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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: Thold a PhD in Energy and Resources from the University of California, Berkeley,
and an undergraduate degree in physics and mathematics from Harvard. Iam 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 25
major publications, many directly relating to climate change, and have given testimony in
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 (CO,) 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 fuels, we release more and more CO, into the atmosphere — CO; that
otherwise would have remained trapped in the coal, oil, or other fossil fuel 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 sea
ice, ice sheets, and glaciers, and alterations in weather patterns (and according to some
scientists the generation of larger, more powerful 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 CO;) 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 (CO,) 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. Luthi, J. Schwander, B. Stauffer, D. Raynaud, J. Barnola, 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. gov/ccgg/trends/
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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 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.

As a result, the control of carbon emissions (especially COy) 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.? 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 CO, emissions, and because coal-fired electricity generation is the largest
single source of these energy-related emissions, controlling CO; from coal-fired power
plants will necessarily become a major component of any program to reduce CO,
emission.

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

power plant?

3 . . [ . .
*The Summary of Conclusions from this report is included as an attachment to this testimony. and the full
report is available at: wwiv. sternreview.org.uk.
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A: It has become abundantly clear that CO, 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 formed
the Region Greenhouse Gas Initiative (RGGI) to reduce carbon emission in that part of
the country.* 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 action 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

» > Studies continue to show that such regulation is the only

growth of such emissions
responsible and economically sensible course of action; for example the Stern Report
referenced above concluded that while the cost of inaction could range from 5-20% of

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

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

f See www. regiorg

" Senate Amendment 866 a Sense of the Senate climate change resolution proposed by Senators Bingaman.
Specter. Domenici. Alexander. Cantwell. Lieberman. Lautenberg. McCain. Jeffords. Kerrv. Snowe. Collins
and Boxer adopted by a vote of 53 to 44 on June 22. 2005. Congressional Record. Vol. 151. June 22 2003,
S7033 ~ §7037. 57089,

¢ See www.aip.org/fvi/2003/1 14 hunl. In May of this vear the House Appropriations Committee approved
similar language. See www.pewclimate.org/what_s_being done/in_the congress/index.cfin for more
information on Congressional action on global warming.
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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 further low-

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

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

- 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 recent.IRPs. 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.”’

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 PacifiCorp. "2003 Integrated Resource Plan.” www paciticorp.com. Idaho Power Company, "Draft
2004 Integrated Resource Plan.” www.idahopower.com/energycenter/2004irpdraft. htm.
¥ Coalition for Environmentally Responsible Economies. “Electric Power. Investors. and Climate Change.”
June 2003, p. 4 (www .ceres.org/reports/main.litm).
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disclose the financial risks they face from climate change.” Meanwhile, in 2004
alone institutional shareholder groups filed 29 proposals asking individual
companies-to outline their response to global warming.
There is overwhelming evidence that carbon emissions will likely be regulated in the near
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 CO, 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.'® Because power generation is the single most
significant source of CO; 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 view
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 CO; 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 CO, from

conventional coal fired power plants. As a result, when a facility like the proposed TEC

‘Margaret Kriz. "Measuring The Climate For Change.” Congress Datly. April 22 2004,
" See. e.g htip i www cleartheair org proactive newsroom release vunl?id=2381%
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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 CO, emissions that much more difficult.

However, because coal-fired power plants are the largest single contributors to
CO; emissions, they represent the low-hanging fruit when it comes to CO; regulation. As
a result; any strategy aimed at reducing CO; 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 reductions,
a carbon trading scheme is likely to be established (much like the one now operating in
Europe), which will assign a cost for CO, emission credits that large emitters of CO, (like
pdwer 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 CO; credits to offset emissions, or the direct
control of CO; 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
future capacity needs through conservation, efficiency and other demand-side
management options, and there ére 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 CO,.'" Indeed, an analysis of energy options available to the City of
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 future carbon regulation, their
analysis is incomplete.

The Taylor Energy Center project has chosen a coal-based technology for
generating electricity that will create huge volumes of CO, 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 CO; pollution annually. The facility will
likely operate for at least 50 years — adding over 290 million tons of CO; to the
atmosphere during its operational life. (Assuming the generating unit has an approximate
heat rate of 9000 BTUs per kWh, that means about 1,850 pounds of CO, 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 CO2.). Because CO; 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 future carbon dioxide emissions control
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 description of IGCC see: hitp://www . gasification org/gasproc him. More information is also
available at: http/“vwww . netl. doe. govitechnologies/coalpower/vasification/index.html. Presentations from
vendors and others from the recent gasification technologies conference in Washington D.C. are available
on-line at: http://vww. gasification.org/Presentations/2006. ht.
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address global warming. In that trading program, carbon dioxide emissions have reached
a high of about $42 per ton.'? 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 CO;, beginning in 2004 and escalated at 5% per
year, in long-term planning and procurement for purposes of evaluating new long-term
resource investments.”> The Montana Public Service Commission has a similar
requirement.”* Idaho Power is using a carbon cost of $14/ton starting in 2012."° As a
result, reasonable estimates for CO; 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 fully account for the facility’s emission, for example, it would cost]
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%

12 See hup:/pubs.acs.org/subscribe/journals ‘esthag-v /2006 julbusiness/ b carbonprices. il
** California Public Utilities Commission. Decision No. 04-12-048. and Decision 05-04-024.

'* Montana Public Service Commission. ~Written Comments Identifying Concerns Regarding Northwesternj
Energy’s Compliance with AR M. 38.5.8201-8229." Docket No. N2004.1.15. In the N atrer of the
Submission of Nortinvestern Energy's Default Electricity Supph Resource Procurement Plan, August 17.
2004.

¥ See http://www.idahopower.convenergycenter/irp/2006/20061RPFinal. htm.
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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 énd 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 responsibility
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 CO, 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

New conventional coal plants are an imprudent financial investment. The world
scientific community warns that carbon dioxide (CO-) emissions from our use of fossil
fuels. especiallv coal. is leading to dangerous global warming. Policies to reduce CO-
emissions are emerging at every level of government. including in the US Congress.
which is actively considering several mandatory. market-based CO> proposals with
increasing support from the private sector. Laws requiring coal plants to pay to enut
CO, will be adopted in the next few vears. substantially raising the costs of coal power.

Nevertheless. many utilities have proposed investing in new conventional coal plants
that will operate for decades. ignoring the economic impact of these virtually inevitable
COs reduction laws. perhaps because thev believe theyv will be able to pass these costs
on to ratepavers. Utilitv managers and shareholders should reconsider the financial risks
to their companies and customers. Regulators should prevent utilities from making these
major investment mistakes by refusing to approve the construction of new conventional
coal plants and by requiring them to invest in cleaner altematives. or at the very least.
by warning utilities that CO- costs must be borne by their shareholders. not by
ratepayers.

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 global warming on the local, state, and regional Ievels in the United States
(as well as internationally), federal legislation will probably be adopted within the next
five years. This document discusses why such a law is so likely, what kind of new costs
coal 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 work.



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 (CO») 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, which requires them to reduce their CO, 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 international 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 CO; limits should be
enacted. Several proposals establishing CO; 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 regional CO; 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 CO; regulations will fall heavily on
coal plants. Power plants are the largest source of U.S. CO, 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 CO, emlsswns——about the
same amount as all our cars, SUVs, trucks, buses, planes, ships, and trains combined.?

Each new coal plant represents an enormous long-term increase in global
warming emissions. A 500-megawatt (MW) plant, for example, produces the annual
global warming emission equivalent of roughly 600,000 cars,’ 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.

2U.S. Environmental Protection Agency (EPA), “Inventory of US Greenhouse Gas Emissions and Sinks:
1990-2004,” April 2006. Online at
,'m';i.‘ vosentite.opa ooy oar globalvarming s conient ResowrceCenterPublicartionsGHGEmissionst ST
s shveniom 2006 Also see 1S, BEnergy Information Administration (ETA). Emissions of
Greenhouse Gases in the Unzted States 2004, December 2005, 20-22. Online at
;‘/,!7: focia doc gy ik g 1603 cdrom pdl gornt G37304. o

" Based on average annual emissions of [3.300 Ibs/vehicle as estimated by the EPA
(htip. vosemite.opa.go our globabvarming.nst content ResourceC enterToolsGHGC  alculaior il and
annual emissions of 4.1 million tons from a 500 MW plant as estimated by the Public Service Commission
of Wisconsin (A0 psoaviwov wilin iiio eleciric cases wexion docrment olumel T4 TEIS pdf)y.




It is widely expected that future CO, regulations will take the form of a “cap-and-
trade” system, similar to the national law for controlling the sulfur dioxide (SO)
emissions that cause acid rain. Such a system would establish a national cap on CO,
emissions, and power plant operators would have to own an “allowance” for each ton of
CO, 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 CO> cap at the lowest cost.

Utilities are increasingly quantifying the risk they face from future CO, 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. Studies forecasting the
price of future CO; allowances range widely, but useful estimates are emerging from the
literature. These estimates indicate that coal plants face CO; costs that will increase the
cost of coal power substantially and perhaps severely. Mid-range projections of CO,
allowance prices could increase the cost of electricity from the average new coal plant by
roughly half.* 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 CO; emission reductions at best. However, the science now indicates
that if we hope to avoid dangerous global warming, developed nations will need to
reducse their CO, emissions dramatically—as much as 60 to 80 percent or more—by
2050.

This evidence has prompted governments including California, New Mexico, the
New England states, the eastern Canadian provinces, the United Kingdom, and the
European Union to adopt long-term CO; 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
strict 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 significantly 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 are worsening the economics of coal plants.

* For CO; price projections see Synapse Energy Economics. “Climate Change and Power: Carbon Dioxide
Emissions Costs and Electricitv Resource Planning.” May 18, 2006. Ounline at [irip: vy svpapse-

s.:’??&”/"frl L2

* Buropean Environment Agency. ~Climate Change and a Buropean Low-Carbon Energy System.”
Copenhagen. 2005, Online at hirip, reporis.eca.enint eeq report 2005 1 en Climate_change-lJNAL -

vieh. pdf,




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 betting 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 CO» 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 CO;
emissions just as the nation is about to launch a large, multi-decade effort to reduce CO,
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 CO; cap is adopted will be allocated
allowances for free. This 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 Regional Greenhouse Gas Initiative
(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
legislation, requires all allowances to be auctioned.” In fact, 28 different stakeholders in
the RGGI model rule draft—including businesses, consumer groups, environmental
organizations, state agencies, and an electrl01ty 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 administrative process, and avoid
unintended competitive advantages and windfall profits for certain market participants.’

A recent Wall Street study also predicts that the Umted States will have an auction-based
rather than allocation-based cap-and-trade system.*’

If regulators do authorize the construction of a new coal plant, they should notify
the utility up front that it will not be allowed to pass future CO; 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
capacity. Disputes over whether ratepayers or utility shareholders should pay for these

% Regional Greenhouse Gas Initiative (RGGI) Model Rule, subpart XX-5.3. Online at
/'u/” v g ore does inodel rile S 13 i
- The Vermont lawv (H. 860) 13 online at /irip: +
¥ Environment Northeast. Natural Resources Defense Council. and Pace Law School Energy Project.
“Summary of Comments on the RGGI Model Rule Draft,” 2006.
? Sen. Pete V. Domenici and Sen. Jeff Bingaman, “Design Elements of a Mandatory Market-Based
Greenhouse Gas Regulatory System,” February 2006.0nline at
Ltipe wneenan org s nait bimasp?CH e 3D 23648 DOC FILE DD
¥ Hugh Wynne. ~17.8. Utilities: The Prospects tor CO» Emissions Linits in the United States and Their
Implications for the Power Industrv.” Bernstein Research. April 19,

wssclimateaction.ore ROGGHTTIGOGISigned My 6, pdl.




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 CO; 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.

Scientific evidence clearly establishes the need for policies limiting CO, 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 this 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 significant global warming is occurring. -1

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.”"?

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.”> When the Bush administration

! The “Joint Science Academies’ Statement: Global Response to Climate Change” was issued by the NAS
and its counterpart academies in Brazil, Canada, China, France, Germany, India, Italy, Japan, Russia, and
the United Kingdom. Online at fiip: natonalacadesiies.org onpi D607 2003, pdf.

l‘ .

