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THE FUTURE OF COAL UNDER CARBON CAP
AND TRADE

THURSDAY, SEPTEMBER 6, 2007

HOUSE OF REPRESENTATIVES,
SELECT COMMITTEE ON ENERGY INDEPENDENCE
AND GLOBAL WARMING,
Washington, DC.

The Committee met, pursuant to call, at 9:30 a.m., in room 2172,
Rayburn House Office Building, Hon. Edward Markey (chairman of
the Committee) presiding.

Present: Representatives Markey, Blumenauer, Inslee, Larson,
Solis, Herseth Sandlin, Cleaver, Hall, McNerney, Sensenbrenner,
Shadegg, Walden, Sullivan, Blackburn, and Miller.

The CHAIRMAN. Good morning. In the fight against global warm-
ing the single greatest challenge we now face is how to reconcile
our reliance on coal with the urgent need to reduce carbon dioxide
emissions. Coal-fired plants supply half of all our electricity in the
United States, and we have the largest coal reserves in the world.
China and India, two of the largest and fastest-growing economies
in the world, also have abundant reserves and are even more de-
pendent on coal for electricity generation.

But while coal is plentiful, and ostensibly cheap, it is also the
leading source of global warming pollution. Coal-fired powerplants
emit twice as much carbon dioxide per unit of electricity as gas-
fired plants, and are responsible for over a quarter of all green-
house gas emissions, both in the United States and globally.

We are at a watershed moment in the history of electricity pro-
duction, and the future of the planet hangs in the balance. By
2030, U.S. electricity demand is expected to increase by over 40
percent, and global demand is expected to double. As a result, the
next two decades will bring the largest and fastest expansion in
electricity generation in the history of the world.

We must act now to level the playing field by requiring coal-fired
plants to internalize the costs of their global warming pollution. If
we fail to do so, all our efforts at expanding renewables and im-
proving efficiency are likely to be drowned by a tidal wave of coal.

There are over 150 new coal-fired powerplants on the boards in
the United States, and, globally, it is predicted that something on
the order of 3,000 such plants will be built by 2030. These new
plants alone would increase U.S. greenhouse emissions by 10 per-
cent and global emissions by 30 percent. That would spell disaster
for the planet.

There is a growing consensus that to avoid dangerous global
warming we need to reduce global greenhouse gas emissions by 50
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percent or more by 2050. The United States will need to reduce
emissions by as much as 80 percent by 2050. These objectives,
quite simply, will be impossible to achieve if we fail to move quick-
ly to control carbon dioxide emissions from coal-fired powerplants.

Fortunately, carbon capture and storage, or CCS, offers a path
forward for coal and a bridge to a low-carbon future powered main-
ly by renewables. CCS involves capturing carbon dioxide emissions
at the source and injecting those emissions into deep geological for-
mations to isolate them from the atmosphere. All indications are
that CCS is a viable interim solution to the coal problem, but cur-
rent DOE projections suggest that CCS will not be commercially
available until 2020 or later, after most of the new coal-fired plants
Eovslf on the boards, both here and in China, will already have been

uilt.

We must pick up the pace. This Congress is already taking steps
to do so. The House and Senate energy bills each provide nearly
$1.5 billion in funding over the next several years for CCS re-
search, development, and deployment. But subsidies alone will not
be enough. To unleash the private sector’s vast resources and inge-
nuity, we need a regulatory driver. We must enact limits on carbon
emissions now.

The country is ready for action. While wind and other renewables
are booming, public concern about global warming has virtually
halted construction of new coal-fired powerplants in the United
States. It is in everyone’s best interest that Congress act now to
require rapid deployment of CCS to provide a path forward for coal
and to give utilities the certainty they need to make sound invest-
ment decisions.

The policies we adopt will have global impacts. If we fail to bring
CCS online in the near future, the fleet of coal-fired plants already
being built in China and India will swamp whatever emissions re-
ductions we achieve here or in Europe. But, instead, we now have
a chance to blaze this new trail. The world will follow if we give
the leadership, and we will reap the environmental and economic
rewards of that leadership.

The time for opening statement by the Chair has expired. I turn
to recognize the Ranking Member, the gentleman from Wisconsin,
Mr. Sensenbrenner.

[The statement of Mr. Markey follows:]
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Opening Statement for Edward J. Markey (D-MA)
*“The Future of Coal Under Carbon Cap and Trade”
Select Committee on Energy Independence and Global Warming
September 6, 2007

In the fight against global warming, the single greatest challenge we now face is
how to reconcile our reliance on coal with the urgent need to reduce carbon dioxide
emissions. Coal-fired plants supply half of all electricity in the United States, and we
have the largest coal reserves in the world. China and India, two of the largest and fastest
growing economies in the world, also have abundant reserves and are even more
dependent on coal for electricity generation. But while coal is plentiful and ostensibly
cheap, it is also the leading source of global warming pollution. Coal-fired power plants
emit twice as much carbon dioxide per unit of electricity as gas-fired plants, and are
responsible for over a quarter of all greenhouse gas emissions — both in the United States
and globally.

We are at a watershed moment in the history of electricity production, and the
future of the planet hangs in the balance. By 2030, U.S. electricity demand is expected to
increase by over 40% and global demand is expected to double. As a result, the next two
decades will bring the largest and fastest expansion in clectricity generation in the history
of the world. We must act now to level the playing field, by requiring coal-fired plants 10
internalize the costs of their global warming pollution. If we fail to do so, all our efforts
at expanding renewables and improving efficiency are likely to be drowned by a tidal
wave of coal. There are over 150 new coal-fired power plants on the boards in the United
States, and globally, it is predicted that something on the order of 3000 such plants will
be built by 2030. These new plants alone would increase U.S. greenhouse gas emissions
by 10% and global emissions by 30%.

That would spell disaster for the planet. There is a growing consensus that, to
avoid dangerous global warming, we need to reduce global greenhouse gas emissions by
50% or more by 2050. The United States will need to reduce emissions by as much as
80% by 2050. Those objectives, quite simply, will be impossible to achieve if we fail to
move quickly to control carbon dioxide emissions from coal-fired power plants.

Fortunately, carbon capture and storage — or “CCS” - offers a path forward for
coal, and a bridge to a low carbon future powered mainly by renewables. CCS involves
capturing carbon dioxide emissions at the source, and injecting those cmissions into deep
geological formations to isolate them from the atmosphere. All indications are that CCS
is a viable interim solution to the coal problem. But current DOE projections suggest that
CCS will mot be commercially available untif 2020 or later — after most of the new coal-
fired plants now on the boards, both here and in China, will already have been built. We
must pick up the pace. This Congress is already taking steps to do so. The House and
Senate energy bills each provide nearly $1.5 billion in funding over the next several years
for CCS research, development, and deployment. But subsidies alone will not be enough.
To unleash the private sector’s vast resources and ingenuity, we need a regulatory driver
— we must enact limits on carbon emissions now.
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The country is ready for action. While wind and other renewables are booming,
public concern about global warming has virtually halted construction of new coal-fired
power plants in the United States. It’s in everyone’s best interest that Congress act now
to require rapid deployment of CCS, to provide a path forward for coal, and to give
utilities the certainty they need to make sound investment decisions. The policies we
adopt will have global impacts. If we fail to bring CCS online in the near future, the fleet
of coal-fired plants already being built in China and India will swamp whatever
emissions reductions we achieve here or in Europe. But if we instead act now to blaze
this trail, the world will follow and we will reap the environmental and economic rewards
of leadership. 1t’s time for Congress to take bold action and to chart the course forward.

I trust that this morning’s hearing will help to provide insight on how best to do so. In
addition, I note that I have sent a letter inviting over 50 stakeholders to supplement the
record with written testimony on CCS-related policy issues.
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Mr. SENSENBRENNER. Thank you very much, Mr. Chairman.

Crisis. Catastrophe. Danger. These are the terms you often hear
to describe global warming. In fact, former Vice President Al Gore
once used all three of these terms in just one sentence.

I prefer the terms “opportunity” and “possibility.” Perhaps no-
where is there greater opportunity for the United States than on
the topic of today’s hearing: the development of carbon capture and
storage technology. Advancing technologies must be a key element
to any global warming policy, and carbon capture and storage may
be the most important and promising technology under develop-
ment.

Why? Effective and affordable carbon capture technologies give
the United States an opportunity to fully use our most plentiful en-
ergy source—coal—while helping reduce carbon dioxide emissions
at the same time. Coal powers nearly half of the electricity produc-
tion in the United States, and it is estimated that we have a 250-
year supply. No state produces more coal than Wyoming, and I am
pleased that Governor Freudenthal is here to tell us more about
this vital energy source. And I welcome him, even though he is on
the other side of the aisle.

It is estimated that electricity demand in the U.S. alone will
grow by over 40 percent by 2030, just 23 years. And where will we
get this energy? Coal is one of the most readily available energy
sources we have, and it simply has to be a part of our energy fu-
ture.

Already we know that technology exists that can remove up to
90 percent of carbon emissions from coal. These kinds of results
will produce tangible benefits for the environment, which must be
another essential element of any global warming policy. I am en-
couraged that there are a variety of carbon capture technologies in
development. The government should foster this competition, but
under no circumstances should we let government decision who
wins and who loses. That is what markets are for.

One competitor in this race is located in my home State of Wis-
consin. We Energies is conducting a first-of-its-kind carbon capture
test at its Kenosha facility. We Energies is working with the Elec-
tric Power Research Institute on this project, and I welcome EPRI’s
Director of Generation, Stuart Dalton.

American Electric Power is also in this race, and I am happy
that Michael Morris, the company’s Chairman, President, and
CEQ, is here to tell us more about the research his company is con-
ducting.

Global warming is not just a worldwide problem. It also provides
worldwide opportunities for innovative companies like We Energies
and American Electric Power. Coal provides for 79 percent of Chi-
na’s electricity production and 68 percent of India’s. China has al-
ready overtaken the United States in carbon emissions, and India’s
emissions growth continues to soar. If worldwide emissions are to
be lowered, then China and India must be part of the solution.

It appears that American researchers are well on their way to
developing the technology to make carbon capture and storage an
affordable reality for the entire world. Imagine a giant “Made in
the USA” sticker on future Chinese powerplants. What goes around
comes back. And that is turning a crisis into an opportunity.
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Let me apologize for not being able to stay for most of this hear-
ing today, because I do have another obligation that I had com-
mitted to before this hearing was set. But I will read the testi-
mony, and I am certain this will be a constructive input into what
the United States ought to do relative to solving this problem.

I thank the Chair.

The CHAIRMAN. I thank the gentleman.

The Chair recognizes the gentleman from Oregon, Mr.
Blumenauer.

Mr. BLUMENAUER. Thank you, Mr. Chairman. And I appreciate
this opportunity the hearing affords. As both you and the Ranking
Member have made clear, this is perhaps the central environ-
mental challenge we face. Coal is a reality, coal is an opportunity,
coal is both a threat and a solution, and I look forward to the
panel.

I apologize in advance. We have a Ways and Means panel that
is going on that our Chairman has labeled the “Mother of All Hear-
ings,” which is a hint that I need to spend a little time there, and
I will try and come back and forth. But I am keenly interested in
the record that is being built and the offers that are coming for-
ward. It is central to global warming, it is central to pollution, it
is central to energy, not just for the United States, but, as has been
referenced, China and India, which are even more dependent and
greater users.

The big questions about how to properly price carbon, how we
can encourage and incent the technological developments, what is
the appropriate regulatory framework—there will be some, there is
some already, what adjustments need to be made—are part of the
important work of this Committee, and part that each of our wit-
nesses can help us understand.

And I do appreciate this, and I look forward to the results of the
hearing. And I anticipate, Mr. Chairman, an opportunity for us to
roll up our sleeves and spend much more time on this in the future.

Thank you very much.

The CHAIRMAN. I thank the gentleman.

The Chair recognizes the gentleman from Arizona, Mr. Shadegg.

Mr. SHADEGG. Thank you, Mr. Chairman, and I want to thank
you for holding today’s hearing on the future of coal under a man-
datory cap and trade program, and the possible technologies for
carbon capture and sequestration.

I want to welcome our witnesses and tell you each that I look for-
ward anxiously to your testimony. I have reviewed your written
testimony.

I think everyone on this Committee understands the importance
of this issue. Many of my colleagues who are from coal-producing
states like to point out that we have vast resources of coal, and
that coal has to play a part in our energy future. At the same time,
there is a clear need to deal with what I will call the ultimate goal,
and that is reducing carbon emissions and using energy more effi-
ciently and productively.

I think that with regard to a cap and trade system many have
already rushed to embrace it as the right solution to this problem.
I personally am not convinced of that. I am not convinced that a
more transparent solution and a solution that might be able to be
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implemented on a global basis wouldn’t be, at least to start with,
a carbon tax.

But put aside the mechanism. The more important thing is to
focus on the goal, and that goal is to be able to use the energy we
have, including the energy produced by coal, and at the same time
reduce carbon emissions. Therefore, I am extremely interested in
the testimony of these witnesses regarding the current technology
surrounding carbon capture and sequestration regarding its eco-
nomic viability, regarding what it will cost to our energy, and re-
garding how soon it can be implemented. I think those are serious
questions.

Over the August break, I went to Japan to look at nuclear power
being developed there, and I also went to China to look at the en-
ergy situation there. China brings on, as you know, a new coal-
fired powerplant every week—roughly a 250 megawatt plant—and,
unfortunately, they are largely without any emissions controls at
all, or at least not emissions controls that are currently being used.
And they are clearly without any mechanism to capture the carbon
which is emitted by those plants.

The technical solutions that we are going to discuss here are vi-
tally important to our future, and I again thank the witnesses for
their testimony and thank you, Mr. Chairman, for the hearing.

The CHAIRMAN. I thank the gentleman.

Tlhe Chair recognizes the gentleman from Washington State, Mr.
Inslee.

Mr. INSLEE. Thank you. First, I want to comment that I am
heartened by Congressman Sensenbrenner’s comments of seeing
this issue we are talking about today as an economic opportunity.
And I think this is one for us in the United States, and I am en-
couraged by prospects of it, and I look forward to testimony.

There are a couple of things I hope the witnesses will address.
One, I hope you will address what needs to occur short term to as-
sure that we don’t make a mistake of constructing what we will
just call dirty coal plants now in the next decade and lock ourselves
into really, really bad investments.

What needs to happen short-term, namely in this Congress, to
prevent those unwise investments from being made that we will
rue in the future? So far there is some good news that they are not
being made, because of some good, common-sense visionary deci-
sions being made not to build those plants in local communities,
but I would like to know your thoughts on that.

Second, I hope you will give me—give us your view of what a reg-
ulatory structure should look like to regulate all issues regarding
CO; sequestration, including liability, including ownership, includ-
ing the permitting process. I very much appreciate your advice
about that and how do we think about that, and I will look forward
to it.

I learned about clean coal writing this book called Apollo’s Fire
with another fellow here this last year, and I just want to say that
it was eye-opener, because before I wrote the book I really didn’t
see a lot of prospects for coal. But now, seeing the new technology
coming on, it is something we have got to be aware of.

I look forward to your testimony. Thank you.

The CHAIRMAN. Thank you.
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The Chair recognizes the gentlelady from Michigan, Mrs. Miller.

Mrs. MILLER. Thank you, Mr. Chairman. Really, I have no open-
ing statement. But coming from the State of Michigan, you men-
tioned that the average—national average is about 50 percent of
our electricity is produced by coal. Actually, in my State of Michi-
gan, it is 68 percent, so I have a very big interest in the testimony
of the witnesses today. I certainly want to thank the Chairman for
having the hearing, and I look forward to the testimony.

Thank you.

The CHAIRMAN. Okay. The Chair recognizes the gentleman from
Connecticut, Mr. Larson.

Mr. LARSON. Thank you, Mr. Chairman, and thank you again for
holding this hearing. I, along with Congressman Blumenauer, have
to leave to attend a Ways and Means hearing and what Mr.
Blumenauer aptly pointed out our Chairman has called the “Moth-
er of All Hearings.”

But this certainly is a great hearing this morning and a great op-
portunity I think, as Mr. Sensenbrenner has pointed out. I am es-
pecially glad to see an old friend, Mike Morris, here who headed
up Northeast Utilities for so many years, and an outstanding CEO.
And I truly, you know, am interested in what a number of you
have to say about a system of cap and trade.

And, Governor, I understand that China’s Foreign Minister was
recently in Wyoming as well talking about coal, and echo the senti-
ments of Mr. Inslee, but I am equally interested in what you might
think about a carbon tax specifically put in a trust fund that has
an opportunity to focus on payroll deduction and shifting monies
ultimately to the consumers where costs ultimately will be shifted
to, and focused research and development that could come from
that, and especially as we look down the path to dealing with jug-
gernauts like India and China.

My concern is one of transparency with the program and the
need to have funding as we look down the path of dealing with
major countries. I believe China is building a coal plant a day, and
that raises some grave concerns in the urgency both for clean coal
technology but also a system in which we can have the where-
withal to hopefully steer them towards alternatives that will do
less harm to the environment.

And I thank the Chairman for this opportunity.

The CHAIRMAN. Great. The gentleman’s time has expired.

The Chair recognizes the gentleman from Oregon, Mr. Walden.

Mr. WALDEN. Thank you very much, Mr. Chairman. I, too, am
looking forward to hearing from the witnesses, especially with re-
gard to this notion of a carbon tax—how high it might be to achieve
the kind of results some people seek, the effect that might have on
your industries or the consumers, because it seems to me that the
consumers are the ones that are going to end up paying it. Even
if it goes into a trust fund and comes back to them somewhere, my
guess is the government is going to take its share out of that.

The second is where we are in terms of carbon sequestration.
This Select Committee made a trip to Europe. We looked around
at various facilities, some of which are trying to make gains in this
area. How far out are we on getting affordable and effective carbon
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sequestration available for coal-fired plants? And at what cost? If
there is a cost per kilowatt hour, I would sure like to know that.

And, certainly, this notion of cap and trade. It is one thing to
apply to SO2 where we had an identified number of facilities with
an identified and effective technology available to do the scrubbing.
I am curious what you do when you apply it to carbon and how ef-
fective that will be, and, again, at what cost.

There was sort of an I guess humorous report that came out
while we were on Congressional District work period, I am told,
that four moose belch as much carbon as one car per year. And so
this is a pervasive problem across the entire globe, and we have got
to do our part, certainly, but I think we have to be thoughtful
about it and understand the potential impacts of the decisions we
may make here, especially relative to their cost, costs on the econ-
omy, costs to the consumers, and whether or not the technology is
actually available and whether it will work.

And, finally, I would say that this has been another reckless
summer in America’s forests and grasslands, with unprecedented
fires that release enormous amounts of greenhouse gases into the
atmosphere. Catastrophically burned forests releases 100 tons per
acre of greenhouse gases and emissions. A healthy green forest se-
questers five to six tons per acre. I would sure like to see this Con-
gress do something about better managing our forests and dealing
with the whole issue of deforestation internationally as we let ours
burn up here.

I have got people that have lost their jobs this summer because
the mills have closed, because we are at a record low level of har-
vest of federal forests. Meanwhile, they burn up in their backyards,
and sometimes they burn up their backyards. Enough is enough.
This Congress needs to step up and do something about better
managing our forests, if you are serious at all about dealing with
global climate change and greenhouse gas emissions.

Thank you, Mr. Chairman.

The CHAIRMAN. I thank the gentleman very much, and we will
be looking at the forest issue. And I think on your recommendation
we might be looking at moose-belching offset legislation as well.
[Laughter.]

And so those are two good suggestions.

S Ifet me turn and recognize the gentlelady from California, Ms.
olis.

Ms. Souis. Thank you, Mr. Chairman, and I want to applaud you
also for holding this hearing this morning. Yesterday, George
Shultz, the former Secretary of State under President Reagan,
wrote in The Washington Post that our nation and globe is at a
golden moment, where if we choose wisely we can improve security
and the environment while at the same time continuing economic
growth.

But we have to address two issues in my opinion. First, we have
to address the use of energy without producing excess greenhouse
gases. And then, second, we need to address the reduction and
threat of national security because of our excessive dependence on
oil. Today’s hearing I think will be a good opportunity to discuss
the future of coal in that context and how coal fits in an energy
portfolio without producing greenhouse gases.
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This is going to be a challenge for us. Coal has a high carbon
content, and coal-powered fire plants emit twice as much carbon
per unit of electricity as natural gas-fired plants. In addition, coal-
fired powerplants are responsible for a number of co-pollutants
which are harmful to the health and well being of many of our con-
stituents.

In a district like mine, and other communities of color, 5.5 mil-
lion Latinos live within 15—within 10 miles of a coal-fired power-
plant, significantly affecting their health outcomes, developing
asthma and other respiratory diseases. The potential for as many
as 150 new coal-fired powerplants in the country is troublesome,
especially in vulnerable communities—communities of color—who
can’t defend themselves.

So I am looking at how we can try to address that issue, looking
at communities that have been disadvantaged in the past, and
might be the easiest location to put these powerplants, and yet try-
ing to have the government treat these communities with a fair
and balanced approach. So I am looking forward to hearing from
the witnesses today.

And also, as you know, I represent a State that has been very
progressive on this issue. In fact, with the passage of AB 32, one
of the major legislations that was supported by Governor Arnold
Schwarzenegger, is having a tough time making its way through
implementation. But I think we can learn a lot from that, and I
hope that some of you will address that.

I know some of our environmental groups have also challenged
individual corporations who want to continue with building out
these different types of powerplants, because they will be harmful
to many communities of color that are going to be most vulnerable
on the so-called food chain. So if you can help address that, that
would be very important to me. Thank you.

Thank you, Mr. Chairman.

The CHAIRMAN. Great. The gentlelady’s time has expired.

The Chair recognizes the gentlelady from Tennessee, Mrs.
Blackburn.

Mrs. BLACKBURN. Thank you, Mr. Chairman, and thank you to
our witnesses. As you have heard from everyone, we all are so in-
terested in the carbon emissions, the sequestration storage capture
technologies, and also the cap and trade system. I do have a couple
of points that I am looking forward to hearing from you on.

First of all, in my list of concerns is implementing a mandatory
cap on carbon emissions and the burden that that would place on
the American economy. And some estimates that I have read are
that the cost of the cap would increase the cost of electricity to the
consumer by as much as 45 percent. That is of tremendous concern
to us, that we would see this type increase. And I can assure you
to my constituents in Tennessee, and all throughout the Tennessee
Valley, this is a point that has not been lost on them.

And what we have read is that possibly Americans are not will-
ing to spend that extra $40 a month when you look at trying to
stop the release of carbon dioxide into the atmosphere. Second is
that carbon capture technology may not be the most effective meth-
od to reduce and harness CO, emissions. Current technology al-
ready exists after all in an efficient form that enabled the indus-
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tries to harness CO- for other applications, and some of the reading
we have had presented to us on that is really quite interesting and
definitely innovative.

Some use the technology to recover more oil from wells, and some
are using it to capture CO, from powerplants and car fumes, to
grow algae, which in turn is used to produce biofuels. So I think
we are looking forward to hearing your take on that.

A couple of the members have referenced the trip we made to
Europe to hold some meetings this year and to look at the cap and
trade system. And I do have some serious concerns about the sys-
tem. I have also had several concerns regarding the use of the car-
bon capture technology. Many are advocating that the Federal Gov-
ernment buy into the new technology despite what is a tenuous
record at best.

And I would say that one of the things we learned in Europe dur-
ing our meetings that is very instructive is that we should look
carefully and evaluate very carefully, both on the technologies and
on the cap and trade system, before we leap into this. So we wel-
come you, and we look forward to hearing from you today.

Thank you, and I yield back.

The CHAIRMAN. Great. The gentlelady’s time has expired.

The Chair recognizes the gentlelady from South Dakota, Ms.
Herseth Sandlin.

Ms. HERSETH SANDLIN. Thank you, Mr. Chairman. I thank you
and the Ranking Member for this very important hearing. I am
looking forward to the testimony of the witnesses today.

As has already been stated, more than 50 percent of our nation’s
electricity comes from coal-fired powerplants today, and demand for
energy continues to rise. So we must find ways to use this abun-
dant domestically-produced resource in a way that is economically
viable and environmentally sustainable.

One way to do that is, as has already been mentioned in other
opening statements of my colleagues, through capture and seques-
tration of greenhouse gases that are emitted as coal is burned,
most specifically CO,. As I have indicated to the Committee before,
the Dakotas, neighbors to the great State of Wyoming, have an im-
pressive story to tell in this regard. Basin Electric is a large elec-
tricity generating cooperative headquartered in Bismarck, North
Dakota, that serves much of the northern plains, including much
of South Dakota. The vast majority of their power comes from
burning locally-mined coal.

It also owns a subsidiary, Great Plains Sinfuels, that turns coal
into natural gas. In 1997, another of Basin Electric’s subsidiaries,
Dakota Gasification Company, agreed to send at least 95 million
standard cubic feet of 96 percent carbon dioxide from its Great
Plains Sinfuels plant through a 205-mile wide pipeline to an oil
field near Wayburn, Saskatchewan, Canada.

Dakota Gas has been successfully capturing a portion of its CO,
emissions and transporting the gas to Canada since September of
2000. Today, Dakota Gas operates the largest carbon sequestration
project in the world. Each day Dakota Gas ships approximately 115
million standard cubic feet or 6,000 metric tons of CO, to Canada.
With the addition of another CO, compressor in 2006, the capacity
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has been increased to 160 million standard cubic feet, or 8,000 met-
ric tons daily.

All told, approximately six million metric tons of CO, have been
sequestered since the project began in October of 2000. The CO; is
expected to be permanently sequestered in the oil reservoir, which
is monitored by the International Energy Agency. This successful
project indicates that such technology is available, and we can
make it feasible and economically viable.

So I look forward to any thoughts that the witnesses have on
that technology and familiarity with that project, and other issues
related to geologic sequestration or other beneficial industrial uses
of these gases, and also looking forward to continuing to share the
opportunities that the Dakotas have seized as we deal with the
issue of promoting energy independence and fighting global warm-

ing.

And, Mr. Chairman, before I yield back, I am pleased to hear
that we will be addressing in more detail the issue of forest man-
agement. Mr. Walden and I have worked on that issue in the past
on the Natural Resources Committee, and think it is another area,
particularly in rural parts of the country, where we can help find
solutions to the issue of greenhouse gases.

Thank you, and I yield back.

The CHAIRMAN. I appreciate that. Thank you.

The Chair recognizes the gentleman from Missouri, Mr. Cleaver.

Mr. CLEAVER. Thank you, Mr. Chairman.

I am pretty much convinced that the legitimate epicenter for the
War on Terror is in coal mines, that if we are serious about reduc-
ing our dependence on foreign oil we must hasten the development
of the technology to produce clean coal.

I was somewhat alarmed to discover that the capital powerplant
burned 17,000 tons of coal each year, which produces about 60,000
tons of CO2. And I think following the leadership of our speaker,
and the vision of our Chairman, Mr. Markey, we did pass H.R.
3221, which I think is revolutionary in that we are beginning to in-
stall technologies for the capture and storage of CO..

I am also, in connecting this with your testimony, concerned
about something the President quite often mentions, which is this
future gen powerplant. I am interested in how real it is, and if, in
fact, it is real, what do those of you who I consider to be members
of the coal intelligencia believe we can expect from this future gen
powerplant.

Thank you, Mr. Chairman.

[The statement of Mr. Cleaver follows:]
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U.S. Representative Emanuel Cleaver, I1
5 District, Missouri
Statement for the Record
House Select Committee on Energy Independence and Global Warming Hearing
“The Future of Coal Under Carbon Cap and Trade”
Thursday, September 6, 2007

Chairman Markey, Ranking Member Sensenbrenner, other Members of the Select Committee, good
afternoon. 1would like to welcome our distinguished panel of experts to the hearing today.

In order to reduce our country’s dependence on foreign oil, clean coal technology needs to be
perfected and utilized. Coal is our primary fuel source to produce electricity and heat by means of
combustion. Our country consumes 1.I biltion tons of coal annually, and 90% is used to generate
electricity. Our own Capitol Power Plant provides steam and cooled water for the Capitol Complex.
The plant burned over 17,000 tons of coal last year alone, and it produced about 60,000 tons of
carbon dioxide emissions.

Coal is an abundant and domestic resource, but it is still a large source of pollution in the atmosphere
and global warming. Coal-fired plants are the source of 59% of total sulfur dioxide pollution and
18% of total nitrous oxide cmissions annually in the U.S. These plants release over 40% of the total
carbon dioxide emissions in this country as well.

So far, the 110" Congress has made great progress in bringing clean coal and carbon capture and
sequestration into a reality. H.R. 3221, the New Direction for Energy Independence, National
Security, and Consumer Protection Act, included provisions to install technologies for the capture
and storage or use of carbon dioxide. The passage of this measure by the House last month is
certainly an impressive start, but Congress has much more work to do to make the large-scale use of
clean and renewable encrgy a reality in our country. More progress by Congress will eventually
enable the U.S. to achieve real energy independence that will protect our environment and the health
of our fellow citizens.

1 thank the panel for their insight and their suggestions concerning this vital issue as Congress moves
ahead with a national energy policy.

Thank you.
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The CHAIRMAN. Great. The gentleman’s time has expired.

The Chair recognizes the gentleman from California, Mr.
McNerney.

Mr. MCNERNEY. Thank you, Mr. Chairman.

This is a very difficult and interesting subject, and, as I said yes-
terday in our hearing on coal to liquid, that we need to keep an
open mind on this. And I have to find myself in agreement with
the Ranking Member in looking at this as a tremendous oppor-
tunity for our country and for many sectors of the economy that
can take advantage of coal and use it in a way that does not impact
the global warming issue.

For example, I heard recently of an interesting study that took
place in Canada that affects states like Wyoming that have a lot
of wind and a lot of coal. If you put in a large wind powerplant,
about 20 percent of that wind power can be considered to be base
load, whereas the other 80 percent is intermittent and can be used
to process coal to produce energy products and to produce construc-
tion materials.

