yet institut- 

ed policies for climate change mitigation 
that would make CCS cost-effective for 
uses not associated with enhanced oil 
recovery. Absent revenues from sales to 
oil field operators, applying CCS to new 
coal plants using current technology 
would be the least-cost path only if the 
cost of emitting COz were at least $25 
to $30 per metric ton. Many current 
policy proposals for climate change mit- 
igation in the U.S. envision significantly 
lower cost penalties to power providers 
for releasing COz (or similarly, pay- 
ments for COz emissions-reduction 
credits). 

Yet delaying CCS at coal power 
plants until economy-wide carbon diox- 
ide control costs are greater than CCS 
costs is shortsighted. For several rea- 
sons, the coal and power industries and 

Despite the current popularity of the term “clean coal,” coal is, in fact, dirty.Although carbon capture and storage could prevent much carbon 
dioxide from entering the atmosphere, coal production and consumption is still oneofthe most destructive industrial processes.As long as 
theworldconsumescoal, more must bedonetomitigate the harm it causes. 

W l N l N G  DWIdeSERS 
Coal miningis amongthe most dangerous occupations. Official 
reportsfor2005indicate that  roughly 6,000 people died 
[16 a day] in  China from coal minefloods, cave-ins, fires and 

Underground mining can cause serious problems on the 
surface. Mines collapse and cause land subsidence, 
damaging homes and roads. Acidic mine drainage caused by 
sulfur compounds leachingfrom coalwaste into surface 

explosions. Unofficial estimates are 
closerto 10,000. Some 600,000 
Chinese coal miners suffer from 
black lung disease. 

The U.S. has better safety 
practices than China and achieved an 
all-time low of 22 domestic fatalit ies 
i n  2005. U.S. mines are far from 
perfect, however, as evidenced by a 
series offatalit ies in early 2006. 

waters has tainted thousands of 
streams. The acid leachate releases 
heavy metals that  foul groundwater, 

TOXiC EMISSlONS 
Coal-fired power plants account for 
more than two thirds of sulfur dioxide 
and about one fifth of nitrogen oxide 
emissions in the U.S. Sulfur dioxide 
reacts in the atmosphere to form 
sulfate particles,which in  addition to 

~ N ~ ~ ~ ~ N ~ ~ N T ~ ~  EFFECTS causing acid rain, contributeto fine 
Conventional coal mining, processing stainsthiscreekbed orange. particulate pollution, a contaminant 
and transportation practices scar linked to thousands of premature 
the landscape and pollute the water, which harms people and deathsfrom lung disease nationwide. Nitrogen oxides combine 
ecosystems. The most destructive mining techniques clear with hydrocarbons to form smog-causingground-level ozone. 
forests and blast away mountaintops. The “overburden” Coal-burning plants also emit approximately 48 metric 
removed when a coal seam is  uncovered is typically dumped tons of  mercury a year in  America. This highly toxic element 
into nearby valleys, where it often buries rivers and streams. persists in the ecosystem. Aftertransforminginto methyl 
Strip-mining operations rip apart ecosystems and reshape mercury, it accumulates in the tissues of fishes. Ingested 
the landscape. Although regulations require land reclamation mercury is particularly detrimental to fetuses and young 
in principle, it is often left incomplete. As forests are replaced infants exposed-during periods of  rapid brain growth, causing 
with nonnativegrasslands, soils become compacted and developmental and neurological damage. 
streams contaminated. --D.G.H.,D.A.L.ondR.H.W. 

A Acid runofffrom a Pennsylvania coal  mine 
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T 
Our calculations indicatethat a prompt commitment to carbon capture and storage 
(CCS]wouldmakeit possibleto meet globalenergydemandswhilelimitingthe 
atmospheric carbon dioxide concentration to450 parts per million by volume [ppmv]. 
This goalcould beattained if, by midcentury,sequestration is appliedforallcoal use 
and about a quarterof natural gas use, while energy efficiency increases rapidly and 
carbon-free energy sources expand sevenfold. Underthese conditions, overall fossil- 
fuel consumption could expand modestly fromtoday: by midcentury, coal use could be 
somewhat higherthanat present,oilusewould bedown byaf i f thand naturalgasuse 
would expand by half. 