~Ibid.

See the NAS website: Lrip: v ngsonline org siie PageSemer pagennie = ABULT iaii page.




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 concern about global warming from the NAS, the American Geophysical
Union, the American Association for the Advancement of Science, the American
Meteorological Society—indeed every scientific a55001at10n in the nation whose
membership has expertise directly relevant to the 1 issue.” 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. '

The scientific consensus has been gaining strength at the international level as
well. Since 1988, thousands of scientists have been part of a formal process—under the
auspices of the Intergovemmental Panel on Climate Change (IPCC)—for methodically
and collectively looking at the climate science and pubhshmg 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 expressmg greater
concern about the certainty and potential danger of global warming.’ 7 Given the record-
breaking warmth the planet has continued to exgenence since the 2001 IPCC report and
subsequently published scientific assessments, 1t is widely expected that the IPCC’s
upcoming 2007 report will continue that trend."”

Evidence that we are changing 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 media who formerly
declared themselves skeptical of the threat have quite publicly “switched sides. 2 Even

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

himps Jerinainap.edy boolks 0309073742 hunl

" Ibid. Also see NAS. “Understanding and Responding to Climate Change: Highlights of National
Academies Reports.” 2006 (online at fup,_dels.oas.edi base Climate-1{GH pdfy. American Geophvsical
Umon “Human Impacts on Climate,” December 2003 (onhne at

hime anwvennnorg sof sor policy dliinare_change posizicnniinady. Atlas of Population and Environment by
the Amencan Assoc1at10n for the Advancement of 801ence “Chmate Change” (online at

i swnvourplaneicon agas pages armost 2]y, American Meteorological Society Council. “Climate
Change Research: Issues for the Atmospheric and Related Sciences,” February 9, 2003, Bulletin of the
American MeteorologzcalSoczezy 84, 508~ 515 (onhne at

i wvineisocoarg UL elimare soeresearcli 28 i
I Naomi ()1esl\ex Be\ ond the Iv ory TO\\ er: The Scientific Consensus on Llnnate Lhanue Science.
Degemhel S 2004, 1686. Online at /; RTRINY: ; Vil 306 3700 1686

Y Intergovermmental Panel on C humte lexwe (IPLL ). 716 Years of uentmc A\sesxment n \uppmt of
the Climate Convention.” December 2004, Online at fiigp. non ipee o -
¥ For example. see Scientific Svmposium on Stabilisation of Greenhouse Gases. 'A\ mdmU Danaemm
Climate Change Execu‘nve Summary of the Conference Report, February 1 3,2005, 2. Online at
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ExxonMobil, which has for years disputed 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.”' The company continues to
exaggerate the uncertainties, to fund groups that cast doubt on the science (to the growing
dismay of investors>), and to resist government 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 CO, 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 CO,; since
coal contains the most carbon, it creates the most CO; for every unit of energy released **
Humans have emitted enough CO; to raise background concentrations of this critical
heat-trapping gas by about one-third above pre-industrial levels, and concentrations
continue to rise.?’ Once concentrations rise, it takes centuries for natural processes to
bring them back down again.®®

warming. from skeptic to convert.” (“Finally Feeling the Heat.” Max 24, 2006. Online at
htrp: select.nvtimes.cont gst-abstracthoml?res=F40BIEFG6IBIAOC 778EDDACOS9ADE 404452
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
Dt svwwscigm.coni ariicle.ofin?article D =000B3374-7]ED- 1460 -ADB TSI L 4B 0000~ = T3 22 )
! ExxonMobil. 20035 Corporate Citizenship Report. May 2006. 22 Online at
ht: aonwvexxormmobil.com Corporate Ciiizenship ciiizensiup.asp.
% Andrew Logan and David Grossman. “ExxonMobil’s Corporate Governance on Climate Change.”
CERES and Investor Network on Climate Risk, May 2006, 2. Online at
hitp: wwveceres.org prb does Ceres NV corp_gov climate change 032350617,
F Other major oil companies publicly accepted the realitv of climate change vears ago. and are more direct
in their recognition of the risks it poses. The head of BP Amoco said to the British House of Lords in 2002,
“Very few people now deny that climate change is a serious risk to the whole of the world” (online at

; e = 2000295 Also see the climate
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! Coal contains nearly 90 percent more carbon per unit of energy than natural gas. Hovwever. a new
conventional (supercritical) coal power plant produces nearly 150 percent more CO, than a new natural gas
combined-cycle power plant, which is much more efficient. Based on data from EIA, Assumptions to
Annual Energy Outlook 2006, Table 38, March 2006, 73. Online at
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*Ibid. 17.




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.”’” The five warmest years have all occurred since
1997 (including each of the last four years).”® In 2001 the IPCC concluded that global
average temperatures rose 0.6 degree Celsius (1.1 degrees Fahrenheit) in the twentieth
century.” However, due to steady warming in this 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.”” Scientists have a high level of confidence that the present time is warmer than
any period in at least 400 years.”!

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.’> Computer models can
only duplicate the recent warming by including today’s phenomenally high
concentrations of heat-trapping gases, especially CO,.>* Figure 1 compares today’s CO;
levels with those occurring over the last 400,000 years. New ice core data go back even
further, and show that global CO> levels are 27 percent higher than they have been at any
time in the past 650,000 years.>*

7 National Aeronautics and Space Administration (NASA) “2005 Warmest Year n Over a Centun
hmmr\ 24,2006, Online at Lup: wynw sose gov viitonr cartls giviiennieind 203 sories i,

- Ibid. '
#IPCC TAR. Summary for Policvmakers. 2.
NASA. 20006,
! National Research Council. Swrfice Temperature Reconsructions for the Last 2000 Years. National
Academtes Press. 2000, 3. Online at fiitp: sovivenapoed catnloge 116706 i 1oc,
“IPCC TAR. Summary for Policvmakers. 101 1.
P Ibid.
* Urs Siegenthaler. et al.. ~Stable Carbon Cyele-Climate Relationship during the Late Pleistocene.” 2005
Science 310:1313-1317.




Figure 1

Carbom Digxide Levels Today ars Higher than Qver the Past 400,000 Years
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Sources: UCS, “Past, Present and Future Temperatures: the Hockeystick FAQ,” online at
http., _www.ucsusa.org global warnung science hockevstickF4Q. html.

Other geologic evidence indicates that current CO, levels are probably higher
than at any time in the last 20 million years.> Projections show that in the years ahead,
unless actions are taken to reduce emissions, CO; levels could rise to 750 parts per
million by volume (ppmv) or higher’*—well beyond the scale used in Figure 1. In 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.*’ Recent studies have suggested a link
between global warming, higher sea surface temperatures, and an unexpected increase in
hurricane strength.*® Mountain glaciers are in widespread retreat, enormous ice shelves in
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Antarctica have collapsed with surprising suddenness, and Arctic permafrost and
northern polar sea ice are melting dramatically.* 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

Arctic sea ice in 1979 Arctic sea ice in 2003

Source: NASA Goddard Space Flight Center, online at
hitp:_earthobservatory.nasa.goy Newsroom Newlmages images.php32img id=163+40.

Earth’s response to the warming we have experienced thus far increases concerns
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.*’ Figure 3 compares this 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, amplifying the effect of human-made emissions, suggest
the 2001 predictions may be conservative.*

Letip: v gavcliedn pevs=roont refease. php?id= 6354y, National Center for Atmospheric Research.
“Global Warming Surpassed Natural Cycles in Fueling 2005 Hurricane Season, NCAR Scientists
Conclude,” press release, June 22, 2006.

¥IPCC TAR, Summary for Policymakers, 4; Arctic Climate Impact Assessment: Impacts of a Warming
Arctic. Cambridge Universin Press. 2004 (online at Jinp. i o aciu). Tee shelf collapses described by
the National Spow and Ice Data Center (online at Ao nside.org sofe icesiieles finmd).
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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 history
of quickly lurching from one climate pattern to another in a way that would make it far
harder for nature and society to adapt.*?

Figure 3
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Source: IPCC, “Climate Change 2001:Synthesis Report,” Summary for Policymakers, 34.

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

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

A2 . . . ) . .
National Research Council, 4brupt Climate Change: Inevitable Surprises, National Academies Press,
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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).**

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 this level.*’ Studies show
that to have a reasonable chance of achieving this 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. The European Parliament has adopted a resolution pushing for
dev elo;)ed nations to reduce emissions 30 percent by 2020 and 60 to 80 percent by
2050.*” The United Kingdom adopted a similar target in 2003: 20 percent reductions by
2010 and 60 percent by 2050.

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

In the discussion that follows it is important to keep this science in mind. Most of
the policies currently in place or being debated, internationally and domestically, aim to
achieve 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 magmtude 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 Convenuon on Climate Change Article 2. Online at
fN o dfecc i tice docs o WD conver i
Emope an En\uomuent Agency. 2005, 10.
Emopem Environment Agency. 2003, 7 and Chapter 3
¥ European Rnhament Resolutmn on Lhmate Lh‘\nﬂe Tamum H 2 )()6 ()nlme at
"":',”)f RIS SHAAIV RS Wyl )’ ; 2 ‘7 ’ ) i -
’)f)/) 01X ""/1\(\[ F\\fxrt'f[*/r\\ =SELSTIH
E\ewu\e ()uler S-3-03. June 1. 2005. Online at Jrip: oo climciechgnee o,
* Office of Governor. State of New Mexico. “Governor BIH RthM(l\nﬂ Annoum_es Historie Ettmt to
Combat Climate Change,” press release, June 9, 2005. Online at
fbipe VN GOVETHCE ST s press 2003 june 960905 3 pds.
¥ New England Governors/Eastern Canadian Premiers. “Climate Change Action Plan 2001, August 2001,
Online at f1ip: 30w e O-CCP-Conomimenl.org page.asp’ pe=46.
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II.

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
concern. 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 >’ 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 provisions.*>
Many nations, particularly within the EU, have already adopted mandatory emission
limits. The EU itself is limiting CO; emissions with a multinational cap-and-trade system,
a market-based regulatory approach pioneered in the United States (see part II, section
C), and the European Parliament has also éndorsed 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.” The only other developed
country that has refused to be bound by Kyoto is Australia.”*

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.”” In November 2005, the European Parliament passed a resolution
stating that it “[d]eplores the non-implementation by the current U.S. administration” of
the Framework Convention and America’s failure to ratify Kyoto.

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

! Framework Convention on Climate Change, article 4, section 2(a).
*? Innovest Strategic Value Advisors, “Carbon Disclosure Project 2005, 19. Online at

frms v cdproiecl el abonius asp

* EPA. Global Warming Emissions: Inventory. Online at

Attpe yosemite epa.gov O dlobahrarniing nsf content Frvissionshniernationailnveniom:. htini.
" The status of each nation’s ratification of the Kvoto Protocol is available on the United Nations
Framework Convention on Climate Change website
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warming emissions for the years after Kyoto compliance ends in 2012.>7 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 emerging on both coasts. The most developed of these is the Regional Greenhouse
Gas Initiative (RGGI) being undertaken by several northeastern and mid-Atlantic states.
In December 2005, Connecticut, Delaware, Maine, New Hampshire, New Jersey, New
York, and Verrnont formally agreed to launch the nation’s first regional program
imposing a mandatory cap on heat-traypmg emissions from power plants.>® In April
2006, Maryland joined RGGI as well.” Under the agreement, beginning in 2009, the
states will stabilize power plants’ CO, emissions and then cut them 10 percent by 2019.%°
The RGGI model rule was adopted in August 2006 to implement the agreement **

On the West Coast, the California legislature passed a bill on August 31, 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.*?