And so the coal and wind make a good partnership, which was
quite surprising to me, because I am a wind power advocate and
I spent my career in wind energy, so it was interesting to see that
development. You would have expected coal and gas to make a
good partner, but it doesn’t because gas-powered plants require
high operating performance. And when you turn them back, when
wind comes up, they operate poorly.

So coal and wind is the natural partnership. So I would like to
see that kind of advancement, that kind of research, open up new
opportunities for both renewable and the old fossil fuel types of
power. So I am looking forward to your testimony. Thank you for
coming in today, and I will reserve the balance of my time for ques-
tions.

Thank you.

The CHAIRMAN. Great. The gentleman’s time has expired.

The Chair recognizes the gentleman from New York, Mr. Hall.

Mr. HALL. Thank you, Mr. Chairman, and welcome. I was going
to call you the co-elite, but thanks to Mr. Cleaver I have changed
that to co-intelligencia.

Obviously, this is a question that we are considering today of
great importance, because of the abundance of coal in our country
and the need for our energy policy to change away from oil, but at
the same time, as many have mentioned and as you all know, that
getting the carbon emissions under control is critical to our dealing
with global warming, which is the other mandate of this Com-
mittee.

And so I am just hoping to hear from the panel, in addition to
the expert testimony which is about to be given, about our ability
to incorporate sequestration technology into new plants; whether
we could be doing more to retrofit existing plants with post-com-
bustion methods; the balance between or the choice between cap
and trade and carbon tax, which is—they are talked about some-
times as alternatives and sometimes as complementary approaches;
about the developing world and how the U.S. can be more of a lead-
er than we are, and how we can take a more cooperative approach
from the outset; whether any of our experts are aware of an inter-
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governmental or international scientific efforts to develop seques-
tration in cooperation with these other countries to help them de-
ploy them faster; and the potential for direct technology transfer,
once we develop better sequestration methods.

I am also interested and hoping to hear ideas about incor-
porating carbon offsets into our trade agreements, and was won-
dering if Mr. Morris in particular could elaborate a little bit more
on that possibility. Your testimony, sir, makes reference to admin-
istering a border tax. I am wondering if there is a possible way
that this idea could be used to create a carbon tariff to use the
market in driving countries like China to deal with emissions, and
can we start incorporating these ideas now into our bilateral trade
agreements without waiting for a new Kyoto.

So there is plenty to discuss, and, Mr. Chairman, I thank you for
holding this hearing. I yield back the balance of my time.

The CHAIRMAN. Great. The gentleman’s time has expired, and
time for all opening statements from members has expired.

We will now turn to our very distinguished panel, and we will
welcome our very first witness, who is Wyoming Governor Dave
Freudenthal. Wyoming is the largest coal-producing state in the
United States, and it is also the largest energy exporting state
overall in the United States. Governor Freudenthal has a very long
and distinguished career in public service and in the private sector.
And there is probably no one in elected office in the United States
that knows more about coal than Governor Freudenthal, and we
are very honored to have you with us here today, sir. Whenever
you are ready, please begin.

STATEMENTS OF DAVE FREUDENTHAL, GOVERNOR, WYO-
MING; MICHAEL MORRIS, CEO, AMERICAN ELECTRIC
POWER; CARL BAUER, DIRECTOR, NATIONAL ENERGY TECH
LABORATORY; DAVID HAWKINS, DIRECTOR, CLIMATE CEN-
TER, NATIONAL RESOURCES DEFENSE COUNCIL; ROBERT
SUSSMAN, PARTNER, LATHAM & WATKINS, LLP; AND STUART
DALTON, DIRECTOR, GENERATION, ELECTRIC POWER RE-
SEARCH INSTITUTE

STATEMENT OF DAVE FREUDENTHAL

Governor FREUDENTHAL. Mr. Chairman, members of the Com-
mittee, thank you. First of all, Mr. Chairman, it is clear that nei-
ther you nor I are under oath when you refer to me as having any
expertise, so I guess you can get away with that. I do not know as
much as I would like to know about this.

I am just going to fire through to try to deal with some of the
questions. I think one of the things to understand about Wyoming
in context was alluded to by the Chairman, which is that while we
are the leading coal producer, natural gas production has actually
eclipsed coal production in our State in terms of value to the econ-
omy. We are also—we produce half of the uranium that is in this
country. We have an immense number of wind reserves, which are
generally being tapped, but will be tapped more seriously as you
get some powerlines.

So from the point of view of Wyoming, whichever option you de-
cide to pursue, we have an economic viability. What I am con-
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cerned about is that we are approaching coal, frankly, failing to un-
derstand its role in the energy mix. And I am pleased to hear the
Committee acknowledge that no matter what we do we are going
to be dealing with coal going forward.

And it is an important element for us to focus on, and in that
context I was perplexed that while the bills that were passed by
the respective Senate and House talked about incentives and stud-
ies with regard to carbon capture and sequestration, they didn’t
talk about incentives for the coal technologies that are essential to
have some carbon to capture.

I mean, if you are going to capture it, transport it, and place it
in the ground, you are going to have to be incenting coal plants
that have the capacity for that stream of carbon to be captured, ei-
ther through retrofit of the existing fleet or through underwriting
some development of technologies and I think commercial dem-
onstration of some of the new technologies that people are talking
about, because we have bifurcated the issue.

We have said, “Let us talk about carbon capture and sequestra-
tion,” but carbon capture is really tied to the technologies that we
are going to encourage to develop, so that there is some carbon to
capture, that you have the capacity to capture it, and then the ca-
pacity to move it and the capacity to inject it.

The second point that I would make is you need to distinguish
between carbon capture and sequestration and the utilization of
carbon for enhanced oil recovery. Enhanced oil recovery is—it is a
process by which you infuse the CO; into the ground, that breaks
up the molecules, moves faster. That is not the same as carbon se-
questration. That field that is amenable to that—and I think it is
some of the low-hanging fruit for us as a country to get carbon se-
questered, but that is—you are not sure it is going to stay there.

And so until you have made some significant study or effort to
assure yourself that that carbon is going to stay there, that you can
cap all of those holes in that field, I would urge you to be careful
about equating enhanced oil recovery with carbon sequestration,
because they are not the same. Now, they may be able to be the
same in the sense that the fields may be amenable.

The other thing is that, be careful about thinking of natural gas
as the automatic answer. In our State, we have an immense
amount of gas produced. We also have processing plants which for
every MCF of gas that is produced and shipped to California, two
MCF of CO; are thrown off either into the atmosphere or into en-
hanced oil recovery. So when you are talking about how blessed gas
is—and I love natural gas, it is great for my State—but I will tell
you, in the context of your environmental calculations, it is an an-
swer, but it is not a perfect answer, and you need to be careful
about going forward with that.

With regard to sequestration, we have a lot of experience on en-
hanced oil recovery. We have found a number of formations which
may be amenable to long-term sequestration, but the government,
the Federal Government, needs to step up, fund those experiments,
and make sure that it works. Don’t mandate something without
putting in place a pathway for us to get there, a pathway both for
the states, the Federal Government, and, more importantly, for the
private sector.
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One of the things that I was asked to comment on is the role of
the states. I have made my career beating up on the Federal Gov-
ernment, and it pains me greatly to be here and suggest that we
need a federal mandate and a federal road map to deal with this,
because I don’t believe that while Oliver Wendall Holmes was
right, that states are the laboratories, ultimately the ground rules
are going to have to be set by the Federal Government. And you
see the individual state efforts and the individual accumulation of
states in the northeast, in the west. All we are really doing is vul-
canizing this economy.

And if we don’t come up with a serious set of ground rules that
recognize that this is an interrelated economy throughout the
United States, all you are going to do is leave individual states to
make decisions and to give signals to the private sector which are
contrary to the fact that these are all interrelated transmission
grids, these are all interrelated systems, and I would encourage
you that the Federal Government—none of the private money is
going to move, none of the states are going to know realistically
what to do until the Federal Government drops the other shoe,
which is to say, “How are we going to monetize carbon in some
form?” Be it a tax or a cap and trade.

Mr. Chairman, I note that my time is up. I appreciate the oppor-
tunity to be here. A little more than you wanted to hear, but——

[The prepared statement of Governor Freudenthal follows:]
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TESTIMONY OF

THE HONORABLE DAVID D. FREUDENTHAL, GOVERNOR
STATE OF WYOMING

BEFORE THE

HOUSE SELECT COMMITTEE ON ENERGY INDEPENDENCE AND GLOBAL
WARMING

EDWARD J. MARKEY, CHAIRMAN

AT ITS HEARING ON
THE FUTURE OF COAL UNDER CARBON CAP AND TRADE

Greetings

Mr. Chairman, distinguished members of the Select Committee thank you for the
opportunity to appear before you and comment on the future of coal under carbon cap
and trade. This is really a discussion on carbon management, more particularly carbon
capture and sequestration, which inevitably leads to a discussion of the role of coal in
fueling the American and international economy.

Wyoming in Context

Please allow me to place my comments in the factual context of Wyoming as a state
committed to both energy preduction and environmental protection. 1 find people in
Congress are most familiar with our two national parks - Yellowstone and Grand Teton -
- and our role as the leading coal producing state in the nation with production ot 446
million tons of low sulfur coal in 2006.

What is generally not as well known are the other forms of energy Wyoming produces.
Depending on the day of the week and the mood of our friends in Oklahoma, we are
either the second or third largest natural gas producing state in the country with annual
production a bit over two trillion cubic feet or about 10% of the domestic supply.
Wyoming has for several years been the largest producer of uranium in the country with
approximately 2 million pounds a year of yellowcake (uranium concentrate) produced.
We currently rank in the top quartile of states in wind generation, and have an estimated
8,000 megawatts of developable wind when the transmission constraint is released. Two
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projects have been announced recently which will add approximately 200 megawatts of
capacity and at least 10 wind power projects are in various stages of review and
development with state regulatory agencies. We produce about 53 million barrels of oil
annually placing Wyoming in 7" place among the states.

Put another way on a net BTU exporting basis, subtracting state consumption from state
production, Wyoming is by far the largest energy exporting state in the nation providing
about 10 quadrillion BTUs or roughly 10% of the country’s energy supply.

[See attached graphic]

Coal in Context
My purpose today is not to argue, but to recognize some fundamental realities.

Like it or not, coal is going to be used in America and the world for some time to come.
Even without any new coal fired plants there are 1,522 existing generating plants
consuming over one billion tons of coal per year. Over the next twenty years, new and
replacement generating capacity is forecast at 292 gigawatts, the equivalent of 25 coal-
fired power plants each year. While conservation and efficiency programs are forecast to
make a real dent in the rate of growth of electricity consumption, we are going to need
every form of energy we can hamess including clean coal, natural gas and renewable
resources. Non-hydro renewable resources of wind, solar and geothermal meet less than
1% of our energy needs today. Fossil fuet sources provide over 80%. For the foreseeable
future, carbon based resources are a necessity if we want to keep the lights on. Hence,
any serious carbon management effort must include aggressive support for carbon
capture and sequestration.

Who Pays?

Without question, long term carbon management is going to cost a lot of money. Private
and public sector investment will be redirected and those costs will ultimately fall to tax
payers and consumers. Carbon capture and sequestration will also consume significant
energy in the capture processes, compression and transportation which of course will add
to operating costs. It would seem an appropriate policy goal then to pick those processes
most likely to yield the greatest effectiveness at least cost to the consumer/taxpayer.

Consumer energy costs are not a trivial matter in my state. A recent analysis we
completed suggests that the lowest income quartile, those households eaming less than
$25,000 per year pay about 16% of their income for energy. Those in the highest quartile
pay on average 2-3% of their income for energy. So those that can least afford it. pay 7
to 8 times as much a portion of their income for energy as most of us in this hearing
room. Imagine what happens if the cost of energy rises 15, 20 or 25 percent and that
differential begins to rise exponentially. In my small state that would affect over 51,000
households or 25% of my constituents. That means nearly 130,000 people are going to
have to make very hard choices about how they spend scarce dollars. As policy makers
we cannot ignore this issue in our scarch for solutions.



20

No Silver Bullets

It is clear the public attitude is changing with respect to greenhouse gas management and
as proof you need look no further than the ads surrounding the Sunday moming talk
shows. Company advertising now talks about how green they are, not how efficient they
are, or how much growth they enjoy. Other advertisements publicly shame firms which
make money off of projects or companies which do not meet the “green” test. And much
ot the public conversation is about increased consumption of natural gas in lieu of coal.

But even the current shift to natural gas is not without carbon implications. Burning
natural gas has fewer CO2 emissions per unit of electricity produced but still has carbon
emissions and if one considers the upstream footprint of exploration and production
natural gas is an answer, but not a perfect answer. For example, in my state, natural gas
processing plants emitted 6.9 million metric tons of CO2 equivalent in 2003, representing
nearly 25% of our net carbon footprint. One of the two largest plants operated by
ExxonMobil has a large well field and plant that produces natural gas, helium and CO2
for the enhanced oil recovery industry. However much of the CO2 is currently vented to
the atmosphere. In fact, for every million cubic feet of natural gas produced, nearly two
million cubic feet of CO2 is produced and a majority of it is vented to the atmosphere.
My friends in California where much of the natural gas ends up don’t always take this
into account when they do their carbon footprint analysis.

State Perspective

We believe the state has a role in managing greenhouse gases and to that end we have
begun to construct the legal framework to do so. However, even the simple question of
who has the right to sequester CO2 under state law is amazingly complicated. Does that
right belong to the surface owner or to the owner of the mineral estate? How do we take
into account the vast federal ownership of both the surface and mineral estate?

From the point of view of a Governor, the absence of a well thought out, cogent federal
policy that maps the pathway forward makes the task of setting workable rules,
regulations and operating practices that much more difficult. This is equally true for the
private sector. Until someone monetizes CO2 through performance standards with
offsets, cap and trade or some variation of these schemes the marketplace is wandering in
the desert. The level and pace of technology development will be set largely by the
scheme you adopt as the price of carbon, the timeline for implementation and off ramps
such as safety valves anchor the assumptions behind any economic investment. With
these variables in mind, the structure needs to be set sufficient to promote large scale
demonstration projects sufficient to resolve the outstanding questions in a rational but
aggressive manner.

We meet with folks who are absolutely serious about developing new plants to supply
energy and they assume they will live in a carbon constrained world. They fully
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anticipate sequestration of CO2 or the necessity of some other mechanism to manage
greenhouse gases. Most are not shy about their dislike of taxes or escalating costs, but
uncertainty about future carbon rules absolutely overwhelms every discussion. It appears
to me that a number of these investments will never come to fruition until the other shoe
drops and the boundary conditions are established for the risk with respect to carbon
management.

In a minute | will list some specific actions 1 think make sense, but first 1 want to make an
observation as a predicate to those recommendations. It is the simple notion that when it
comes to carbon management, it is difficult but necessary to admit what we don’t know.
Because in the absence of full knowledge we tend toward absolutist positions like ‘only
wind’, ‘no nukes’, ‘only biomass’ or ‘no coal’. [ am not sure the federal government
knows how we should construct the greenhouse gas management regime and I am not
sure industry knows either.

If you will grant me this observation for a moment, it seems a prudent course would be to
pick those activities we believe must be undertaken no matter what path ultimately
proves to be the correct one. For example, we know we need studies and demonstrations
putting CO2 in the ground in quantity to determine the physical facts i.e. measuring,
monitoring and verifying sequestration data in the real world. We favor an array of these
demonstrations as proposed by the Department of Energy carbon sequestration
partnerships as a sensible approach given different conditions across the country.

Additionally, we know there are differences between enhanced oil recovery (EOR) and

carbon sequestration which may or may not overlap. Monetizing a CO2 stream for the
purposes EOR may mitigate the cost impact on consumers in the early years of a carbon
policy. This needs to be studied with some degree of granularity.

Staying with the theme of moving from the abstract to real world data, [ believe we need
to accelerate those programs that lead quickly to economically viable, commercial scale
electric generation plants. This would include both super critical pulverized coal plants
with significant carbon capture and sequestration as well as integrated gasification
combined cycle (IGCC) plants with carbon capture and sequestration. My observation is
that substantial federal underwriting to hasten this process is required to assist those
companies willing to pursue these types of plants. Short of constructing and operating
these plants and learning the lessons required to engineer follow on plants, we will be
confined to the laboratory bench and speculation.

While I have heard and seen a number of presentations I am not sure there is definitive
information on available technologies and the quantitative analysis surrounding
commercial deployment of carbon sequestration. Academics and cempanies have their
plausible estimates but I have yet to see money changing hands in a commercial
transaction. ln fact the discussion with the individuals charged with financing these
projects, quickly becomes an exercise working through a list of the uncertainties, On that
list are not only questions about the technologies involved with carbon management but
the impact of the hyper-inflation in material, manpower and construction costs. Simple
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questions such as whether CO2 capture and sequestration costs (capital and operating)
will be recoverable as part of a utility’s rate base has yet to be answered.

With respect to the federal — state interface and their respective roles in this enoomous
undertaking, we favor a model of federal standards and state implementation. The Clean
Air Act is an example of how this might work. One important difference however
between that process and our current situation is the state of development of the
technology enabling implementation. Hence another threshold activity would seem to be
the federal underwrting of the research and development of capture and storage
technology to the point of commercialization. We need to not only understand the capital
costs but the operating and maintenance costs through time, Additionally, the likely
internal energy requirements to implement both a robust capture system and preparing
CO?2 for transport and sequestration are most probably significant. This needs to be
understood not only by the plant design engineers but by public policy makers as well.

Indemnification and risk assumption and at what juncture are also critical unresolved
issues. There is precedent that the private sector absorbs the operational risk related to
capture, transportation and injection. But post-injection risk, namely in situ liability of
harm to human health, the environment and property related to CO2 leakages needs to
transfer to the public sector at a reasonable point in time when the operational risk of the
initial process has practically concluded. Funding for this long-term risk management
pool would likely need to derive from the monetization of CO2 through a federal cap and
trade or taxation system.

Another point of separation between the historically suecesstul management of sulfur
dioxide and carbon dioxide is the amount of material involved. In rough terms there is
about 250 times the amount of material involved in dealing with CO2 as with SO2 in
electric power generation. It would seem a detailed study of the required infrastructure
would make sense. What will it take to move significant amounts of CO2 from
generation source to ultimate sequestration site? How much pipeline capacity will be
needed and where will it need to be installed? What are the energy requirements to move
large amounts of CO2? What design standards will need to be in place and in force to
ensure safe handling?

Resolving these vital questions requires a long-term commitment to fund demonstration
projects at scale, to monitor, measure and verify the CO2 activity and begin to build a
risk assessment profile. According to a recent MIT study, to do so requires an 8-10 year
commitment and a federal commitment of at least $1 billion/annum. But with a projected
decline in GDP growth of $400-800 billion if carbon capture and sequestration is not
deployed, our economy stands to suffer a far worse outcome if CCS is not commerciafly
avalable in the next few decades.

State Activities

As | mentioned before, Wyoming has undertaken a number of activities to address the
management of greenhouse gases. We are a founding member of the Climate Registry.
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We are in the process of conducting an inventory of greenhouse gas sources to establish
our emissions baseline and begin to identify practical opportunities for reduction. Many
of our significant oil and gas companies are members of EPA’s Natural Gas STAR
Program which implements best practices to reduce methane emissions in natural gas
exploration and production. For a number of years, our Department of Environmental
Quality has employed a permitting protocol requiring best available control technology
(BACT) for oil and gas minor sources which signiticantly reduce greenhouse gases, We
have for many years had a Carbon Sequestration Committee investigating terrestrial
sequestration opportunities springing from our agriculture {ands and forests.

We have funded a study underway by the Wyoming State Geological Survey to identify
optimal CO2 sequestration sites and to date they have found a site that is calculated to
store all emission from every source in Wyoming for 350 years (20 billion tons). We
have funded and operated the Enhanced Oil Recovery Institute at the University of
Wyoming which assists primarily independent oil producers in finding suitable fields and
employ CO2 floods to produce more oil. We participate in two carbon sequestration
partnerships and have proposals for large scale demonstration projects at two promising
sites. We have established the Wyoming Infrastructure Authority, a state instrumentality
to address the electricity transmission constraint that keeps our vast wind resource from
the marketplace. Recently, Rocky Mountain Power has announced plans to build nearly
1200 miles of high voltage power lines across four western states. We have competed in
the FutureGen competition making the case for a western mine mouth plant located near
both enhanced oil recovery well fields and deep saline aquifers for long term carbon
sequestration. We have actively and seriously pursued section 413 of the Energy Policy
Act of 2005 which calls for an Integrated Gasification Combined Cycle (IGCC) electric
generation plant with carbon sequestration at an aititude above 4,000 feet with low
ranked coals in a western state. We have signed a Memorandum of Understanding
(MOU) with the State of California and particularly the California Energy Commission
and California Public Utility Commission to work toward the development of this IGCC
plant. We have funded a clean coal request for proposal (RFP) process with intention of
drawing the best ideas from industry partnerships to advance the state of the art in clean
coal technology.

We have established the School of Energy Resources at the University of Wyoming and
will dedicate a portion of our time on the National Center for Atmospheric Research
(NCAR) supercomputer to sequestration reservoir characterization. We have passed
statutory incentives for the development of wind energy. We are exploring an exchange
with a Chinese province focused on CO2 sequestration.

Summary

As you can see we are expending a good deal of money, time and talent in the pursuit of
greenhouse gas management and will continue to do so. But please recognize this is just
the tip if the iceberg and we need federal involvement in a serious way to really move
forward in a meaningful way.
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My recommendations for the Committee’s consideration are three. First, continue to
focus the debate on the proper, rational and achievable framework that leads to the
monetization of carbon. However, let me be clear here, I am not urging continued
inaction. The lack of a federal plan essentially paralyzes the other players, both private
and publie sector.

Secondly, focus short-term spending and federal underwriting on the nearly universally
agreed upon activities of carbon capture and sequestration. With respect to capture, a
better understanding of the technologies particularly the economics and power
requirements is fundamental. Given the amount of material involved, a comprehensive
study of the infrastructure requirements to move CO2 from source to sink is necessary.
With respect to storage, continuation or acceleration of the multiple current sequestration
projects which will put CO2 in quantity in the ground is essential.

Finally, the Congress should take up the issue of parsing the long-term liability of carbon
storage. Serious investment in plants which will make use of carbon sequestration wiil
likely not be forthcoming until this issue is settled.

It is my understanding that there have been over 105 hearings on this and the broader
topic of energy independence in just the last eight months. 1 ask to you consider what
specific information is still required to chart the course. For while I'm only one
Governor, we will commit our resources towards obtaining the answers you need, so that
we can effectively move forward now. The problem at hand is enormous, climate change
does not wait for us and we cannot afford to delay.

Mr. Chairman, thank you for your time and attention.
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The CHAIRMAN. No, no. Again, you know, Mark Twain used to
say that an expert is anyone who lives more than 500 miles away
from a problem. And you, of course, live in Wyoming, so it is a Con-
gressional expert that is the oxymoron, like jumbo shrimp or Salt
Lake City nightlife. I mean, there is no such thing. [Laughter.]

So we need people like you, Governor, who come into town who
actually are the experts to help us to understand these issues.

I am pleased to introduce our second witness, Mr. Michael Mor-
ris. He is the Chairman and CEO of American Electric Power. AEP
is the largest electric utility in the United States, serving over five
million consumers in 11 states, and it is also the largest consumer
of coal in the United States. Under Mr. Morris’ leadership, AEP
has been an industry leader in the development of carbon capture
and storage technology.

We welcome you, sir. Whenever you are ready, please begin.

STATEMENT OF MICHAEL MORRIS

Mr. MoRrris. Thank you very much, Mr. Chairman, and thanks
for the opportunity to be here. I am intrigued by the questions that
you have all racked up for us in your various introductory state-
ments, and I know that, given the time that we will have to give
comments and thoughts back and forth, this will be an extremely
meaningful session.

I surely want to say hi to the Congresswoman from Michigan,
who, while I was at Consumers Power for 12 years, had a lot of
fun working with over the years, and you as well when I was at
Northeast Utilities, Mr. Chairman.

I see this challenge not unlike the Ranking Member. It is, in fact,
an opportunity. In your introductory comments of me, you men-
tioned 5.1 million customers. I have an obligation to make certain
that there is adequate energy supply for those men and women in
those industries, in those commercial operations, 24 hours a day,
seven days a week, every day of the year. And for the most part,
we do that. When weather intervenes, sometimes we aren’t there
when they want us, and that is very disturbing to them and under-
standably so.

Coal, as the Governor said, is an essential part, as many of you
said in your opening comments, to the overall equation of how we
will satisfy that demand across this entire country. Doing that with
the respect for the environment is essential as well. To that end,
we filed testimony to touch on many of those points, but let me
subset on a couple of the specific questions that were sent to me
by the Committee and by you.

The fact questions 3 and 4, “What is my company doing about
this challenge?”—and our testimony is full of those kinds of issues,
but, secondarily, question number 4, “When is a practical carbon
capture and storage technology deployment going to be available
for this country?”

We would believe that in the timeline in the latter half of the
next decade we will have validated concepts that are already out
in the marketplace, yet not out of the laboratory in the market-
place, to show that in fact, just as other flu gas issues or prior burn
issues can be removed from the stream of carbon—of the coal fuel,
we will have a chance to do that.



27

We intend, by 2009, at Appalachian Power in—that serves the
states of West Virginia and Virginia—to do a 30-megawatt valida-
tion project on capture and storage there. We have worked with
Battelle. We have subsurface storage actually at our Mountaineer
site, and that would be our plan by 2009.

By 2011/2012, we will move that validation project out to Rogers
County, Oklahoma, where at one of our major northeastern Public
Service of Oklahoma stations we will capture up to 200 megawatts
of carbon. There we will use it, as the Governor suggested, in en-
hanced oil recovery for the gas and oil fields in Oklahoma. We
think that is an excellent way to go about doing that.

For the new plants—and those are both retrofit opportunities,
which is essential for us to continue to keep the fleet out there for
all of us in this country. For new plants, integrated gas combined
cycle technology, ultra-supercritical technology, which we would
hope to build also in Oklahoma with other partners, are part of the
answer to use coal logically as we go forward.

So to the validation projects and the integrated gas combined
cycle, we believe by the middle of next decade to the beginning of
2020 that technology will be there for us, and we as an industry,
we surely as a company, will begin to deploy that as fast as we can.
I think it is important to the notion of 150 coal plants to be built
in some very short period of time.

The EIA unfortunately is always wrong in their forecast, and
there is no way in the world we are going to build 30 or 40 nuclear
stations, no way in the world we are going to build 150 coal-based
generation stations in this country. Remember, in each and every
of your states, we can’t simply build whatever we would like. We
can only build what the Public Utility Commission, Public Service
Commission, or regulatory body will allow us to build.

The coal plants need to be built, and they, in fact, will be built
between now and then. As to the notion of putting technology out
there, what everyone will build at least will be coal capture-ready
stations, if not coal capture deployed technology, because it isn’t
there yet. This is a very different timeline than the one that we
shared a few decades ago when my company and my industry were
very strong in the notion of “not now, not ever.”

This is a willing industry, a willing company, a willing people,
who simply want to have the timeline to allow the technology to
develop, so that in fact we just don’t get a political soundbyte but
we get something that works.

To the gentlewoman from the Dakotas, I was part of the environ-
mental study that—at American Electric Power Company—or, ex-
cuse me, at American Natural Resources when the gasification
project was built. It has turned out to be an excellent idea. The day
it came online it made gas for $8 a million BTUs into a $2 market,
and everyone thought it was a terrible idea. Today, it does exactly
as you suggest.

In the ’60s, "70s, ’80s, and ’90s, we have used more electricity in
this country than ever before every decade. The air and the water
have gotten cleaner in each of those decades. If we are logical about
how we do this, we can find an answer.

As to the global nature, it isn’t U.S. warming, it is called global
warming. We need to make certain that China, India, and other
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countries join us in this endeavor. What the unions and American
Electric Power have put forward, and is being embraced at least at
the principal committee in the House, and being embraced in writ-
ing in the Senate, is a concept that is WTO-compliant that ought
to address that issue and cause them economically to want to do
something.

Mr. Markey, in your opening comments you mentioned a number
of plants being built here. They will be carbon capture-ready. The
plants that are being built in China are not. That is a huge dif-
ference. This is a global issue, and there is no sense saddling the
U.S. economy without addressing that global nature.

Thanks for the opportunity to be here. I look forward to the ques-
tions and answers.

[The prepared statement of Mr. Morris follows:]



29

Summary of Testimony of Michael G. Morris, Chairman, President, and CEO, American Electric Power
before the House Select Committee on Energy Independence and Global Warming September 6 2007

American Electric Power (AEP) is one of the nation’s largest electricity generators with over S million
retail consumers in 11 statcs. AEP has a diverse generating fleet — coal, nuclear, hydroelectric, gas, oil and wind.
But of particular note, AEP is one of the largest coal-fired electricity generators in the U.S.

Over the past decade, American Electric Power has implemented a portfolio of voluntary actions to reduce, avoid
or offsct greenhouse gases (GHG). During 2003-05, AEP reduced its GHG emissions by 31 million metric tons of CO» by
planting trees, adding wind power, increasing power plant generating efficiency, retiring less-efficient units among other
measures.

We also continue to invest in new clean coal technology that will enablc AEP and our industry to meet the
challenge of reducing GHG emissions longer term. This includes plans to build two new integrated gasification combined
cycle (IGCC) plants and two, state-of-the-art, ultra-supercritical plants. These will be the first of the new gencration of
ultra-supereritical plants in the U.S. AEP plans to take the lead role in commercializing carbon capture technology, We
signed a memorandum of understanding (MOU} with Alstom for post-combustion carbon capture technology using its
chilled ammonia system. Starting with a “commercial performance verification” project in 2009 in West Virginia, we
would move to the first commercial-sized project at one of our 450-megawatt coal-fired units at Northcastern Plant in
OkJahoma by late 2012. This would capture about 1.5 million metric tons of CO2 a year, which will be used for enhanced
oil recovery.