To realizethis pathway, growth ratesforfossil-fuelusewould haveto be reduced 
now, and CCS must begin for coal early in the next decade and for natural gas early in 
the next quarterofacentury.Thetopgraph belowdepictstheenergy provided bythe 
various sources i f th is mitigation path werefollowed.The bottom graph shows total 
quantities of  carbon extracted from the earth [emissions plus storage]. 

-D.G.H., D.A.L.ondR.H.W. 

FOSSIL AND CARBON-FREE ENERGY MIX FOR COz STABILIZATION 

Additional carbon-free energy 
needed to satisfy demand 
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society would ultimately benefit if de- 
ployment of plants fitted with CCS 
equipment were begun now. 

First, the fastest way to reduce CCS 
costs is via “learning by doing”-the ac- 
cumulation of experience in building 
and running such plants. The faster the 
understanding is accumulated, the 
quicker the know-how with the new 
technology will grow, and the more rap- 
idly the costs will drop. 

Second, installing CCS equipment as 
soon as possible should save money in 
the long run. Most power stations cur- 
rently under construction will still be op- 
erating decades from now, when it is 
likely that CCS efforts will be obligatory. 
Retrofitting generating facilities for CCS 
is inherently more expensive than de- 
ploying CCS in new plants. Moreover, in 
the absence of C02 emission limits, fa- 
miliar conventional coal steam-electric 
technologies will tend to be favored for 
most new plant construction over newer 
gasification technologies, for which CCS 
is more cost-effective. 

Finally, rapid implementation would 
allow for continued use of fossil fuels in 
the near term (until more environmen- 
tally friendly sources become prevalent) 
without pushing atmospheric carbon 
dioxide beyond tolerable levels. Our  
studies indicate that it is feasible to sta- 
bilize atmospheric COz levels at 450 
ppmv over the next half a century if 
coal-based energy is completely decar- 
bonized and other measures described 
in the box at the left are implemented. 
This effort would involve decarbonizing 
36 gigawatts of new coal generating ca- 
pacity by 2020 (corresponding to 7 per- 
cent of the new coal capacity expected 
to be built worldwide during the decade 
beginning in 2011 under business-as- 
usual conditions). In the 35 years after 
2020, C 0 2  capture would need to rise 
at a n  average rate of about 12 percent 
a year. Such a sustained pace is high 
compared with typical market growth 
rates for energy but is not unprecedent- 
ed. It is much less than the expansion 
rate for nuclear generating capacity in 
its heyday-1956 to 1980-during 
which global capacity rose at an  average 
rate of 40 percent annually. Further, the 

$ 
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expansion rates for bothwind and solar 
photovoltaic power capacities world- 
wide have hovered around 30 percent a 
year since the early 1990s. In all three 
cases, such growth would not have been 
practical without public policy mea- 
sures to support them. 

Our calculations indicate that the 
costs of CCS deployment would be man- 
ageable as well. Using conservative 
assumptions-such as that technology 
will not improve over time-we estimate 
that the present worth of the cost of 
capturing and storing all C02 produced 
by coal-based electricity generation 
plants during the next 200 years will be 
$1.8 trillion (in 2002 dollars). That 
might seem like a high price tag, but it is 
equivalent to just 0.07 percent of the 
current value of gross world product 
over the same interval. Thus, it is plau- 
sible that a rapid decarbonization path 
for coal is both physically and econom- 
ically feasible, although detailed region- 
al analyses are needed to confirm this 
conclusion. 

Pol icy Push os Needa 
THOSE G O O D  R E A S O N S  forcom- 
mencing concerted CCS efforts soon 
will probably not move the industry un- 
less it is also prodded by new public pol- 
icies. Such initiatives would be part of a 
broader drive to control carbon dioxide 
emissions from all sources. 