California has also taken the lead in fighting climate change by requiring utilities
to make aggressive investments in energy efficiency as well as factor future 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.®® Other efforts California has taken to reduce
global warming emissions include the adoption of motor vehicle standards requiring a 30

57 Union of Concerned Scientists, “World Moves Forward on Global Warmmg, Bush Admmxstratlon Stays
Behind.” press release. December 10. 2003, Online at { WLV GCSTEScL i eSS press release worid-
1 aves-forvard-on-global-varming-\MfONTREAL .
¥ See the RGGI website (1 OIS ).
Y New Im i me Poﬂutmn Pm,t Gets Marv land as 8™ Member.” Aplil 7 20006, Ontme at
r’rims clanrines.con search restricied article Zpes = FI0E P SFD I SH00C 7SO DONII0E 10348
R(r(rI Memm mdum of Und erst mdmu
Regmml Greenhouse Gas Initiative (RGGI) Model Rule. Online at
hittp: anvvworggiore docs model rule S 13 06.pdS
"> Sacramento Bee. ~Schwarzenegger. lawvmakers strike deal on greenhouse gases.” August 31. 20006,
Online at htlp yravw saebee comdvontent/politics ston 1431226 1p-13214839¢ hunl.
** California PUC. “Policy Statement on Greenhouse Gas Performance Standards”™ April 12, 2006, Online
at Lipe v epiicca.gov word pdl REPORT 30432 doc.
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percent reduction in CO, emissions from vehicles by the period 2013 to 2016.%* As of
June 2006, 10 other states plus Canada—representing approximately one thlrd of
automobile sales in North America—had adopted California’s standards.®’

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,* partly in response to global warming. Massachusetts, New Hampshire, Oregon,
and Washmgton have already passed laws hmmng power plant CO, emissions or
requiring plant owners to purchase offsets.®’ California, 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 emissions.®®

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 this agreement they
commit to working within 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.”® 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.”

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 CO; 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

64 Cahfomla Air Resources Board, “Climate Change Emission Control Regulations.” Online at

Dito: anvincairbcaadov oo faelshieels co pevefs.pd;
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° Massachusetts Department of Environmental Protection. “Emissions Standards for Power Plants.” 310

CMR 7.29; New Hampshire Revised Statutes Annotated. “Multiple Pollutant Reduction Program,” Chapter

125-O, Washington Revised Code, “Carbon Dioxide Mitigation,” Chapter 80.70; Oregon Revised Statutes,

Carbon Dioxide Emissions Standard. § 469.503.
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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 parmers.”’ In May 2006, an
identically phrased resolution was adopted with bipartisan support by the powerful House
Appropriations Committee.”

It is widely understood that by using the phrase “mandatory, market-based
limits,” the Senate was referring to a particular kind 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 CO,.

A market price for CO; allowances would emerge as operators begin buying and
selling them. In practice, power plants that could reduce CO, 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 COz—whether international, regional, or federal—has included some form of
cap-and-trade.”

As of July 2006, there are at least seven proposals,74 under consideration that
would establish a cap-and-trade system for CO, 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).” 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,
accepiing comments from many different stakeholders. Many members of the power
industry participated in these hearings, including companies that support mandatory
regulations and those that, while still opposed to mandatory limits, now consider them
inevitable and want to have a say in shaping them (see part III). Two of the most

! Sense of the Senate on Climate Change, HR.6 §1612, Energy Policy Act of 2005. This resolution passed
by a vote of 54-43.
7% See Senate Committee on Energy and Natural Resources, “Chairman Domenici and Senator Bingaman
React to House Commmee Vote on Climate Change ? press release May 10, 2006. Online at
mv IO S oy public Gidex e P ise o ENvwheopiiiie Subossiiniee £l

Anuthel 1emhtun nptwn thnuwh one with much less pUhtlLdl mumcntum 13 enu.tment of a <.a1lmn tax.
By setting a price on CO, emissions, the effect on coal plant risks would be the same as a cap-and-trade
system that results in equivalent allowance prices, and the arguments in this paper would still apply.
7 In addition to those mentioned in the text, these proposals include the Clean Air Planning Act of 2006 (8.
2724) introduced by Senator Thomas Carper (D-DE); the Keep America Competitive Global Warming
Policy Act of 2006 (HL.R. 5049), introduced by Representatives Tom Udall (D-NM) and Tom Petri (R-WI);
and the Strong Economy and Climate Protection Act, announced and circulated for discussion by Senator
Dlanne Feinstein (D-CA) but not yet introduced.

7 The NCEP proposal is set forth in ‘Endmg the Energy Stalemate” (online at
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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 warming).”

Political support for a cap-and-trade system is extremely broad, encompassing
major U.S. environmental advocacy groups and those in industry that support CO,
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 legislation requiring CO, 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 CO, 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. This 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 alternatives 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
legislation, requires auctioning 100 percent of allowances.”® 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.”” 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 CO,
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.®’

" See Senator Jeffords™ website (. jeffinrds.se Cgeifoads press 06 07 0720060 aie hill_finid)
and Representative Waxman's website (/112. Vi)

Evangelical Cliumate Initiative. “Climate Lhanue An Ev m"ehul Call to Autmn ()nlme at

7 P
Teliinge org staiciieni.

Jittp vwe cliistiainsaii
P RGGT Model Rule. A bill pending in Massachusetts would begin with 30 percent auctioning and increase
10 percent a year (reaching 100 percent auctioning in year six). New York Attorney General Eliot Spitzef 18
ulhnu for 100 percent auctioning. For more information. see hiip: _massclimateacticn.org RO
* Environment Northeast. Natural Resources Defense Council. and Pace Law School Energv P10|ect 20006.
¥ Domenici and Bingaman. 2006.
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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 CO;
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 CO>
emitted will come with a cost, determined by the forces of supply and demand for CO,
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
CO; emissions, representing nearly one-third of U.S. energy-related CO, emissions (the
entire power sector accounts for 39 percent of such emissions). Coal plants emit about the
same amount of CO; as all petroleum-based emissions from cars, trucks, trains, and
planes combined, which represent another third of U.S. energy-related CO; emissions.
The remaining third comes from a variety of technologies and sources including, most
notably: industrial use of petroleum, natural gas, and coal; residential use of natural gas;
and the electricity sector’s use of natural gas,82

Not only are coal plants a dominant source of CO», but they are also relatively
few in number compared with the millions of sources in other sectors, making them far
easter for any federal program to regulate. A single new 500 MW conventional coal
plant, for example, can emit the annual CO, equivalent of more than 600,000 cars.® All
of the federal regulatory proposals described above would limit CO, 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
options.® While power plants account for 39 percent of U.S. energy-related CO,
emissions, they have the potential to account for somewhere between 66 and 85 percent

1 wynne, 2006.

52 EPA, 2006; EIA, 2005. Energy-related emissions of CO, represent 97 percent of total U.S. emissions of
CO,.

8 According to the EPA, annual vehicle emissions are about 13,500 1bs/vehicle; see the EPA Personal
Greenhouse Gas Calculator ’

(hiip: voseniiiv.epo.gov oar globalvarmimg st copient ResourceCenierToolsGHOGC alenlarordind),
Power plant CO; emissions of 4.1 million tons for a new 500 MW plant are based on the Public Service
Commission of Wisconsin’s Final Environmental Impact Statement for Weston Unit 4 Power Plant,
Volume 1, July 2004, 145 (online at

bt psceovioeen utilinemifo eleciric cases sveston dociment ] olume | T4 FEIS. pd)).

“EIA. “Energyv Market Impacts of Alternative Greenhouse Gas Intensitv Reduction Goals.” March 2006,
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111.

of energy-related CO; emission reductions according to computer models designed to
show the least expensive options for complying with various CO, regulations.®

The most significant 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 construction.®® In other words, the construction of any
additional conventional coal plants would make it more expensive to achieve the carbon
reduction targets.®’

The power industry increasingly supports federal CO, limits.

Over the years, most of the power industry has been strongly opposed to federal
CO;, limits from power plants, but that attitude has been changing rapidly, especially in
2006. Many prominent power companies now openly support the federal regulation of
CO; 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 penalized and which will be
rewarded—we will be unable to take the significant actions the issue requires.”*®

Duke’s website states, “Congress needs to establish a national, economy-wide
greenhouse gas mandatory program as soon as possible.”89

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

®Ibid., 18.

8 Ibid., 22. In the deepest carbon reduction scenario, approximately 103 GW of existing coal capacity (171
plants) is retired, and 17 GW of new integrated-gasification combined-cycle (IGCC) capacity with carbon
capture and sequestration equipment is added.

#7UCS 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 demonstrating how changes in one
variable (e.g., imposition of carbon reduction targets) affect the economics of another (e.g., building new
conventional coal plants) under a consistent set of assumptions.

%8 Paul Anderson, “Being (and Staying in Business): Sustainability from a Corporate Leadership
Perspective.” speech to CERES Annual Conference. April 6. 2006. Online at /irp.: v dide-
crerav.com neyes mediainfo vievepoint Panderson CERES pdf).
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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.™

Many other power companies have expressed their support for federal CO, 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 “de‘velop a national, mandatory, market-based
program” limiting global warming emissions.”> 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.” Entergy, Exelon, and Flonda Power & Light thereby added their names to those
publicly calling for such a law.”

In sum, five of the nation’s 10 largest private power producers (Calpine, Duke,
Entergy, Exelon, and Flonda Power & Light), accounting for more than 15 percent of
U.S. electricity generation,” now support mandatory limits on CO, 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,”
which 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, Southern
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.”’

*0 John W. Rowe, August 16, 2004, quoted in Business Week. Online at
/mp wanwbusinessweek.com printmagazine contenr 0433 bISY6001 =001 hnn?gl.

*LTeft Sterba. April 4. 2006. quoted in the A/buquerque Tribume. Online at
/]hp s abgiribo.cont albg i national governent article 0. 2364 AL B0 19861 4394643 00 i
** CERES. “Electric Power. Investors and Climate Change: A Call to Action.” September 2003. Online at
htip: avwar.ceres.org pub does Ceres electric_power calltoaction (0603, pdf.
’* Michael T. Bradley. April 4. 2006. Online at
bip: _enerayserfe gon public files LvecimiveSunmicricsionsedsipe. pdf. )
%4 [n addition. three \Nndtorle\ of the CERES Consensus Statement (Calpine. PG&E. and Public Service
Enterprise Group) are part of the Clean Energy Group Clean Air Policy Initiative.
*> The nation’s 10 largest private power producers in 2004, in order of megawatt hours produced, were
American Electric Power, Southern Company, Exelon, FPL Group, Entergy, Dominion, Duke Energy.
Progress Energy, Calpine, and Xcel Energy. (Duke Energy has since moved up in the rankings by merging
with Cinergy). See CERES, NRDC, and PSEG, “Benchmarking Air Emissions of the 100 Largest Electric
Power Producers in the United States—2004,” April 2006. Online at
frmps aewsvoede.org air poliviion bencliarking defiili sy,
" Progress’s vague statement on the need for action on global warming has been interpreted by the trade
press as a call for carbon regulation. See “Progress Energy calls for US carbon regulation,” March 31,
2006. Carbon Finance Online (online at s carbonfinanceonline.com:. subseription required): also see
“2006: Progress Energy’s Report to Shareholders: An Assessment of Global Chmate Change and Air
Quality Risks and Actions™ (online at 1fip: 3 rogie ss-co0i g il 01y st Clintaiechinnge. dasg ).
" See Dale E. Hevdlauff (American Electric Power). quoted in ~Global Warming.™ Auumt 16. 2004,
Business Week (online at

hup: wnhusinessveek com privnt maggazine coment (4 33 hAN600T 2001 i 2ol y. David Rateliffe
(Southern Company'). quoted in ~1J.S. Utilities Urge C onwre' to Exta |‘»11\h C ()~ Limits.” Bloomberg com
(online ot vz e Mlooinbery. coin anps neys “pidd - 100007030 sid o P51 Huvhesireor iy and
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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.”®

The industry leaders quoted above echo the rising call for CO; 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.” Both
Wal-Mart and GE expressed support for CO, 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 industry speaks out in favor of environmental
regulations, including 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 CO, limits will be in place and operational before the same could be said for
a proposed coal plant currently in the regulatory approval process.