AEP supports the adoption of an economy-wide cap-and-trade type GHG reduction program that is well thought-

out, achievable, and reasonable. We believe legislation can be crafted that does not impede AEP's ability to provide
reliable, reasonably priced electricity to support the economic well-being of our customers, and includes mechanisms that
foster international participation and avoids harming the U.S. economy. In contrast, imposing performance standards on
new generation will place significant constraints on our ability and flexibility to adopt feast-cost straicgies under a market-
based cap. Performance standards do not provide additional reductions or environmental benefits under a cap. In the end,
cap-and-trade type legislation should include:

* A cap that applics to all sectors of the cconomy and covers all greenhouse gases;

s  An unfettered cap-and-trade framework that maximizes flexibility and minimizes costs;

*  AEP is not calling for an indefinite delay until advanced technology such as carbon capture and storage (CCS) is
devejoped. However, as the requirements become more stringent during the next ten to twenty ycars, and we
move beyond the ability of current technology to deliver those reductions, it is essential that requirements for
deeper reductions coincide with the commercialization of advanced technology;

e Unrestricted use of real and verifiable domestic and intcrnational emissions offsets, such as methane capture from
landfills, livestock, forestry and agricultural sequestration;

e Allowances ailocated based on historic emissions to electric gencrators and other sources required to make
reductions. At most, only a small number of the allowances (less than five percent) should be auctioned or set-
aside for public benefit purposes; this is essential to minimize the cost burden to retail consumers;

s Rccognition for companies that have voluntarily taken early actions/investments to mitigate emissions;

e Long-term public and private funding to develop commercially-viable tecbnology solutions (e.g., carbon capture
and storage and other clean-coal technologies);

e Legislative provisions to climinate the legal and regulatory barricrs to the use of carbon capture and storage,
nuclear, wind or other low or no-carbon technologies or processes;

e Regulatory pre-approval for utility recovery of costs of effective energy efficiency and demand-side management;

e A safety valve on the market price for purchasing allowances to be set at a level that protects the economy;

» Statutory provisions that address inequities that will result if the largest emitters in the devcloping world, who are
manufacturing competitors with the U.S, fail to take comparable actions to cap or reduce their own cmissions. If
other countries refuse to reduce emissions but scek to continue to sell their goods in the U.S., our proposal would
implement an appropriate trade measure to equalize the conditions of global trade. This measure could include a
requirement that emission allowances accompany such imports, or border adjustment taxes that arc functionally
equivalent to America’s domestic GHG initiatives, to be applied to products arriving from countries that do not
timit their greenhouse gas emissions. Alternatively, the U.S. government could suspend or reduce the stringency
of the domestic program until those countrics join. {See attached op-ed by Michael Morris, Chairman, President
and CEO of AEP and Edwin Hill, International President of the IBEW.)
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Testimony of

Michael G. Morris

Chairman, President, and Chief Executive Officer
American Electric Power

Before the House Select Committee on Energy Independence and Global
Warming September 6, 2007

Good morning Mr. Chairman and distinguished members of the House Select Committee on Energy
Independence and Global Warming.

Thank you for inviting me here today. Thank you for this opportunity to offer the views of
American Electric Power (AEP) and for soliciting the views of our industry and others on climate
change technologies and policies.

My name is Mike Morris, and [ am the Chairman, President, and Chief Executive Officer of
American Electric Power (AEP). Headquartered in Columbus, Ohio, we arc one of the nation’s
largest electricity generators -- with over 36,000 megawatts of generating capacity -- and serve more
than five million retail consumers in 11 states in the Midwest and south central regions of our nation.
AEP’s generating fleet employs diverse sources of fuel — including coal, nuclear, hydroelectric,
natural gas, and oil — and wind power. But of particular importance for the Committee members here

today, AEP uses more coal than any other electricity generator in the Western hemisphere.



31

AEP Voluntary Climate Actions

Over the past decade, American Electric Power has implemented a broad portfolio of
voluntary actions to reduce, avoid or offset greenhouse gas (GHG) emissions. In addition, we
continue to invest in new clean coal technology plants and R&D that will enable AEP and our
industry to meet the challenge of significantly reducing GHG emissions over the long termn. For
example, AEP is designing and will build two new generating plants using Integrated Gasification
Combined Cyele (IGCC) technology in West Virginia and Ohio, as well as two highly efficient new
generating plants using the most advanced (e.g., ultra-supercritical) coal combustion technology in
Oklahoma and Arkansas. We have implemented 14 selective catalytic reactors (SCRs), and 10 Flue
Gas Desulphurization units, with others currently under construction, and we are a leader in
developing and deploying mercury capture and monitoring techuology. In addition, we continuc to
invest in new clean coal technology plants and R&D that will enable AEP and our industry to meet
the challenge of significantly reducing GHG emissions in future years. We are also playing a leading
role in the FutureGen project, which, once completed, will be the world’s first near-zero CO;
cmitting commercial-scale coal-fueled power plant. This plant will capture and sequester 90 percent
of its (GHG) emissions.

Since joining the Chicago Climate Exchange and EPA Climate Leaders several years ago,
AEP has voluntarily reduced its GHG emissions during 2003-05 by a total of 31 million metric tons
of CO, equivalent. We did so by planting tens of millions of trees, adding several major wind
generation projects, significantly increasing the generating efficiency of our larger coal-fired power
plants, mothballing or retiring older and less efficient coal- and oil/gas-fired steam units, and

achieving record levels of generation from our zero-emitting Cook Nuclear plant.
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AEP’s Major New Initiative to Reduce GHG Emissions

I have announced several major new initiatives to reduce AEP’s GHG emissions and to
advancc thc commercial application of carbon capture and storage technology. Our company has
been advancing technology for the electric utility industry for more than 100 years. AEP’s recent
announcement continues to build upon this heritage. Technology devclopment needs are often cited
as an excuse for inaction. We see thcse needs as opportunitics for action.

AEP has signed a memorandum of understanding (MOU) with Alstom, a worldwide leader in
equipment and services for power gencration, for post-combustion carbon capture technology using
Alstom’s chilled ammonia system. It will be installed at the 1300-megawatt Mountaineer Plant in
New Haven, W.Va as a “30-megawatt (thermal) commercial performance verification” project in
mid-2008 and capture up to 100,000 metric tons of carbon dioxide (CO,) per year. Once the CO, is
captured, we will store it. The Mountaineer sitc has an existing deep saline aquifer injection well
previously developed in conjunction with Department of Energy (DOE) and Battelle. Working with
Battelle and with continued DOE support, we will use this well (and develop others) to store and
further study CO, injection into deep geological formations.

Following the completion of commercial verification at Mountaineer, AEP plans to instal
Alstom’s system on one of the 450-megawatt coal-fired units at its Northeastern Plant in Oologah,
Oklahoma. The system is expected to be operational at Northeastern Plant in late 2012, capturing
about 1.5 million metric tons of CO; a year. The CO; captured at Northeastern Plant will be used for
enhanced oil recovery.

AEP has also signed an MOU with Babcock and Wilcox to pursue the development of Oxy-
coal combustion that uses oxygen in lieu of air for combustion. The Oxy-coal combustion forms a

concentrated CO, post combustion gas that can be stored without additional post combustion capture
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processes. AEP is working with B&W on a “30-megawatt (thermal) pilot project.” The results are
duc in mid-2007 and then these results will be used to study the feasibility of a scaled up 100 —
200MW (electric) demonstration. The CO, from the demonstration project would be captured and
stored in a deep saline geologic formation or used for enhanced oil recovery application.

In March, AEP voluntarily committed to achieve an additional five million tons of GHG
reductions annually beginning in 2011. We will accomplish these reductions through a new AEP
initiative that will add another 1000 Mw of purchased wind power into our system, substantially
increase our forestry investments (in addition to the 62 million trees we have planted to date), as well
as invest in domestic offsets, such as methane capture from agriculture, mines and landfills.

AEDP has also implemented efficiency improvements at several plants in its existing
generation fleet. These improvements include new turbine blading, valve replacements, combustion
tuning, and installation of variable speed drives on rotating equipment. Such improvements are
currently reported through the Department of Energy’s 1605 (b) program to the extent they produce
creditable reductions in greenhouse gas emissions. However, we are limited in the efficiency
improvements we can make due to the ambiguities in the existing New Source Review program, and

support further elarification and reform of this program to encourage efficiency improvements.

AEP Perspectives on a Federal GHG Reduction Program

While AEP has done, and will do much more, to mitigate GHG emissions from its existing
sources, we also suppert the adoption of an economy-wide cap-and-trade type GHG reduction
program that is well thought-out, achievable, and reasonable. We believe legislation can be crafted
that does not impede AEP's ability to provide reliable, reasonably priced electricity to support the

economic well-being of our customers, and includes mechanisms that foster international
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participation and avoid creating inequities and competitive issues that would harm the U.S. economy.
AEP supports reasonable legislation, and is not calling for an indefinite delay until advanced
technology such as carbon capture and storage (CCS) is developed. However, as the requirements
become more stringent during the next ten to twenty ycars, and we move beyond the ability of current
technology to deliver those reductions, it is essential that requirements for deeper reductions coincide
with the commercialization of advanced technology. The technologies for effective earbon capture
and storage from coal-fired facilities are developing, but are not commercially engineered to meet
production needs, and cannot be artificially accelerated through unrealistic reduction mandates. For
these reasons, we do not believe that performance standards on new sources can or will meet our
needs and/or the needs of our customers, regulators, and the nation, since these standards place
significant constraints on ones ability and flexibility to adopt effective least-cost strategies without
any additional environmental bencfits.

A sound national policy for reducing GHG emissions, based on a cap-and-trade type
approach, should include the following design clements:

- The cap should apply to all sectors of the economy and cover all greenhouse gases.

- An unfettered cap-and-trade framework should be used to maximize flexibility and
minimize the costs of the program.

- The reduction levels should be gradually phased in over time to reflect the lcad-
time necessary for demonstrating and deploying new low-and zero-emitting
technologies on a broad commereial scale. Setting reasonable and achicvable
emissions caps is critical to ensure that the power industry can provide reliable
electricity and ensure the continued economic compctitiveness for U.S. workers

and industries.
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Minimize costs through unrestricted use of real and verifiable domestic and
international GHG emissions offsets, such as methane capture from landfiils,
livestock and coal mines, forestry and agricultural sequestration and clean power
development.

As part of a comprehensive cap and trade system, all allowances should be
allocated based on historic emissions without cost to the electric power sector and
other sources that will be required to make reductions. At most, only a small
number of the allowances (less than five percent) should be distributed through
auctions or set-asides for general public benefit purposes. This approach is
essential to minimize the cost burden to retail consurners, to safeguard
competitiveness of U.S. industries, and to avoid harm to the U.S. economy.
Recognition should be provided to those companies that have voluntarily taken
early actions and investment to mitigate GHG emissions.

Long-term public and private funding should be provided to develop
commercially-viable technology solutions (e.g., carbon capture and storage for
new and existing plants and other clean-coal technologies).

Legislative provisions should be included to eliminate the legal and regulatory
barriers to the use of carbon capture and storage, nuclear, wind or other low or no-
carbon technologies or processes.

Regulatory pre-approval should be provided for utilities to recover the costs of
effective energy efficiency and demand-side management programs.

A safety valve for purchasing allowances should be included to establish a price

ceiling and be set at a level that adequately protects the U.S. economy.
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- Statutory provisions should be included for addressing inequities that will result if
the largest emitters in the developing world, who are manufacturing competitors

with the U.S, fail to take comparable action to cap or reduce their own emissions.

All Greenhouse Gases Should be Covered, on An Economy-Wide Basis

AEP believes mandatory emission reduction legislation must be premised upon a market-based
cap-and-trade system that includes all significant emitting sectors of the U.S. economy. With regard
to greenhouse gases and specifically CO, emissions, no one sector accounts for a majority of U.S.
emissions. Instead, GHG emissions are ubiquitous, generated by multiple seetors, ineluding
electricity generation, transportation, various manufaeturing processes, and residential and
commercial fuel use. Adopting an economy-wide approach will improve the overall effectiveness of
limiting GHG emissions nationally and expand opportunities to achieve those GHG reductions in a
least-cost manner, while spreading the cost across the entire economy. The overall cost of the
program will be lowered by enabling companies to take advantage of the most cost-effective
reductions possible from all major source categories across the economy. An economy-wide
approach prevents distortions driven by imposing disproportionate burdens on certain scctors while
excluding others. In contrast, a sector approach ~ if limited to eleetric generating units and other
large combustion sources — arbitrarily limits reduction obligations and costs to these sources. AEP
urges that any cap-and-trade program not only be economy-wide, but also assign a compliance

burden to each sector that is consistent with that sector’s contribution to the problem.
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Phased-in Timing and Gradually Increasing Level of Reductions Consistent with
Technology Development

As a practical matter, implementing climate legislation is a complex undertaking that will
requirc procedures for measuring, verifying, and accounting for GHG cmission, as wcll as for
designing cfficient administration and enforccment procedures applicable to all sectors of our
cconomy. Only a pragmatic approach with achievable targets and reasonable timetablcs — that does
not require too many reductions within too short a time period — will succecd. Past experience with
the Clean Air Act Amendments of 1990 (which involved a vastly simpler SO; allowance trading
system for just the electric power sector), strongly suggests that a minimum of five years will bc
necessary to havc the administrative mechanisms in placc for full implemcntation of the initial GHG
emission targets.

AEP also believes that the icvel of cmissions reductions and timing of those reductions under
a federal mandatc must keep pace with developing technologies for reducing GHG emissions from
new and existing sources. The technologies for effective carbon capturc and storage from coal-fired
facilities have not yet been perfected, and cannot be artificially accelerated through unrealistic
reduction mandates.

While AEP and other companies have successfully lowered their average emissions and
emission rates during this decade, further substantial reductions will require the wide-scale
commercial availability of new clean coal technologies. AEP believes that the electric power
industry can potentially manage much of the expected economic (and CO; emissions) growth over
the course of the next decade (2010-2020) through aggressively deploying renewable energy, further
gains in supply and demand-side energy efficiency, and new emission offset projects. As previously

stated, AEP supports reasonable legislation, and is not calling for an indefinite delay of GHG
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reduction obligations until advanced clean coal technology is developed. However, as the reduction
requirements become more stringent, and move beyond the ability of current technology to deliver
those reductions, it is important that those stringent requirements coincide with the commercialization
of advanced tcchnology. This includes the next generation of low- and zero-emitting technologies.

In the case of coal, this means demonstration and full-scale deployment of new IGCC units with
carbon capture, new ultra-supercritical or oxy-coal plants with carbon capture and storage, as well as
broad deployment of retrofit technologies for carbon capture and storage at existing coal plants. The
next gencration of nuclear technology will also play an important role in meeting significant
reduction targets.

However, today’s costs of new clean coal technologies with carbon capture and storage are
much more cxpensive than current coal-fircd technologics. For example, carbon capture and storage
using current inhibited monocthanolamine (MEA) technology is expected to increase the total cost of
clectricity from a ncw coal fired power plant by about 65 percent and even the newer chilled
ammonia carbon capture technology we plan to deploy on a commercial sized scale by 2012 at one of
our existing coal-fired units will result in significantly higher costs. It is only through the steady and
judicious advancement of these applications during the course of the next decade that we can start to
bring these costs down, in order to avoid substantial electricity rate shocks and undue harm to the
U.S. economy.

Additionally the MEA technology has limitations under existing plant retrofit conditions.
CO2 capture requires a large volume of steam to regenerate the amine used to capture the CQOa.
Review of several of our existing PC units indicates they can only supply cnough steam from the
power generation cycle to regenerate the amine necessary to capture about 50% of the CO,, without

jeopardizing the steam cycle.
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In summary, AEP recommends a pragmatic approach for phasing in GHG reductions through
a cap-and-trade program. The emissions cap should be reasonable and achicvable. In the early years
of the program, the cap should be set at levels that slow the increase in GHG emissions. Allowing for
moderate emissions increases over the first decade is critical due to limitations on currently available
GHG control options. The stringency of the cap would increase over time — first stabilizing
emissions and then requiring a gradual, long-term decline in emissions levels. The cap levels should
be set to reflect projected advances in new carbon-saving technologies. In the ease of the electric
power sector, additional time is necessary to allow for the deployment of new nuclear plants as well
as the demonstration and deployment of commercial-scale gasification and advanced combustion
facilities fully integrated with technologies for CO; capture and storage. Substantial GHG reductions
should not be required until after the 2020 time frame.

Requiring much deeper reductions sooner would very likely harm the U.S. economy. For
AEP and the electric scctor, the only currently available strategy to achieve substantial absolute CO,
reductions prior to 2020 without the full-scale deployment of new technologies will inevitably require
much greater use of natural gas, in lieu of coal-fueled electricity, with the undesirable effects of

higher natural gas prices and even tighter supplies.

Unrestricted Use of Real and Verifiable Emission Offsets of All Greenhouse Gases
GHG emissions and compliance costs will both be reduced, if all real and verifiable emission

credits and offsets are included in any federal legislative program. Climate change is a global

problem. Greenhouse gases emitted, avoided or reduced anywhere on Earth ultimately impact the

entire globe. Artificially restrieting reduction opportunities only increases the cost of compliance.
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As an example, some project-based offsets are relatively low in cost because they involve
high global warming potential (GWP) gases such as methane and nitrous oxides that can be capturcd
with relatively little investment per CO; cquivalent ton reduced. Forestry projects often provide
lower cost reductions than direct reductions at industrial sources or power plants. In addition, many
project-based offsets provide significant land use, acsthetic and other environmental benefits.

Viewced from a global perspective, any given reduction, anywhere, from any source, has the
same benefit as any other — so the use of the most economically-prudent, rcal and verifiable offsets
should be strongly encouraged, including offsets arising from initiatives involving forestry,

agriculture, methane capturc from livestock manure, landfills or coal mines, or other innovations.

Emission Allowances Should be Allocated Equitably in a Cap-and-Trade System
with Limited Auctions

Under various proposed cap-and-trade systems, an emission allowance would permit the
release of onc ton of CO, or equivalent and are distributed in limited amounts up to the total GHG
emissions cap. This limit on the supply of total allowances results in a market price being set for
allowances based on the marginal control costs under the cap-and-trade program. Aliocation of these
allowances to companies equitably and efficiently is an important principle in allowing a cap-and-
trade system to be successful.

If, for example, an electric utility generator under cost of service regulation is allocated
emission allowances substantially equal to the GHG emissions permitted by legislation, the cost to
consumers eventually is equivalent to the actual cost of reducing or offsetting GHG emissions to the
level of the cap. The U.S. has already perfected just such a highly efficient allowance trading system,

and it is now successfully being used to address Acid Rain and other national and regional domestic
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air quality issues. As a result, AEP strongly recommends that emission allowances be allocated to
electric utility generators based on “input fuel” or cmissions. Input-based allocations spread the
reduction/cost burden evenly and equitably, by distributing emission allowances pro-rata based on
historic emissions. So, all existing fossil fuel generating plants would face a similar cffective percent
reduction requirement. [n this way, allowances are distributed to those companies who must bear the
burden of reducing CO, emissions. Emission/fuel based allocation methods successfully allocated
allowances under the Clean Air Act of 1990 (for SO;), as well as EPA’s recent Clean Air Interstate
Rule (CAIR) and Clean Air Mcrcury Rule (CAMR) rules governing SO», NOx and Hg in the future.
Under this approach a high percentage of the available allowances (e.g., 95-100 percent)
would be allocated to electric generators based upon their pro rata share of historical GHG emissions.
AEP supports the use of input fuel or emissions-based alloeations among the sources actually
emitting regulated pollutants and required to achieve cmission reductions. Input fuel-based systems
maintain the critical connection between the sources required to achieve reductions and the allowance
system used to demonstrate compliance, and have a demonstrated history of successfully and
substantially reducing overall costs of compliance through the use of this market mechanism. The
allowances should be distributed to those companics who must bear this burden. In contrast, output-
based allocation systems provide substantial windfalls for a few companies with significant amounts
of nuclear, hydro and/or natural gas generation. Nuclear, hydro and renewables do not have any COa,
S0,, NOx or mercury emissions and thus they have no need for the permits for these emissions.
Allocating allowances to nuclear and hydro serves only one purposc -- to force fossil fuel-fired
generation to buy them back. This represents a direct income transfer from fossil generation to non-

emitting sources.
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Allocation of allowances to the electric power sector over time must also reeognize the
continuing and increasing electrification of our economy. As new innovative electro-tcchnologies
such as plug-in hybrid electric vehicles become a more significant part of the mix of options to meet
future U.S. energy nceds and to reduce our GHG emissions, allowance allocations will need to
recognize the greater share of U.S. energy needs that electricity generators provide.

AEP supports auctioning five percent or less of the availablc allowances in order to set an
initial market price to facilitate trading, reduce barriers to the entry of new sources, and provide
incentives for technological advances and early action to mitigate emissions. However, AEP opposes
any proposed cap and trade program with any significant auctions (or set-aside of allowances for
public benefit purposes), since these would disproportionately increase compliance costs with no
offsetting decrease in GHG emissions.

Auctioning alfowances rather than allocating them to electric generators will simply increase
electricity generating costs and electricity rates unnccessarily. Under cost of service regulation, the
cost of auctioned allowance purchases would be — by necessity — passed on to consumers in addition
to the direct costs of compliance. Under an auction, consumer costs and electricity prices would
increase substantially more than under a system with no auctioned allowances.

In addition to increased electricity rates for consumers, auctioning a substantial number of
emission allowances would cause a major redistribution of income, reduce market efficiency and
impair companies’ ability to make the needed reductions. investment in compliance technologies
would be forced to compete with large-scale investments needed by private companies to purchase
auctioned allowances, even as coal-fired electricity generators make very large investments
throughout the next decade to reduce SO,, NOx and Hg emissions under existing and upcoming

Clean Air Act regulatory requircments.
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Finally, auctioning a substantial number of emission allowances will affect various regions of
the country differently. States and regions in the U.S. that rely more heavily on coal-fueled power,
including Michigan, North Carolina, Georgia, Ohio, West Virginia, Indiana, Kentucky, Tennessee,
Towa, Missouri, Oklahoma, Wisconsin, Minnesota, and most of the Western U.S. are likely to
experience the largest cost and rate increases due to auctions. For these rcasons, any decision to
auction substantial number of allowances must compensate for the disproportionate impacts on
America’s coal-reliant states and regions if Congress is to minimize the economic hardships on

specific states, regions, and the nation as a whole.

Recognition of Early Actions that Achieve Real and Verifiable GHG Emission
Reductions

Any federal program needs to provide credit for real and verifiable early reductions made on a
company-wide basis. Programs such as EPA Climate Leaders, DOE Section 1605(b) and the
Chicago Climate Exchange among others provide the appropriate accounting and auditing
mechanisms to ensure that the reductions are real and verifiable.

AEP is proud of'its accomplishments in reducing its CO; and other GHG emissions
voluntarily. We believe that early actors such as our company should be rewarded, and not penalized

for being proactive in addressing their GHG emissions.

Congressional Action Must be Premised Upon that the Reality That Climate
Change is caused by GHG Emissions on a Global Basis

We must keep in mind the context for our nation undertaking extraordinary efforts to limit our
domestic GHG emissions. Humanity is confronting worldwide climate change; this is not purely a

domestic issue. It would be unconscionable to pass legislation that imposes unilateral caps only upon
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America’s cconomy, while ignoring the fact that U.S. reductions will make little difference if other
major emitting nations are not taking comparable action. Any reductions we make will be overtaken
— literally swallowed up — by huge and rapidly increasing emissions arising from the largest emitters
in the developing world. This would be flawed environmental policy and will accomplish very little
to deal with global climate change.

Of equal importance, legislation must address the fact that imposition of emission limits by
some, but not all, major emitting nations would adverscly impact the competitive conditions of trade
between nations. This could actually create perverse incentives to inappropriately drive
environmentally-responsible American jobs to nations without emission limits, where their
production costs would assuredly be less. This scenario would impact America’s manufacturing
sectors and workers alike — and the potential effects of such a non-global solution could, in a very
real sense, undermine our competitiveness in our increasingly global economy.

These sort of practical concerns prompted Mr. Edwin D. Hill, International President of the
International Brotherhood of Electrical Workers and me to collaborate in crafting an op-ed. The
AEP/IBEW approach reconciles the environmental and economic nexus that frames the global
climate issue -- “Trade is the Key to Climatc Change” (sec copy attached). In this article we offered
recommendations on how trade considerations must be part of any U.S. legislation that also requires
mandatory domestic emission reductions.

In this article we suggest that any U.S. legislation that would require mandatory U.S. emission
reductions must also include a market mechanism that encourages other major GHG-emitting
countrics to reduce their emissions. [f other countries refuse to reduce emissions but seck to
continue to sell their goods in the U.S., our proposal would implement an appropriate measure to

equalizc the conditions of global trade. This measure could include a requirement that emission
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allowances accompany such imports, or border adjustment taxes that are functionally equivalent to
America’s domestic GHG initiatives, to be applied to products arriving from countries that do not
limit their greenhouse gas emissions,. Alternatively, the U.S. governiment could suspend or reduce the
stringency of the domestic program until those countries join.

In the best tradition of America’s free market cap-and-trade policies, Ed Hill and I believe this
approach offers the very real potential to equalize the conditions of global trade with regard to
climate change, and to serve as a powerful impetus for other nations to meaningfully join a new
global initiative. We are hopeful that all major emitting nations would find it prudent to participate
rather than be compelled to pay border adjustment taxes or purchase significant numbers of
allowances to offset GHG emissions arising from their production of exported goods and services,
especially if they have the opportunity to also derive even greater benefits for their citizens and the
world from cleaner development through treaty partieipation.

This approach would equalize the conditions of global trade with regard to climate change,
and it would be a powerful incentive for nations to meaningfully participate in a new world-wide
initiative to limit their GHG emissions.

Without an ironclad statutory backstop, the U.S. will have little leverage to negotiate with
rapidly developing nations. If Congress were to fail to include thesc or similar provisions, it would
fail to deal with climate change on a global scale because our own GHG emissions would be capped
even as other nations' emissions increase and eclipse our own, further endangering our global
environment and welfarc. [ believe American consumers, workers and businesses are ready, willing
and able to do their part to address the risks presented by global climate change. But fair play and

common sense dictate that we must not do this alone.
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While Trade is the Key to Climate Change, Technology is the Answer

The primary human-induced cause of global warming is the emission of CO; arising from the
burning of fossil fuels. Put simply, our primary contribution to climate change is also what drives the
global economic engine.

Changing consumer behavior by buying efficient appliances and cars, by driving less, and by
similar steps, is helping to reduce the growth of GHG emissions. However, these steps will never be
nearly enough to significantly reduce CO, emissions from the burning of coal, oil and natural gas.
Such incremental steps, while important, will never be sufficient to stabilize greenhouse gases
concentrations in the atmosphere at a level that is believed to be capable of preventing dangerous
human-induced interference with the climate system as called for in the U.S.-approved U.N.
Framework Convention on Climate Change (Rio agreement).

For that, we need major technological advances to effectively capture and store CO;. The
Congress and indeed all Americans must come to recognize the gigantic undertaking and significant
sacrifices that this enterprise is likely to require. It is unrealistic to assume, and wrong to argue, that
the market will magically respond simply by the imposition of severe caps on CO, emissions. The
result will not be a positive response by the market, but rather a severe impact on the economy. Not
when what we are talking about, on a large scale, is the capture and geologic storage of billions and
billions of tons of CO, with technologies that have not yet been proven anywhere in the world.

Carbon capture and storage (CCS) should not be mandated untif and unless it has been
demonstrated to be effective, and the cests have significantly dropped so that it becomes
commercially available on a widespread basis. Untif that threshold is met, it would be
technologically unrealistic and economically unacceptable to require the widespread installation of

carbon eapture equipment. The use of deep saline geologic formations as the primary long-term
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geologic formations for CO; storage has not yet been sufficiently demonstrated. There are no
national standards for permitting such storage reservoirs; there are no widely accepted monitoring
protocols. Underscoring these realities, industrial insurance companies point to a lack of scientific
data on CO; storage as one reason they arc disinclined to insure early projects. In a nutshell, the
institutional infrastructure to support CO; storage does not yet exist and will require years to develop.
In addition, application of today’s CO; capture technology would significantly increase the cost of an
IGCC plant, calling into serious question regulatory approval for the costs of such a plant by state
regulators. Further, recent studies sponsored by the Electric Power Research Institute (EPRI) suggest
that application of'today’s CO; capture technology would increase the cost of electricity from an
IGCC plant by 40 to 50 percent, and boost the cost of electricity from a conventional pulverized coal
plant by up to 65 percent, which would again jeopardize state regulatory approval for the costs of
such plants.

Despite thesc uncertainties, I believe that we must aggressively explore the viability of this
technology in scveral first-of-a-kind commercial projects. AEP is committed to help lead the way,
and to show how this can be done. For example, as described earlier in this testimony, AEP will
install carbon capture controls on two existing coal-fired power plants, the first commercial use of
this technology, as part of our comprehensive strategy to reduce, avoid or offset GHG emissions.

AERP is also building two state-of-the-art advanced ultra-supercritical power plants in
Oklahoma and Arkansas. These will be the first of the new gencration of ultra-supercritical plants in
the U.S.

AEP is also advancing the devclopment of IGCC technology. IGCC represents a major

breakthrough in our work to improve the environmental performance of coal-basced electric power
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generation. AEP is in the process of designing and constructing several of the earliest commercial
scale IGCC plants in thc nation.