In the U.S., a national program to 
limit C02 emissions must be enacted 
soon to introduce the government reg- 
ulations and market incentives nec- 
essary to shift investment to the least- 
polluting energy technologies promptly 
and on a wide scale. Leaders in the 
American business and policy commu- 
nities increasingly agree that quantifi- 
able and enforceable restrictions on 
global warming emissions are impera- 
tive and inevitable. To ensure that pow- 
er companies put into practice the re- 
ductions in a cost-effective fashion, a 
market for trading COz emissions cred- 
its should be created-one similar to 
that for the sulfur emissions that cause 
acid rain. In such a plan, organizations 
that intend to exceed designated emis- 
sion limits may buy credits from others 

www.sc iam.com 

that are able to stay below these values. 
Enhancing energy efficiency efforts 

and raising renewable energy produc- 
tion are critical to achieving carbon di- 
oxide limits at the lowest possible cost. 
A portion of the emission allowances 
created by a carbon cap-and-trade pro- 
gram should be allocated to the estab- 
lishment of a fund to help overcome in- 
stitutional barriers and technical risks 
that obstruct widespread deployment of 
otherwise cost-effective COz mitigation 
technologies. 

Delaying 
carbon capture 

and storage 
at coal power 

plants is 
shortsighted. 

Even if a carbon dioxide cap-and- 
trade program were enacted in the next 
few years the economic value of CO2 
emissions reduction may not be enough 
initially to convince power providers to 
invest in power systems with CCS. To 
avoid the construction of another gen- 
eration of conventional coal plants, it is 
essential that the federal government es- 
tablish incentives that promote CCS. 

One approachwould be to insist that 
an increasing share of total coal-based 

electricity generation comes from facili- 
ties that meet a low C02 emissions stan- 
dard-perhaps a maximum of 30 grams 
of carbon per kilowatt-hour (an achiev- 
able goal using today’s coal CCS tech- 
nologies). Such a goal might be achieved 
by obliging electricity producers that 
use coal to include a growing fraction of 
decarbonized coal power in their supply 
portfolios. Each covered electricity pro- 
ducer could either generate the required 
amount of decarbonized coal power or 
purchase decarbonized-generation cred- 
its. This system would share the incre- 
mental costs of CCS for coal power 
among all U.S. coal-based electricity 
producers and consumers. 

If the surge of conventional coal- 
fired power plants currently on drawing 
boards is built as planned, atmospheric 
carbon dioxide levels will almost cer- 
tainly exceed 450 ppmv. We can meet 
global energy needs while still stabiliz- 
ing C02 at 450 ppmv, however, through 
a combination of improved efficiency in 
energy use, greater reliance on renew- 
able energy resources and, for the new 
coal investments that are made, the in- 
stallation of C02 capture and geologic 
storage technologies. Even though there 
is no such thing as “clean coal,” more 
can and must be done to reduce the dan- 
gers and environmental degradations 
associated with coal production and 
use. An integrated low-carbon energy 
strategy that incorporates C02 capture 
and storage can reconcile substantial 
use of coal in the coming decades with 
the imperative to prevent catastrophic 
changes to the earth‘s climate. I 
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T. Wigley andG. Yohe. Cambridge University Press, 2006. 
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Thank you Mr. Chairman for holding this hearing on what I believe should be a 

critical priority for the federal government: rebalancing the carbon cycle. My name is 

Daniel A. Lashof, and I am the science director of the Climate Center at the Natural 

Resources Defense Council (NRDC). NRDC is a national, nonprofit organization of 

scientists, lawyers and environmental specialists dedicated to protecting public health and 

the environment. Founded in 1970, NRDC has more than 1.2 million members and 

online activists nationwide, served from ofices  in New York, Washington, Los Angeles 

and San Francisco. I have worked at NRDC since 1989 and have served on committees 

of the National Research Council, the President’s Council of Advisors on Science and 

Technology, and the Intergovernmental Panel on Climate Change. Prior to joining NRDC 

I was a scientist at the Environmental Protection Agency, where I was the lead author of 

a report to Congress on policy options for stabilizing global climate. I am particularly 

pleased to appear at this hearing because my doctoral dissertation at the University of 

California addressed the role of the biosphere in the global.carbon cycle. 