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

Concern is undeniably growing among investors and lenders over the financial
risks of future CO, 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 managing
more than three trillion dollars in assets.!? The Carbon Disclosure Project, an investor
coalition undertaken on the international 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, '

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.”'** It has

Wayne Brunetti (Xcel), quoted in “Xcel Energy expects US carbon regulations,” September 9, 2004,
PomtCarbon (online at fiiip: vy ponyecrbon.com arifele php Zarircle D 4450 categami {147,
" PA Consulting Group. “PA survey nmlx that TS gener atmw compares expect mandatory carbon dioxide
regulatrons within 10 years, press release October 22 2004, Onlme at

/,7 \[H[,er\{er”(r’r 3§ »/' ;

))
100

Wal-Mart website (/1712 svainio excenl Ulubali ol v ooty 347,
Ravmond Bracv (W al Mart) and Dav 1d Slump (GE Energy ). comments to Senate Energy and Natural
Resources Committee, Apnl 4 2006. Online at

1hi
137

/:f//] CIICTSY L SCHAIC A files DrecanveSuniitaiiesiomyehsite, pdi.

P -Statement of the GR Lll_mate Change Roumltahle World Economic Forum. June 9. 2003, Online at
m sovieavefortin ore pdl oS cliicteciige plil

i * Investor Netw mk on Climate Risk INLR) W eb\rte

3 Carbon Disclosure Project website (firip:wisie.cdpropeg

INCR website. "INCR Overview.” Onlue at jip. v iner cont pudex.plip ” paee -
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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 taking to reduce
those effects.’® 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.”'%

Investors are particularly concemed with the financial wisdom of building new
coal plants in the United States given the growing momentum here for federal CO; 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 plants.”""”

Many of the nation’s largest banks 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.'° 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.”'® The head of global projects for
Lehman Brothers has also addressed a cap on global warming emissions by saying,
“There’s a consensus that something’s coming,” adding that, “people are very much
focused on how that’s going to affect economics.”

Wall Street is also beginning to assess the impact new laws would have on
particular power companies. Bemnstein Research recently released a report describing the
growing momentum toward CO, 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 CO, emissions.”"!! The report went on to identify the

" INCR website. ~Ten Point Investor Action Plan.™ Online at Zip: s iver.cont index.phip? page = 2t
" Phil Angelides. quoted in “Investors Call on Power Sector and Wall Street to Focus Attention on
Financial Risks From Climate Change,” CERES website, April 13, 2005. Online at

LR ULCCTES. 0P e s ews ient b Y [0S,
" INCR website. “Investors Concerned About TX1's Aggressive Coal Strategy” Mav 16, 2006. Online at
Bt swve iaor coit idex page s idenid: 17N,

Y

'S Bank of America website. “Bank of America Climate Change Position.” Online at

aiierica.com nesesioon presskirs view.ctin? page =clinaleandfore sis.

i sy
Y Amyv Davidson. “Financial Institutions: Challenges and Opportunities.” speech to the Earth Institute.
Columbia University, March 29, 2006. Online at

Gtip: viveartiisinie.colinhic.edi sop 2006 nrasiseripis i davidsen Jainl,

" John Veech. quoted in “Analysts View Energy Policy Act through Climate Change Lens.” August 30.
2005, SNL Generation Markets Week.

" Wyrme, 2006.
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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.

This 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.

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

A. CO,; costs are increasingly factored into risk planning by utilities, regulators,
and regional planners.

Representatives of three utilities explained in a 2005 trade journal article the
importance of assessing and managing CO, risk:

“The financial risk associated with likely future regulation of carbon dioxide
emissions is becoming a focus of utilities’ and regulators’ risk management
efforts, as they recognize the imprudence of assuming that carbon dioxide
emissions will not cost anything over the 30-year or longer lifetime of new
investments. Utilities can 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 shareholders into much higher costs tomorrow if greenhouse gases
are regulated. "'

A recent Lawrence Berkeley National Laboratory analysis of western U.S.
utilities’ resource planning practices found the practice of quantifying CO, 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 selection.”'* State regulators have since
ordered three additional utilities to include CO; costs in their planning, leaving only two

" 1bid, 2.
13 Rarl Bokenkamp (Idaho Power), Hal LaFlash (Pacific Gas & Electric), Virinder Singh (Pacificorp), and
Devra Bachrach Wang, “Hedging Carbon Risk: Protecting Customers and Shareholders from the Financial
Risk Associated with Carbon Dioxide Emissions,” July 2005, The Electricity Jowrnal 18(6): 11-24.

" Mark Bolinger and Ryan Wiser, “Balancing Cost and Risk: The Treatment of Renewable Energy in
Westem Utility Resource Plans,” Lawrence Berkeley National Laboratorv, August 2005. Online at
fy cotd thigon ca EVIS reports 384500405
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utilities (out of the 12 sampled) that continue to ignore CO; risks.'"* In its most recent
resource plan, Northwestern Energy (formerly Montana Power) says 1t is “the mainstream
practice of utility planners to factor a carbon tax into their models.”!*®

California, Oregon, and Washington require utilities to factor CO; 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 CO; value and requires the
three investor-owned utilities in the state to use that value when evaluating bids (which
has a direct, ongoing effect on resource selection outside the planning context).''®

In 2005, the Northwest Power and Conservation Council (often referred to as the
Northwest Council) issued a resource plan that incorporates estimates of future CO;
values beginning in 2008.'"” This is worth noting not only because the 20-year plans
developed by this 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 CO; 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 CO, cost projections.'*® The.

B 1bid., 62.

"1 Northwestern Energy, “2005 Electric Default Supply Resource Procurement Plan,” Volume 2, Chapter ‘
1,25

"7 See Bolinger and Wiser, 2005, 57 (note 75) and 60, Washington Administrative Code, section 480-100-
238; and California PUC, “Interim Opinion on E3 Avoided Cost Methodology,” April 22, 2004 (online at
»’zf_m,' vy epuc.ca.gov PUBLISHED AGENTDA DECISION 45195 hin=TopOfPage).

U¥ California PUC. ~Interim Opinton on B3 Avoided Cost Methodology.” Decision 05-04-024. Proceeding
04-04-025. 29 and 89. Online at frmp.: yrvivveepticco.gov PUBLISHED 1GEND L DECISION 45795,
Also see UCS testimony submitted in this proceeding (online at

Bpe ey uesusa.org clean energy clean_energy policies 1estimony=on-acc ounting-for-califorias-

alobal-svarming-gas-costs. i),

"7 Northwest Power and Conservation Council. “The Fifth Northwest Electric Power and Conservation
Plan.” 2005, Volume 1. 19. Online at Juip: v invesiicilorg civrgy poaverplea plain Dot Jia.

'*" See EIA. “Energy Market Impacts of Alternative Greenhouse Gas Intensity Targets.” March 2006:
“Impacts of Modeled Recommendations of the National Commission on Energy Policy,” April 2003;
“Analysis of Senate Amendment 2028, the Climate Stewardship Act of 2003, May 2004; “Analysis of
S.139, the Climate Stewardship Act of 2003,” June 2003;(online at

hiap: soi.ela.dor.gov olal service rpis.inn ). EPAL "Multi-Pollutant Legislative Analvsis: The Clean
Power Act,” October 2005; and “Multi-Pollutant Legislative Analysis: The Clean Air Planning Act,”
October 2003 (online at /itip: v epa.gov aimnariets mp indey !y, Massachusetts Institute of
Technology Joint Program on the Science and Policy of Global Change, “Emissions Trading to Reduce
Greenhouse Gas Emissions in the United States: The McCain-Lieberman Proposal,” June 2003 (online at
hitp: webanitedu globalchange vaww MITJPSPGU Rpr97 pdfhy. Tellus Institute. ~Analvsis of the Climate
Stewardship Act Amendment,” June 2004 (online at

hrps sowwdelus org eneray publications MeCainlieberian 2004 pdi).
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domestic policy option that has been subjected to the most analyvsis is the Climate
Stewardship Act proposed by Senators McCain and Lieberman.

Another more recent policy proposal analyzed by the EIA is one developed by the
NCEP. This approach focuses on reducing enussion “intensity” (emissions per dollar of
gross domestic product) rather than total emissions. but like all cap-and-trade proposals it
would still impose a cost on CO; emussions.

In Mayv 2006. Synapse Energy Economics conducted a review of the cost
projections of 10 such modeled analyses. as well as the emerging policy response to
climate change and recent scientific and political developments. ' This review resulted
in the high. mid-range. and low CO»- cost projections shown in Figure 4.

Figure 4

Possible Costs of Federal CO2 Emission Limits

-~ == Synapse High Case ‘

50 - Synapse Mid Case [
— - -Synapse Low Case e

o

i
o
|

2005 $/short ton CO,
— N w
(@) o Q
\
\
\
\
\
\
|
\
\
\
\

0 B '\_— = 1 1 T i
20056 2010 2015 2020 2025 2030

Source: Johnston et al.. 2006. ‘%

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

i Lucy Johnston, Ezra Hausman, Anna Sommer, Bruce Biewald, Tim Woolf, David Schlissel, Amy
Roschelle, and David White, “Climate Change and Power: Carbon Dioxide Emissions Costs and Electricity
Resource Planning.” Svaapse Energy Economics. Mav 18, 2006, Online at 2000 v sisgse-

= bid.. p. 40.
= Ihid.. 39.
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Synapse’s cost projections are levelized'>* over 30 years to 2005 dollars, the low CO
cost projection is $8.50/ton, the mid-range projection is $19.60/ton, and the high
projection is $30.80/ton.'?

Estimates of the price of future CO, 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.’*® 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 Stewardship Act, for example, aims to return U.S. CO, emussions to 2000
levels over the period 2010 to 2015."*’ 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."* None of the federal proposals that underlie these
CO;, cost estimates actually claim to deliver emission cuts sufficient to stabilize global
CO, concentrations at a level that would avoid dangerous climate change.’®® 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 CO, emissions as much
as 60 to 80 percent by 2050. Therefore, whatever federal policy to limit CO, emissions 1s
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 CO; prices higher than the studies project.
However, at some point, rising CO, prices would make low- or zero-carbon technologies
competitive, leveling out the increase in CO; 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

12 < evelized” cost means “The present value of the total cost of building and operating a generating plant

over its economic life, converted to equal annual payments. Costs are levelized in real dollars (i.e.,
adjusted to remove the unpact of mﬂatlon) EIA Glossary,
“"ﬁ_"." UV CRLGn e s e diissan s L
“ Johnston. et al.. 20 O(w -H
_Ihld_ 35-39.
7 See Pew Center on ("Tlolml C limate C hange “Summary of the 2003 Climate Stewardship Act.” Online at

RS R IR TS

Tolnbtm} et 11 '7()()b mee 3. l
* The newlv introduced bills discussed in part ILC aiming for 80 percent reductions below 1990 levels by

2050 have not yet been the subject of analysis and are not reflected in cost projections.

¥ Climate Change Secretariat, “Caring for Climate: A Guide to the Climate Change Convention and the

Kyvoto Protocol,” Umted Nations Framework Convention on Climate Change, 2003, 25. Online at

S dioe HBCsOnee Ol hide,
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those by the EIA) make very pessimistic assumptions about the cost and performance of
renewables, efficiency, and other alternative technologies, both today and in the years
ahead."®! Moreover, they assume that there will be no new policies requiring or providing
incentives for greater use of these technologies, despite growing support for such policies
at both the state and federal level.

Using more optimistic assumptions about the costs, performance, and policy
support for these clean energy technologies would have the effect of reducing CO, prices
below projected levels (or keeping them from rising as much as they otherwise would in
response to ever-tightening caps).132 In this 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 CO; 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
alternative 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.

The CO» 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 of numbers in use."** (In some cases, these values are discounted by the utility with
a probability weighting when actually used in planning.)

Table 1: CO, Emission Trading Assumptions for Various Years (in 2005 dollars)

| PG&E* $0-9/ton (start year 2006)
Avista 2003* $3/ton (start year 2004)
Avista 2005 $7 and $25/ton (2010)

$15 and $62/ton (2026 and 2023)
Portland General Electric* $0-55/ton (start year 2003)
Xcel-PSCCo $9/ton (start year 2010) escalating at 2.5%/year
Idaho Power* $0-61/ton (start year 2008)
Pacificorp 2004 $0-55/ton
Northwest Energy 2005 $15 and $41/ton
Northwest Power and $0-15/ton between 2008 and 2016
Conservation Council $0-31/ton after 2016

Source: Johnston et al., 2006, Table 6.1.