IGCC technology integrates two proven processes — coal gasification and combined cycle
power generation — to convert coal into clectricity far more efficiently and cleanly than any existing
power plants can. Not only is it cleancr and more efficient than today’s power plants, but IGCC can
also be retrofitted in the future for carbon capture at a lower capital cost and with less of an energy
penalty than traditional power plant technologies, but only when the technology has been proven.

AEP is also a founding member of FutureGen, a groundbreaking public-private collaboration
that aims squarely at making near-zero-emissions coal-based energy a reality. FutureGenisa $1.5
billion, 10-year research and demonstration project. It is on track to create the world's first coal-
fueled, near-zero emission electricity and hydrogen plant with the capability to capture and sequeste:
at least 90 percent of its carbon dioxide emissions.

As an R&D plant, FutureGen will stretch -- and indeed create -- the technology envelope.
Within the context of our fight to combat global climmate change, FutureGen has a truly profound
mission — to validate the cost and performance baselines of a fully integrated, near zero-emission
coal-fueled power plant.

The design of the FutureGen plant is already underway, and we are making great progress.
The plant will be on-line early in the next decade. By the latter part of that decade, following on the
advancements demonstrated by AEP, FutureGen and other projects, CCS technology should become
a commercial reality.

It is then, and only then, that commercial orders will be placed on a widespread basis to
implement CCS at coal-fueled power plants. That is, roughly around 2020. Widespread deployment

assumes that a host of other important issues have been resolved, and there is governmental and
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publie acceptance of CCS as the proven and safe teechnology that we now believe it to be. AEP
supports rapid action on climate change including the enactment of well thought-out and achievable
legistation so that our nation can get started on dealing with climate change. However, the completc
transformation of the U.S. electricity system will take time, and we can’t put policy ahead of the
availability of cost-effective technology. The development of technology must coincide with any
increase in the stringency of the program.

What will happen if the Congress does the opposite, and mandates deep reductions in the
absence of a proven, viable technology? It is the proverbial road of good intentions, and only
dangerous consequences can follow. The most immediate would be a dramatic -- and very likely
costly -- increase in the use and price of natural gas by the utility scctor, since there would be no
other identifiable alternative. This would have significant adverse impacts on consumers and
workers by driving up the cost of gas for home heating and cooking, and would further increase costs
to any industry dependent upon natural gas as a feedstock, such as chemicals and agriculture with a
further exporting of jobs overseas.

A huge challenge that our society faces over the remainder of this century is how we will
reduce the release of GHG emissions from fossil fuels. This will require nothing less than the
complete reengineering of the entire global energy system over the next century. The magnitude of
this task is comparable to the industrial revolution, but for this revolution to be successful, it must
stimulatc new technologies and new behaviors in all major sectors of the economy. The benefits of
projects like FutureGen will apply to all countries blessed with an abundance of coal, not only the
United States, but also nations like China and India.

1n the end, the only sure path to stabilizing GHG concentrations over the long term is through

the development and utilization of advanced technologies. And we must do more than simply call fo:
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it. Our nation must prepare, inspire, guide, and support our citizens and the very best and the
brightest of our engineers and scientists; private industry must step up and start to eonstruct the first
comumnercial plants; and our country must devote adequate financial and technological resources to
this enormous challenge. AEP is committed to being a part of this important proeess, and to helping
you achieve the best outcome at the most reasonable cost and timelines possible. Thank you again

for this opportunity to share these views with you.
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FOR IMMEDIATE RELEASE

AEP TO INSTALL CARBON CAPTURE ON TWO EXISTING POWER PLANTS;

COMPANY WILL BE FIRST TO MOVE TECHNOLOGY TO COMMERCIAL SCALE

As climate policy advances, ‘it’s time to advance technology for commercial use,” CEO says
COLUMBUS, Ohio, March 15, 2007 - American Electric Power (NYSE:AEP) will install carbon
capture on two coal-fired power plants, the first commercial use of technologies to significantly reduce
carbon dioxide emissions from existing plants.

The first project is expected to complete its product validation phase in 2008 and begin
commercial operation in 2011.

“AEP has been the company advancing technology for the electric utility industry for more than
100 years,” said Michael G. Morns, AEP chairman, president and chief executive officer. “This long
heritage, the backbone of our company’s success, makes us very comfortable taking action on carbon
emissions and accelerating advancement of the technology. Technology development needs are
often cited as an excuse for inaction. We see these needs as an opportunity for action.

"With Congress expected to take action on greenhouse gas issues in climate legislation, it's
time to advance this technology for commercial use,” Morris said. "And we will continue working with
Congress as it crafts climate poiicy. it is important that the U.S. climate policy be well thought out,
establish reasonable targets and timetables, and include mechanisms to prevent trade imbalances
that would damage the U.S. ecomomy.”

Morris will discuss AEP’s plans for carbon capture during a presentation today at the Morgan
Stanley Giobal Electricity & Energy Conference in New York. A live webcast of the presentation to an

audience of investors will begin at 12:10 p.m. EDT and can be accessed through the Internet at
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http://www.aep.com/go/webcast. The webcast will also be available after the event. Visuals used in
the presentation will be available at http.//www.aep.com/investors/present.

AEP has signed a memorandum of understanding (MOU) with Aistom, a worldwide leader in
equipment and services for power generation and clean coal, for post-combustion carbon capture
technology using Alstom’s Chilled Ammonia Process. This technology, which is being piloted this
summer by Alstom on a 5-megawatt (thermal) slipstream from a plant in Wisconsin, will first be
installed on AEP's 1300-megawatt Mountaineer Plant in New Haven, W.Va., as a 30-megawatt
(thermat) product validation in mid-2008 where up to 100,000 metric tons of carbon dioxide (COZ2) will
be captured per year. The captured CO2 will be designated for geological storage in deep saline
aquifers at the site. Battelle Memorial institute will serve as consultants for AEP on geological storage.

Following the completion of product validation at Mountaineer, AEP will install Alstom’s system
on one of the 450-megawatt (electric) coal-fired units at its Northeastern Station in Oologah, Okla.
Plans are for the commercial-scale system to be operational at Northeastern Station in late 2011. it is
expected to capture about 1.5 million metric tons of CO2 a year. The CO2 captured at Northeastern
Station will be used for enhanced ol recovery.

Alstom’s system captures CO2 by isolating the gas from the power plant’s other flue gases
and can significantly increase the efficiency of the CO2 capture process. The system chills the flue
gas, recovering large quantities of water for recycle, and then utilizes a CO2 absorber in a similar way
to absorbers used in systems that reduce sulfur dioxide emissions. The remaining low concentration
of ammonia in the clean flue gas is captured by cold-water wash and returned to the absorber. The
CO2 is compressed to be sent to enhanced oil recovery or storage.

In laboratory testing sponsored by Alstom, EPRI and others, the process has demonstrated
the potential to capture more than 90 percent of CO2 at a cost that is far less expensive than other
carbon capture technologies. It is applicable for use on new power plants as weil as for the retrofit of
existing coal-fired power piants.

AEP has signed an MOU with The Babcock & Wilcox Company (B&W), a world leader in
steam generation and poilution controt equipment design, supply and service since 1867, for a
feasibility study of oxy-coal combustion technology. B&W, a subsidiary of McDermott International,
Inc. (NYSE:MDR), will compiete a piiot demonstration of the technology this summer at its 30-
megawatt (thermal) Clean Environment Development Facility in Alliance, Ohio.

Following this demonstration, AEP and B&W will conduct a retrofit feasibility study that will
include selection of an existing AEP piant site for commerciai-scale instaliation of the technology and
cost estimates to complete that work. Once the retrofit feasibility study is completed, detailed design

engineering and construction estimates to retrofit an existing AEP plant for commercial-scale CO2
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capture will begin. At the commercial scale, the captured CO2 will likely be stored in deep geologic
formations. The plant, with oxy-coal combustion technology, is expected to be in service in the 2012-
2015 time frame.

B&W, in collaboration with American Air Liquide Inc., has been developing oxy-coal
combustion, a technology that utilizes pure oxygen for the combustion of coal. Current generation
technologies use air, which contains nitrogen that is not utilized in the combustion process and is
emitted with the flue gas. By using pure oxygen, oxy-coal combustion excludes nitrogen and leaves a
flue gas that is a relatively pure stream of carbon dioxide that is ready for capture and storage. B&W’s
and Air Liquide’s collaborative work on oxy-coal combustion began in the late 1990s and included
pilot-scale development at B&W'’s facilities with encouraging results, burning both bituminous and
sub-bituminous coals.

The oxy-coal combustion process, as envisioned, uses a standard, cryogenic air separation
unit to provide relatively pure oxygen to the combustion process. This oxygen is mixed with recycled
flue gas in a proprietary mixing device to replicate air, which may then be used to operate a boiler
designed for regular air fiing. The exhaust gas, consisting primarily of carbon dioxide, is first cleaned
of traditional pollutants, then compressed and purified before storage. B&W, working with Air Liquide,
can supply the equipment, technology and control systems to construct this new value chain, either as
a new application or as a retrofit to an existing unit.

The Alstom technology provides a post-combustion carbon capture system that is suitable for
use in new plants as well as for retrofitting to existing plants. it requires significantly less energy to
capture COZ2 than other technologies currently being tested.

The B&W technology provides a pre-combustion boiler conversion option for existing piants
that promotes the creation of a pure CO2 stream in the flue gas.

Both pre- and post-combustion technologies will be important for companies facing decisions
on carbon reduction from the wide variety of coal-fired boiler designs currently in use.

AEP anticipates seeking funding from the U.S. Department of Energy to help offset some of
the costs of advancing these technologies for commercial use. The company will also work with utility
commissions, environmental regulators and other key constituencies in states that have jurisdiction
over the plants selected for retrofit fo determine appropriate cost recovery and the impact on
customers.

“We recognize that these projects represent a significant commitment of resources for AEP,
but they are projects that will pay important dividends in the future for our customers and
shareholders,” Morris said. “Coal is the fuel used to generate half of the nation’s electricity; it fuels

about 75 percent of AEP's generating fleet. By advancing carbon capture technologies into
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commercial use, we are taking an important step to ensure the continued and long-term viability of our
existing generation, just as we did when we were the first to begin a comprehensive, system-wide
retrofit program for sulfur dioxide and nitrogen oxide emissions controls. We have completed the
sulfur dioxide and nitrogen oxide retrofits on more than two-thirds of the capacity included in the
program and we are on schedule to complete all retrofits by shortly after the end of the decade.

“By being the first to advance carbon capture technology, we will be well-positioned to quickly
and efficiently retrofit additional plants in our fleet with carbon capture systems while avoiding a
potentially significant learning curve.”

AEP has led the U.S. electric utility industry in taking action to reduce its greenhouse gas
emissions. AEP was the first and largest U.S. utility to join the Chicago Climate Exchange (CCX), the
world’s first and North America’s only voluntary, legaily binding greenhouse gas emissions reduction
and trading program. As a member of CCX, AEP committed to gradually reduce, avoid or offset its
greenhouse gas emissions to 6 percent below the average of its 1998 to 2001 emission leveis by
2010. Through this commitment, AEP will reduce or offset approximately 46 million metric tons of
greenhouse gas emissions by the end of the decade.

AEP is achieving its greenhouse gas reductions through a broad portfolio of actions, including
power plant efficiency improvements, renewable generation such as wind and biomass co-firing, off-
system greenhouse gas reduction projects, reforestation projects and the potential purchase of
emission credits through CCX.

American Eiectric Power is one of the largest electric utilities in the United States, delivering
electricity to more than 5 million customers in 11 states. AEP ranks among the nation’s largest
generators of electricity, owning nearly 36,000 megawatts of generating capacity in the U.S. AEP
also owns the nation’s largest electricity transmission system, a nearly 39,000-mile network that
includes more 765 kilovolt extra-high voltage transmission lines than all other U.S. transmission
systems combined. AEP’s utility units operate as AEP Chio, AEP Texas, Appatachian Power (in
Virginia and West Virginia), AEP Appalachian Power (in Tennessee), Indiana Michigan Power,
Kentucky Power, Public Service Company of Oklahoma, and Southwestern Electric Power Company
(in Arkansas, Louisiana and east Texas). AEP's headquarters are in Columbus, Chio.

This report made by AEP and its Registrant Subsidiaries contains forward-looking statements within the meaning of Section
21E of the Securities Exchange Act of 1934. Although AEP and each of its Registrant Subsidiaries believe that their
expectations are based on reasonable assumptions, any such statements may be influenced by factors that couid cause
actual outcomes and resuits to be materially different from those projected. Among the factors that could cause actual
results to differ materiaily from those in the forward-looking statements are: electric load and customer growth; weather
conditions, including storms; available sources and costs of, and transportation for, fuels and the creditworthiness of fuel
suppliers and transporters; avaitability of generating capacity and the performance of AEP’s generating plants; AEP’s ability
to recover regulatory assets and stranded costs in connection with dereguiation; AEP’s ability to recover increases in fuel
and other energy costs through regulated or competitive electric rates; AEP's ability to build or acquire generating capacity
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when needed at acceptable prices and terms and to recover those costs through applicable rate cases or competitive rates;
new legislation, litigation and government regulation including requirements for reduced emissions of sulfur, nitrogen,
mercury, carbon, soot or particulate matter and other substances; timing and resolution of pending and future rate cases,
negotiations and other regulatory decisions (including rate or other recovery for new investments, transmission service and
environmentai compliance); resoiution of {itigation (including pending Clean Air Act enforcement actions and disputes arising
from the bankruptcy of Enron Corp. and refated matters); AEP’s ability to constrain operation and maintenance costs; the
economic climate and growth in AEP's service territory and changes in market demand and demographic patterns;
inflationary and interest rate trends; AEP’s ability to develop and execute a strategy based on a view regarding prices of
electricity, naturai gas and other energy-related commodities; changes in the creditworthiness of the counterparties with
whom AEP has contractual arrangements, including participants in the energy trading market; actions of rating agencies,
including changes in the ratings of debt; volatility and changes in markets for efectricity, natural gas and other energy-relatec
commeodities; changes in utility reguiation, including the potential for new legislation or regutation in Ohio and/or Virginia and
membership in and integration into regionat transmission organizations; accounting pronouncements periodicatly issued by
accounting standard-setting bodies; the performance of AEP’s pension and other postretirement benefit plans; prices for
power that AEP generates and self at wholesale; changes in technology, particularly with respect to new, developing or
aiternative sources of generation; other risks and unforeseen events, including wars, the effects of terrorism {including
increased security costs), embargoes and other catastrophic events.
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BACKGROUND: American Electric Power’s Actions to Address Climate Change

GHG Reduction Commitment

American Electric Power (AEP) was the first and largest U.S. utility to join the Chicago Climate
Exchange (CCXSM) and make a legally binding commitment to gradually reduce or offset its greenhouse
gas emissions to 6 percent below the average of 1998-2001 emission levels by 2010.

As a founding member of CCX, AEP committed in 2003 to reduce or offset its emissions gradually to 4
percent below the average of 1998-2001 emission levels by 2006 (1 percent reduction in 2003, 2 percent in
2004, 3 percent in 2005 and 4 percent in 2006). In August 2005, AEP expanded and extended its
commitment to a 6 percent reduction below the same baseline by 2010 (4.25 percent in 2007, 4.5 percent
in 2008, 5 percent in 2009 and 6 percent in 2010). Through this commitment, AEP expects to reduce or
offset approximately 46 million metric tons of greenhouse gas emissions.

Operational Improvements

AEP has been able to reduce its carbon dioxide (CO2) emissions by improving plant efficiency for its
fossil-fueled plants through routine maintenance and investments like turbine biade enhancements
(installing new turbine blades) and steam path replacements that improve the overali heat rate of a plant
and, in turn, reduce CO2 emissions, A one-percent improvement in AEP’s overall fleet efficiency can
reduce the ecompany’s greenhouse gas emissions by 2 million metric tons per year.

AEP has also reduced its CO2 emissions by improving the performance and availability of its nuclear
generation. AEP’s D.C. Cook Nuclear Plant in Michigan set plant records for generation and capacity
factor in 2005. The plant had a capacity factor (energy generated as compared to the maximum possibie)
of 96.8 percent in 2005 and generated 17,471gigawatt-hours (GWH) of electricity. Additionally, AEP will
invest $45 million to replace turbine motors in one unit at D.C. Cook in 2006, which will increase that
unit’s output by 41 megawatts.

As a member of the US EPA’s Sulfur Hexafluoride (SF6) Emissions Reduction Partnership for Electric
Power Systems, AEP has significantly reduced emissions of SF6, an extremely potent greenhouse gas,
from 1999 levels of 19,778 pounds (a leakage rate of 10 percent) to 2004 emissions of 1,962 pounds (a
leakage rate of 0.5 percent).

Managing Forests and Agricultural Lands for Carbon Sequestration

To reduce carbon dioxide (CO2) concentrations in the global atmosphere, AEP has invested more than
$27 million in terrestrial sequestration projects designed to conserve and reforest sensitive areas and
offset more than 20 million metric tons of CO2 over the next 40 years. These projects include protecting
nearly 4 million acres of threatened rainforest in Bolivia, restoring and protecting 20,000 acres of
degraded or deforested tropical Atlantic rainforest in Brazil, reforesting nearly 10,000 acres of the
Mississippi River Valley in Louisiana with bottomland hardwoods, restoring and protecting forest areas
in the Sierra Madres of Guatemala, and planting trees on 23,000 acres of company-owned land.
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Deploying Technology for Clean-Coal Generation

AEP is focused on developing and deploying new technology that will reduce the emissions, including
greenh gas emissi of future coal-based power generation. AEP announced in August 2004 its
plans to build a commecreciai-scale Integrated Gasification Combined Cycle (IGCC) plants to demonstrate
the viability of this technology for future use of coal in gencrating electricity. AEP has filed for regulatory
approval in Ohio and West Virginia to build a 629-megawatt IGCC plant in each of these states. The
plants are scheduled to be operational in the 2010 to 2011 timeframe and will be designed to
accommodatc retrofit of technelogy to capture and sequester CO2 emissions.

Developing Technology for CO2 Capture and Storage

AEP’s Mountaineer Plant in New Haven, W.Va., is the site of a $4.2 million carbon sequestration
research project funded by the U.S. Department of Energy, the Qhio Coal Development Office, and a
consortium of public and private sector participants. Scientists from Battclle Memorial Institute lead this
climate change mitigation research project, which is designcd to obtain data rcquired to better
understand and test the capability of deep saline aquifers for storage of carbon dioxide emissions from
power plants.

AEP is a member of the FutureGen Alliance, who, along with the Department of Energy, will build
“FuturcGen,” a $1 billion, near-zero emission plant to produce electricity and hydrogen from coal while
capturing and disposing of carbon dioxide in geologic formations.

Additionally, AEP funds research coordinated by the Massachusetts Institute of Technology Energy
Laboratory and the Electric Power Research Institute that is evaluating the environmental impacts,
technological approaches, and economic issues associated with carbon sequestration. The MIT research
specifically focuses on efforts to better understand and reduce the cost of carbon separation and
sequestration.

Renewable Energy and Clean Power

AEP strongly supports increased renewable energy sources to help meet our nation’s energy needs. AEP
is one of the larger generators and distributors of wind cnergy in the United States, operating 311
megawatts (MW) of wind generation in Texas. The company also purchases and distributes an additional
373.5 megawatts of wind generation from wind facilities in Oklahoma and Texas. Additionally, AEP
operates 2,285 megawatts of nuclear generation and 884 megawatts of hydro and pumped storage
generation.

More than 125 schools participate in AEP’s “Learning From Light” and “Watts on Schools” programs,
Through these programs, AEP partners with learning institutions to install 1 kW solar photovoltaic
systems, and uses these systems to track energy use and demonstrate how solar energy is a part of the
total energy mix. Similarly, AEP’s “Learning From Wind” program installs smali-scale wind turbines to
provide wind power education and renewable energy research at educational institutions.

Biomass Energy
Until the company soid the piants in 2004, AEP co-fired biomass in 4,000 MW of coal-based power

generation in the United Kingdom (Fiddier’s Ferry and Ferry Bridge). AEP has been evaluating and
testing biomass co-firing for its smaller coal-fired power plants in the United States to evaluate potential
reductions in CO2 emission levels.

Energy Conservation and Energy Efficiency
AEP is implementing “Energy Efficiency Plans” to offset 10 percent of the annual energy demand growth

30



59

in its Texas service territory. In 2003 alone, AEP invested more than $8 million to achieve over 47 million
kilowatt-hours (kWH) of reductions from installation of energy efficiency measures in customers’ homes

and businesses. Total investments for the four-year program will exceed $43 miltion, achieving more than
247 million KWH of energy efficiency gains.

2005 EPA Climate Protection Award

In May 2005, the EPA sefected AEP to receive a 2005 Climate Protection Award for demonstrating
ingenuity, leadership and public purpose in its efforts to reduce greenhouse gases. EPA began the Climate
Protection Awards program in 1998 to recognize outstanding efforts to project the earth’s climate.
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The CHAIRMAN. Thank you very much.

Our next witness is Mr. Carl Bauer. He is the Director of the De-
partment of Energy’s National Energy Technology Laboratory. A
nuclear engineer by training, Mr. Bauer oversees much of the Fed-
eral Government’s research and development efforts on coal-fired
generation technologies and carbon capture and storage. He is rec-
ognized as one of the leading experts in this field. We welcome you
today, Mr. Bauer.

STATEMENT OF CARL BAUER

Mr. BAUER. Thank you very much, Mr. Chairman, and members
of the Committee. I appreciate the importance that this Committee
has in addressing the future of the United States and the world
from energy and the environmental impacts of its use and produc-
tion.

The economic prosperity of the United States over the past cen-
tury has benefitted from the abundance of fossil fuels found in
North America. These fuels are important to our energy security
and the global economic competitiveness we experience. However,
these concerns of climate change and air pollution challenge our
ability to continue to take full advantage of these resources.

Recently, countries like China have seen dramatic growth, as we
have mentioned earlier and the Committee members have all rec-
ognized. But a point that you might not have seen just recently
came forward. In the last quarter, China put online 30 gigawatts
of coal-fired power generation.

That is four to five times more than we have built in this country
in the last five years. That is a very important point. India is also
putting things online, and we believe that the eastern European
countries will also continue to depend on coal power generation as
one of their mainstays. So this global climate change issue in CO;
from coal-fired and fossil-fired plants is extremely important.

In 2004, the global anthropogenic CO, emission amounted to 27
billion metric tons. By 2030, global CO, emissions are projected at
43 billion metric tons per year. China and India and the other non-
OECD Asian countries will contribute 57 percent of that. In com-
parison, the United States will—from coal-fired generation will con-
tribute to 6.8 percent of that.

Nevertheless, because of these concerns of global climate change
and the need to stabilize greenhouse gas emissions, the U.S. must
consider rolling back CO, emissions to a level substantially below
today’s. Carbon capture and storage technologies offer a great op-
portunity to pursue these reductions, as the Committee has recog-
nized in their opening statements.

Fortunately, the U.S. and Canada are blessed with an abundance
of geologic storage capacity. At the current rate of energy produc-
tion use, we could potentially store all of the associated CO, emis-
sions in North America for a period of over several hundred years.

One scenario that DOE has looked at in terms of accelerating
commercial application of carbon capture technology is to couple
CO; capture from powerplants with enhanced oil recovery, as the
Committee has recognized. This may represent the earliest and
most economic—and I emphasize economic—project opportunities
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for a power company to address the technical and economic risks
of investing in carbon capture technology.

In today’s world of global commerce, there is presently no signifi-
cant business incentive to deploy carbon capture technology. In
order for the marketplace to more aggressively address our nation’s
need for effective, safe, permanent, and economic carbon mitigation
options, we must move forward towards the following, I would sug-
gest—an established regulatory framework for industry and its fi-
nancial partners in order that they may do an assessment of the
risk and the financial investments required; the development of ac-
curate methods to calculate the allocation of risk and potential fi-
nancial consequences associated with long-term liability, not dec-
ades but hundreds of years; an international agreement on patent
and intellectual property protections, so those who can come up
with the best ideas feel they have a chance to realize a financial
return on their investments of their intellectual and financial cap-
ital; and the development of advanced technologies needed to de-
liver an economic option.

DOE’s R&D program is aimed at providing the scientific and
technological foundation for carbon capture and storage for both
new and existing fossil fuel powerplants. And I say “fossil fuel”’—
as we move to more natural gas and more LNG, there is a recent
study that just was released in Environmental and Energy Weekly
that Carnegie Mellon has put forward.

The study on LNG suggests that the CO; related from the full
production—and this is somewhat akin to what the Governor had
mentioned about the production of natural gas even domestically—
the release of CO; into the production of natural gas conversion to
LNG, shipping, and then turning it back into gas in a pipeline,
may wind up being just as much when you bring in the powerplant
and transport as a coal-fired plant does in a CO release.

Now, that is one study. There has been a few other studies simi-
larly, but that again puts us in an awkward spot as fuel shifting
being the only solution. We have got to find a portfolio of opportu-
nities.

The program we are heading up with DOE is an opportunity that
recently presented itself using coal and biomass and capturing and
sequestering that. Recognizing that biomass is often considered as
CO; neutral, because of the short cycle of plant life and the ability
to withdraw through photosynthesis CO; from the atmosphere.

However, if biomass and coal are used together, and the biomass
and coal resulting CO; are all captured and sequestered, you actu-
ally wind up with not only avoidance of release of CO, from coal,
but an actual effective withdrawal of CO; from the inventory asso-
ciated with the biological plant growth cycle.

NETL systems engineers have modeled this, and we believe that
by co-feeding 11 percent biomass by energy value, with coal,
through integrated gasification combined cycle plant, which would
employ 90 percent capture and sequestration—you might call this
coal biomass and IGCC—the net greenhouse gas emissions would
be zero or possibly even negative. A similar theory applies for coal
biomass liquids production, with CO; capture and sequestration.

To put it as an example, a nominal 500 megawatt plant con-
suming 900 tons per day of switchgrass and 5,000 tons per day of
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coal, and capturing 12,000 tons per day of CO,, would yield a net
zero life cycle carbon footprint, including not only the power gen-
eration but the upstream coal and biomass preparation and trans-
port.

DOE’s carbon sequestration is addressing these challenges
through applied research, proof of concept technology evaluation
and pilot scale testing, large-scale deployments, stakeholder in-
volvement, and public outreach. And those last two are also impor-
tant as a technological—because it is going to be done locally.

I realize I have taken my time, and I thank you for the oppor-
tunity, Mr. Chairman, and your patience with me.

[The prepared statement of Mr. Bauer follows:]
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CARL O. BAUER
DIRECTOR OF NATIONAL ENERGY TECHNOLOGY LABORATORY
U.S. DEPARTMENT OF ENERGY
BEFORE THE HOUSE SELECT COMMITTEE ON ENERGY INDEPENDENCE AND
GLOBAL WARMING
HEARING ON “FUTURE OF COAL: CARBON CAPTURE AND STORAGE"

SEPTEMBER 6, 2007

Thank you Mr. Chairman and Members of the Committee. I appreciate this opportunity
to provide testimony on the Department of Energy’s (DOE’s) development of Carbon
Sequestration technologies to mitigate climate change.

The economic prosperity of the United States over the past century has benefited by the
abundance of fossil fuels found in North America. The United States’ fossil fuel resources
represcnt a national assct that is important to our energy security and global economic
competitiveness. However, concemns over climate change and air pollution challenge our ability
to take full advantage of our fossil fuels resourccs.

In 2004, global anthropogenic CO; emissions amounted to 27 billion metric tons, of
which United States’ emissions represented 22 percent. The projected growth of total global
annual CO; emissions by 2030 is forecasted to be 16 billion metric tons, resulting in total global
CO; emissions of 43 billion metric tons. The United States' share of this growth is expected to
be 12.7 percent, with the portion allocated to U.S. coal-fired power generation being 6.4 percent.

The parallel share of global growth in CO, emissions for the same pertod from China, India, and
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other non-OECD (Organization for Economic Cooperation and Development) Asian nations is
expected to be 57.2 percent.'

Recently, countries like China have seen dramatic growth in the use of coal as they grow
their economy at a very rapid rate. China already uses more coal than the United States and its
use will likely continue on a very steep curve well into the future. In fact, China is building
approximately one major coal fired power plant every other week. It is also likely that economic
growth in the countries of Eastern Europe will be fueled in part by coal. The advancement of
carbon capture and storage technologies will not only have domestic benefits in energy security
and addressing CO; emissions, but its advancement and deployment is an cssential technology if
we are to address long-term CO; emissions around the world.

Of the 43 billion metric tons of CO, emissions projected for 2030, the United States’
share is expected to be 18.5 percent and U.S. coal-fired generation would represent 6.8 percent.*

Carbon capture and storage (CCS) technologies offer a great opportunity to reduce these
potential emissions. Fortunately, the United States and Canada are biessed with an abundance of
potential geologic storage capacity. At the current rate of energy production and use, we could
potentially store all of the associated CO; emissions in North America for a period of 175 to 575
years, according to the range of geologic storage capacity estimates recently made by DOE’s
Regional Carbon Sequestration Partnerships (Partnerships). These results were recently
published in the “Carbon Sequestration Atlas of the United States and Canada” that is available

on our website at http://www._netl . doe.pov/publications/carbon_seg/refshelf htm).

' EIA’s International Energy Outlook 2007
2 EIA’s Annual Energy Outlook 2007 and International Energy Outlook 2007
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Geologic Storage Potential

In the Carbon Sequestration Atlas of the United States and Canada, DOE identified
hundreds of years of storage potential in deep saline, depleted oil and gas, and unmineable coal
seams. The over 3,500 billion metric tons of CO; storage capacity that exists throughout these
regions represents a significant resource, capable of storing centuries of projected coal-fueled
power plant carbon emissions. This assessment was performed by DOE and the Partnerships to
summarize the completed Characterization Phase of the Regional Partnerships. The geological
sequestration cxperts from the Partnerships, the National Carbon Sequestration Database and
Geographical Information System (NATCARB), and the National Energy Technology
Laboratory (NETL) created a uniform and consistent set of methodologies to determine the
capacity for CO; storage in the Unitcd States and Canada and an Atlas from data generated by
the Partnerships and other databases, including the United States Geological Survey (USGS).
Carbon storage estimates will be updated in the future.