Out of Balance 

Mr. Chairman, this hearing is particularly timely because the carbon cycle today 

is more out of balance than at any time in history. Each year emissions from burning 

fossil fbels and destroying forests put about twice as much carbon dioxide (CO2) into the 

atmosphere as natural sources can remove. As a result, the amount of carbon dioxide in 

the atmosphere is rising worldwide and the rate of growth is increasing. The average CO2 

concentration in Earth’s atmosphere is now over 380 parts per million by volume (ppm), 

1 
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which is higher than it has been for at least 650,000 years’. In 2005 the concentration of 

carbon dioxide in the atmosphere increased by 2.5 ppm, the third largest annual increase 

ever recorded’. Although there is considerable variation from year to year in the rate of 

increase in atmospheric carbon dioxide, the rise has been more than 2 ppm in 3 of the last 

4 years and preliminary 2006 data indicate.that this trend is continuing. 

The unprecedented buildup of carbon dioxide in our atmosphere endangers our 

environment, our health, and our economy. Carbon dioxide traps heat in the earth’s 

atmosphere, preventing it from escaping into space. So the imbalance in the carbon cycle 

has also thrown the earth’s energy balance out of whack, which means that each year the 

earth absorbs more energy from the sun than it radiates back into space. Global warming 

is the inevitable result and the human fingerprint on Earth’s climate is now clearly 

visible. The consequences have become all too apparent in recent years: 

More severe hurricanes as ocean temperatures rise3; 

More severe droughts and wildfires, particularly in the western United States, as 

mountain snowpacks decline and evaporation rates increase4; 

Coastal flooding and inundation as melting mountain glaciers and polar ice sheets 

raise sea levels5; 

Siegenthder, U., T.F. Stocker, E. Monnin, D. Lutlu, J. Schwander, B. Stauffer, D. Raynaud, J. Bamola. 1 

H. Fischer, V. Masson-Delmotte, and J. Jouse (2005) Stable Carbon Cycle-Climate During the Late 
Pleistocent, Science, 310, p. 1313-1317. 
’ Tans, P. (2006) Trends in Atmospheric Carbon Dioxide, NOAA ESRL, available at: 
http: //www. cmdl . noaa. govlccggltrendsl 

Mann, M.E. and K.A. Emanuel (2006) Atlantic Humcane Trends Linked to Climate Change, Eps, 87(24), 

Westerling, A.L., H.G. Hidalgo, D.R. Cayan and T.W. Swetnam (2006) Warming andEarlier Spring 

3 

p. 233-244. 
4 

Increase Western U.S. Forest Wildfire Activity, Science, published in Science Express on 6 July 2006, doi: 
1O.l126/science. 1128834 

Paleoclimatic Evidence for Future Ice-Sheet Instability and Rapid Sea-Level Rise, Science, 3 1 I, p. 1747- 
1750. 

Overpeck, J.T., B.L. Otto-Bliesner, G.H. Mdler, D.R. Hugs, R.B. Alley and J.T. Gehl(2006) 
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Ecosystem destruction and species extinctions as climate change and ocean 

acidification destroy polar bear habitat, spread disease among harlequin frogs, and 

dissolve coral reefs6. 

Time Is Running Out 

The good news is that we can avoid the worst effects of global warming if we act 

decisively now to begin rebalancing the carbon cycle by reducing emissions of carbon 

dioxide from power plants, automobiles, and other sources. Significant emission 

reductions are needed, and delay only makes the job harder. As the National Academy of 

Sciences stated last year: 

Despite remaining unanswered questions, the scientific understanding of 
climate change is now sufficiently clear to justify taking steps to reduce 
the amount of greenhouse gases in the atmosphere. Because carbon 
dioxide and some other greenhouse gases can remain in the atmosphere 
for many decades, centuries, or longer, the climate change impacts from 
concentrations today will likely continue well beyond the 21' century and 
could potentially accelerate. Failure to implement significant reductions 
in net greenhouse gases will make the job much harder in the hture-both 
in terms of stabilizing their atmospheric abundances and in terms of 
experiencing more significant  impact^.^ 