13! For example, see Steve Clemmer (Union of Concerned Scientists), “Renewable Energy Modeling Issues
in the National Energy Modeling System,” presentation at the National Renewable Energy Laboratory
Energy Analysis Seminar, Washington, DC, December 9, 2004. Online at ‘

hep: wnewamel ooy analvsis semiiar docs 2004 ea seniinar decesiher Yopoi

"2 The studies reviewed by the Tellus Institute used more optimistic assumptions and included
complementary policies for energy efficiency and renewable energy technologies. The resulting CO; 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.

1 1bid., 30.
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Not included in Table 1 is the estimate of future CO; regulatory costs that
California 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 begins near the high end of the Synapse analysis
but move toward the low end in later years. "**

Wall Street analysts Bernstein Research recently modeled the impact of a CO»
allowance requirement on the earnings of several U.S. coal-fired generators, choosing
nine dollars per ton of CO, as the price on which to base its analysis. It also considered a
$28/ton CO; 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.'> As Figure 5 shows, CO; prices dropped sharply in May on news that many
companies emitted less CO, than expected, suggesting that large emitters had been
allocated too many allowances.”*® Prices have since partially rebounded.

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

% See Bolinger and Wiser, 2005, 60.
3 Wynne, 2006, 11-17.
135 Reuters, “EU undershoots emissions cap that critics call lax,” May 12, 2006. Online at

Dt podanreators.con Newws Crisesdriicle.aspx?siomld =L 12107022
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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 this risk is to consider the impact of a reasonable range of CO, cost
projections (such as those described above) on a proposed coal plant. The one CO> price
projection certain to be wrong is zero.

C. Reasonable projections of CO, prices would greatly increase the cost of coal
power.

CO,, 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 CO, per megawatt hour
(MWh) of electricity produced.137 This means, for example, that a CO; price of $10 per
ton would increase a plant’s costs by $10/MWh (or one cent per kilowatt-hour). Figure 6
shows how the cost of coal-fired electricity would rise in response to different CO,
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,

Applying the Synapse levelized CO; 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 CO; 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 CO; Cost

Price of CO; Allowance Cost of energy Percent increase
(levelized) above base price
Base price (no CO; cost) $47.50/MWh -

Low projection: $8.50/ton $55.67/MWh 17%
Mid-range projection: $66.34/MWh 40%
$19.60/ton

High projection: $77.11/MWh 62%
$30.80/ton

137 Coal has a carbon intensity of 220 pounds per million British thermal units (Btu) and a new supercritical
pulverized coal plant has a heat rate of 8,742 Btu per kilowatt-hour in 2005 (220 Ibs/million Btux 8,742
Btuw/kWh/2,000 Ibs/ton x 1,000 kWh/MWh/1,000,000 = 0.96 ton of CO, per MWh). See E1A, Assumptions
Jfor Annual Energy Outlook 2006, 2006. '

I3 BIA, “NEMS EMM Factors for AEO06.,” 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 overnight capital costs of $1,235/kW for a new plant. By comparison, the engineering firm Black
and Veatch assumes overnight capital costs of $1,730/kW, based on the average cost of over 60 coal plant
projects under construction or with air permits. (Source: Personal Communication with Ric 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.

29



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 S0-year period, for a 600 MW coal
plant.”*® The risk of future carbon constraints is far too great to ignore.

Figure 6 .
Pulverized Coal costs in 2015 under various CO, prices*
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Source: EIA, “NEMS EMM Factors for AEOQ06,” 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 efficiency 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 estimate by Synapse for the Big Stone II coal plant under a mid-range CO, cost projection.
See David A. Schlissel and Anna Sommer, direct testimony to the South Dakota PUC, case no. EL05-022,
Mav 19, 2006. 24. Online at liip: v sicie sd.ns prie conmission dockets electric 2003 ¢lf)3-
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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 regional resource planning recently conducted by the Northwest
Council."*® 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)."*! The plan looks at many different scenarios and various price
estimates for future CO, costs (though these estimates pre-date recent developments such
as the Senate resolution calling for carbon regulation). 42

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.'** Overall, the Northwest Council’s approach of identifying options that are
both low-cost and low-risk yielded a plan that greatly increases investment in
conservation and wind and does not include any new conventional coal plants for the
region throughout the 20-year planning period."* While the council’s cost estimates may
not directly apply to other regions, 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 relevant analysis was conducted by Synapse Energy Economics,
which in May 2006 submitted testimony critiquing a resource comparison that a coalition
of utilities seeking to build a conventional coal plant submitted to South Dakota
regulators,'* The utilities did not compare the proposed 600 MW Big Stone I plant with
a comparable investment in energy efficiency, nor did Synapse. However, the utilities did
compare Big Stone II with the alternative of building 600 MW of wind power along with
a 600 MW natural gas combined-cycle plant. Not surprisingly, the utilities” wind/gas
alternative was more expensive than Big Stone II, 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.

0 Northwest Power and Conservation Council, 2005.

"' Tbid., Table OV-2, 26-27.

2 1hid., 19. The Northwest Council assumes CO, costs of between zero and $135 per ton beginning in 2008,
and between zero and $30 per ton beginning in 2016.

" Tbid., 4, 29-31.

144 1.0
1bid., 29.
3 David A. Schlissel and Anna Sommer, direct testimony to the South Dakota PUC, case no. EL05-022,

Mav 26. 2006. Online at it o siore sl pise conpmission dockers elecre 2005 0I03-
. P 7. ; g
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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 MW) as the
coal plant,"*® and factoring in its low, mid-range, and high CO, 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 wind, a capacity
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 CO;, price forecasts, the analysis showed that all of the high-wind
(1,200 MW) scenarios were approximately the same or less costly than the 600 MW coal
plant, even without the federal production tax credit and using a very conservative
capacity value for wind. Under the most likely mid-range CO, price forecast, Big Stone II
cost 27 to 71 percent more than the high-wind scenarios, across the entire range of
assumptions. '’

The analysis also showed that all of the wind/gas alternatives had lower costs than
the 600 MW coal plant under both the mid-range and high CO, 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."*® In addition, the Big Stone II co-owners recently announced that the capital
costs for the project have increased by 50 percent—from $1.2 billion to $1.8 billion.'*
Using these new costs, and incorporating energy efficiency into the alternatives analysis,
would make the alternatives 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 future 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 technologies. 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. Ultilities that invest heavily in coal today are therefore

' Tbid., 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.
'“"Ibid., Tables 1 and 2, 17. (A corrected version of these tables with slight alterations to the originally-
filed numbers is online at /rip, e stare s us puc commiission dockeis electric 20603 ¢l()3-

022 correctedio 2306 ndr

" Thid.. [3-16. Svnapse explains in its testimony its decision not to correct several of the utilities” original
assumptions that bias the analysis against wind. For example, while the tax and financing advantages of
public utilities were reflected in the cost of Big Stone II, they were not reflected in the cost of wind.
Synapse corrected the utilities’ assumption that wind had zero capacity value, but it conservatively assumed
that wind resources have a capacity value of only 15 or 25 percent (despite recent utility 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.
14 Associated Press, “Higher cost for SD power plant won’t help ND chances, exec says,” August 4, 2006.
Online at freip: sovesedvmaconm getdARiicle asp 2 lrticlofd =303 7.
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not only running unnecessary financial risks, but also losing the flexibility to take full
advantage of the technological opportunities ahead.

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

Coal plants emit far more CO; 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. CO, emissions, by comparison, are projected to be 4,100,000 tons per year.'>
Collecting and disposing of CO, emissions therefore pose much greater technological
challenges than those faced by coal plants to date.

It is considered technologically possible to capture 80 to 90 percent of the CO;
froma conventional coal plant by scaling up methods currently in use to produce CO, for
beverage and chemical applications.'*! 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.** A recent MIT study estimates that adding CO,
capture technology to a conventional coal plant and disposing of the CO; in geological
formations would increase the plant’s levelized cost by nearly $30/MWh or 74 percent.'>?

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

Regulators should protect ratepayers from future CO; costs by refusing to authorize
new coal plants; alternatively, they should clearly place the risk of future CO: 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 pattern of

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

hutp: pscaviogov unhinmfo clecnic cases wesion document D olne 1114 FEIN ot

FHIPCC. ~Carbon Dioxide Capture and Storage.” 121. Current unit capacities would have to be increased
by a factor of between 20 and 50 for deployment at a 500 MW coal plant.

2 Ibid, Summary for Policymakers, 4.

'** Ram C. Sekar, John E. Parsons, Howard J. Herzog, and Henry D. Jacoby, “Future Carbon Regulations
and Current Investments in Alternative Coal-Fired Power Plant Designs,” MIT Joint Program on the
Science and Policy of Global Change, December 2005, 4.
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treating pollution allowance costs as operating expenses means that utilities may feel
confident that they can also recover any future CO, allowance costs through their rates.

Such confidence, however, means a utility operating in a regulated environment
has little incentive to assess CO, 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 alternatives.

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 CO, allowance costs will not be recoverable through rates. This is particularly
important given 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 CO> costs, regulators should give
them the incentive to monitor and respond to that risk. Shifting the risk of future CO,
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 1970s, many of the nation’s utilities believed two things that
turned 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 this era typically allocated at least a share
of excess costs to shareholders, and articulated standards intended to give utilities a
stronger incentive to avoid such unwise investments in the future.>* 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

13 For overviews of these cases see Richard J. Pierce, Jr., “The Regulatory Treatment of Mistakes in
Retrospect: Canceled Plants and Excess Capacity,” 132 U. Pa. L. Rev. 497 (1984); “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. 1133 (1983).
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light of emerging events (rather than sticking 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. This could include the decision to build a power plant and the
subsequgrslt decision not to cancel it after changing circumstances show the project to be
unwise.

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,*
the principle is also intended to protect ratepayers from unwise utility decisions.'*” 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
plans’*® and coal plants that were built but created excess capacity.'>

To determine whether an investment was prudent, courts consider what a utility
knew or should have known when the investment was made, and any altemnative
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, building 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 CO; 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.'® 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:

155 See Pierce, supra, p. 7.

'*® See Duquesne Light Co. v. Barasch, 488 U.S. 299, 109 S.Ct. 609 (1989).

"7 Verizon Communications Inc. v. FCC, 535 U.S. 467, 122 S.Ct. 1646, 1659 (2002).

1% See e.g., Association of Businesses Advocating Tariff Equity v. Public Service Commission, 527
N.W.2d 533 (Mich. App. 1994); In Re Interstate Power Company, 416 NW2d 800 (Minn. App. 1987); Re
Boston Edison Co., 46 PUR4th 431 (Mass DPU, 1982), aff’d 455 NE2d 414.

"% Gulf Power Company v. Florida Public Service Commission, 453 So.2d 799 (Fla. 1984);

"% Duquesne Light Co. v. Barasch, 488 U.S. 299, 109 S. Ct. 609 (1989).
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“In the real world of competitive enterprise, management officials must
continuously rethink prior decisions as new events unfold. Those who fail to stay
on top of current events lose out to their competition. lowa utilities should also
maintain surveillance over costs associated with a particular decision, and in the
absence of the kind of incentive provided by a competitor, the responsibility falls
upon us to provide the requisite incentive.”

The Wisconsin Supreme Court agreed with lowa’s shared costs approach and
recognized the authority of Wisconsin regulators to apply it in the same context. 162
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.”'®?

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 individual utility member to continuously strive for accurate and precise
management” of investments in baseload capacity. '**

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 higher
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 given a strong incentive to track regulatory developments
and continually re-examine their construction decisions in light of those developments.

16! Re lowa Public Service Company, 46 PUR4th 339, 368-69 (IA Commerce Commission, 1982).

12 Madison Gas and Electric Company v. Public Service Commission of Wisconsin, 325 N.W.2d 339
(Wis. 1982).

'} Pennsylvania Public Utility Commission v. Philadelphia Electric Co., 37 PUR4th 381, 387 (Pa. Public
Utility Commission, 1980).

1% Re Montana-Dakota Utilities Co., 44 PUR4th 249, 255 (N.D. PSC 1981); see also Re Otter Tail Power
Company, 44 PUR4th 219 (N.D. PSC 1981).



VIIL.