One scenario that DOE has looked at in terms of accelerating the commercial application
of carbon capture technology is to couple CO; capture from power plants with an enhanced oil
recovery (EOR) operation. This may help provide financial incentive for a power company to
assume the economic and technical risk of investing in the utilization of carbon capture
technology currently under development at an existing plant.

It is estimated that at a world oil price of $50 a barrel, with CO; priced at $40 a ton for
the domestic EOR industry (the current price of CO, for EOR is significantly lower, around $20
a ton), there would be 5.0 gigatonnes of CO; capacity available for EOR to the lower-48-state

market. This 5.0 gigatonnes would satisfy the sequestration needs of 30 gigawatts of coal-fired
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power demand for 30 years at an 80 percent capacity factor.® (At the current price of $20 a ton
of CO, the sequestration capacity for EOR would be 47 gigawatts.) The capacity of the
domestic EOR market to economically serve the demonstration needs of early large-scale
sequestration projects can be seen to be more than adequate, and represents a unique U.S.
advantage. It is estimated that advanced EOR technology, with CCS and other approaches
applied, can increase U.S. reserves by 26 billion barrels over 20 years or more, from the current
estimate of 22 billion barrels.

Market Barriers

In today’s world of global commerce, there is no significant incentive to deploy carbon
capture technology. The most prominent consequence of carbon capture in a world lacking a
global regulatory framework is placing goods and services produced in one nation at a
competitive disadvantage relative to others.

The United States can speed the deployment of CCS technologies here at home and set an
example of leadership for the world. That leadership could bring us economic rewards in the
new business opportunities it creates here and abroad, and it will provide important leverage to
help speed engagement by critical countries like China and India.

In order for the marketplace to more aggressively address our Nation’s need for effective,
safe, permanent, and economic carbon mitigation options we must move toward:

e An established regulatory framework for industry and its financial partners in order

that risk may be properly assessed in advance of investment.

» The development of accurate methods to calculate the atlocation of risk and potential

financial consequence associated with long-term liability issues, and to assess

* Various reports relating to regional U.S. enhanced oil recovery potential performed for DOE’s Office of Fossil
Energy by Advanced Resources International (ARI) of Washington, DC, 2005-2006
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responsibility for those risks to contributing technology developers, performers, and
investors.

s International agreement on needed patent and intellectual property protections to
allow our Nation’s best and brightest minds to examine CCS technologies, and to
allow our domestic industries to protect and recover the costs of R&D needed to
develop and take advanced technologies to commercialization. Particularly as these
risks present themselves in unique ways in the developing nations and potential
commercial markets of China and India.

o The development of the advanced technologies needed to deliver an economic option.

Perspective on U. S. Power Generation

Based on the Energy Information Administration’s (EIA’s) 2007 new capacity forecast,
145 gigawatts of new coal-based capacity will be added in the United States by 2030, while still
maintaining most of the 300 gigawatts of generating capacity in the existing coal fleet. We have
a fast-approaching opportunity to introduce a “new breed” of power plant — one that is highly
efficient compared to existing coal plants, capable of producing multiple products, and has very
low emissions rates. If we wanted to dramatically reduce our carbon emissions from coal power,
there would also be demand for new technology that would permit efficient, cost-effcctive
capture of CO, emissions from the existing fleet. DOE’s R&D program is aimed primarily at
providing the scientific and technological foundation for carbon capturc and storage for both new

coal-fueled power plants, but somme of that technology is applicable to existing plants.
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Today, proposed new coal-fired power plants, in permitting or under construction,
represent 46 gigawatts. For perspective, over the past five years the U.S. has put into operation
3 gigawatts.4

The economics of CCS using today’s available commercial technologies are an
overwhelming disincentive to their widespread application. Yet, the large presently installed
coal-fired fleet, which provides 50 percent of our Nation’s power, is expected to account for
approximately 77 percent of the cumulative power plant CO; emissions produced by the power
sector through 2030. All coal plants, including those newly installed, will be responsible for
84 percent of cumulative power plant CO; emissions through 2030.° The impact on the Nation's
cost of electricity depends significantly on whether goals for carbon reduction include carbon
capture for not only the new builds but also the existing fleet of coal-fired plants. Significant
reductions in carbon emissions can be achieved by including carbon capture in new installed coal
power. However, since a majority of coal-based electricity generation in 2030 will still come
from the currently existing assets, CO; control from those assets, if required, would be a
substantial economic challenge.

A new opportunity has recently presented itself using coal with biomass and
sequestration. NETL’s system’s engineers have modeled this technology on a limited life-cycle
basis, and believe it may lead to carbon-neutral or even net-negative carbon balance electric
power. By co-feeding 11 percent biomass by energy (15 percent biomass by weight) with coal
through an Integrated Gasification Combined Cycle (IGCC) plant employing 90 percent capture
and sequestration, a process referred to as Coal/Biomass-IGCC (CB-1GCC), NETL estimates

that net-GHG emissions would be zero. By example, a nominal 500-megawatt net plant,

* Estimate made using Energy Velocity database, August 29, 2007
* E1A’s Annual Energy Outlook 2007
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consuming 900-tons per day (TPD) of switchgrass, 5,000-TPD of coal, and capturing 12,000-
TPD of CO,, if one takes credit for the switchgrass, would yield a net-zcro life-cycle carbon
footprint that includes not only the power island but also the upstream coal and biomass
preparation and trangport.®

At the NUON 250-megawatt IGCC plant in the Netherlands, they have successfuily fed a
mixture of coal and 30 percent (by weight) demolition wood into a high-pressure, entrained-flow
gasifier. The 900-TPD of biomass is well within a reasonable economic limit of 5,000-TPD, as
recently published in the NETL-United States Air Force report on coal-biomass to liquids. This
technical option reflects the potential of CCS to enhance the carbon reduction benefits, intended
by those States that have chosen to enact renewable portfolio standards on their electric
suppliers, by allowing for negative (rather than neutral) CO; credits to be applied to biomass
COa,, to which CCS is applied.

Carbon Sequestration Technology Roadmap

DOE’s coal RD&D program is focused on addressing the technical uncertainties and
reducing the costs and risks associated with CCS from coal-based systems. Today’s
commercially available technology will add from 81 to 86 percent to the cost of electricity for a
new pulverized coal plant, and from 32 to 40 percent to the cost of electricity for a new advancec
gasification-based plant.”

By cost-effectively capturing CO; before it is emitted into the atmosphere and then
permanently storing or sequestering it, fossil fuels could be used in a carbon-constrained world

with reduced impact to economic growth. DOE is taking a leadership role in the development of

© Estimate performed by NETL’s Office of Systems, Analyses and Planning

2 Cost and Performance Baseline for Fossil Energy Plants, Volume 1: Bituminous Coal and Natural Gas to
Electricity , U.S. Depariment of Energy/National Energy Technology Laboratory, DOE/NETL-2007/1281, Final
Report, May 2007
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CCS technologics by addressing cost-effective capture, geographical diversity, permanence,
monitoring, mitigation and verification (MMV), permitting and liability, public acceptance, and
infrastructure.

The Carbon Sequestration Program is addressing these challenges through applied
research, proof-of-concept technology evaluation, pilot-scale testing, large-scale demonstrations,
stakeholder involvement, and public outreach.

We have accelerated the scheduled dates for commercial readiness of CCS technologies
by several years by expediting the large-scale field tests. The programs current technology
roadmap and program plan is set to achicve the following goals on the timeline indicated:

e 2007: Initiate deployment of Regional Carbon Sequestration Partnerships.

e 2008: Establish MMV protocols; enable 95 percent of CO; stored to be credited.

e 2009: Inject 0.5 million metric tons CO; total at 1 or more large-volume field test sites.

e 2012: Complete pilot-scale operations from a combination of CO; capture, MMV and

storage system component projects such that, when integrated into a systems analysis

framework, will collectively meet the goals of 90 percent capture, 99 percent
permanence, at no greater than 10 percent added cost of electricity.

e 2013: Equipment specifications and designs available to industry.

e 2020: Optimized sequestration technology ready for commercial deployment.
Reflecting on a historic precedent represented by the 1970 Clean Air Act, it required
approximatcly 10 years to establish the key technologics that industry would employ to meet the
requirements of the regulation, then an additional 10 years to approach the widespread
deployment of applicable technologies. This timeframe is reflected in the goals of the

accelerated roadmap presented above, even though the costs and magnitude of CCS have been
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only subjectively drawn, and may be much greater than those associated with Clean Air Act
compliance.
Carbon Sequestration Program

DOE’s Carbon Sequestration Program leverages basic and applied research with field
verification to assess the technical and economic viability of CCS as a greenhouse gas mitigation
option. The Program encompasses two main elements: Core R&D and Validation and
Deployment. The Core R&D element focuses on technology solutions, including low-cost, low-
energy intensive capture technologies, which can be validated and deployed in the field. Lessons
learned from field tests are fed back to the Core R&D clement to guide future R&D.

The key challenges the program is addressing are to demonstrate the ability to store CO;
in underground geologic formations with long-tenn stability {(permanence), to devclop the ability
to monitor and verify the fate of CO,, and to gain public and regulatory acceptance. DOE’s
seven Regional Carbon Scquestration Partnerships arc engaged in an cffort to develop and
validate CCS technology in different geologies across the Nation.

Collectively, the seven Partnerships represent regions encompassing 97 percent of coal-
fired CO; emissions, 97 percent of industrial CO, emissions, and 97 percent of the total land
mass, and essentially all of the geologic storage sites in the United States potentially available for
sequestration. The Partnerships are cvaluating numerous CCS approaches to assess which
approaches are best suited for specific geologies, and are developing the framework needed to
validate and potentially deploy the most promising technologics.

The Regional Partnership initiative is using a three-phased approach.
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Characterization, the first phase, was initiated in 2003 and focused on characterizing
regional opportunities for CCS, and identifying regional CO; sources and storage formations.
The Characterization Phase was completed in 2005 and led to the current Validation Phase.

Validation, the second phase, focuses on field tests to validate the efficacy of CCS
technologies in a variety of geologic storage sites throughout the United States. Using the
extensive data and information gathered during the Characterization Phase, the seven
Partnerships identified the most promising opportunities for storage in their regions and are
performing widespread, multiple geologic field tests. In addition, the Partnerships are verifying
regional CO, storage capacities, satisfying project permitting requirements, and conducting
public outreach and education activities.

Deployment, the third phase, involves large-volume injection tests. This phase was
initiated this fiscal year and will demonstrate CO; injection and storage at a scale necessary to
demonstrate potential future commercial deployment. The geologic structures to be tested
during these large-volume storage tests will serve as potential candidate sites for the future
deployment of technologies demonstrated in the FutureGen Project as well as the Clean Coal
Power Initiative (CCPI). The Department expects to issue a CCPI solicitation for carbon capture
technologies at commercial scale in calendar year 2007.

DOE also recognizes the importance of the existing fleet of coal-fired power plants in
meeting energy demand and possible future carbon constraints. Research is being pursued to
develop technologies that dramatically lower the cost of capturing CO, from power plant stack
emissions. This research, supported by the Office of Fossil Energy, is exploring a wide range of
approaches that includes membrancs, ionic liquids, metal organic frameworks, improved CO,

sorbents, advanced combustor concepts, advanced scrubbing, and oxy-combustion.
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Additionally, advanced research is being pursued on high-temperature materials, advanced
sensors & controls, and advanced visualization software. These developments could provide
significant efficiency improvements and cost reductions for both existing and future power
plants, based on pulverized coal combustion.
Closing Remarks
Carbon sequestration can play an important role in mitigating CO; emissions under
potential future stabilization scenarios. The United States is underlain by a large capacity of
geologic formations amenable to CO; storage. DOE’s Carbon Sequestration Program will
continue to move sequestration technology towards commercial deployment when it is nceded.
Mr. Chairman, members of the Committee, this completes my statement. I would be

happy to answer any questions you may have.

11
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T}’ile CHAIRMAN. Thank you. I appreciate it, Mr. Bauer, very
much.

Now I am pleased to welcome Mr. David Hawkins, who is the Di-
rector of the Natural Resources Defense Council’s Climate Center.
Mr. Hawkins is a former Assistant Administrator of the EPA and
has over 30 years of experience on air quality, climate change, and
energy policy issues.

I have been a Congressman for 30 years. David Hawkins has
been testifying on these issues for all 30 years up here. So there
is nobody that knows more about this issue than you do.

David, whenever you are ready, please begin.

STATEMENT OF DAVID HAWKINS

Mr. HAWKINS. Thank you very much, Mr. Chairman. I have 12
points to make and 5 minutes to make them, so let me get started.
The first is that coal use trends in the United States and globally,
if continued, will make protecting the climate impossible. But coal
is abundant and relatively low cost. So trying to convince world
faders to give up coal would take a long time, time that we do not

ave.

So a critical need is to keep new coal plants from being built un-
less they actually capture their CO,. That is the only way we can
reconcile these two imperatives. About 3,000 coal plants are now on
the drawing board, new coal plants, globally around the world be-
then now and 2030. That is less than a 25-year investment pe-
riod.

Two-thirds of those are in plan for the developing world, and 40
percent of them are in China. Now, if these plants operate for 60
years, and they release all of their carbon dioxide to the atmos-
phere, the total cumulative emissions during that 60-year period
would be 750 billion tons of carbon dioxide.

How do we put that number in perspective? Well, it is 30 percent
more than all of the carbon dioxide released from coal use in
human history, and that is from a 25-year period of investment
from one technology. So we clearly have a problem that we need
to address immediately.

Fortunately, carbon capture and geologic disposal technologies
are ready for use today. Unfortunately, they are not being used in
the power sector. What we need, as has been observed, is a policy
framework that assures that carbon capture and disposal systems
are used for new coal plants and gradually get used on all coal
plants.

To do this we recommend a three-part policy package to assure
that carbon capture and disposal gets deployed without additional
delay. First, enactment of a comprehensive cap and trade system
in the United States. We need a comprehensive system in order to
get the cuts in greenhouse gas reductions that we need, and to pro-
vide the flexibility that will keep costs low.

Second, enactment of a low carbon generation obligation that ap-
plies to coal plant operators. This provision would assure that an
increasing fraction of America’s coal-fired electricity uses carbon
capture and disposal, and that fraction would increase over time.
Now, by making this obligation tradeable, the provision would
spread the additional costs of those first carbon capture and dis-
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posal plants over the entire customer base of the United States
rather than the single customer base of the company that happens
to build the first one or two plants. We think that is an important
way of keeping costs low as this technology is deployed.

Third, we recommend enactment of a new source performance
standard for new coal plants. This will assure that we don’t build
any more new coal plants that release their carbon into the atmos-
phere. The first rule of holes is that when you are in one, stop
digging. Well, building new coal plants that release their carbon
i?lto the atmosphere would just dig us deeper, and we can’t afford
that.

So by combining the new source standard with a low carbon gen-
eration obligation, we think we can assure a smooth transition
away from coal plants that each today emit millions of tons to the
atmosphere every single year.

We believe that Congress can and should act this year to pass
legislation with features—with these features. And if you do this,
we think that the world will take notice and that the opportunities
that the Ranking Member Sensenbrenner spoke about will emerge,
that we indeed can be a marketer of ideas and technology to the
rest of the world. The world will follow. We have the power to
change international practice in designing coal-fired powerplants.
We don’t have the time to wait.

Thank you very much for your attention.

[The prepared statement of Mr. Hawkins follows:]
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Summary
Coal use today is responsible for large and mostly avoidable damages to human health and our
water and land. Coal use in the future, along with other fossil fuels, threatens to wreak havoc
with the earth’s climate system. Because coal is so abundant, it has been used heavily by the
world’s largest economies to fuel economic growth. But we cannot solve the climate crisis
unless we cut coal’s global warming emissions dramatically. We have the tools to do this.
Energy efficiency, increased reliance on renewables like wind, solar, and biomass, and capture of
carbon dioxide fromn power and industrial coal plants followed by geologic disposal (CCD or
CCS) can play a major role in harmonizing our economic, security and climate protection goals.
But these tools will not be deployed at the required scale without adoption of new laws to cut
global warming pollution. New coal plants forecast to be built globally in the next 25 years, if
not equipped with CCD, will emit 30 per cent more carbon dioxide (CO;) in their operating lives
than has been released from all prior human use of coal. We cannot afford to delay enactment of
policies to prevent this train wreck.
NRDC belicves that a program combining an economy-wide cap and trade program with
performance-based policies focused on reducing CO; emissions from coal use can be effective in
protecting the climate and managing the transition to a cleaner energy future. While energy
efficiency and renewable alternatives should be our primary tools, as requested by the
Committee [ will focus today on policies to speed deployment of CCD.
Such policies should be enacted in this Congress. Well designed measures can phase in CCD on
new coal plants with only very modest impacts on retail electricity prices. Government support

of initial large-scale injection projects can help speed deployment and build confidence.
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Testimony of David G. Hawkins

Director, NRDC Climatc Center

Thank you for the opportunity to testify today on the subject of coal and carbon cap and trade.
My name is David Hawkins. Tam 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, Chicago and Beijing.

Today, the U.S. and other developed nations around the world run their economics largely with
industrial sources powered by fossil fuel and those sources release billions of tons of carbon
dioxide (CO,) into the atmosphere every year. Therc is national and global interest today in
capturing that CO, for disposal or sequestration to prevent its release to the atmosphere. To
distinguish this industrial capture system from removal of atmospheric CO; by soils and

vegetation, I will refer to the industrial system as earbon capture and disposal or CCD.

The interest in CCD stems from a few basic facts. We now recognize that CO; emissions from
use of fossil fuel result in increased atmospheric concentrations of CO,, which along with other
so-called greenhouse gases trap heat, leading to an increase in temperatures, regionally and
globally. These increased temperatures alter the encrgy balance of the planet and thus our

climate, which is simply nature’s way of managing energy flows. Documented changes in
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climate today along with those forecasted for the next decades, are predicted to inflict large and

growing damage to human health, cconomic well-being, and natural ecosystems.

Coal is the most abundant fossil fuel and is distributed broadly across the world. It has fueled
the rise of industrial economies in Europe and the U.S. in the past two centuries and is fueling
the rise of Asian economies today. Because of its abundance, coal is cheap and that makes it
attractive to use in large quantities if we ignore the harm it causes. However, per unit of cnergy
delivered, coal today is a bigger global warning polluter than any other fuel: double that of
natural gas; 50 per cent more than oil; and, of course, enormously more polluting than renewable
energy, energy efficicncy, and, more controversially, nuclear power. To reduce the contribution
to global warming from coal use, we can pursue efficiency and renewables to limit the total
amount of coal we consume but for the coal we use we must deploy and improve systems that
will keep the carbon in coal out of the atmospherc, specifically systems that capturc carbon
dioxide (CO,) from coal-fired power plants and other industrial sources for safe and effective

disposal in geologic formations.

The Toll from Coal

Before turning to the status of CCD let me say a few words about coal use generally. The role of
coal now and in the future is controversial due to the damages its production and use inflict today
and skepticism that those damages can or will be reduced to a point where we should continue to
rely on it as a mainstay of industrial economics. Coal is cheap and abundant compared to oil
and natural gas. But the toll from coal as it is used today is enormous. From mining deaths and

illness and devastated mountains and streams from practices like mountain top removal mining,
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to accidents at coal train crossings, to air emissions of acidic, toxic, and heat-trapping pollution
from coal combustion, to water pollution from coal mining and combustion wastes, the
conventional coal fuel cycle is among the most environmentally destructive activities on earth.
Certain coal production processes are inherently harmful and while our society has the capacity
to reduce many of today's damages, to date, we have not done so adequately nor have we
committed to doing so. These failures have created well-justified opposition by many people to

continued or increased dependence on coal to meet our energy nceds.

Our progress of reducing harms from mining, transport, and use of coal has been frustratingly
slow and an enormous amount remains to be done. Today mountain tops in Appalachia are
destroyed to get at the coal underncath and rocks, soil, debris, and waste products are dumped
into valleys and streams, destroying them as well. Waste impoundments loom above
communities (including, in one particularly egregious case, above an elementary school).
Thousands of miles of streams are polluted by acid mine drainage. In other areas surface mine
reclamation is incomplete, inadequately performed and poorly supervised due to regulatory gaps

and poorly funded regulatory agencies.

In the area of air pollution, although we have technologies to dramatically cut conventional
pollutants from coal-fired power plants, in 2004 only one-third of U.S. coal capacity was
equipped with scrubbers for sulfur dioxide control and even less capacity applied selective
catalytic reduction (SCR) for nitrogen oxides eontrol. And under the administration's so-called
CAIR rule, even in 2020 nearly 30 per cent of coal capacity will still not employ scrubbers and

nearly 45 per cent will lack SCR equipment. Moreover, beeause this administration has
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deliberately refused to require use of available highly effective control technologies for the brain
poison mercury, we will suffer decades more of cumulative dumping of this toxin into the air at
rates several times higher than is necessary or than faithful implementation of the Clean Air Act
would achieve (to say nothing regarding harms from other toxins the rule ignores). Finally, there
are no controls in place for CO,, the global warming pollutant emitted by the more than 330,000
megawatts of coal-fired plants; nor are there any CO2 control requirements adopted today for

old or new plants save in California.

Mr. Chairman and members of the committee, [ know the environmental community is criticized
in some quarters for our generally negative view regarding coal as an energy resource. But ]
would ask you to consider the reasons for this. Our community reacts to the facts on the ground
and in the air and those facts are far from what they should be if coal is to play a role as a
responsible part of the 21st century energy mix. Rather than simply decrying the attitudes of
those who question whether using large amounts of coal can and will be carried out in a
responsibie manner, the coal industry in particular should support policies to correct today's
abuses and then implement those reforms. Were the industry to do this, there would be real
reasons for my community and other critics of coal to consider whether their positions should be

reconsidered.

The Need for CCD
Turning to CCD, my organization opposes new coal plants that do not capture their CO; and
supports rapid deployment of capture and disposal systems for any new coal sources. Such

support is not a statement about how dependent the U.S. or the world should be on coal and for
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how long. Any significant additional use of coal that vents its CO2 to the air is fundamentally in
conflict with the need to keep atmospheric concentrations of CO2 from rising to levels that will
produce dangerous disruption of the climate system. Given that an immediate world-wide halt to
coal use is not plausible, analysts and advocates with a broad range of views on coal's role
should be able to agree that, if it is safe and effective, CCD should be rapidly deployed to

minimize CO2 emissions from the coal that we do use.

Today coal use and climate protection are on a collision course. Without rapid deployment of
CCD systems, that collision will occur quickly and with spectacularly bad results. The very
attribute of coal that has made it so attractive-—its abundance---magnifies the problem we face
and requires us to act now, not a decade from now. Until now, coal’s abundance has been an

economic boon. But today, coal’s abundance, absent corrective action, is more bane than boon.

Since the dawn of the industrial age, human use of coal has released about 150 billion metric
tons of carbon into the atmosphere—about half the total carbon emissions due to fossil fuel use
in human history. But that contribution is the tip of the carbon iceberg. Another 4 trillion retric
tons of carbon are contained in the remaining global coal resources. That is a carbon pool nearly
seven times greater than the amount in our pre-industrial atmosphere. Using that coal without

capturing and disposing of its carbon means a climate catastrophe.

And the die is being cast for that catastrophe today, not decades from now. Decisions being
made today in corporate board rooms, government ministries, and congressional hearing rooms

are determining how the next coal-fired power plants will be designed and operated. Power plant
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investments are enormous in scale, more than $1 billion per plant, and plants built today will
operate for 60 years or more. The International Energy Agency (IEA) forecasts that more than
$5 trillion will be spent globally on new power plants in the next 25 years. Under IEA’s
forecasts, over 1800 gigawatts (GW) of new coal plants will be built between now and 2030—
capacity equivalent to 3000 large coal plants, or an average of ten new coal plants every month
for the next quarter century. This new capacity amounts to 1.5 times the total of all the coal

plants operating in the world today.

The astounding fact is that under IEA’s forecast, 7 out of every 10 coal plants that will be
operating in 2030 don’t exist today. That fact presents a huge opportunity—many of these coal
plants will not need to be built if we invest more in efficiency; additional numbers of these coal
plants can be replaced with clean, renewable altemative power sources; and for the remainder,
we can build them to capture their CO,, instead of building them the way our grandfathers built

them.

If we decide to do it, the world could build and operate new coal plants so that their CO; is
returned to the ground rather than polluting the atmosphere. But we are losing that opportunity
with every month of delay—10 coal plants were built thc old-fashioned way last month
somewhere in the world and 10 more old-style plants will be built this month, and the next and
the next. Worse still, with current policies in place, none of the 3000 new piants projected by

IEA are tikely to capture their CO;.
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Each new coal plant that is built carries with it a huge stream of CO, emissions that will likely
flow for the life of the plant—60 years or morc. Suggestions that such plants might be equipped
with CO; capture devices later in life might come true but there is little reason to count on it. As
[ will discuss further in a moment, while comimercial technologies exist for pre-combustion
capture from gasification-based power plants, most new plants are not using gasification designs
and the few that are, are not incorporating capture systems. Installing capturc equipment at these
new plants after the fact is implausible for traditional coal plant designs and expensive for

gasification processes.

If all 3000 of the next wave of coal plants are built with no CO, controls, their lifetime emissions
will impose an enormous pollution lien on our children and grandchildren. Over a projected 60-
year life these plants would likely emit 750 billion tons of CO,, a total, from just 25 years of
investment decisions, that is 30% greater than the total CO; emissions from all previous human
use of coal. Once emitted, this CO; pollution load remains in the atmosphere for centuries. Half

of the CO; emitted during World War I remains in the atmosphere today.

In short, we face an onrushing train of new coal plants with impacts that must be diverted
without delay. What can the U.S. do to help? The U.S. is forecasted to build nearly 300 of these
coal plants, according to reports and forecasts published by the U.S. EIA. We should adopt a
national policy that new coal plants be required to employ CCD without delay. By taking action
ourselves, we can speed the deployment of CCD here at home and set an example of leadership.
That leadership will bring us economic rewards in the new business opportunities it creates here

and abroad and it will speed engagement by critical countries like China and India.
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To date our efforts have been limited to funding research, development, and limited
demonstrations. Such funding can help in this effort if it is wiscly invested. But government
subsidies--which are what we are talking about--cannot substitute for the driver that a real market
for low-carbon goods and services provides. That market will be created only when
requirements to limit CO; emissions are adopted. This year in Congress serious attention is
finally being directed to enactment of such measures and we welcome this committee’s

contribution to this effort.

I will now discuss the issues mentioned in the Committee’s letter of invitation. Questions
relating to the readiness of CCD technology for deployment are addressed in the Appendix to my

testimony.

Policy Actions to Speed CCD

As the Committee is aware, in the last several years there has been a surge of announcements for
planned construction of new coal-fired power plants—almost none of them proposing to use
CCD. EIA’s energy models forecast that as much as 160 GW of new coal capacity might be
build in the U.S. between now and 2030. Depending on their efficiency, capacity factors and
operating lives, these new coal plants could release as much as 61 billion metric tons of CO;
cumulatively before they are replaced if their CO; is not captured. Locking in such a huge
potential burden of CO; poliution would make it difficult if not impossible for the U.S. to

achieve needed emission reduction targets.
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It is worth noting that the actual amount of new coal capacity that will be built, given the
unsettled policy environment, is quite uncertain. NRDC and other organizations are challenging
new coal plants and regulators and the financial community are increasingly questioning whethe;
investing billions of dollars in high-carbon emitting projects makes any sense. Just in 2007,
about a dozen large coal projects have been cancelled, rejected by regulatory bodies or delayed
by legal chalienges. Nonetheless, we cannot assume that no new coal plants will be built in the
U.S. Policies to deploy CCD are needed both to deal with the prospect of new coal plants here
and to provide the learning that will be necessary to make CCD a reality in countries like China,

where last year a large new coal plant started up about every four days.

While research and development funding is useful, it cannot substitute for the incentive that a
genuine commercial market for CO; capture and disposal systems will provide to the private
sector. The amounts of capital that the private sector can spend to optimize CCD methods will
almost certainly always dwarf what Congress will provide with taxpayer dollars. To mobilize
those private sector dollars, Congress needs a stimulus more compelling than the offer of modest
handouts for research. Congress has a model that works: intelligently designed policies to limit
emissions cause firms to spend money finding better and less expensive ways to prevent or

capture emissions.

Where a technology is already competitive with other emission control techmiques, for cxample,
sulfur dioxide scrubbers, a cap and trade program like that enacted by Congress in 1990, can
result in more rapid deployment, improvements in performance, and reductions in costs.

Today’s scrubbers are much more effective and much less costly than those built in the 1980s.
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However, a CO; cap and trade program by itself may not result in deployment of CCD systems
as rapidly as we necd. Many new coal plant design decisions are being made literally today.
Depending on the pace of required reductions under a global warming bill, a firm may decide to
build a conventional coal plant and purchase credits from the cap and trade market rather than
applying CCD systems to the plant. While this may appear to be economically rational in the
short term, it is likely to lcad to higher costs of CO; control in the mid and longer term if
substantial amounts of new conventional coal construction leads to ballooning demand for CO;
credits. Recall that in the late 1990°s and the first few years of this century, individual firms
thought it made economic sense to build large numbers of new gas-fired power plants. The
problem is too many of them had the same idea and the resulting increasc in demand for natural
gas increased both the price and volatility of natural gas to the point where many of these

investments are idle today.