We are already beginning to see the effects of global warming and scientists are 

increasingly concerned that we are approaching a tipping point beyond which severe and 

irreversible impacts will become inevitable. For example, recent observations show that 

the Greenland ice sheet is melting more rapidly than expected and that global warming of 

"Poiiiids. J.A.. M.R. Bustmiante. L.A. Coloma. J.A. Coiisuega. M.P.L. Fogden. P.N. Foster. E. La Mal-ca. 
K.L. Masters. A. Merino-Viteri. R. Puscliendorf. S.R. Ron. G.A. Sanchez-Azofelfa. C. J. Still and B.E. 
Young (2006) Widespread aiiiphibian estiiictions from epidemic disease dril-en b). global warii~ig.  -\-mrc. 
459. p. 161 -1 O?. doi: 19.1038/iiattire0-C246. 
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Al\i7fio~rd .iccitkcwtie.c Rcy7or.f,~. p. 16 (October 20053. htt~i:!idels.iuis.edu.!dels/rpt briefs'climate-change- 
__ f i n a l p d '  ( eiiiphasis added 1. 
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as little as 2 degrees Celsius (3.6 degrees Fahrenheit) from 19th Century levels could 

cause it to eventually collapse, raising sea levels by as much as 20 feet'. A similar 

amount of warming could put millions of people at risk of water stress, hunger, and 

malaria and cause the collapse of many vulnerable ecosystems, including most alpine 

meadows and more than 90% of coral reefsg. 

We have a reasonable chance of staying within this 3.6 degree Fahrenheit 

envelope if atmospheric concentrations of C02 and other global warming gases are kept 

from exceeding 450 ppm C02- equivalent. This implies a budget for cumulative global 

and U.S. carbon dioxide emissions designed to rebalance the carbon cycle in time to stay 

within this 450 ppm target. A reasonable allocation of that budget to the United States 

over the period 2000 to 2050 would limit cumulative U.S. emissions over that period to 

less than 40 times our emissions level in 2000. To live within this budget we must stop 

U.S. emissions growth within the next 5-10 years and cut emissions by 60-80 percent 

over the next 50 years. U.S. action on this scale - together with similar cuts by other 

developed countries and limited emissions growth followed by reductions from 

developing countries - would keep the world within that 450 ppm limit. 

So here is our choice. If we start cutting U.S. emissions soon, and work with 

other developed and developing countries for comparable actions, we can stay on the 450 

ppm path with an ambitious but achievable annual rate of emission reductions - one that 

gradually ramps up to about 3.2% reduction per year. (See Figure 1 .) 

' Overpeck et al, 2006. 
Warren, R. (2006) Impacts of Global Climate Change at Different Annual Mean Global Temperature 

Increase, in H. Schellnhuber, et at., (eds. 1 Avoiding Dangerous Climate Change, Cambridge University 
Press, New York. 
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But if we delay a serious start and continue emission growth at or near the 

business-as-usual trajectory for another 10 years, the job becomes much harder - the 

annual emission reduction rate required to stay on the 450 ppm path jumps between two- 

and three-fold, to 8.2% per year. In short, a slow start means a crash finish - the longer 

emissions growth continues, the steeper and more disruptive the cuts required later. 

Slow Start = Crash Finish 

9 

2000 2010 2020 2030 2040 2050 

Figure I. Prompt start and delay pathways consistent with stabilizing heat-trapping gases at 450 
ppm C02-equivalent. Global emissions 2000-21 00 are 1760 Gt COz from Meinshausen's 
S450Ce scenario.'@ The U.S. share of global emissions is assumed to decline from 25% to 5% 
linearly between 2000 and 2100. This results in an emissions budget for the U.S. of 308 Gt C 0 2  
in the 2Ist Century. In the prompt start case emissions decline by 1.5%/yr from 2010 to 2020, 
2.5%/yr from 2020 to 2030 and 3.2%/yr thereafter. The delay case assumes that emissions grow 
by 0.7%/yr from 201 0 to 2030, a reduction of 0.5%/yr compared to the Energy Information 
Administration forecast;" they must decline by 8.2%/yr thereafter to limit cumulative 21" Century 
emissions to 308 Gt C02. 