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

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.

o Utilities should factor future CO; 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 technologtcal opportunities
ahead.

e Regulators should insist that utilities take the above steps. They should also
protect ratepayers by refusing 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.

¢ Investors and shareholders should recognize the inevitability of CO; 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 managing
carbon risks, and require reporting and accountability. Long-term investors should
favorably regard companies who are proactively considering and managing these
risks effectively.

e Ratepayers and consumer groups should realize that the utilities building new coal
plants will seek to recover all their costs, including CO, 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: CO, 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 our 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 CO; for free for the next few decades 1s 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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Hedging Carbon Risk:
Protecting Customers and
Shareholders from the Financial
Risk Associated with Carbon
Dioxide Emissions

Utilities and regulators are recognizing that it is unlikely

utilities nothing whatever over the long lifetime of new
investments. Several utilities have begun to 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.

Karl Bokenkamp, Hal LaFlash, Virinder Singh and

Devra Bachrach Wang

As regulation of carbon dioxide
emissions becomes increasingly
likely, utilities are beginning 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.S5. greenhouse gas
(GHG) emissions, the electric

i sector is likely to figure promi-
i nently in any regulatory program

to reduce emissions.
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tilities such as PacifiCorp,

Idaho Power, and Pacific
Gas and Electric Company are
helping to protect their customers
and shareholders from the finan-
cial risk associated with future
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
redtice exposure to the cost of
future regulation of carbon diox-

ide emissions and to reduce cus-
tomers’ overall long-term cost for

energy services.

H. Risk Management s 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 unexpectedly 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 scrutiny
of resource investment plans.
With the arrival of deregulation
in the mid-1990s, integrated
resource plans (IRP) 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 fotal cost and envir-
onmental impacts, and has an
acceptable level of risk.!

 Evaluating
‘uncertainties

and demonstrating
risk management

- is a key
imperative

in long-term
planning.

n states such as Oregon and

‘Idaho that did not fully
restructure their electric indus-
tries, utilities never stopped
working with their regulators on
IRPs. Other states, such as Cali-
fornia, that did restructure have

oping new tools to enable utilities
to effectively manage costs and
risks through portfolio manage-
ment and long-term plans.
Throughout the industry, there is
growing recognition that portfolio
management and Ioﬁg-.tenn
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
ufilities believe will assist them in
making a strong case for cost
recovery. _
Evaluating uncertainties and
demonstrating risk management
is a key imperative in long-term
planning. Recent volatility in the
electric 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 risks.?
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-determined suite of
reconsidered and are now devel- |

actions that canriot adjust to
changing conditions.

A. Evaluating the financial
risk of global warming
regulation

More and more utilities,
including PacifiCorp and Idaho
Power; incorporate extensive risk
analysis in their IRPs, with dif-
ferentiation between stochastic

iz

1040-6190/$—see front matter © 2005 Elsevier Inc. All rights reserved., doi:/10.1016/}.te{2005.05.007
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and scenario risks. Stochastic
i risks consist of estimated devia-

embody factors with which 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 future risk.) Nat-
ural gas prices, electricity market
prices, hydropower generation,

risks. In contrast, scenario risks
represent a significant and sus-
tained movement away from an
“average” trend; these 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 can be more
| difficult to quantify than sto-
chastic risks, and are therefore
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 [RPs.

he Oregon PUC was one of

the first to look at the
financial risk associated with
carbon dioxide emissions. The
OPUC issued a 1993 order
requiring regulated utilities to
conduct sensitivity analyses on
. carbon dioxide emissions. The
OPUC order followed a memo
from the Oregon Department of
Justice, which stated that the

. sumably because it mitigated the

and loads all represent stochastic

- The pace of policy
- development suggests

. risk that external costs would be

OPUC “‘may require utilities to |
. consider in their least-cost plans |
tions from an average value, and

the likelihood that external costs
may be internalized in the
future.”” Furthermore, the Com-
mission is authorized to allow a
utility to recover the costs of a
cleaner but more expensive
resource.* The order went on to
say that the OPUC “would also
need to find that the resource
acquisition was prudent, pre-

that carbon dioxide
emissions may be
regulated in the
relatively near future,
and likely within the
lifetime of new utility
investments.

internalized’”” in the future due to
new regulation.

i

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

The pace of policy development
internationally and throughout
the U.S. suggests that carbon
dioxide emissions may be regu-

lated in the relatively near future,
and likely within the lifetime of
new utility 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 into 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 Unien'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
' would regulate carbon dioxide
. emissions are pending before the

U.S. Congress.” One of these, the

i Climate Stewardship Act, intro-

duced by Sens. McCain and Lie-
berman, received 43 votes in the

to be brought back for another
vote in the Senate, and the House
has introduced a companion bill.®

B. State and regional actions

More than half the states
around the country have devel-

oped or are developing strategies

to reduce GHG emissions.” For
example, the Northeast and Mid-
Atlantic states are engaged in a

regional cap-and-trade program

- Senate in 2003. The bill is expected |

| cooperative Regional Greenhouse |
- Gas Initiative (RGGD) to developa |
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| to reduce carbon dioxide emis-
sions. The goal of RGGI 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
call 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
California.’

alifornia has adopted regu-

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
U.S. car market. The California
Public Utilities Commission
(CPUCQC) is now exploring a cap-
and-trade program for carbon
dioxide emissions associated with
the utilities’ portfolios.’ The
Montana Public Service Com-
mission has required Northwes-
tern Energy to account for the
financial risk associated with
carbon dioxide emissions in its
next long-term plan.’? In addi-
tion, Washington recently passed
a law regulating carbon dioxide
from new power plants, requiring
that 20 percent of the carbon
dioxide from new plants either be
taxed or mitigated through offset
projects’; this law is similar to the
carbon dioxide emission stan-

, !
dards for new power plants that |

Oregon has had since 1997.M

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 carbon dioxide
emissions. Organizations such as

As the momentum to
regulate GHG
emissions grows,
businesses are
increasingly
recognizing the risk
associated with carbon
dioxide emissions.

the Carben Disclosure Project and
the Investor Network on Climate
Risk have substantially raised the
profile of climate-related risks
when analyzing the financial
health of companies worldwide.
Last year, 13 major public pension
funds, which manage $800 billion
in assets, asked the Securities and
Exchange Commission to require
companies to disclose the finan-
cial risks they face from climate
change.”” Meanwhile, institu-
tional shareholder groups and
public pension funds filed 31
resolutions this year asking indi-
vidual companies to disclose
financial risks and their plans fo

reduce GHG emissions.'®

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

IV. 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 more
dependent on carbon-emitting
resources face a greater risk of
increased costs. Different electri-
city resources have widely vary-
ing emissions of carbon dioxide,
creating varying levels of finan-
cial risk. For example, the
Northwest Power and Conserva-
tion Council {the Northwest's
regional planning organization,
established by Congress in 1980)
reports that a new conventional
coal plant will emit almost 1,000
metric tons of carbon dioxide per
GWh, while a new combined
cycle natural gas plant will emit
about 400 metric tons per GWh, or
60 percent less than the coal
plant.’® Integrated gasification
combined cycle JGCC) coal-fired
power plants emit nearly 800
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metric tons of carbon dioxide per
GWHh, 20 percent less than a con- |
ventional coal plant but still "
double a combined-cycle gas 1
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 typically higher in cost than
conventional generation using
coal and gas. An important
question is whether their lower
emissions offer protection against f
¢ 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).

fmetric tons CO2/ GWhy
on
i

Carbon Dioxide Emissions Rate

Conventional JGEC - Ne IGCC with %1% Natural Gas -
Sequestration Seguwestration Simple Cycle Combined Cyele

Coal

Source: Northwest Power and Conservation Council. 2005,

Figure 1: Comparison of Carbon Dioxide Emission Rates of Electricity Generation

Resources

Conventional coal-fired power
plants present the 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 year in cost

. exposure for a utility.? A
500 MW baseload combined cycle |
. natural gas plant (at a 90 percent

capacity factor), by contrast,
would result in a cost exposure
of about $20 million per year.
And a less efficient 500 MW
peaker gas plant with a heat rate
of 9,300 Btu per kWh (and a 10
percent capacity factor) would
have an exposure of about $3
million per year. A 500 MW
baseload 1GCC coal-fired power

i 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 risks and costs
associated with each fuel. [t is the

‘\ summation of these risks that
: utilities must consider in future

Nataral Gas -

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 should
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 shareholders 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 portfolio. Establishing a
value of the risk of GHG emission
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- Utilities and regulators can also

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 likely cost
under such regulation.
tility decisions about
resource investments are

ideally based upon what is
“known and knowable” 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 GHG 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 .
imputed cost in modeling
resources in long-term plans and
in evaluating procurement
options.

here are several estimates of

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

look to imputed costs now in use

. in other jurisdictions.

A. Cuarrent GHG market
prices

The primary market in GHG

i emission allowances is the Eur-
. opean Union’s Emissions Trading

Scheme (ETS). 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.%* In
the U.S,, the Chicago Climate
Exchange provides a forum for
entities to voluntarily trade GHG
emissions. In recent months,
allowances on the Chicago Cli-

i mate Exchange have been trading

at prices between $1.50 and $2 per
ton of carbon dioxide®%; however,
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

. dollars).?* The Massachusetts
. Institute of Technology’s Joint

- dollars per ton (in 1999 dollars

. sion on Energy Policy has pro-
. posed a national cap on carbon

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.”

t

B. Estimated GHG costs
under proposed federal
policies

The Energy Information
Administration’s analysis of the
McCain~-Lieberman Climate
Stewardship Act found carbon
dioxide allowances to be in the
range of $15 to $34 per metric ton,
over the period 2010-2020 (in 2001

Program on the Science and Pol-
icy of Global Change modeled an
earlier and more stringent version
of the Climate Stewardship Act
and found that the emissions
allowance price of carbon dioxide
would likely range from $21 per
ton in 2010 to $36 per ton in 2020
{in 2001 dollars).** In addition, the
Energy Information 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 from $14 to $33

)26
In addition to current proposals in
Congress, the National Commis-

dioxide intensity that caps mar-

limits and comprehensive cover- ket-clearing prices at $7 per ton of |

age. The Climate Trust, which

| carbon dioxide beginning in 2010, |

16
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with a 5 percent increase annually
thereafter.

C. Estimated 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 uncerfainty about when reg-
| ulations will be enacted and what
| those costs will be.

he Oregon PUC has

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. Paci-
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 IRP base case, Paci-
| 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
several categories of data, includ-
ing the current carbon dioxide
offset market in the U.S,; existing

markets for GHG emissions in the |

|

1

United Kingdom and Denmark
(which developed an emissions
market before the European
Union’s development of imple-
mentation plans for its compliance
with the Kyoto Protocol); and
macroeconomic analyses of
several federal proposals 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.

| Instead of assuming full imple-

mentation of carbon dioxide lim-

; 1its in 2008, the company’s base

case scenario assumes a 50 per-
cent probability of an $3 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 intended to capture uncer-
tainty more effectively.

As required by the OPUC,
PacifiCorp also conducted sce-

%

 nario analysis using costs of 30,
. $10, $25, and $40 per ton carbon
. dioxide (in 1990 dollars). The

company applied these values to
all portfolios that passed an initial
evaluation screen based on cost
under the base case. The result
was an understanding of the
possible spread of costs for an
individual portfolio based on
multiple variations of different
risks, including carbon dioxide as
well as fuel 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 IRP 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 emissions.”*® 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 Long-Term Procure-
. ment Plan assumed an imputed
i cost of $8 per ton of carbon

P

1
i

|
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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.% 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.%! 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

T tlities can select a portfolio
that reduces exposure to
the cost of future regulation of
carbon dioxide emissions, while
balancing other goals, by includ-
ing an estimated cost for carbon

i

dioxide emissions in integrated

resource planning and in evalu-
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
investments in order to properly
manage and mitigate the risk.

In general, the ultimate goal of
long-term planning processes is to
ensure that adequate resources are
available to reliably serve the
demard for the energy services
that utilities provide, while balan-
cing costs, risks, and environmen-
tal concerns. Utilities can ensure
that resource investments achieve
this goal by including all costs and
significant 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 the best
information available at the time of
the investiment. Otherwise, custo-
mers and utilities could be locked
into investments that expose them

i to higher costs in later years.