Moreover, delaying the start of CCD until a cap and trade system price is high enough to produce
these investments delays the broad demonstration of the technology that the U.S. and other
countries will need if we continue substantial use of coal as seem likely. The more affordable
CCD becoines, the more widespread its use will be throughout the world, including in rapidly
growing economies like China and India. But the learning and cost reductions for CCD that are
desirable will come only from the experience gained by building and operating the initial
commereial plants. The longer we wait to ramp up this experience, the longer we will wait to sec

CCD deployed here and in countries like China.
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Accordingly, we believe the best policy package is a hybrid program that combines the breadth
and flexibility of a cap and trade program with well-designed performance measures focused on
key technologies like CCD. We believe such performance measures nced to serve two purposes.
First, assure that no new coal plants arc built without operating CCD systems. New coal plants
with uncontrolled CO; emissions will increase costs for others now or in the future or both.
Second, provide a stimulus for early and significant deployment of CCD systems. These two
purposes may appear to be the same but they are not. Prohibiting construction of new coal plants
without CCD will not assure early deployment of CCD if no new coal plants are built for some
time. And policies that do not require each new coal project to meet a performance standard will
not necessarily prevent the construction of new coal plants that lack CO; controls. Buta
combination of performance measures can achieve both of these objectives.

First, we need a CO» emissions standard that applies to new power investments. California
enacted such a measure in SB1368 last year. It requires new investments for sale of power in
California to meet a performance standard that is achicvable by coal with a moderate amount of
CO; capture. A similar standard is proposed in 5.309, introduced by Senators Sanders and

Boxer.

Second, we need a low-carbon generation obligation for coal-based power. Similar in concept to
a rencwable performance standard, the low-carbon generation obligation requires an initially
small fraction of sales from coai-based power to meet a CO; performance standard that is
achievable with CCD. The required fraction of sales would increase gradually over time and the
obligation would be tradable. Thus, a coal-based generating firm could meet the requirement by

building a plant with CCD, by purchasing power generated by another source that meets the
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standard, or by purchasing credits from those who build such plants. This approach has the
advantage of speeding the deployment of CCD while avoiding the “first mover penalty.” Instead
of causing the first builder of a commercial coal plant with CCD to bear all of the incremental
costs, the tradable low-carbon gencrétion obligation would spread those costs over the entire
coal-based generation system. The builder of the first unit would achieve far more hours of low-
carbon generation than required and would sell the credits to other firms that needed credits to
comply. These credit sales would finance the incremental costs of these early units. This
approach provides the coal-based power industry with the experience with a technology that it
knows is needed to reconcile coal use and climate protection and does it without sticker shock.
S. 309 also includes such a provision. It begins with a requirement that one-half of one per cent
of coal-based power sales must meet the low-carbon performance standard starting in 2015 and
the required percentage increases over time according to a statutory minimum schedule that can
be increased in specified amounts by additional regulatory action. NRDC believes that the
obligation can and should start sooner and achieve a larger fraction of generation than is

specified in S. 309 but the concept is a sound one.

These two measures work together to achieve a result that neither could accomplish alone. The
new source performance standard prevents the construction of new coal plants without CCD,
something that could happen with a low-carbon generation obligation by itself. The low-carbon
generation because it can be met through trading with other coal-based generators, avoids
placing the entire incremental cost of the first CCD units on the customers of the companies that
build the plants. This cost spreading avoids significant rate impacts from implementation of the

new source performance standard. The low-carbon generation obligation also assures that CO;
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pollution from America’s coal power fleet, whatever the size of that fleet, is reduced at a
predictable minimum rate—something that would not be assured with a new source performance

standard by itself if the industry delayed construction of new coal plants,

A word about costs is in order. With today’s off the shelf systems, estimates are that the
production cost of electricity at a coal plant with CCD could be as much as 40% higher than at a
conventional plant that emits its CO,. But the impact on average electricity prices of introducing
CCD now will be very much smaller due to several factors. First, power production costs
represcnt about 60% of the price you and I pay for electricity; the rest comes from transmission
and distribution costs. Second, coal-based power represents just over half of U.S. power
consumption. Third, and most important, even if we start now, CCD would be applied to only a
small fraction of U.S. coal capacity for some time. Thus, with the trading approach I have
outlined, the incremental costs on the units equipped with CCD would be spread over the entire
coal -based power sector or possibly across all fossil capacity depending on the choices made by
Congress. Based on CCD costs available in 2005 we estimate that a low-carbon generation
obligation large enough to cover all forecasted new U.S. coal capacity through 2020 could be

implemented for about a two per cent increase in average U.S. retail electricity rates.

Finally, let me say a word about China and other developing eoal-dependent economies.
America became an industrial giant by using coal and countries like China and India are on a
path to emulate that history. Both countries are interested in CCD technology but all indications
are that they will wait to see what the U.S. does before making a commitment to this and the

broader range of climate protection solutions we need. By showing leadership the U.S. can
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demonstrate seriousness of purpose that can be contagious. With our slower rate of new plant
construction we can also deploy CCD on new plants with a much smaller impact on our
economy. The experience that early deployment of CCD in the U.S. will provide will help bring
down costs of the technology, thereby speeding its adoption in other countries. Nor is such a
program altruism. By getting ahead of the curve with CCD and other climate protection
technologies, the U.S. can become a leading global marketer of climate solutions, helping bring

back our economy and providing living wages to more American workers.

Conclusions

To sum up, since we will almost certainly continue using large amounts of coal in the U.S. and
globally in the coming decades, it is imperative that we act now to deploy CCD systems.
Commercially demonstrated CO; capture systems exist today and competing systems are being
researched. Improvements in current systems and emergence of new approaches will be
accelerated by requirements to limit CO; emissions. Geologic disposal of large amounts of CO;
is viable and we know enough today to conclude that it can be done safely and effectively. EPA
must act without delay to revise its regulations to provide the necessary framework for efficient

permiitting, monitoring and operational practices for large scale permanent CO; repositories.

A cap and trade program for greenhouse gases is essential to change the way we use coal but it
does not assure in its early years the deployment of CCD technology. To achieve that objective,
we need complementary policies that require minimum emission performance from new

investments and a steady reduction in the average CO; emission rate of the U.S. coal power fleet.
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Finally CCD is an important strategy to reduce CO; emissions from fossil fuel use but it is not
the basis for a climate protection program by itself. Increased reliance on low-carbon energy
resources is the key to protecting the climate. The cleanest energy resource of all is smarter usc
of energy; cnergy efficiency investments will be the backbone of any sensible climate protection
strategy. Renewable energy will need to assume a much greater role than it does today. With
today’s use of solar, wind and biomass energy, we tap only a tiny fraction of the energy the sun
provides every day. There is enormous potential to expand our reliance on these resources.

We have no time to lose to begin cutting global warming emissions. Fortunately, we have

technologies ready for use today that can get us started.

Mr. Chairman, that completes my testimony, I will be happy to take any questions you or other

committee members may have.
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APPENDIX

Is CCD Ready for Broad Deployment?

Key Questions about CCD

I started studying CCD in detail ten years ago and the questions I had then are those asked today
by people new to the subjeet. Do reliable systems exist to capture CO, from power plants and
other industrial sources? Where can we put CO; after we have captured it? Will the CO; stay
where we put it or will it leak? How much disposal capacity is there? Are CCD systems
“affordable™? To answer these questions, the Intergovernmental Panel on Climate Change
(IPCC) decided four years ago to prepare a special report on the subject. That report was issued
in September, 2005 as the IPCC Special Report on Carbon Dioxide Capture and Storage. I was

privileged to serve as a review editor for the report’s chapter on geologic storage of CO,.

CO, Capture

The IPCC special report groups capture or separation of CO; from industrial gases into four
categories: post-combustion; pre-combustion; oxyfuel combustion; and industrial separation. 1
will say a few words about the basics and status of each of these approaches. In a conventional
pulverized coal power plant, the coal is combusted using normal air at atmospheric pressures.
This combustion process produces a large volume of exhaust gas that contains CO; in large
amounts but in low concentrations and low pressures. Commercial post-eombustion systems
exist to capture CO, from such exhaust gases using chemical “stripping” compounds and they
have been applied to very small portions of flue gases (tens of thousands of tons from plants that

emit several million tons of CO; annually) from a few coal-fired power plants in the U.S. that
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sell the captured CO; to the food and beverage industry. However, industry analysts state that
today’s systems, based on publicly available information, involve much higher costs and energy
penalties than the principal demonstrated alternative, pre-combustion capture.

New and potentially less expensive post-combustion concepts have been evaluated in laboratory
tests and some, like ammonia-based capture systerns, are scheduled for small pilot-scale tests in
the next few years. Under norma! industrial development scenarios, if successful such pilot tests
would be followed by larger demonstration tests and then by commercial-scale tests. These and
other approaches should continuc to be explored. However, unless accelerated by a combination
of policies, subsidies, and willingness to take increased technical risks, such a development
program could take one or two decades before post-combustion systems would be accepted for

broad commercial application.

Pre-combustion capture is applied to coal conversion processes that gasify coal rather than
combust it in air. In the oxygen-blown gasification process coal is heated under pressure with a
mixture of pure oxygen, producing an energy-rich gas stream consisting mostly of hydrogen and
carbon monoxide. Coal gasification is widely used in industrial processes, such as ammonia and
fertilizer production around the world. Hundreds of such industrial gasifiers are in operation
today. In power generation applications as practiced today this “syngas” stream is cleaned of
impurities and then burned in a combustion turbine to make electricity in a process known as
Integrated Gasification Combined Cycle or IGCC. In the power generation business, IGCC is a
relatively recent development—about two decades old and is still not widely deployed. There
are two [GCC power-only plants operating in the U.S. today and about 14 commercial IGCC

plants are operating globally, with most of the capacity in Europe. In early years of operation foi
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power applications a number of IGCC projects encountered availability problems but those
issues appear to be resolved today, with Tampa Electric Company reporting that its IGCC plant

in Florida is the most dispatched and most economic unit in its generating system.

Commercially demonstrated systems for pre-combustion capture from the coal gasification
process involve treating the syngas to form a mixture of hydrogen and CO; and then separating
the CO;, primarily through the use of solvents. These same techniques are used in industrial
plants to separate CO, from natural gas and to make chemicals such as ammonia out of gasified
coal. However, because CO; can be released to the air in unlimited amounts under today’s laws,
except in niche applications, even plants that separate CO; do not capture it; rather they release it
to the atmosphere. Notable exceptions include the Dakota Gasification Company plant in
Beulah, North Dakota, which captures and pipelines more than one million tons of CO; per year
from its lignite gasification plant to an oil field in Saskatchewan, and ExxonMobil’s Shute Creek
natural gas processing plant in Wyoming, which strips CO; from sour gas and pipelines several

million tons per year to oil fields in Colorado and Wyoming.

Today’s pre-combustion capture approach is not applicable to the installed base of conventional
pulverized coal in the U.S. and elsewhere. However, it is ready today for use with IGCC power
plants. The oil giant BP has announced an IGCC project with pre-combustion CO; capture at its
refinery in Carson, California. When operational the project will gasify petroleum coke, a solid
fuel that resembles coal more than petroleum to make electricity for sale to the grid. The
captured CO; will be sold to an oil field operator in California to enhance oil recovery. The

principal obstacle for broad application of pre-combustion capture to new power plants is not
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technical, it is economic: under today’s laws it is cheaper to release CO» to the air rather than

capturing it. Enacting laws to limit COs can change this situation, as discussed in my testimony.

While pre-combustion capture from IGCC plants is the approach that is ready today for
commercial application, it is not the only method for CO; capture that may emerge if laws
creating a market for CO, capture are adopted. 1 have previously mentioned post-combustion
techniques now being explored. Another approach, known as oxyfuel combustion, is also in the
early stages of research and development. In the oxyfuel process, coal is burned in oxygen rather
than air and the exhaust gases are recycled to build up CO, concentrations to a point where
separation at reasonable cost and energy penalties may be feasible. Small scale pilot studies for
oxyfuel processes have been announced. As with post-combustion processes, absent an
accelerated effort to leapfrog the normal commercialization process, it could be one or two

decades before such systems might begin to be deployed broadly in commercial application.

Given, the massive amount of new coal capacity scheduled for construction in the next two
decades, we cannot afford to wait and see whcther these altcrnative capture systems prove out,
nor do we need to. Coal plants in the design process today can employ proven IGCC and pre-
combustion capture systems to reduce their CO, emissions by about 90 percent. Adoption of
policies that set a CO, performance standard now for such new plants will not anoint IGCC as
the technological winner since alternative approaches can be employed when they are ready. If
the alternatives prove superior to IGCC and pre-combustion capture, the market will reward

them accordingly. As discussed in my testimony, adoption of CO; performance standards is a

20



97

critical step to improve today’s capture methods and to stimulate development of competing

systems.

I would like to say a few words about so-called “capture-ready” or “capturc-capable” coal plants.
Some years ago I was under the impression that some technologies like IGCC, initially built
without capture equipment could be properly called “capture-ready.” However, the implications
of the rapid build-out of new coal plants for global warming and many conversations with
engineers since then have educated me to a different view. An IGCC unit built without capture
equipment can be equipped later with such equipment and at much lower cost than attempting to
retrofit a conventional pulverized coal plant with today’s demonstrated post-combustion systems.
However, the costs and engineering reconfigurations of such an approach are substantial. More
importantly, we need to begin capturing CO from new coal plants without delay in order to keep
global warming from becoming a potentially runaway problem. Given the pace of new coal
investments in the U.S. and globally, we simply do not have the time to build a coal plant today

and think about capturing its CO; down the road.

Implementation of the Energy Policy Act of 2005 approach to this topic needs a review in my
opinion. The Act provides significant subsidies for coal plants that do not actually capture their
CO; but rather merely have carbon “capture capability.” While the Act limits this term to plants
using gasification processes, it is not being implemented in a manner that provides a meaningful
substantive difference between an ordinary [GCC unit and one that genuinely has been designed
with early integration of CO, capture in mind. Further, in its FY2008 budget request, the

administration seeks appropriations allowing it to provide $9 billion in loan guarantees under

21
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Title XVII of the Act, including as much as $4 billion in loans for “carbon sequestration
optimized coal power plants.” The administration request does not define a “carbon
sequestration optimized” coal power plant and it could mean ajmost anything, including,
according to some industry representatives, a plant that simply leaves physical space for an
unidentified black box. If that makes a power plant “capture-ready” Mr. Chainman, then my
driveway is “Ferrari-ready.” We should not be investing today in coal plants at more than a
billion doilars apiece with nothing more than a hope that some kind of capture system will tum
up. We would not get on a plane to a destination if the pilot told us there was no landing site but

options were being researched.

Geologic Disposal

We have a significant expcrience base for injecting large amounts of CO, into geologic
formations. For several decades oil field operators have received high pressure CO; for injection
into fields to enhance oil recovery, delivered by pipelines spanning as much as several hundred
miles. Today in the U.S. a total of more than 35 million tons of CO; are injected annually in
more than 70 projects. (Unfortunately, due to the lack of any controls on CO; emissions, about
80 per cent of that CO; is sources from natural CO, formations rather than captured from
industrial sourees. Historians will marvel that we persisted so long in pulling CO; out of holes in
the ground in order to move it hundreds of miles and stick in back in holes at the same time we
were recognizing the harm being caused by emissions of the same molecule from nearby large
industrial sources.) In addition to this enhanced oil recovery experience, there are several other
large injection projects in operation or announced. The longest running of these, the Sleipner

project, began in 1996.
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But the largest of these projects injects on the order of one million tons per year of CO;, while a
single large coal power plant can produce about five million tons per year. And of course, our
experience with man-made injection projects does not extend for the thousand year or more
period that we would need to keep CO; in place underground for it to be cffective in helping to
avoid dangerous global warming. Accordingly, the public and interested members of the
environmental, industry and policy communities rightly ask whether we can carry out a large

scale injection program safely and assure that the injectcd CO; will stay where we put it.

Let me summarize the findings of the IPCC on the safety and efficacy of geologic disposal. In
its 2005 report the IPCC concluded the following with respect to the question of whether we can
safely carry out carbon injection operations on the required scale:

“With appropriate site selection based on available subsurface information, a monitoring
programme to detect problems, a regulatory system and the appropriate use of remediation
methods to stop or control CO2 releases if they arise, the local health, safety and environment
risks of geological storage would be comparable to the risks of current activities such as natural
gas storage, EOR and deep underground disposal of acid gas.”

The knowledge exists to fulfill all of the conditions the IPCC identifies as needed to assure
safety. While EPA has authority regulate large scale CO; injection projects its current
underground injection control regulations are not designed to require the appropriate showings
for permitting a facility intended for long-term retention of large amounts of CO,. With
adcquate resources applied, EPA should be able to make the necessary revisions to its rules in

two to three years. We urge the members of this Committee to sapport legislation to require

EPA to undertake this effort this year.
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Do we have a basis today for concluding that injected CO; will stay in place for the long periods
required to prevent its contributing to global warming? The IPCC report concluded that we do,
stating:

“Observations from engineered and natural analogues as well as models suggest that the fraction
retained in appropriately sclected and managed geological reservoirs is very likely to exceed
99% over 100 years and is likely to exceed 99% over 1,000 years.”

Despite this conclusion by recognized experts there is still reason to ask about the implications of
imperfect cxecution of large scale injection projects, especially in the ea‘rly years before we have
amassed more experience. Is the possibility of imperfect execution rcason enough to delay
application of CO; capture systems to new power plants until we gain such experience from an
initial round of multi-million ton “demonstration” projects? To sketch an answer to this
question, my colleague Stefan Bachu, a geologist with the Alberta Energy and Utilities Board,
and I wrote a paper for the Eighth International Conference on Greenhouse Gas Control
Technologics in June 2006. The obvious and fundamental point we made is that without CO;
capture, new coal plants built during any “delay and research” period will put 100 per cent of
their CO; into the air and may do so for their operating life if they were “grandfathered” from
retrofit requirements. Those releases need to be compared to hypothetical lcaks from early
injection sites.

Our conclusions were that even with extreme, unrealistically high hypothetical leakage rates
from early injection sites (10% per year), a long period to leak detection (5 years) and a
prolonged period to correct the leak {1 year), a policy that delayed installation of CO capture at
new coal plants to await further research would result in cumulative CO, releases twenty times
greater than from the hypothetical faulty injection sites, if power plants built during the research

eriod were “grandfathered” from retrofit requirements. If this wave of new coal plants werc all
p g p
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required to retrofit CO, capture by no later than 2030, the cumulative emissions would stiil be
four times greater than under the no delay scenario. I believe that any objective assessment will
conclude that allowing new coal plants to be built without CO; capturc equipment on the ground
that we need more large scale injection experience will always result in significantly greater CO;

releases than starting CO, capture without delay for new coal plants now being designed.

The IPCC also made estimates about global storage capacity for CO; in geologic formations. It
concluded as follows:

“Available evidence suggests that, worldwide, it 1s likely that there is a technical potential of at
least about 2,000 GtCO2 (545 GtC) of storage capacity in geological formations. There could be
a much larger potential for geological storage in saline formations, but the upper limit estimates
are uncertain duc to lack of information and an agreed methodology.”

Current CO; emissions from the world’s power plants are about 10 Gt (billion metric tons) per

year, so the JPCC estimate indicates 200 years of capacity if power plant emissions did not

increase and 100 years capacity if annual emissions doubled.
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The CHAIRMAN. I just want to note it is an unusual moment
where a witness has given back 30 seconds. Just doesn’t happen
that often. I just wanted to take note of it.

Let me recognize the next witness, Mr. Robert Sussman, who is
a partner at the law firm of Latham & Watkins. Mr. Sussman is
a former Deputy Administrator of the EPA during the Clinton ad-
ministration, and is recognized as one of the leading environmental
lawyers in the country.

We welcome you, sir. Whenever you are ready, please begin.

STATEMENT OF ROBERT SUSSMAN

Mr. SussMAN. Thank you, Mr. Chairman. It is a pleasure to be
here today. I am presenting my testimony on behalf of the Center
for American Progress, a non-partisan research and educational in-
stitute dedicated to promoting a strong, just, and free America. The
Center has recently published two reports on carbon capture and
sequestration, which I wrote, along with Ken Berlin, one of my col-
leagues. And what I would like to do today is to highlight the con-
clusions to these reports, which are attached to my written testi-
mony and hopefully will be in the record for this hearing.

What we have heard from several witnesses is that the challenge
posed by a dramatic increase in greenhouse gas emissions as a re-
sult of new coal plants is serious and urgent. If these plants do not
control their emissions, the consequence will be to add many mil-
lions of tons of carbon dioxide to the atmosphere. And this growth
in emissions will make it very, very difficult to move in the direc-
tion that many of us recognize is imperative, which is to reduce
emissions, ultimately on the order of 70 to 80 percent by 2050.

The most promising, and as best I can tell the only, path to con-
trol CO, emissions from new coal plants is carbon capture and stor-
age. The task facing Congress is to maximize the likelihood that
CCS is widely deployed on an expeditious but realistic timetable
and at a reasonable cost. The stakes are very high. If we succeed
at this task, we will assure coal a secure place in the future U.S.
energy mix. If we fail, coal’s historic role as a vital energy resource
in this country will be at risk.

And I want to underscore that point, because there is I think
growing evidence that coal faces a very uncertain future in the
United States without carbon capture and storage. Two years ago,
there were rosy predictions of a resurgence of coal, but today there
is growing public opposition to new coal plants all around the coun-
try. Legal and political challenges to these plants are routine.

In a remarkable development, we saw private equity investors
taking over TXU, a large Texas utility, announce that they would
cancel 8 out of 11 proposed coal plants if their buyout was con-
summated. Recently, in California and Florida, we have seen some
significant barriers erected to the construction of new coal plants.

And recognizing these trends, it is interesting that in July
Citigroup downgraded the stocks of coal companies across the
board, maintaining, and I quote, that “prophecies of a new wave of
coal-fired generation have vaporized while clean coal technologies
remain a decade away or more.” These trends I think underscore
the urgency of this challenge, and also the very important solution
that timely CCS deployment can provide.
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Let me turn to cap and trade programs and to the very impor-
tant question of whether the cap and trade proposals that are now
on the table in Congress will lead to timely deployment of CCS.
Unfortunately, our analysis indicates that the initial stages of cap
and trade programs are not likely to create carbon prices high
enough to eliminate the cost differential between new coal plants
with CCS and those without it.

This would mean that new coal plant owners are unlikely to in-
stall CCS systems until the emission camps for these programs be-
come sufficiently stringent to increase the price of CO——

The CHAIRMAN. Mr. Sussman.

Mr. SUSSMAN [continuing]. Allowances to at least $30 per ton.
This will probably not occur until 2030, and maybe even later.

The CHAIRMAN. Mr. Sussman, I apologize, sir, but your time has
expired.

Mr. SUssSMAN. Okay.

The CHAIRMAN. So you will have plenty of time in the question
and answer period, I am sure.

Mr. SussMAN. Okay. Thank you.

The CHAIRMAN. Okay. Great. Thank you.

[The prepared statement of Mr. Sussman follows:]
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STATEMENT OF ROBERT M. SUSSMAN AND KEN BERLIN
On behalf of the Center for American Progress

Before the

U.S. House of Representatives Select Committee on Energy
Independence and Global Warming

Hearing on
The Future of Coal under Carbon Cap and Trade
September 6, 2007

We appreciate the opportunity to present testimony before this Committee on how our nation can
best deploy Carbon Capture and Storage (CCS) technologics to reduce the carbon footprint of
coal-fired power plants. Our testimony is being offered on behalf of the Center for American
Progress (CAP), a non-partisan research and educational institute dedicated to promoting a
strong, just and free America that ensures opportunity for all.

Robert M. Sussman is a partner at the firm of Latham & Watkins LLP and Ken Berlin is a
partner at the law firm of Skadden, Arps, Slate, Meagher & Flom LLP. Both of us have long
experience working on climate change and energy policy. Mr. Sussman was Deputy
Administrator of the Environmental Protection Agency during the first part of the Clinton
Administration. Mr. Berlin is a past Chairman of the Board of the Environmental Law Institute.
More detailed biographies for both of us are attached. Our testimony reflects our personal views
and those of CAP, not necessarily the views of our law firms or chients.

Summary

A major challenge in addressing the risk of global warming is the potential for a dramatic
increase in greenhouse gas (GHG) emissions as a result of a new generation of coal-fired power
plants. This challenge exists both in the United States, where abundant coal reserves have createc
heightened interest in the construction of new coal plants, and in developing countries such as
China and India, where demand for energy is growing at a rapid pace and coal-fired generation
holds the most potential for meeting these increasing energy needs. Fortunately, there is a
potential pathway that would allow continued use of coal as an energy source without
magnifying the risk of global warming. CCS technology would enable power plants te capture
carbon dioxide (CO;) emissions from coal-fired plants before they are released into the
environment and then to storc the captured COs safcly in underground geologic formations.

The task facing Congress as it develops global warming legislation is to maximize the likelihood
that CCS is widely deployed on an expeditious but realistic timetable and at a cost which is
reasonable for the affected industries and clectricity consumers. Accomplishing this task
successfully will assure coal - a low-cost domestic fuel available in ample quantities ~ a secure
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place in the future U.S. energy mix without exacerbating global warming. Failure would mcan
that new coal plants add greatly to overall CO, emission levels, burdening other sources with
greater reduction obligations and jeopardizing attainment of emission reduction targets. If — as is
likely ~ these outcomes are unacceptable to large segments of the public and many policymakers,
coal’s historic role as a vital energy resource for the electricity supply sector and the U.S.
economy would be greatly diminished.

To examine different policy tools for achieving widespread CCS adoption at new plants, we
wrote a report published by the Center for American Progress (CAP) in May of this year, Global
Warming and the Future of Coal: the Path to Carbon Capture and Storage. Last week, CAP
published a follow-up report, The Path to Clean Coal: Performance Standard More Effective
than Bonus Allowances. This new report augments our earlier analysis by examining the bonus
allowance set-aside provisions in the Low Carbon Economy Act of 2007, S. 1766. Copies of
these reports are attached. Their conclusions and recommendations are fully supported by CAP.

Our analyses conclude that, in their initial stages, the cap-and-trade programs under
consideration by Congress are not likely to create carbon prices high enough to eliminate the cost
differential between new coal plants with CCS and those without it. As a result, new coal plant
developers arc unlikely to capture and sequester their emissions until 2030 at the earliest and
perhaps not until later. To accelerate CCS deployment, we recommend that Congress adopt an
emission performance standard for all new coal plants pegged to the capture efficiency of
available technology. This standard would apply to new plants for which construction begins
after the legislation takes effect (presumably in 2008) and would provide these plants with a
phase-in period to allow for further testing and improvement of the technology before fully
implementing it. Under this timeline, CCS systems at covered plants would need to meet the
performance standard in 2016 or within four years after the plant becomes operational,
whichever oceurs later.

An emission performance standard would have several important benefits. It would: :

e Minimize the risk that substantial emissions growth from new coal plants jeopardizes
overall emission reduction efforts, particularly as more stringent caps are triggered in the
later years of a carbon control regime.

* Qvercome the “CCS cost gap” that will prevent deployment until at least 2030 and
perhaps even longer under anticipated cap-and-trade legislation.

* Send a clear signal to plant developers and investors that CCS systems are an essential
feature of all new coal plants, spurring innovation and cost-reduction by technology
vendors and utilities and concentrating public and private resources on the remaining
technical, economic and regulatory hurdles to CCS implementation.

¢ Provide a path toward public acceptance of new coal plants which enables coal to play a
secure and important role in the future energy mix.
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o Position the U.S. as a leader in developing CCS technology and thereby speed its
adoption by the rest of thc world.

We are not proposing an emission performance standard for existing coal-fircd powcr plants,
which do not threaten the same increase in overall CO; emissions as new plants which lack CO;
controls. In our view, existing plants — like other large CO; emitters — should bc subjcct to an
economy-wide cap-and-trade program which progressively lowers national greenhouse gas
emissions. Retrofitting these plants with CCS is an important emission reduction option but the
costs and technical challenges it poses are not yet fully understood. At least initially, CCS should
not be a preferred compliance strategy for existing plants but should be considered along with
other options based on cost-effectiveness.

Our reports recognize that, at the current stage of technology development, CCS-equipped plants
are significantly more costly than conventional plants and may well be uncconomic if there is no
commercial value to the CO; stream which is captured. Closing this cost gap is essential so that
(1) investors have incentives to build plants with CCS, (2) coal remains competitive with other
fuels, and (3) consuiners do not suffer significant electricity price incrcases. Accordingly, we
propose a package of financial assistance that would initially offset 20 percent of total
construction costs and a portion of ongoing operating costs. Revenues for this package might be
derived fron the proceeds of allowance auctions under cap-and-trade legislation, from a national
“wires charge™ on electricity sales, or from a mix of traditional financial instruments (loan
guarantees, tax credits and grants).

This framework for deploying CCS at new coal plants is ambitious and will only be workable
with a concerted national commitment to create a sound legal and technical foundation for CCS.
Along with a program of large-scale testing, Congress must assure that a regulatory regime is in
place for CO; transportation and storagc as soon as possible. It must also clarify who bears long-
term liability for maintaining and operating scquestration sites — a vitally important issue to
industry and a potentially serious hurdle to CCS deployment if it is not resolved.

The Impact of New Coal Plants on the Success of GHG Emission Reduction Efforts
Why is it urgent to address new coal plants under climate legisiation?

For the last 15 years, most new power plants built in the U.S. have been fucled with natural gas.
In the last few years, however, coal has again emerged as a fuel of choice for the power sector as
natural gas prices hit historically high levels worldwide and as demand for natural gas overtakes
available supplies. In the U.S., coal is abundant, representing 27 percent of the world’s known
reserves, ' and is less subject to price volatitity and supply constraints than petroleum and natural
gas. Because demand can be met from domestic sources, coal also offers important energy
security benefits to the United States. In contrast, U.S. imports of natural gas are rising, requiring
construction of controversial LNG terminals and increasing dependency on major natural gas
producers like Russia and Iran with interests hostile to those of the U.S.