Siiiiple Model for Clmate Polic! assessment (SMCaP). a1 ailable at littp un 
Reference case from U S Department of Enei-g . Aimial Energ Outloob 2006 n ith Projections to 

si11ica11 ore 1 0  

I 1  

20.30, Report # DOE/EIA-O;8?(2006) 
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Here’s a common sense illustration of what this means. Imagine driving a car at 

50 miles per hour, and you see a stop light ahead of you at a busy intersection. If you 

apply the brakes early, you can easily stop your car at the light with a gentle deceleration. 

The longer you wait to start braking, the harder the deceleration. There’s some room for 

choice. Within some limits, you can brake late and still stop in time. But the higher your 

speed, the earlier you must start braking, If you wait too long, you’ll find yourself in the 

middle of the intersection with your forehead through the windshield. 

The captain of the Titanic learned a similar lesson. If he had started turning just a 

couple of minutes earlier, he would have missed the iceberg. But traveling at full speed, 

by the time he saw the iceberg, it was too late to miss it. He lost his ship. Will we repeat 

the same mistake? 

Administration officials suggest that, rather than establish enforceable emission 

limits now that begin to gradually reduce emissions within a few years, it is still cheaper 

to delay mandatory emission cuts because (somehow) we will develop breakthrough 

technologies in the interim and these will enable faster reductions later at lower cost. But 

this argument is implausible for two reasons. First, as already demonstrated, delaying the 

start of reductions dramatically increases the rate at which emissions must be lowered 

later. Reducing emissions by more than 8 percent per year would require deploying 

advanced low-emission technologies at least several times faster than conventional 

technologies have been deployed over recent decades. Second, delay means that a whole 

new generation of capital investment will be made in billions of dollars of high-emitting 

capital stock - conventional power plants, vehicles, etc. that will be built or bought 
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during the next 10-20 years in the absence of meaningful near-term limits. Under the 

delay scenario, our children and grandchildren would then have to bear the costs of 

prematurely retiring an even bigger capital stock than exists today. Even taking 

discounting into account, it is virtually impossible that delaying emission reductions is 

cheaper than starting them now. 

Voluntaly Measures Won ’t Balance the Carbon Cycle 

Limited as it is to R&D and voluntary measures, the administration’s Climate 

Change Technology Program has no hope of preventing the “crash finish” scenario. The 

inadequacy of a voluntary program is plain to see for a growing number of business 

leaders, state and local elected officials, and a majority of the U.S. Senate, as well as to 

nearly all other nations. 

In 2002, President Bush recommitted the United States to “stabilization of 

greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 

anthropogenic interference with the climate system” - the objective of the climate change 

treaty (the U.N. Framework Convention on Climate Change) adopted and ratified by his 

father. The president said his goal was to “slow, stop, and reverse” U.S. global warming 

emissions growth. He set a purely voluntary target of reducing the emissions intensity of 

the U. S. economy - the ratio of emissions to GDP - by 18 percent between 2002 and 

2012. 

But emissions intensiv is a deceptive measure, because what counts for global 

warming is total emissions. Even if the president’s target were met (and recent reports 

indicate that it may not be), total U.S. emissions will still increase by 14 percent between 

2002 and 2012 - exactly the same rate as they grew in the 1990s. (See Figure 4.) 
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I Administration Plan: Total U.S. carbon 
pollution (all sectors) keeps growing 14% 

per decade -- same as before 
1 

I 

1990 2002 201 2 

Figure 2 

While the administration clings doggedly to the voluntary fiction, most political, 

civic, and business leaders in the United States are moving on. As Science Committee 

Chairman Boehlert told this Committee last week: 