A s Idaho Power explained in
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
emissions.””*®> Moreover, utilities
believe that incorporating carbon
dioxide into planning and pro-
curement demonstrates foresight
and prudence due to the long
lead-times to acquire certain
resources, and. the long depre-
clated 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 regulations, due
to sunk costs and more limited
and costly options to reduce
emissions from existing
Tesources, ‘

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 of their
long-term plan and procurement
medeling processes, just like
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1

other readily foreseeable and
significant costs and risks. The
estimated cost should be modeled
as an operational cost of each
carbon-emitting resource. The
cutcome of such a modeling
process should be a resource
portfolio that reduces the utilities’
and their customers’ exposure to
this financial risk to a level that
the utility believes is appropriate.
ifferent utilities have used
different methodologies to
account for the financial risk of

carbon dioxide emissions in their |

long-term planning and procure-
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
utilities that contributed to this
article all agree on the importance
of including the future risk of
carbon dioxide regulation in their
resource planning decisions.
However, the examples 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 utilities
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 years,
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

H
{

! prices and for emissions

emissions (from $0 to $49.21 per
ton 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 portfolio that was
robust under a variety of possible
scenarios.

Idaho Power’s final portfolio
was a balanced and diversified

E portfolio that faced the second-

lowest exposure to the financial
risk associated with carbon diox-
ide emissions of the five “finalist”’
portfolios. Idaho Power’s use of
an estimated cost of carbon
dioxide emissions materially.
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 IRP lays outa 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 process.

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 natural gas
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. allowances for nitrogen oxide and
. sulfur dioxide over a 20-year

)

|

portfolios looked unattractive due
i the price referent.

' to the cost of emissions above

period, which in turn affected the

| electric market price forecast.
(Note that higher carbon dioxide
values actually reduce costs
associated with nitrogen oxide
and suifur dioxide emissions due
to less coal-fired 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, with an assump-
tion that emissions are capped at
2000 levels.** Conversely, portfo-
lios with emissions below 2000
levels received credits associated
with excess allowances that could
be sold to other emitters.” This
approach adds cost to thermal
generation while effectively
rewarding renewable energy and
demand-side energy efficiency for
their emissions-free attributes.
Finally, PacifiCorp subjected each
portfolio that  survived initial
cost and risk analysis to carbon
dioxide values ranging from 30 to
$40 per ton to comply with the
OPUC’s 1993 order.

hen applied to different

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

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.®
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
IRP 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 renewables
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 carbon dioxide-
free renewables benefit from

incorporating carbon dioxide into

PacifiCorp also applied the
estimated carbon dioxide cost to
its 2003 request for proposals
(RFP) for thermal resources. In the
2003 RFP, PacifiCorp compared
bids to a “‘next best alternative,”
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 the counterparties could 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 ability to
explicitly indemnify the utility for
any carbon dioxide-related price
risks in exchange for a payment of
up to $8 per ton in accordance
with the IRP assumptions. Effec-
tively, the utility was offering an
insurance payment to protect
ratepayers from potentially costly
regulations.

he rescurce selected in the

2003 thermal RFP won based
on least cost, without indemnify-

- ing PacifiCorp for the carbon

dioxide risk. However, negotia-
tions between PacifiCorp 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
dioxide-related risk. In particular,
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the negotiations raised concerns
among PacifiCorp staff that
counterparties did not fully
appreciate what it meant to hold
such risk. For example, a project

developer disposed to perceiving
! sis, which uses market value,
| tions could claim to bear the risk |
© other factors to rank all of the

 offers received and to select the

| little risk of future GHG regula-

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 RFP is issued.

C. Pacific Gas and Electric
Company

The California PUC recently

adopted a new policy requiring its |

regulated utilities to explicitly
account for the financial risk
associated with carbon dioxide
ernissions in evaluating long-term
resource commitments. The
CPUC found that “[ilt 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
commitments,” and concluded
that ““[glreenhouse gas emissions
pose a real and substantial
financial risk to customers and the
utilities.”*”

PG&E will be using the CPUC-
adopted “‘greenhouse gas adder”
in evaluating offers it receives in
response to competitive solicita-
tions, as well as in its next long-
term procurement plan. In accor-
dance with CPUC requirements,
PG&E's solicitations will be “all-

source’ solicitations, welcoming
both renewable and non-renew-
able bids, as well as utility-owned
i and contracted resources. These
. resource options will be evaluated

using a least-cost/best-fit analy-

portfolio fit, credit, location, and

best mix of resources, The “GHG

adder” will be one element of the
market value evaluation, and will
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
estimated cost for GHG emissions

| in its evaluation. PG&FE’s current

competitive solicitation is for
particular peaking and inter-
mediate products and the
resources compared are likely to
have similar emission profiles, so
the “GHG adder,” as just one of
many factors used in evaluating
bids, 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 significantly
different emissions profiles,
where the “GHG adder” could
have a material effect on the
outcome of the sclicitation.

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 IRP elicited
supportive comments on its use of
a carbon risk value. PacifiCorp’s -
IRP 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 3

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-

cussed in some areas was
whether regulation of carbon
dioxide emissions is likely within
the lifetime of new investments.
An overwhelming majority of
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 Cominission to adopt
an estimated future cost of carbon

| dioxide emissions, and that
| instead the Commission and the

utilities should wait to act until
carbon dioxide is regulated. By
the time carbon dioxide is regu-
Iated it may be too late for utilities

| to protect customers and share-

holders from increased costs
associated with long-term com-
mitments made earlier. Electric
resources are long-term, capital-
intensive investments. Once car-
bon dioxide is regulated, utilities
that do not plan now will prob-
ably not be able to reshape their
portfolios overnight, at least not
without incurring massive costs.
election of an appropriate
estimated cost of carbon
dioxide emissions 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

i 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 quantifying

| a scenario risk.

Some stakeholders expressed
concern that the actual cost of
carbon dioxide emissions might
ultimately be higher or lower than

the estimated cost. However, the

most simple and compelling
consideration is that the risk of
GHG regulations clearly 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. Uncertainty about

. future 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 time of the investment.
Stakeholder discussion also
centered around the possibility
that the use of an estimated car-
bon cost could increase 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
othér 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

. portfolio, and no single factor

. responses to the risks associated

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

Himately, both PacifiCorp’s

and Idaho Power's IRPs
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 utilities examined
numerous cost and risk factors
that led to diverse resource
selections. The financial risk
associated with carbon dioxide
emissions was one of many fac-
tors used to select the optimal

dominated planning decisions.
PG&E, for its part, has been a
national leader in calling for
responsible market-based

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.

VIII. Conclusion

Risk management is increas-
ingly recognizeg 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 efforts, as they
recognize the imprudence of
assuming that carbon dioxide
emissions will not cost anything
over the 30-year or longer lifetime
of new investments, Utilities can

22.
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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.m
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models of the global effects — shows that climate change will have serious impacts
on worid output, on human life and on the environment.

Ali 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, inciuding 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. !t 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 CO, equivalent (CO,¢). The current level is 430ppm CO.e 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 CC.e are around 1% of giobal
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 CO.e. If we
delay, the opportunity to stabilise at 500-550ppm CO,e 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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Summary 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. .

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.

}f 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 wouid 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 worid 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

vi
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Action on climate change will also create significant business opportunitiesas hew

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, ighoring 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 CO.e, 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 fong-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.

vili
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Countries facing diverse circumstances will use different apprgg}:]f%gt)éur’n I;aﬁgaeﬁl}r()“
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:

e Emissions frading: Expanding and finking the growing number of emissions
frading 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.

e 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.

e Action fo 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.

e Adaptation: The poorest countries are most vuinerable to climate change. itis
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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Cheap, plentiful coal is expected to fuel power plants for the
foreseeable future, but can we keep it from devastating the environment?
BY DAVID G. HAWKINS, DANIEL A. LASHOF AND ROBERT H. WILLIAMS
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<Burning coal sends nearly 10 billion metric tons
of carbon dioxide into the atmosphere every year.

More than most people realize, dealing with climate change means addressing the problems

posed by emissions from coal-fired power plants. Unless humanity takes prompt action to strictly
limit the amount of carbon dioxide (COz) released into the atmosphere when consuming coal to
make electricity, we have little chance of gaining control over global warming.

Coal—the fuel that powered the Industrial Revolution—is a particularly worrisome
source of energy, in part because burning it produces considerably more carbon dioxide
per unit of electricity generated than burning either oil or natural gas does. In addi-

tion, coal is cheap and will remain abundant long after oil and natural gas have
become very scarce. With coal plentiful and inexpensive, its use is burgeoning
in the U.S. and elsewhere and is expected to continue rising in areas with
abundant coal resources. Indeed, U.S. power providers are expected to

build the equivalent of nearly 280 500-megawatt, coal-fired electric-
ity plants between 2003 and 2030. Meanwhile China is already
constructing the equivalent of one large coal-fueled power
station a week. Over their roughly 60-year life spans, the
new generating facilities in operation by 2030 could
collectively introduce into the atmosphere about as
much carbon dioxide as was released by all the
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coal burned since the dawn of the Indus-
trial Revolution.

Coal’s projected popularity is disturb-
ing not only for those concerned about
climate change butalso 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 coal pro-
duction and conversion to useful energy
one of the most destructive activities on
the planet [see box on page 73].

In keeping with Scientific Ameri-
can’s focus on climate concerns in this
issue, we will concentrate below on
methods that can help prevent CO; gen-
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 CO; emissions and these other
problems already exist, although the
will to implement them quickly still lags
significantly.

Geologic Storage Strategy
THE TECHNIQUES that power provid-
ers could apply to keep most of the car-
bon dioxide they produce from entering
the air are collectively called CO; cap-
ture and storage (CCS) or geologic car-
bon sequestration. These procedures
involve separating out much of the CO;
thatis created when coal 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; Sc1-
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-
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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 with CO3 storage in operations that
purify natural gas {mainly in Canada) as
well as with CO; injection to boost oil
production (primarily in the U.S.). En-
hanced oil recovery processes account for
most of the CO; that has been sent into
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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 CO; concentra-
tion ata “safe” level, butit does not spec-
ify what the maximum value should be.
The current view of many scientists is
that atmospheric CO; 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
COy—more than islikely 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 COj; 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
CQO3 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 CO3 of volca-
nic origin asphyxiated 1,700 nearby vil-
lagers and thousands of cattle—are im-
probable for engineered CO; 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 CO; leaks to levels
that avoid unacceptable environmental
and public health risks.

Technology Choices
DESIGN STUDIES indicate that existing
power generation technologies could cap-
ture from 85 to 95 percent of the carbon
in coal as CO3, 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 build
integrated gasification combined cycle {iGCC) coal power plants
with carbon dioxide capture and storage (CCS) capabilities
[below] rather than conventional steam-electric facilities.
Conventional coal plants burn the fuel to transform waterinto
steamtoturn a turbine-generator. If CCS technology were applied
to asteam plant, C0z would be extracted from the flue exhaust.
An IGCC plant, in contrast, employs a partial oxidation reaction

CTING AND STORING CARBO

N DIOXIDE

using limited oxygen to convert the coal into a so-catled
synthesis gas, or syngas (mostly hydrogen and carbon
manoxide]. ltis much easier and less costly to remove CO0 from
syngas than from the flue gases of a steam plant. The hydrogen-
rich syngas remaining after COz extraction is then burned torun
both gas and steam turbine-generators. The world's first
commercial {GCC project that will sequester C0z undergroundis
being plannednear Lang Beach, Calif.

GASIFICATION 1 Coal, water and oxygen are
fedinto a high-pressure
gasifierinwhichthe coalis
partially oxidized and

convertedinto syngas

Gasifier

‘Tonventiopal
pollutants
removed

DAVID FIERSTEIN

COz EXTRACTION

a
2The syngasisreacted with steamtoproduce a
gaseous mixture of mostly carbon dioxide and
hydrogen (H;) from which C0; is extracted for
burial (yeliow pathways at bottom)

[

Syngas
|

¥ o
B 3 Hydrogen-rich syngas is burned,
and the combustion preducts drive a

gas turbine-generator

4 The hot gas turbine exhaust
passes to a heat-recovery
steam generator, which
converts watertosteam that
turns a steamturbine-generator

- Gasturbine-
" generator
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can 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
gasification combined cycle (IGCC). Al-
though today’s coal IGCC power (with
CO;y 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 CO; would have to be re-
moved from large volumes of gas using
processes that are both energy-intensive
and expensive. The captured CO; would
then be compressed and piped to an ap-
propriate storage site.