While only 11 gigawatts of new coal-fired plants werc built in the U.S. from 1991 to 2003, and
virtually none from 2001 to 2005, the National Energy Technology Laboratory (NETL) of the
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U.S. Department of Energy (DOE) has estimated that 145 gigawatts of new coal-fired plants will
be built in the U.S. by 2030.” Utilitics and other power plant developers have already announced
plans to build 151 coal-fired plants with a capacity of 90 gigawatts. Qutside the U.S., the
projections are more dramatic. Estimates of the worldwide total new construction of coal-fired
plants by 2030 are around 1,400 gigawatts.5

Few of these new plants in the U.S. are likely to replace existing less efficient coal-fired plants.
The Energy Information Administration (EIA) predicts that by 2030 electricity demand in the
U.S. will increase by approximately 40 pcrcent,(’ creating a need for increased power generation,
and estimates that only about 3.6 gigawatts of coal power plants will bc decommissioned by
2025.7 In the developing world, where economic growth will be higher than in the U.S., almost
all of the new coal-fired plants will represent an expansion, rather than a replacement, of
capacity to meet soaring energy demand. China, for example, has the world’s third largest coal
reserves,’ and is in the process of implementing a massive increase in coal-fired generation to
meet growing energy needs.’

A major expansion of worldwide coal generation would dramatically increase greenhouse gas
emissions. A new 1,000 megawatt (1 gigawatt) coal power plant using the latest conventional
pulverized coal technology produces about 6 million tons (5.4 million metric tons) of CO»
annually. '’ In the absence of CO, emission controls, the new coal plants projected to be built
globally would generate as much as 8.4 billion additional tons (7.6 billion metric tons) of CO;
each year (assuming 1,400 gigawatts of new coal-fired plants arc constructed). This represents
an increase of approximately 30 percent over current total annual world emissions of 25 billion
metric tons of CO; from the consumption of fossil fuels."' Worldwide emissions from these new
plants between now and 2030 would be equal to 50 percent of all emissions from all power
plants during the past 250 years.‘2

In the United States alone, 870 million tons of CO; (790 million metric tons) would be emitted if
all of the currently proposed coal plants are buiit and do not control their emissions.* This
compares to 2005 annual emissions in the U.S. of about 6 billion metric tons of CO; and 7.15
billion metric tons of CO; equivalent greenhouse gases from all sources.'* Moreover, new coal-
fired plants, once built, will have a projected lifespan of up to 60 years. There will be powerful
resistance to retiring them before investors have eamned an acceptable return on their investment.
These plants would therefore be high CO; emitters for decades to come.

Perhaps in the early ycars of emission reduction efforts, the increased emissions from new coal
plants might be offset by a combination of reductions from existing sources and other low carbon
activities like methane recovery. But over time, as emission caps become more stringent, with
reduction targets of 20, 30 and even 70 percent of current levels by 2050, the added emissions
from uncontrolled new coal plants will make it increasingly difficult, if not impossible, to attain
overall emission reduction goals.

Will all of the proposed coal plants in fact be built in the absence of climate legislation?

In the U.S., there is growing public opposition to new coal plants, and legal and political
challenges to these plants are now routine. The recent proposal by private equity investors to
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cancel eight coal plants announced by Texas utility TXU Corp. is evidence that public concerns
are influencing investment decisions. ' States like Florida and California are adopting policies
which discourage new coal plants because of their climate change impacts.'® Moreover, with the
Supreme Court recently holding that CO; is a “pollutant” that can be regulated under the Clean
Air Act, activists now argue that new plants cannot be permitted unless emission control
technologies are installed to address climate concerns. Recognizing these trends, in July,
Citigroup analysts downgraded the stocks of coal companies across the board, maintaining that
“prophesies of a new wave of coal-fired have vaporized, while clean coal technologies . . .
remain a decade away, or more.” 17

Some plant developers are persisting in the face of these obstacles and a number of new plants
are on track to be built on schedule. However, the total number of new plants will probably be
substantially smaller than projected a few years ago. Many of those that are built will probably
be Integrated Gasification Combined Cycle (IGCC) facilities, which are viewed as offering more
cost-effective opportunities for installing CCS systems than pulverized coal (PC) units and enjoy
a higher level of public acceptance. Nonetheless, the odds that these facilities will actually
capture and store their emissions in their early ycars of operation are small.

The slowdown in new coal plant construction is not necessarily a positive development. One
consequence may be a delay in adding new generation capacity nationwide, which could hurt
grid reliability and increase the cost of peak generation as demand for power grows. Another
consequence may be to increase reliance on natural gas generation despite price and energy
security concerns. It may therefore be in the national interest to adopt a policy framework which
eases anxiety about coal plants and creates a regulatory environment that maximizes public
acceptance of new coal generation in a carbon constrained world. From this standpoint, timely
CCS deployment may reinvigorate the prospects for an expansion of coal capacity in the U.S.

Near-term Prospects for CCS Deployment

There is generally optimism about the feasibility and safety of large-scale capture and
underground injection of CO; generated by new coal power plants, tempered by a recognition
that the technology is evolving and more demonstration projects are needed to lay the
groundwork for widespread CCS deployment.

Geological Sequestration

During CCS operations, CO; is compressed to a supercritical liquid, transported by pipeline to ar
injection well and then pumped underground to depths sufficient to maintain critical pressures
and temperatures. The CO; seeps into the pore spaces in the surrounding rock and its escape to
the surface is blocked by a caprock or overlaying impermeable layer. In some types of
formations, the CO; may dissolve in water and react with minerals in the host rock to form
carbonates, becoming permanently entrained. Long-term sequestration of CO; is possible in
depleted oil and gas reservoirs, unminable coal seams, basalt structures, and deep saline aquifers.
The latter are believed to be ubiquitous at depths generally below one kilometer and are
estimated to underlie at least one-half of the area of inhabited continents.'® These deep saline
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formations have the greatest capacity to store CO» and would play a critical role in any large-
scale CCS program.

There is considerable experience in the U.S. with underground injection of liquids and gases.'9
Over 100,000 technically sophisticated and highly monitored injection wells are currently
employed to pumnp fluids as much as two miles below the earth’s surface.”® U.S. CO; pipeline
transmission is also well-established, with CO; pipelines in usc since the early 1970s, the longest
of which runs for approximately 500 miles.”'

Similarly, CO; has long been pumped into the ground in oil and gas fields to improve extraction
of these fuels. CO; injection has occurred extensively in the Permian Basin of West Texas and
East New Mexico, plus several other areas of the U.S. and Canada, as part of enhanced oil
recovery (EOR) operations. Currently 71 active CO»-EOR projects inject, use and store 43
million tons/year of CO,, 11 million tons/year (9.9 million metric tons/ycar) of which comes
from industrial sources.

Of particular note is EnCana's CO,-EOR sequestration projcet in the Weyburn Field of
Saskatchewan, Canada. The CO; is created in North Dakota and goes through a 200-mile
pipeline to reach the Weybum Field. The EnCana project in combination with the nearby Apache
project currently injects 2.5 million metric tons of CO: annually into the Weyburn Field and
cxpects to sequester a total of 51 million metric tons of CO; by project end.” Overscas, the two
most visible CO; capture and storage projects (not involving CO;-EOR) are at the Siepner Field
in the North Sea by Norway’s Statoil ASA and the InSala Field in Algeria by Britain’s BP plc.
Each of these projects currently injects about I million tons of CO; per year into a saline
formation either above or below the producing naturai gas reservoir.

The large scale sequestration projects now underway provide reassuring evidence that leakage
from CO; storage formations is unlikely. Long-term experience with EOR in oil and gas fields is
also reassuring. The geology of these fields is well-known and their sealing potential well-
established; they have been storing oil and gas for millions of years.”® Despite the importance of
additional testing, experts are confident that large-scale sequestration will be safe, feasible, and
cost-effective. Thus, after reviewing the key questions of subsurface engineering and surface
safety associated with carbon sequestration, a recent MIT study concludes:

There do not appear to be unresolvable open technical issues underlying thesc
questions. Of equal importance, the hurdles to answering these technical
questions well appear manageable and sunnountable. As such, it appears that
geological carbon sequestration is likely to be safe, effective, and competitive
with many other options on an economic basis.™

Available data also provide confidence that there is ample underground capacity in the U.S. and
most other areas of the world to sequester the CO; output from projected levels of fossil fuel
combustion. DOE recently released its first Carbon Sequestration Atlas of the United States and
Canada based on a preliminary survey of potential sequestration reservoirs by its seven regional
sequestration partnerships. The Atlas concludes that approximately 3,500 billion tons of CO,
storage capacity exists in North America (mostly in deep saline formations) at diverse locations
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across the country.”® A 2006 report by the Battelle Institute on U.S. sequestration capacity
reaches remarkably similar conclusions, estimating total U.S, capacity of 3,900 gigatons of CO;
and finding that usable formations underlic parts of 45 states and two thirds of the land mass of
the contiguous 48 states.”® This capacity would be sufficicnt to store the CO; emissions of the
145 projected new coal plants in the U.S. for several centuries. A third report published in 2005
by the Intcrgovernmental Panel on Climate Change, entitled IPCC Special Report on Carbon
Dioxide Capture and Storage, likewise concluded that there is considerable worldwide
geological storage capability for C0O,.%” The IPCC also concluded that it is likely that the CO;
retained in u%derground formations will likely exceed 99 pcrcent of the quantity injected over
1,000 years.”

{t is widely agreed that a comprehensive survey of storage capacity is needed to improve the
accuracy of existing cstimates. Notwithstanding uncertainties in estimation, there is littte doubt
that most regions of the U.S. are endowed with ample geological formations suitable for
sequestration. Thus, underground CO, storage opportunities arc likely to be within close
proximity (zero to 250 miles) to the majority of coal plants that would be built, aithough some
coal-dependent states may need to transport CO; for longer distances in order to sequester it.”

CO; Capture Technology

The separation and capture of CO; at large coal-fired power plants pose larger economic and
technical challenges than the transportation and sequestration of CO, and account for the bulk of
the costs of CCS. The dominant coal generation technology in the world today is pulverized coal
(PC), in which coal is ground to fine particles and then injected into the furnace with
combustion air; the flue gas from the boiler contains CO; and other combustion byproducts,
which are treated to remove certain pollutants (nitrogen oxides or NOy, and sulfur dioxide or
S0.) and then released to the air. The CO; can be captured from the fluc gas following
combustion at these plants by absorption into an amine solution, from which the absorbed CO; is
then stripped via a temperature increase and cooled, dried, and compressed into a supcreritical
liquid.

IGCC plants are able to capture CO, emissions more cost-effectively than PC plants using
current technology because IGCC technology does not rely on direct combustion but instead
converts the carbonaceous feedstocks, by way of gasification, into a clean gas called syngas. A
phase shifter can be used to convert carbon monoxide gas to carbon dioxide in the presence of
steam at the end of the syngas refining stage and to separate the CO; stream from the syngas
before combustion. Because CO; concentrations are higher and pressure is lower when CO; is
captured pre-combustion, the energy required for CO, separation is smaller for IGCC units than
for PC units. The carbon capture rate at IGCC plants is currently believed to be around 85
percent.

Although CO; capture is relatively straightforward technically, it poses a major economic
challenge. Because of higher capital costs, greater fuel utilization, and lower electricity output,
coal plants that capture CO; are projected to be more expensive producers of electricity than
plants without capture capability. Carbon capture is estimated to account for 83 percent of the
total cost of CCS systems, with transportation and storage accounting for only 17 percent of such
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costs.*® Table 1 summarizes the results of threc recent studies that estimate the economic and

perforinance impacts of adding carbon capture technologics to IGCC and Supercritical
Pulverized Coal (SCPC) plants.’' As Table 1 illustrates, although capture costs will be high with
both technologies, IGCC is currently perceived to have a inarked advantage over SCPC:

Table 1: Estimated Economic Impacts of Adding Carbon Capture & Sequestration

1GCC Plants : SCPC Plants
MIT Study - Wisconsin. | EPA. . -MIT Study - | Wisconsin: | EPA
‘ Report | Report | =~ Report .~ | Report

'C“:;;:slec‘:s s | 35% 7% 61% 60% 73%
Decrease .
Total Efficiency (%) | 1% NA 14% 24% NA 29%
Increase in
Cost of Electricity NA $18 $18 NA $33 $35
($/ MWh)*?
Increase in
Cost of Electricity 25-40% 30% 37.5% 60-85% 60% 67%
Cost of Preventing |
CO, emissions ($ per | $24 1§30 $28 $40 $45 $51
ton) 3

With the heightened interest in CCS, considcrable work is underway in the private sector to
improve pre-and post-combustion capture technologies as well as develop a promising
oxycombustion capture process for use with PC plant designs. These improvements — which
have projected times to commercialization of 5-12 years according to DOE™ — have the potential
to significantly lower the energy penalty (and hence the cost of clectricity increase) of carbon
capture.

Incentives for CCS Under Cap-and-Trade Programs

The critical question exanined in our report Global Warming and the Future of Coal is which
policy tools will best promote deployment of CCS in an expeditious but realistic timeframe. Qur
principal conclusion is that, in their initial stages, cap-and-trade programs are not likely to create
carbon prices high enough to eliminate the cost differential betwcen new coal plants with CCS
and those without it. This would mean that new coal plant deveiopers are unlikely to adopt CCS
systems until the emission caps for these programs become sufficiently stringent to significantly
increase the price of carbon — probably not until 2030 and perhaps later.

There are considerable uncertainties in any analysis of this type, including predicting the future
price of carbon under various legislative scenarios as well as projecting the future costs of CCS
and other power generation technologies. Nonetheless, it is instructive to examine the “CCS cost
gap” under two recent cap-and-trade proposals:
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e S. 280, introduced earlier this year by Senators McCain and Lieberman, would cap
emissions at 2004 levels in 2012, 1990 levels in 2020 and 22 percent below 1990 levels
starting in 2030. A recent analysis by the Environmental Protection Agency (EPA) founc
that CO; allowance prices (in 2005 dollars) would be $13-15 per ton in 2015, $16-20 per
ton in 2025 and $27-32 per ton in 2030.>* EIA projected similar allowance prices
(assumi?sg substantial access to international and domestic offsets) in its own analysis of
S. 280.

e S. 1776, introduced by Senator Bingaman and co-sponsors, would reduce emissions to
2006 levels by 2020 and 1990 jevels by 2030. Covered entities would need to submit
allowances corresponding to the amount of CO, they emit or make payments into a
special fund at a fixed price for each ton of CO; emitted. This “technology accelerator
payment” (often described as a safety valve) would start at $12 per metric ton of CO»
equivalent in 2012 and increase by 5 percent per year above the rate of inflation. An
analysis by the National Commission on Energy Policy (NCEP) concludes that the safety
valve price will probably not be triggered and that, instead, allowance prices will likely
be $5.40 per ton in 2012 and just under $24 per ton in 2030.%¢

As shown in Table 1, three recent studies conclude that IGCC plants with CCS systems would
capture and sequester their emissions at a cost of around $30 per ton; other recent estimates
indicate that the cost is closer to $40 per ton.”” PC plants with CCS would remove CO; at $40-
50 per ton. At these cost levels, it would not be economic to capture and sequester emissions
before 2030 under S. 280 or S. 1776. Instead, it would be less costly to build an uncontrolled
coal plant and purchase allowances or offsets to cover its emissions. As EPA concluded in its
analysis of S. 280, “while CCS is available in 2015, carbon prices rise to a high enough level to
make CCS cost-competitive in ~ 2030.” **

Even if the price of CO; allowances reaches a level at which CCS is cost-competitive, there
would still be no assurance that new coal plants are equipped with CCS. Given a choice between
building an uncontrolled plant and one with CCS at roughly equivalent compliance costs,
developers may opt for the traditional technology as opposed to more innovative CCS.

This is because there will be non-price barriers to building plants with CCS, including the
reluctance of conservative utility executives to invest in new and uncertain technologies, the
lower operational and financial risks of building conventional coal plants and the belief that
sccond generation plants are more cconomical and reliable than first generation plants. Becausc
of these perceived risks, developers could opt for conventional plants even though their nominal
costs are no lower and (maybe even higher) than those of plants with CCS systems. I[n this
event, the price of CO» allowances might need to reflect a-“risk premium” above the cost per ton
of CCS plants inorder to entice reluctant investors. This could delay widespread CCS
deployinent beyend 2030, although individual CCS plants could still be economically viable
where the captured CO; has commereial value - for example, when used in EOR.
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An Emission Performance Standard for New Coal Plants

Global Warming and the Future of Coal concludes that the most effective strategy for closing
the “CCS cost gap” is to adopt an emissions performance standard for new coal plants, while
including existing coal plants in an economy-wide cap-and-trade program.

An cmissions performance standard would require new plants to capture CO; emissions at the
level achievable through the best performing CCS technology (currently in the range of 85
percent). The standard could be cxpressed as a ratio of the emissions rate to electricity output
(CO; emissions per kWh), or as a percentage of total CO, generated. The standard could initially
be applied to new coal plants but later extended to other new large fossil fuel combustion
facilities (such as natural gas power plants).

The Phase-in Process for a Performance Standard

Under our proposal, an emissions performance standard requiring CO, capture and storage
would not take effect immediately upon enactment of legislation. Rather, thcre would be a phase-
in process because of the need for additional practical cxperience with large-scale sequestration,
further technical refinement and cost-optimization of capture technologies, and creation of an
effective legal and regulatory framework for long-term underground COs storage. Assuming that
legislation is enacted in 2008, all plants beginning construction thereafter would be subject to the
emission performance standard but would not be required to begin capturing and sequestering
their cmissions until 2016 at the earliest. As a rule of thumb, all new plants would have at [east
four years lead-time from initial operation before complying with the standard. For example, a
plant beginning operation in 2012 would start complying by 2016, while one beginning operation
in 2016 would start complying by 2020. Over time, the four-year shakedown period would be
reduced as experience with CCS grows. For example, by 2025, plants might get only one year
after beginning to produce clectricity before CCS systems must be up and running.

We recognize that a target date of 2016 for implementing CCS at all new coal plants is
challenging. However, there is a growing consensus that CCS systems will be ready for
widespread commercial deployment by 2020 if not earlier.” Thus, requiring CCS operation
starting in 2016 would be an ambitious but achievable goal which underscores the national
commitment to controlling emissions from new coal plants.

To the extent some utilities consider a 2016 comphance date overly aggressive, our report
proposes giving plant developers a limited option (from 2008 to 2011) to begin constructing
traditional coal plants that do not capture and sequester CQ; provided they offset on a one-to-one
basis their CO; emissions by one or more of the following steps:

o Improving system-wide efficiency and lowering CO; emissions at existing plants

o Retiring existing coal or natural gas units that generate CO; emissions

o Constructing previously unplanned renewable fuel power plants representing up to 25
percent of the generation capacity of the new coal plant.

Similar approaches have been announced recently by utilities building new coal plants.®
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Benefits of an Emission Performance Standard
An emission performance standard would have several important bencfits.

First, carly across-the-board application of CCS — the most promising and perhaps only viable
emission control technology for ncw coal plants — would minimize the risk that substantial
emissions growth from these plants jeopardizes overall cmission reduction efforts, particularly as
morc stringent caps are triggered in the later years of a carbon control regime.

Second, by providing an expedited timetable for implementing CCS, an emission performance
standard would overcome the “CCS cost gap” that wili prcvent deployment until at least 2030
and perhaps even longer under anticipated cap-and-trade legislation. With a firm 2016 target date
for implementation, a performance standard offers an element of certainty that would otherwise
be lacking under a cap-and-trade program, where multiple uncertaintics (such as the price of
allowances, the cost of CCS and the reluctance of conservative utilities to invest in innovative
technologies without a “risk premium™) make the timing and scope of CCS implementation
difficult to predict or control.

Third, a national target date for capturing and storing CO; at new plants would send a clear
signal to plant developers and investors that CCS systems are a required feature of all new coal
plants. This would spur innovation and cost-reduction by technology vendors and utilities by
coneentrating resources on the remaining technical, cconomic and regulatory hurdles. It would
also provide public utility commissions (PUCs) with a stronger basis for authorizing CCS-
equipped plants; otherwise, PUCs could conclude that conventional cost plants are less costly
and risky for ratepayers until the price of carbon increases substantiaily.

Fourth, plants with CCS would enjoy public acceptance and would not carry the stigmma of
uncontrolled plants with high CO, emissions. Thus, resistance to new coal generation, which is
now derailing many proposed plants, would abate, enabling coal to play a more secure role in the
national energy mix.

Finally, it is in the economic interest of the U.S. to take the lead in developing CCS technology
and thereby speed its adoption by the rest of the world. Successfully deploying CCS in the U.S.
will create domestic jobs and give U.S. companies that develop these systems a leadership
position in satisfying the demand for clean coal in other countries, helping them capture a major
share of the billions of dollars that will be spent worldwide on coal plants between now and
2030.

Retrofitting of Existing Coal Plants

The emission performance standard would rot apply to existing coal-fired power plants. These
facilities do not pose the same risk of dramatically increasing overall CO; emissions over several
decades as new uncontrolled plants. Thus, the logic of requiring the best available control
technology carries less weight for existing plants than for new ones. At the same fimc, existing
plants obviously need to be controlled and — like other large CO; emitters — should be subject to



115

an economy-wide cap-and-trade program which progressively lowers national greenhouse gas
emissions. Retrofitting these plants with CCS should be an important cmission reduction option
under this program but not a required compliance strategy since the costs and technical
challenges of CCS retrofits are not yet fully understood and other reduction strategies (including
energy efficiency and renewable energy technologies) may be more cost-cffective.

Drawbacks of CCS Incentive Programs

In our two reports, we compare the certainty of an emission performance standard with other
approaches that that create incentives for the construction of CCS plants but do not require
adoption of CCS technology. One such approach is the program of bonus allowances that would
be authorized by Senator Bingaman’s bill, S. 1766. This program would use bonus allowances
to offset the cost differential between plants with CCS and uncontrolled coal plants and thereby
attempt to persuade utilities to build CCS plants although they are not required to do so.

We demonstrate in The Path to Cleaner Coal that the cmission performance approach is more
effective and less costly than a bonus allowance program for a number of reasons. First, becausc
their value depends on future market conditions, bonus allowances are an imprecise tool that
could either provide inadequate incentives to plant developers or overshoot the mark and provide
them with unjustified windfalls. Second, because CCS would not be rcquired, bonus allowances
would not only need to close the cost gap between plants with and without CCS systems but
include a premium to overcome non-pricc barriers such as industry reluctance to assume the risk
of new technologies. This would inflate costs unnccessarily, as our analysis of S. 1766 shows.
Finally, utilities will probably not sell bonus allowances in the open market but use them to
offset emissions from existing plants or even from new plants without CCS systems. This would
delay emission reductions from the utility sector, put upward pressure on allowance prices and
increase emission reduction obligations and costs for other industrial sectors.

Offsetting Economic Impacts

An emissions performance standard would increase the price of electricity because of the
reduced plant cfficiency and increased construction and operational costs associated with carbon
capture technology. As shown in Table I, this increase is estimated by the state of Wisconsin,
MIT, and EPA to be on the order of 20 percent to 40 percent for IGCC plants with CCS units and
considerably higher for CCS-equipped SCPC units.*!

The predicted higher costs of electricity from plants with CCS units may be ameliorated by
several factors. First, for some power plants, the injection of CO; in oil or gas wells will increase
production of these fuels, creating a revenue stream that partially or totally offsets the mcreased
costs of capture and storage. Second, with advances in technology, IGCC and PC plams will
achieve an even greater energy efficiency advantage over conventional PC plants now in service,
offsetting a greater portion of the loss of efficiency from carbon capture. Third, the technology
for capturing carbon will itself become more cost effective, imposing less of an cfficiency
penalty on electricity generation. (Experience with other emission reduction programs has shown
that, beeause of technological innovation, actual compliance costs turn out to be lower than
predicted by government or industry before-the-fact). Finally, in the initial years, new plants

12
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would provide only a relatively small portion of the power generated by the utility sector, with
the balance coming from lower-cost existing plants. Thus, when spread across the entire U.S.
rate base, the increases in electricity rates would be negligible.

Nonetheless, a strong case ean be made for coupling an emission performance standard with a
program of financial assistance to utilities that closes the cost gap between CCS systems and
non-CCS generation. Without financial assistance, the combination of a declining cap for
existing plants and a CCS requirement for new plants would disproportionatcly burden power
generation systems that rely heavily on coal. Since the benefits of CCS systems in preventing
CO; emissions will be realized by all regions, the costs should arguably be bome equally at the
national level and not be imposed solely on regions that produce or use coal. Morcover, there is a
strong national imperative to develop CCS technologies as quickly as possible so that CCS plants
can play a role in meeting energy demand growth and start replacing older inefficient coal-fired
plants in a carbon-constrained world. Programs that reduce the financial risks and uncertainties
of building CCS plants in the early years can secure commitments from otherwise rcluctant
investors and assure that coal remains a vital and viable part of the national fuel mix.

Global Warming and the Future of Coal recommends providing plant developers with a package
of financial incentives, including tax credits and grants, that cover the added costs of building
and operating coal-fired power plants with CCS systems under a cap-and-trade program. The
size of these incentives would reflect the difference between the prevailing CO; allowance price
and the cost per ton of capturing and storing plant emissions. As this difference narrows because
of rising allowance prices or reductions in the costs of CCS, the level of financial assistanee to
the plant developer would decline proportionately. Thus, plants built in the early years would
receive more assistance than plants built later on.

A number of the proposcd climate bills require the auctioning of emissions allowances, with the
auction revenues used to fund new technologies or to offset the costs to industries and consumers
of climate-related requirements. One use for auction revenues could be to offset the higher costs
of coal plants that employ CCS systems. Under a cap-and-trade program, owners of existing
coal plants would be heavy allowance purchasers because of their large CO; emissions.
Redistributing auction revenues to these owners if they build low carbon coal plants would serve
the dual purposes of reducing their need for allowances (by helping to retire high-emitting
plants) and providing econosnic relief to their customers (by cushioning them from increases in
the cost of electricity).

As an alternative to auction proceeds, an incentive program for CCS plants could be funded by a
uniform per kilowatt “wires charge” on retail electricity sales implemented at the federal level or
by diverting a portion of general tax revenues. Phasing out existing federal subsidy programs for
*“clean coal” could reduce the overall demand on these funding sources.

As a starting point for diseussion, Global Warming and the Future of Coal proposes that
financial incentives for CCS plants should initially cover 20 percent of total construction costs
(including the base-plant and add-on CCS capability) plus an ongoing subsidy for operating
costs. This 20 percent cost recovery would be available for all new coal plants for which
construction is commenced between now and 2012. The share of construction costs eligible for
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recovery would then begin dropping until the incentives are phased out. The cost of such a
program would likely be in the range of $36 billion spread over 18 years, or about $2 billion a
year, based on projcctions that 80 gigawatts of new coal-fired capacity with CCS systems will be
built between now and 2025. Additional subsidies to cover operating costs would be available to
the extent these costs exceed the costs of power from a plant that does not capture and sequester
emissions. This subsidy might take the form of a $/kW production tax credit which is adjusted
over time.

We welcome feedback on our proposal and encourage further analysis and modeling to
determine how best to design a program of financial incentives that closes the CCS “cost gap”
and stimulates investments in new CCS-equipped plants but is cost-effective and narrowly
targeted.

Creating the Legal and Technical Foundation for CCS

Importantly, a national target date for capturing and storing CO; at new coal plants will not be
achievable without a parallel effort to create a durable and credible legal and technical
foundation for CCS. This is a job for Congress and it should receive the highest priority.

Energy legislation passed earlier this year in both bodies would significantly accelerate the
research and development programs required for CCS to be successfully deployed on a
widespread basis. As recommended in the MIT report, this lcgislation would authorize a small
number of federally funded demonstration projects for different carbon capture technologies at
IGCC and PC plants.* It would also authorize, in keeping with another MIT recommendation, a
concerted demonstration program to determine the large-scale viability of different types of
underground storage repositories and to assess the likelihood and scale of CO; leakage. Finally, a
comprehensive inventory of potential storage rescrvoirs, building on existing DOE efforts, would
be conducted.

Congress has made less progress in providing new authority and funding to EPA to develop a
regulatory recgime that establishes guidelines for scquestration site investigation, selection and
permitting, monitoring of emissions and modeling of underground CO; migration and issuance
of permits to entities responsible for CO; transportation and storage. This gap should be closed
as soon as possible, perhaps before comprehensive climate legislation is enacted.

Since CO; injection at most sites will end after two or three decades, clearly defined liability and
ownership rules will be required to delineate who bears long-term responsibility for effective
CO; storage and remedial action if leaks occur at these sites. Some states, such as Texas, have
decided to transfer ownership of post-injection sites to government bodies, but most other states
have yet to set liability rules. Congress must develop a national liability framework for CCS sites
as soon as possible. The absence of such a framework has created - and will create —

substantial impediments to investment in CCS, notwithstanding general agreement that the risks
to health and the environment of long-term COs storage are probably negligible.

14
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Conclusion

Bold action by the U.S. Congress to put in place an emission performance standard for new coal-
fired power plants would demonstrate leadership in addressing global warming and build a
technological and regulatory foundation that countrics such as China and India could emulate as
they attempt to tackle the risk of giobal warming without stifling economic growth. 1t would
speed development and deployment of CCS technology in the U.S. and around the globc and
prevent emissions growth that would jeopardize attainment of emission reduction goals. Finally,
an cmission performance standard that requires CCS systems for all new coal plants would
assure coal a secure and important role in the future U.S. energy mix by establishing a clear path
forward for coal in a carbon constrained world.

Again, we appreciate this opportunity to present our views to the Committee.