As many outside commenters have noted, the plan does not establish clear 
priorities or a method for doing so. It does not provide clear criteria for 
determining which programs to hnd ,  when to h n d  them, or how much hnding to 
provide. It does not clearly connect specific programs with any particular policy 
goal, such as the Administration’s (rather minimal) goal of reducing greenhouse 
gas intensity. Given that the Plan is about three years late, these failings are 
particularly unfortunate. The Plan also explicitly fails to deal with what is 
perhaps the key issue in climate change technology - technology deployment. 
Creating a market for technologies that could limit climate change - especially, 
creating a market soon enough that the action can make a real difference - will 
require government policy, whether that be tax incentives, regulations or some 
other measures. Simply undertaking research and development (R&D) is not 
enough, to put it mildly. 

A majority of the Senate agrees, having voted last year for a Sense of the Senate 

resolution endorsing the need for “mandatory, market-based limits” that will “slow, stop, 

and reverse the growth’ of global warming pollution. The resolution affirms that U.S. 
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mandatory action can be taken without significant harm to the economy and that such 

action “will encourage comparable action by other nations that are major trading partners 

and key contributors to global emissions.” 

State and local governments are leading, with mandatory limits on power plant 

emissions in the northeast and in California. California and 10 other states have adopted 

limits on global warming emissions from motor vehicles. Last month, California - the 

12th largest emitter in the world - enacted the most far-reaching state plan to reduce the 

state’s global warming pollution to 1990 levels by 2020. The state’s new law enjoys 

wide support from businesses and other constituencies, going well beyond the usual 

environmental suspects: PG&E; Silicon Valley Leadership Group; Bay Area Council; 

Sacramento Municipal Utility District; Waste Management; Calpine; California Ski 

Industry Association; the cities of Los Angeles, San Francisco, Oakland, and Sacramento; 

the American Academy of Pediatrics; the California Nurses Association; CDF 

Firefighters; and Republicans for Environmental Protection. 

Many other states have adopted standards to increase the percentage of renewable 

power generation. Stakeholder processes to address global warming are underway or in 

development in a growing number of states in all regions of the country. More than 200 

cities have announced plans to reduce their global warming pollution. 

The constituency for real action is broadening and growing. Earlier this year, 

more than 80 evangelical leaders called for mandatory limits on global warming 

pollution, citing their duty to care for God’s creation. 

In April, appearing before the Senate Energy Committee, some of the largest 

electric utilities, suppliers of generating equipment, and electricity customers called for 
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mandatory limits. Huge companies such as Duke Energy, Exelon, and GE said that 

voluntary programs won’t work and that they need certainty and clear market signals in 

order to make sensible investments in new power plants that will last 50 years. Big 

electricity consumers like Wal-Mart endorsed mandatory limits and committed to cut 

their energy use and emissions through investments in energy efficiency and renewable 

energy. 

They all get it. Voluntary programs and tax incentives are insufficient to get these 

technologies deployed at a sufficient scale and speed to avoid a climate catastrophe. The 

market conditions for these new investments will not be created without a limit on CO, 

emissions 

Technologies for Balancing the Carbon Cycle 

Scientific American devoted its September issue to “Energy’s Future Beyond 

Carbon.” This special issue includes five articles that describe technologies available 

today to reduce carbon dioxide emissions by improving energy efficiency in 

transportation, buildings and industry, and by harnessing renewable energy sources and 

scrubbing carbon dioxide from fossil hels.  With appropriate policy support these 

technologies can be deployed in a portfolio capable of keeping the United States within 

the carbon budget described earlier, which is necessary to avoid dangerous global 

warming. There are many options for assembling such a portfolio. In the scenario 

illustrated below the largest reductions are obtained from energy efficiency 

improvements in electrical end uses, non-electric stationary end uses, and motor vehicles. 
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Additional reductions come from renewable he l s  and electricity and carbon capture and 

disposal at coal-fired power plants and other high-concentration industrial C02 vents. 

ONE PLAN FOR THE U.S. 