InanIGCCsystem coal is not burned
but rather partially oxidized (reacted
with limited quantities of oxygen from

& Commercial power plantsusing IGCC
technology, suchasthis one in italy, have been
operating since 1994. Together they generate
3,600 megawatts of electricity.

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. In current
practice, IGCC operations remove most
conventional pollutants from the syngas
and then burn it to turn both gas and
steam turbine-generators in what is
called a combined cycle.

In an IGCC plant designed to cap-
ture COz, 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 CO; would then be extracted,

wI
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o
-
—
]
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DAVID G. HAWKINS, DANIELA. LASHOF and ROBERT H. WILLIAMS have endeavored to help
stave offclimate change problems for decades. Hawkinsis director of the Climate Center
at the Natural Resources Defense Council (NRDC), where he has worked on air, energy
andclimateissuesfor35years. Hawkins serves on the boards of many bodies that advise
governmenton environmental and energy subjects. Lashofis science director and dep-
uty director of the NRDC'’s Climate Center, at which he has focused on national energy
policy, climate science and solutions to global warming since 1989, Before arrivingatthe
NRDC, Lashof developed policy options for stabilizing global climate at the U.S. Environ-
mental Protection Agency. Williamsis a seniorresearch scientist at Princeton University,
which hejoined in 1975, At the university’s Princeton Environmentai institute, he heads
the Energy Sustems/Palicy Analysis Group and the Carbon Capture Group under the in-
stitute’s Carbon Mitigation Initiative (which is supported by BP and 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 CO». Gasification sys-
tems recover CO; froma 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-
et facilities requires the consumption of
more coal to generate a kilowatt-hour of
electricity than when COj 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 CO2. 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 CO3 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
COy—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

COALUSTOLL

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

CCS Nowor Later?

MANY ELECTRICITY producers in
the industrial world recognize that en-
vironmental concerns 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 “CQO3 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 CO;3 wete 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 CO1 (or similarly, pay-
ments for COy 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,” coalis, in fact, dirty. Although carbon capture and storage could prevent much carbon
dioxide from entering the atmosphere, coal production and consumption is still one of the most destructive industrial processes.As long as
the world consumes coal, more must be done tomitigate the harmit causes.

MINING DANGERS

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

The U.S. has bettersafety
practices than China and achieved an
all-time low of 22 domestic fatalities
in 2005, U.S. mines are far from
perfect, however, as evidenced by a
series of fatalities in early 2006.

Coal mining is among the most dangerous occupations. Official
reports for 2005 indicate thatroughly 5,000 people died
(16 a day) in China from coal mine floods, 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 leaching from coal waste into surface

waters has tainted thousands of
streams. The acid leachatereleases
heavy metals that foul groundwater.

TOXIC EMISSIONS

Coal-fired power plants account for
more than two thirds of suifur dioxide
and about one fifth of nitrogen oxide
emissions in the U.S. Sulfur dioxide
reacts in the atmosphere toform
sulfate particles, which in additionte

ENVIRONMENTAL EFFECTS
Conventionalcoal mining, processing
andtransportation practices scar
the landscape and pollute the water, which harms people and
ecosystems. The most destructive mining techniques clear
forests and blast away mountaintops. The “overburden”
removed when a coal seamis uncovered is typically dumped

Strip-mining operations rip apart ecosystems and reshape
the landscape. Although regulations reguire land reclamation
in principle, itis oftenleftincomplete. As forests are replaced
with nonnative grasslands, soils become compacted and
streams contaminated.

4 Acid runoff from a Pennsylvania coal mine
stainsthiscreekbed orange.

intonearby valleys, where it often buries rivers and streams.

causing acid rain, contribute tofine
particulate pollution, a contaminant
linked to thousands of premature
deaths from lung disease nationwide. Nitrogen oxides combine
with hydrocarbons to form smog-causing ground-level ozone.
Coal-burning piants also emit approximately 48 metric

tons of mercury a yearin America. This highly toxic element
persists in the ecosystem. After transforming into methyl
mercury, it accumulates in the tissues of fishes. Ingested
mercury is particularly detrimental to fetuses and young
infants exposed during periods of rapid brain growth, causing
developmental and neurological damage.

‘ —D.6.H., DAL and RHW.
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THE PATH TO CO2 MITIGATION

Ourcalculations indicate that a prompt commitment to carbon capture and storage
(CCS)would make it possibleto meet global energy demands while limiting the
atmospheric carbon dioxide concentration to 450 parts per million by velume (ppmv).
This goal could be attained if, by midcentury, sequestration is applied for all coal use
and about a quarter of natural gas use, while energy efficiency increases rapidly and
carbon-free energy sources expand sevenfold. Underthese conditions, overali fossil-
fuel consumption could expand modestly fromtoday: by midcentury, coal use could be
somewhat higher than at present, oil use would be down by a fifthand natural gas use
would expand by half.

To realize this pathway, growth rates for fossil-fuel use would have te be reduced
now, and CCS must begin for coal early in the next decade and fornatural gas early in
the next quarter of a century. The top graph below depicts the energy provided by the
various sources ifthis mitigation path were followed. The bottom graph shows total
quantities of carbon extracted from the earth (emissions plus storage).

—D.G.H,D.A.L.and RHW.

FOSSIL AND CARBON-FREE ENERGY MIX FOR CO, STABILIZATION
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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 CO; 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. OQur
studies indicate that it is feasible to sta-
bilize atmospheric CO; 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, COy capture would need to rise
at an 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 both wind 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 CO; 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, butitis
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.

Policy Push Is Needed

THOSE GOOD REASONs for com-
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 CO; 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 CO, 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.sciam.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 CO7 mitigation
technologies.

2

5

Delaying

shortsighted.

|

.

% carbon capture

¢ and storage

§ at coal power |
é plants is %
g g
2

g

&

Even if a carbon dioxide cap-and-
trade program were enacted in the next
few years the economic value of CO;
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 approach would be to insist that
an increasing share of total coal-based

MORE T0 EXPLORE

electricity generation comes from facili-
ties that meet alow CO; 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 COz 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 CO; 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 CO7 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.

How to Clean Coal. C.Caninein On€arth. Natural Resources Defense Council, 2005. Available

atwww.nrdc.org/onearth/05fai/coall.asp

IPCC Special Report on Carbon Capture and Storage, 2005, Available at
http://arch.rivm.nl/env/int/ipcc/pages_media/SRCCS-final/IPCCSpecialReporton

CarbondioxideCaptureandStorage.htm

Avoiding Dangerous Climate Change. Edited by H. J. Schelinhuber, W. Cramer, N. Nakicenovic,
T. Wigley and G. Yohe. Cambridge University Press, 2006.

Big Coal: The Dirty Secret behind America’s Energy Future. J. Goodell. Houghton Mifflin, 2006.

Carbon Dioxide Capture and Geologic Storage. J. J. Booley, R. T. Dahowski, C. L. Bavidson,
M. A. Wise, N.Gupta,S. H.KimandE. L. Malone. Technology Report fromthe Second Phase
of the Gisbal Energy Technology Strategy Program, 2006.

Natural Resources Defense Council Web site: www.nrdc.org/globalwarming

Princeton Environmental Institute Web site: www.princeton.edu/~cmi
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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 offices 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 fuels and destroying forests put about twice as much carbon dioxide (CO,) 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),
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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, whicﬁ 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:

e More severe hurricanes as ocean temperatures rise’;
e More severe droughts and wildfires, particularly in the western United States, as
mountain snowpacks decline and evaporation rates increase”;

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

raise sea levels;

! Siegenthaler, U., T.F. Stocker, E. Monnin, D. Luthi, J. Schwander, B. Stauffer, D. Raynaud, J. Barnola.
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.gov/ccgg/trends/

> Mann, ME. and K. A. Emanuel (2006) Atlantic Hurricane Trends Linked to Climate Change, Fos, 87(24),
p. 233-244.

* Westerling, A.L., H.G. Hidalgo, D.R. Cayan and T.W. Swetnam (2006) Warming and Earlier Spring
Increase Western U.S. Forest Wildfire Activity, Science, published in Science Express on 6 July 2006, doi:
10.1126/science. 1128834

* Overpeck, J.T., B.L. Otto-Bliesner, G.H. Miller, D.R. Hugs, R.B. Alley and J.T. Kiehl (2006)
Paleoclimatic Evidence for Future Ice-Sheet Instability and Rapid Sea-Level Rise, Science, 311, p.1747-
1750.
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e Ecosystem destruction and species extinctions as climate change and ocean

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

dissolve coral reefs®.

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 future—both

in terms of stabilizing their atmospheric abundances and in terms of

experiencing more significant impacts.’

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

“Pounds. J.A.. M.R. Bustamante. L.A. Coloma. J.A. Consuegra. M.P L. Fogden. P.N. Foster. E. La Marca.
K.L. Masters. A. Merino-Viteri. R. Puschendorf. SR. Ron. G.A. Sanchez-Azofeifa. C.J. Still and B.E.
Young (2006) Widespread amphibian extinctions from epidemic disease driven by global warming. Narure.
439, p. 161-167. doi:10.1038/nature04246.

National Academy of Sciences. Understanding and Responding to Climate Change: Highlights of
National dcademies Reports. p. 16 (October 2003). http://dels.nas.edwdels/ipt_briefs/climate-change-
final.pdf (emphasis added).
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as little as 2 degrees Celsius (3.6 degrees Fahrenheit) from 19" 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 reefs’.

We have a reasonable chance of staying within this 3.6 degree Fahrenheit
envelope if atmospheric concentrations of CO; and other global warming gases are kept
from exceeding 450 ppm CO,- 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
dveveloping 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.) 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
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Figure 1. Prompt start and delay pathways consistent with stabilizing heat-trapping gases at 450
ppm CO,- equwalent Global emissions 2000-2100 are 1760 Gt CO, 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 CO;
in the 21° 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 2010 to 2030 a reduction of 0.5%/yr compared to the Energy lnformatlon
Administration forecast:’ they must decline by 8.2%/yr thereafter to limit cumulative 21% Century
emissions to 308 Gt CO..

1o Simple Model for Climate Policy assessment (SiMCaP). available at: http://wwyw simcap.org/
H Reference case from U.S. Departiment of Energy. Annual Energy Outlook 2006 with Projections to
2030, Report # DOE/EIA-(383(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?

Administrétion 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



Docket No. 060635-EU

Lashof Testimony

DAL-7, Page 7 of 14
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.

Voluntary 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 intensity 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), fotal 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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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 fund, when to fund them, or how much funding 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 emissioné 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 CO2

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 fuels. 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.

10
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Additional reductions come from renewable fuels and electricity and carbon capture and

disposal at coal-fired power plants and other high-concentration industrial CO2 vents.
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Figure 3. Source: Lashof and Hawkins, NRDC, in Socolow and Pacala, Scientific
American, 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 efficiency through a
combination of appliance standards, building code enforcement, and utility

11
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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.'

. 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 from 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 fuel is provided by sources with zero net
CO, 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 biofuels,

. which could be supplied from energy crops grown on 60 million acres of land,
assuming productivity of 12 tons/acre.”> Alternatively, this could be supplied by
40 billion gallons of biofuels plus 520 billion kWh of additional renewable
electricity supplied to plug-in hybrids.'*

. 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 S times the annual
flow of natural gas through buffer storage facilities. In addition, increased thermal

2 hitp://www.nrdc.org/air/energy/fcagoals.asp

3 N. Greene, et al., 2004. Growing Energy: How Biofuels Can Help End America’s Oil Dependence.
(NRDC, New York, 2004)

' Assumes 13 kWh displace 1 gallon of gasoline in a plug-in hybrid.

12
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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 withvdecisive action initiated now we can deploy
available technologies to rebalance the carbon cycle in time to avoid the worst

consequences of global warming.
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