Savlngs from, 
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Figure 3. Soiircc Lashof and Hawkins, NRDC, i i i  Socolow and Pacala, ,Scieiit!#ic. 
AiIiericoii, September 2006, p 57 

The elements of this scenario are briefly outlined below 

1. Electric end-use efficiency (0.54 GtC): Efficiency improvements in motors, 
lighting, refrigeration and other electrical equipment reduce total electricity 
consumption by 40% in 2056 compared to BAU. Resulting total electricity 
consumption is 4400 billion kilowatt-hours (BkWh), 20 percent greater than 
current consumption levels. California has demonstrated in practice that such 
reductions are possible. Sustained policies to promote energy eficiency through a 
combination of appliance standards, building code enforcement, and utility 
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efficiency programs have stabilized per capita electricity consumption in 
California over the last 30 years while national per capita electricity use continued 
to grow such that per capital electricity consumption in California is now more 
than 40% lower than in the rest of the country. l 2  

Other end-use efficiency (0.28 GtC): Improvements in building designs and 
industrial processes result in a 40 percent reduction in non-electric energy 
consumption by stationary sources compared to BAU. Overall emissions from 
these sources decline by 15 percent fiom current levels. 

Passenger vehicle efficiency (0.27 GtC): Widespread use of hybrid vehicles, as 
well as improvements to conventional vehicles, raises the average fuel economy 
of the in-use vehicle fleet to 54 miles per, compared with 24 mpg under BAU. 

Other transport efficiency (0.23 GtC): Heavy truck fuel economy increases to 
13 mpg, compared with 7 mpg under BAU and aircraft efficiency increases to 105 
seat miles per gallon (smpg), compared with 80 smpg under BAU. In addition, 
smart growth policies reduce total travel demand by 10 percent. 

Renewable energy (0.39 GtC): Renewable energy (e.g. wind and biomass) 
accounts for 30 percent of total electricity generation by 2050, compared with less 
than 5 percent under BAU. This much electricity could be supplied by 500 GW of 
wind (e.g. 250,000 2-MW-turbines). Turbines would be spread over 20 million 
acres, but the land could also be used for crop production or livestock grazing. In 
addition, 40 percent of transportation fbel is provided by sources with zero net 
COZ emissions (e.g. cellulosic ethanol with soil carbon increases compensating 
for fossil carbon inputs; Fischer-Tropsch diesel from biomass with geologic 
carbon sequestration compensating for fossil carbon inputs; renewable electricity 
supplied to plug-in hybrids). This corresponds to 80 billion gallons of biofkels, 
which could be supplied from energy crops grown on 60 million acres of land, 
assuming productivity of 12 ton~/acre . '~  Alternatively, this could be supplied by 
40 billion gallons of biofbels plus 520 billion kWh of additional renewable 
electricity supplied to plug-in hybrids. l4 

Carbon capture and storage (0.32 GtC): Carbon capture and storage 
technology is applied to 160 GW of coal-fired integrated gasification combined 
cycle power plants, capturing 0.19 GtC in 2050. Additional carbon dioxide is 
captured from natural gas production facilities, large industrial sources, and 
ethanol plants, contributing 0.12 GtC to the 2050 emission reductions. The total 
volume of carbon dioxide put into storage would be 30 times the volume currently 
used for enhanced oil recovery and would be equivalent to 5 times the annual 
flow of natural gas through buffer storage facilities. In addition, increased thermal 

http:llwww. nrdc.org/airlenergy/fcagoals.asp 
l 3  N. Greene, et al., 2004. Growing Energy: How Biofiels Can Help EndAmerica's Oil Dependeizce. 
(NRDC, New York, 2004) 

Assumes 13 kWh displace 1 gallon of gasoline in a plug-in hybrid. 14 
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efficiency at power plants from replacing older units reduces emissions by 0.03 
GtC. 

Conclusion 

The carbon cycle is out of balance, causing an accelerating build up of heat-trapping 

carbon dioxide in the atmosphere that endangers our environment, our health, and our 

economy. The good news is that with decisive action initiated now we can deploy 

available technologies to rebalance the carbon cycle in time to avoid the worst 

consequences of global warming. 