15
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The CHAIRMAN. And our final witness is Mr. Stuart Dalton, who
is Director for the Generation sector of the Electric Power Research
Institute. Mr. Dalton is a leading expert on coal-fired generation
and carbon capture and storage. Among other efforts in this
sphere, Mr. Dalton led EPRI’s contribution to the National Coal
Council’s report on CCS and the Coal Utilization Council’s—Re-
search Council’s technology roadmap.

We welcome you, sir. Whenever you are ready, please begin.

STATEMENT OF STUART DALTON

Mr. DALTON. Thank you, Mr. Chairman, members of the Com-
mittee. I appreciate the opportunity to speak today before the Com-
mittee. We believe that the—through the development and deploy-
ment of advanced coal plants with integrated CO; capture and stor-
age coal power can be part of the solution to addressing both our
growing energy needs, needs for energy independence, and for the
global climate change concerns. However, we believe a sustained
RD&D program at greater levels of investment and resolution of
legal and regulatory unknowns for long-term CO; storage will be
required to achieve the technologies.

In direct response to a couple of the questions that were posed
earlier by the Committee, I would suggest that if you use today’s
technology it would probably increase the cost of a conventional
pulverized coal plant, assuming you were scaling up with current
technology and took that risk, by some 60 to 80 percent increase
in the wholesale cost of power.

And if you put it on a gasification plant using today’s technology,
that might be a 40 to 50 percent increase in wholesale cost of
power. That is to the how much question.

As to the when question, certainly it is heavily debated. We have
heard different comments on when, but three to five years to build
it, three to five years to inject, and three to five years to monitor
adds up to a significant amount of time. And that is one of the
questions is: when could these be built and proven in operation?

We have a program that has been developed with about 60 orga-
nizations from five continents working, which has laid out an
RD&D program to move the technology forward. We see crucial
roles for industry and governments worldwide in aggressively pur-
suing carbon capture and storage.

A couple of key points from my written submission. Advanced
coal technology powerplants, with the integrated capture and stor-
age, will be crucial to the U.S. The availability of advanced tech-
nologies could dramatically reduce the projected increases in cost
of wholesale electricity under a carbon cap, thereby saving the U.S.
economy as much as $1 trillion by 2050 in our estimation.

The program has identified pathways to demonstrate by 2025 a
portfolio of attractive, highly efficient power, and integrated tech-
nologies. We see that with an aggressive program multiple large-
scale capture and storage demonstrations by the middle of next
decade, and some commercial applications starting around 2020.

It will take additional sustained efforts past the first applications
to take the test technology down the learning curve in cost. We
have identified RD&D that is in the testimony of $8 billion between
now and 2017, and $17 billion by 2025, needs to begin immediately
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to fully test that scale. We believe that the House Bill 3221 ap-
pears to be consistent with some of these recommendations.

Major non-technical barriers must be addressed as well, such as
CO> storage and liability. Potential sale of CO, to EOR may help
some of the early applications in specific localities, as we have
heard. But we believe ultimately that the primary economic driver
will be the value of carbon emissions that results from any future
climate policy.

We have just produced a study—I hold it in my hand—Elec-
tricity: The Power to Reduce CO, Emissions, and a companion
study earlier this year, Electricity Technology in a Carbon-Con-
strained Future. Emissions over the next 25 years could be reduced
in our estimation. The study shows the largest single contributor
is reduction by CCS technologies. It also showed that generation ef-
ficiency enhancements can contribute significantly. Those two are
the actual largest contributors to reduction in CO; in this study.

It shows that U.S. generation mix based on a full portfolio of
technologies, including advanced coal technologies, integrated with
CCS, and advanced lightwater reactors, results in a wholesale re-
duction of cost of $1 trillion with a stronger manufacturing econ-
omy. The portfolio aspect is critical, because no single advanced
coal technology or any generating technology has clear-cut eco-
nomic advantages in each region, with each coal, and across the
range of applications.

We want to see how we can minimize economic disruption, and
that, we believe, lies in the full portfolio of technologies. The four
areas are: increasing efficiency and reliability of integrated gasifi-
cation combined cycle powerplants, as well as cost reductions; in-
creasing thermodynamic efficiency of coal-fired powerplants, as was
said by Mr. Morris; improving technologies for capture of COy; reli-
able, acceptable technologies for long-term storage; and providing
the financial mechanisms to share risk.

In short, a comprehensive program is what is needed. We thank
you for the opportunity.

[The prepared statement of Mr. Dalton follows:]
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Introduction

Thank you, Mr. Chairman, Ranking Member Sensenbrenner, and Members of the
Committee. [ am Stuart Dalton, Director of Generation for the Electric Power Research
Institute (EPRI), a non-profit, collaborative R&D organization. EPRI has principal
locations in Palo Alto, California, Charlotte, North Carolina, and Knoxville, Tennessee.
EPRI appreciates the opportunity to provide testimony to the Committee on the topic of
the future of coal under carbon cap and trade.

Coal is the energy source for half of the electricity generated in the United States. Even
with the aggressive development and deployment of alternative energy sources,
numerous forecasts of energy use predict that coal will continue to provide a major share
of our electric power throughout the 21st century. Coal is a stably priced, affordable,
domestic fuel that can be used in an environmentally responsible manner. Criteria air
pollutants from all types of new coal power plants have been reduced by more than 90%
compared with plants built 40 years ago. Through the development and deployment of
advanced coal plants with integrated CO; capture and storage (CCS) technologies, coal
power can become part of the solution to satisfying both our energy needs and our global
climate change concerns. However, a sustained RD&D program at heightened levels of
investment and the resolution of legal and regulatory unknowns for long-term geologic
CO; storage will be required to achieve the promise of clean coal technologies. The
members of EPR1’s CoalFleet for Tomorrow® program—a research collaborative
comprising more than 60 organizations representing international power generators,
equipment suppliers, government research organizations, coal and oil companies, and a
railroad—see crucial roles for both industry and governments worldwide in aggressively
pursuing collaborative RD&D over the next 20+ years to create a full portfolio of
commercially self-sustaining, competitive advanced coal power generation and CCS
technologies.

Page 1 of 28
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The key points I will make today include:

* Advanced coal power plant technologies with integrated CO; capture and storage
(CCS) will be crucial to lowering U.S. electric power sector CO, emissions. They will
also be crucial to substantially Jowering world CO, emissions as well.

o The availability of advanced coal power and integrated CCS technologies could
dramatically reduce the projccted increases in the cost of wholesale electricity under a
carbon cap, thereby saving the U.S. economy as much as $1 trillion by 2050.

e EPRI’s CoalFleet for Tomorrow® program has identified the RD&D pathways to
demonstrate, by 2025, a full portfolio of economically attractive, commercial-scale
advanced coal power and integrated CCS technologies suitable for use with the broad
range of U.S. coal types. Some technologies will be ready for some fuels sooncr, but
the economic benefits of competition will not be realized until the full portfolio is
developed.

® The identified RD&D is estimated to cost $8 billion between now and 2017 and $17
billion cumulatively by 2025, and we need to begin immediately to ensure that these
climate change solution technologies will be fully tested at scale by 2025.

* Major non-technical barriers must be addressed before CCS can become a
commercial reality, including resolution of regulatory and long-term liability
uncertainties.

e Potential sale of CO; captured from coal power plants for enhanced oil recovery
(EOR) could help the economics of early CCS applications in “oil patch” areas—with
the added benefit of increasing U.S. oil production—but the value of such sales in
offsetting CCS costs would likely diminish over time as wider CCS deployment (i.e.,
COs supply) depressed market prices and CO,-EOR applications reach saturation. At
the scale that CCS needs to be deployed to help achieve atmospheric CO;
stabilization at an acceptable level, EPRI belicves that the primary economic driver
for CCS will be the value of carbon that results from a future climate policy.

The Role of Advanced Coal Generation with CO, Capture and Storage
in a Carbon-Constrained Future

EPRI’s “Electricity Technology in a Carbon-Constrained Future” study suggests that it is
technically feasible to reduce U.S. electric sector CO; emissions by 25-30% relative to
current emissions by 2030 while meeting the increased demand for electricity. The study
showed that the largest single contributor to emissions reduction would come from the
integration of CCS technologies with advanced coal-based power plants coming on-line
after 2020.

Economic analyses of scenarios to achieve the study’s emission reduction goals show that
in 2050, a U.S. electricity generation mix based on a full portfolio of technologies,
including advanced coal technologies with integrated CCS and advanced light water
nuclear reactors, results in wholesale electricity prices at less than half of the wholesale
electricity price for a generation mix without advanced coal/CCS and nuclear power. In
the case with advanced coal/CCS and nuclear power, the cost to the U.S. economy of a
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CO; emissions reduction policy is $1 trillion less than in the case without advanced
coal/CCS and nuclear power, with a much stronger manufacturing sector. Both of these
analyses are documented in the 2007 EPRI Summer Seminar Discussion paper, “The
Power to Reduce CO; Emissions — the Full Portfolio,” available at http://epri-
reports.org/DiscussionPaper2007.pdf.

Accelerating RD&D on Advanced Coal Technologies with CO, Capture

and Storage—Investment and Time Requirements

The portfolio aspect of advanced coal with integrated CCS technologies must be
emphasized because no single advanced coal technology (or any generating technology)
has clear-cut economic advantages across the range of U.S. applications. The best
strategy for meeting future electricity needs while addressing climate change concems
and minimizing economic disruption lics in developing a full portfolio of technologics
from which power producers (and their regulators) can choose the option best suited to
local conditions and preferences and provide power at the lowest cost to the customer.
Toward this end, four major technology efforts related to CO, emissions reduction from
coal-based power systems must be undertaken:

1. Increased efficiency and reliability of integrated gasification combined eycle (IGCC)
power plants
2. Increased thermodynamic efficiency of pulverized-coal (PC) power plants

3. Improved technologies for capture of CO; from coal combustion- and gasification-
based power plants

4. Reliable, acceptable technologies for long-term storage of captured CO,

Identification of mechanisms to share RD&D financial and technical risks and to address
legal and regulatory uncertainties must take place as well.

In short, a comprehensive recognition of all the factors needed to hasten deployment of
competitive, commercial advanced coal and integrated CQO, capture and storage
technologies—and implementation of realistic, pragmatic plans to overcome barriers—is
the key to meeting the challenge to supply affordable, environmentally responsible
energy in a carbon-constrained world.

A typical path to develop-a technology to commercial maturity consists of moving from
the conceptual stage to laboratory testing, to small pilot-scale tests, to larger-scale tests,
to multiple full-scale demonstrations, and finally to deployment in full-scale commercial
operations. For capital-intensive technologies such as advanced coal power systems, each
stage can take years or even a decade fo complete, and each sequential stage entails
increasing levels of investment. As depicted in Figure 1, several key advanced coal
power and CCS technologies are now in (or approaching) an “adolescent” stage of
development. This is a time of particular vulnerability in the technology development
cycle, as it is common for the expected costs of full-scale application to be higher than
earlier estimates when less was known about scale-up and application challenges. Public
agency and private funders can become disillusioned with a technology development
effort at this point, but as long as fundamental technology performance results continue to
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meet expectations, and a path to cost reduction is clear, perseverance by project sponsors
in maintaining momentum is crucial.

Unexpectedly high costs at the mid-stage of technology development have historically
come down following market introdnction, experience gained from “learning-by-doing,”
realization of economies of scale in design and production as order volumes rise, and
removal of contingencies covering uncertainties and first-of-a-kind costs. An
International Energy Agency study led by Carnegie Mellon University (CMU) observed
this pattern of cost-reduction-over-time for power plant environmental controls, and
CMU predicts a similar reduction in the cost of power plant CO; capture technologies as
the cumulative installed capacity grows.’ EPRI concurs with their expectations of
experience-based cost reductions and believes that RD&D on specifically identified
technology refinements can lead to greater cost reductions sooner in the deployment
phase.

Anticipated Cost of Full-Scale Appiication

Time

Figure 1 - Model of the development status of major advanced coal and CO, capture and
storage technologies {temperatures shown for pulverized coal technologies are turbine
inlet steam temperatures)

Of the coal-based power generating and carbon sequestration technologies shown in
Figure 1, only supercritical pulverized coal (SCPC) technology has reached commercial
maturity. It is crucial that other technologies in the portfolio—namely ultra-supereritica
{USC) PC, integrated gasification combined cyele (1GCC), CO; capture (pre-combustien,
post-combustion, and oxy-combustion), and CO; storage—be given sufficient support to
reach the stage of declining constant dollar costs before society's requirements for

greenhouse gas reductions compel their application in large numbers.

" IEA Greenhouse Gas R&D Programme (IEA GHG), "Estimating Future Trends in the Cost of CO, Capture
Tachnologles,” 2008/5, January 2008.
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Figure 2 depicts the major activities in each of the four technology areas that must take
place to achieve a robust set of integral advanced coal/CCS solutions, Important, but not
shown in the figure, are the interactions between RD&D activities. For example, the ion
transport membrane (ITM) oxygen supply technology shown under IGCC can also be
applied to oxy-combustion PC units. Further, while the individual goals related to
efficiency, CO, capture, and CO; storage present major challenges, significant challenges
also arise from complex interactions that oceur when CO; capture processes are
integrated with gasification- and combustion-based power plant processes.

Advanced Coal Plant Performance — Pulverized Coal:
BB e o o FBTRHY EES w0 w WL FREVL e v »
T USC af »YI00°F w/ capture module
ofion, & operation of NIE USC 21 1200-1300°F wi capiure:

Advanced Coal Plant Performance ~ IGC
01 £ and exy-combustion}

3 EE
&ﬂ;é;:-@s@ W m}%fggrg GT davelopmant {G/H-class}
¢ Hy GO, capture & storags andior Feclass commersial projects

(G demes

Boomb capiure {piot as ready & demo in UltraGer I}
MW deme & intogration in UltvaGen §

C0, Caplure Techmuologie:

Cxy-combustion: muifipk
arators for pre-comb, caplure (piof & demo as ready}

Carbon Storage: )

Source: The Power to Redvwce COZ Emissions — the Full Poryfolio,” htp Vepri-
reports.org/DiscussionPaper 2007 pdf

Figure 2 ~ Timing of advanced coal power system and CO, capture and storage RD&D
activities and milestones

Reducing CO, Emissions Through Improved Coal Power Plant
Efficiency—A Kev Compaunion to CCS that Lowers Cost and Eneray

Requirements

Improved thermodynamic efficiency reduces CO, emissions by reducing the amount of
fuel required to generate a given amount of electricity. A two-percentage point gain in
efficiency provides a reduction in fuel consumption of roughly 5% and a similar
reduction in flue gas and CO; output. Because the size and cost of CO; capture
equipment is determined by the volume of flue gas to be treated, higher power block
efficiency reduces the capital and energy requirements for CCS. Depending on the
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technology used, improved cfficiency can also provide similar reductions in criteria air
poliutants, hazardous air pollutants, and water consumption.

A typical baseloaded 500 MW (net) coal plant emits about 3 million metric tons of CO;
per year. Individual plant emissions vary considerably given differences in plant steam
cycle, coal type, capacity factor, and operating regimes. For a given fuel, however, a new
supercritical PC unit built today might produce 5~10% less CO; per megawatt-hour
(MWh) than the existing fleet average for that coal type.

With an aggressive RD&D program on efficiency improvement, new ultra-supercritical
(USC PC) plants could reduce CO; emissions per MWh by up to 25% relative to the
existing flect average. Significant efficiency gains are also possible for IGCC plants by
employing advanced gas turbines and through more energy-efficient oxygen plants and
synthesis (fuel) gas cleanup technologies.

EPRI and the Coal Utilization Research Council (CURC), in consultation with DOE,
have identificd a challenging but achievable set of milestones for improvements in the
efficiency, cost, and emissions of PC and coal-based IGCC plants. The EPRI-CURC
Roadmap projects an overall improvement in the thermal efficiency of state-of-the art
generating technology from 38-41% in 2010 to 44-49% by 2025 (on a higher heating
value [HHV] basis; see Table 1). As Table 1 indicates, power-block efficiency gains (i.e.,
without capture systems) will be offset by the energy required for CO; capture, but as
noted, they are important in reducing the overall cost of CCS. Coupled with opportunities
for major improvements in the energy efficiency of CO; capture processes per se,
aggressive pursuit of the EPRI-CURC RD&D program offers the prospect of coal power
plants with CO; capture in 2025 that have net efficiencies meeting or exceeding current-
day power plants without CO; capturc.

It is also important to note that the numeric ranges in Table 1 are not simply a reflection
of uncertainty, but rather they underscore an important point about differences among
U.S. coals. The natural variations in moisture and ash content and combustion
characteristics between coals have a significant impact on attainable efficiency. An
advanced coal plant firing Wyoming and Montana’s Powder River Basin (PRB) coal, for
example, would likely have an HHV efficiency two percentage points lower than the
efficiency of a comparable piant firing Appalachian bituminous coals. Equally advanced
plants firing lignite would likely have efficiencies two percentage points lower than their
counterparts firing PRB. Any government incentive program with an efficiency-based
qualification criterion should recognize these inherent differences in the attainable
efficiencies for plants using different ranks of coal.

Table 1 — Efficiency Milestones in EPRI-CURC Roadmap

2010 i 2015 2020 2025
PC & 1GCC Systems 38-41% HHV 39-43% HHV 42-46% HHV 44-49% HHV
(Without CO; Caprure)
PC & IGCC Systems 31-32% HHV 31-35% HHV 33-39% HHV 39-46% HHV
(With CO; Capture*)

*Efficiency values reflect impact of 90% CO; capture, but not compression or transportation.
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New Plant Efficiency Improvements—IGCC

Although IGCC is not yet a mature technology for coal-fired power plants, chemical
plants around the world have accumulated a 100-ycar experience base operating coal-
based gasification units and related gas cleanup processes. The most advanced of these
units are similar to the front end of a modern IGCC facility. Similarly, several decades of
experience firing natural gas and pctroleum distillate have established a high level of
maturity for the basic combined cycle generating technology. Nonetheless, ongoing
RD&D continues to provide significant advances in the base technologies, as well as in
the suite of technologies used to integrate them into an IGCC gencrating facility.

Efficiency gains in currently proposed 1GCC plants will come from the usc of new “FB-
class” gas turbines, which will provide an overall plant efficiency gain of about 0.6
percentage point (relative to IGCC units with FA-class models, such as Tampa Electric’s
Polk Power Station). This corresponds to a decrease in the rate of CO; emissions per
MWh of about 1.5%. Alternatively, this means 1.5% less fuel is required per MWh of
output, and thus the required size of pre-combustion water-gas shift and CO, separation
cquipment would be slightly smaller.

Figure 3 depicts the anticipated timeframe for further developments identified by EPRI’s
CoalFleet for Tomorrow® program that promise a succession of significant
improvements in IGCC unit efficiency. Key technology advances under development
include:

e larger capacity gasifiers (often via higher operating pressures that boost throughput
without a commensurate increase in vessel size)

¢ integration of new gasifiers with larger, more efficient G- and H-class gas turbines

¢ use of ion transport membrane or other more cnergy-efficient technologics in oxygen
plants

¢ warm synthesis gas cleanup and membrane separation processes for CO; capture that
reduce encrgy losses in these areas

e recycle of liquefied CO; to replace water in gasifier feed slurry (reducing heat loss to
water cvaporation)

e hybrid combined cycles using fuel cells to achieve generating effieicncies exceeding
those of conventional combined cycle tcchnology

Improvements in gasifier reliability and in control systems also contribute to improved
annual average efficiency by minimizing the number and duration of startups and
shutdowns.
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Figure 3 ~ RD&D path for capital cost reduction (falling arrows) and efficiency
improvement {rising arrows) for IGCC power plants with $0% CO, capture
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Pittsburgh #8 bituminous coal; cost normalization using Chemical Enginsering Plant Cast Index or
equivalent. A simifar trend is observed in analyses of dry-fed gasifiers using Power River Basin
subbluminous coal, aithough the absolute values vary somewhat from those shown,

Counteracting Gas Turbine Output Loss at High Elevations. IGCC plants designed
for application in high-elevation locations must account for the natural reduction in gas
turbine power output that occurs where the air is thin. This phenomenon is rooted in the
fundamental volumetric flow limitation of 2 gas turbine, and can reduce power output by
up to 15% at an elevation of 5000 feet (relative to a comparable plant at sea level). EPRI
is exploring measures to counteract this power loss, including inlet air chilling (a
technique used at natural gas power plants to mitigate the power loss that comes from
thinning of the air on a hot day) and use of supplemental burners between the gas turbine
and steam turbine to boost the plant’s steam turbine section generating capacity.

Larger, Higher Firing Temperature Gas Turbines. For plants coming on-line around
20135, the larger size G-class gas turbines, which operate at higher firing temperatures
(relative to F-class machines) can improve efficiency by 1 to 2 percentage points while
also decreasing capital cost per kW capacity. The H-class gas turbines coming on-line in
the same timeframe, which also feature higher firing temperatures as well as steam-based
internal cooling of hot turbine components, will provide a further increase in efficiency
and capacity.
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Ion Transport Membrane-Based Oxygen Plants. Most gasifiers used in IGCC plants
require a large quantity of high-pressure, high purity oxygen, which is typically generated
on site with an expensive and energy-intensive cryogenic process. The ITM process
allows the oxygen in high-temperature air to pass through a membrane while preventing
passage of non-oxygen atoms. According to developers, an [TM-based oxygen plant
consumes 35-60% less power and costs 35% less than a cryogenic plant. EPRI is
performing a due diligence assessment of this technology in advance of potential
participation in technology scale-up efforts.

Supercritical Heat Recovery Steam Generators. In IGCC plants, hot exhaust gas
exiting the gas turbine is ducted into a heat exchanger known as a heat recovery steam
generator (HRSG) to transfer energy into water-filled tubes producing steam to drive a
steam turbine. This combination of a gas turbine and steam turbine power cycles
produces electricity more efficiently than either a gas turbine or steam turbine alone. As
with conventional steam power plants, the efficiency of the steam cycle in a combined
cycle plant increases when turbine inlet steam temperature and pressure are increased.
The higher exhaust temperaturcs of G- and H-class gas turbines offer the potential for
adoption of more-efficient supercritical steam cycles. Materials for use in a supercritical
HRSG are generally established, and thus should not pose a barrier to technology
implementation once G- and H-class gas turbines become the standard for IGCC designs.

Synthesis Gas Cleaning at Higher Temperatures. The acid gas recovery (AGR)
processes currently used to remove sulfur compounds from synthesis gas require that the
gas and solvent be cooled to about 100°F, thereby causing a loss in efficiency. Further
costs and efficiency loss are inherent in the process equipment and auxiliary steam
required to recover the sulfur compounds from the solvent and convert them to useable
products. Several DOE-sponsored RD&D efforts aim to reduce the energy losses and
costs imposed by this recovery process. These technologies (described below) could be
ready—with adequate RD&D support—by 2020:

o The Seclective Catalytic Oxidation of Hydrogen Sulifide process eliminates the Claus
and Tail Gas Treating units, along with the traditional solvent-based AGR contactor,
regenerator, and heat exchangers, by directly converting hydrogen sulfide (H,S) to
clemental sulfur. The process allows for a higher operating temperature of
approximately 300°F, which eliminates part of the low-temperature gas cooling train.
The anticipated benefit is a net capital cost reduction of about $60/kW along with an
efficiency gain of about 0.8 percentage point.

o The RTI/Eastman High-Temperature Desulfurization System uses a regenerable dry
zinc oxide sorbent in a dual loop transport reactor system to convert HaS and COS to
H,0, CO;, and SO;. Tests at Eastman Chemical Company have shown sulfur species
rcmoval rates above 99.9%, with 10 ppm oatput versus 8000+ ppm input sulfur, using
operating temperatures of 800-1000°F. This process is also being tested for its ability
to provide a high-pressure CO; by-product. The anticipated benefit for IGCC,
compared with using a standard oil-industry process for sulfur removal, is a net
capital cost reduction of $60-90 per kW, a thermal efficiency gain of 2-4% for the
gasification process, and a slight reduction in operating cost. Tests are also under way
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for a multi-contaminant removal processes that can be integrated with the transport
desulfurization system at temperatures above 480°F.

Liquid CO,-Coal Slurrying for Gasification of Low-Rank Coals. Future IGCC plants
with CCS may recycle some of the recovered liquid COs to replace water as the slurrying
medium for the coal feed. This is expected to increase gasification effieiency for all coals,
but particularly for subbituminous coal and lignite, which have naturally high moisture
contents. The liquid CO; has a lower heat of vaporization than water and is able to carry
more coal per unit mass of fluid. The liquid COs-coal slurry will flash almost
immediately upon entering the gasifier, providing good dispersion of the coal particles
and potentially yielding the higher performance of a dry-fed gasifier with the simplieity
of a slurry-fed system.

Traditionally, slurry-fed gasification technologies have a cost advantage over
conventional dry-fed fuel handling systems, but they suffer a large performance penalty
when used with coals containing a large fraction of water and ash. EPRI identified CO,
coal slurrying as an innovative fuel preparation concept 20 years ago, when IGCC
technology was in its infancy. At that time, however, the cost of producing liquid CO,
was too high to justify the improved thermodynamic performance. Requirements for CCS
change that, as it will substantially reduce the incremental cost of producing a liquid CO,
stream.

To date, CO;-coal slurrying has only been demonstrated at pilot scale and has yet to be
assessed in feeding coal to a gasifier, so the estimated performance benefits remain to be
confirmed. It will first be necessary, however, to update previous studies to quantify the
potential benefit of liquid CO: slurries with IGCC plants designed for CO; capture. If the
predicted benefit is economically advantageous, a significant amount of scale-up and
demonstration work would be required to qualify this technology for commercial use.

Fuel Cells and IGCC. No matter how far gasification and turbine technologies advance,
IGCC power plant efficiency will never progress beyond the inherent thermodynamic
limits of the gas turbine and steam turbine power cycles (along with lower limits imposed
by available materials technology). Several 1IGCC~fuel cell hybrid power plant concepts
(IGFC) aim to provide a path to coal-based power generation with net efficiencies that
exceed those of conventional combined cycle generation.

Along with its high thermal efficiency, the fuel cell hybrid cycle reduces the energy
consumption for CO; capture. The anode section of the fuel cell produces a stream that is
highly concentrated in CO,. After removal of water, this stream can be compressed for
sequestration. The concentrated CO; stream is produced without having to include a
water-gas shift reactor in the process (see Figure 4). This further improves the thermal
efficiency and decreases capital cost. IGFC power systems are a long-term solution,
however, and are unlikely to see full-scale demonstration until about 2030.
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Figure 4 — Schematic of fuel cell-turbine hybrid

Rele of FutureGen. The FutureGen Industrial Alliance and DOE are building a first-of-

its-kind, near-zero emissions coal-fed IGCC power plant integrated with CCS. The

commencement of full-scale operations is targeted for 2013. The project aims to

sequester CO; in a representative geologic formation at a rate of at least one million

metric tons per year,

The FutureGen design will address scaling and integration issues for coal-based, zero

emissions IGCC plants. In its role as a “living laboratory,” FutureGen is designed to

validate additional advanced technologies that offer the promise of clean environmental

performance at a reduced cost and increased reliability. FutureGen will have the

flexibility to conduct full-scale and slipstream tests of such scalable advanced

technologies as:

® Membrane processes to replace cryogenic separation for oxygen production

e Anadvanced transport reactor sidestream with 30% of the capacity of the main
gasifier

»  Advanced membrane and solvent processes for Hy and CO; separation

® A raw gas shift reactor that reduces the upstream clean-up requirements

e Ultra-low-NOy combustors that can be used with high-hydrogen synthesis gas

s A fuel cell hybrid combined cycle pilot

e  Challenging first-of-a-kind system integration

»  Smart dynamic plant controls including a CO» management system

Figure 5 provides a schematic of the “backbone” and “research platform” process trains
envisioned for the FutureGen plant.
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Figure 5 - FutureGen technology platforms

Figure 6 summarizes EPRI’s recommended major RD&D activities for improving the
efficiency and cost of IGCC technologies with CO; capture.
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Figure 6§ — Timing of advanced IGCC and CO, capture integration RD&D activities and
milestones

Mew Plant Efficiency Improvements — Advanced Pulverized Coal

Pulverized-coal power plants have long been a primary source of reliable and affordable
power in the United States and around the world. The advanced level of maturity of the
technology, along with basic thermodynamic principles, suggests that significant
efficiency gains can most readily be realized by increasing the operating temperatures
and pressures of the steam cycle. Such increases, in turn, can be achieved only if there is
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adequate development of suitable materials and new boiler and steam turbine designs that
allow use of higher steam temperatures and pressures.

Current state-of-the-art plants use supercritical main steam conditions (i.e., temperature
and pressure above the “critical point” where the liquid and vapor phases of water are
indistinguishable). SCPC plants typically have main steam conditions up to 1100°F. The
term “ultra-supercritical” is used to describe plants with main steam temperatures in
excess of 1 100°F and potentially as high as 1400°F.

Achieving higher steam temperatures and higher cfficiency will require the development
of new corrosion-resistant, high-temperature nickel alloys for use in the boiler and steam
turbine. In the United States, these challenges are being address by the Ultra-Supercritical
Materials Consortium, a DOE R&D program involving Energy Industries of Ohio, EPRI,
the Ohio Coal Development Office, and numerous equipment suppliers. EPRI provides
technical management for the consortium. Results are applicable to all ranks of coal. As
noted, higher power block efficiencies translate to lower costs for post-combustion CO,
capture equipment.

It is expected that a USC PC plant operating at about 1300°F will be built during the next
seven to ten years, following the demonstration and commercial availability of advanced
materials from these programs. This plant would achieve an efficiency (before
installation of CO; capture equipment) of about 45% (HHV) on bituminous coal,
compared with 39% for a current state-of-the-art plant, and would reduce CO» production
per net MWh by about 15%.

Ultimately, nickel-base alloys arc expected to enable stream temperatures in the
neighborhood of 1400°F and pre-capture generating efficiencies up to 47% HHV with
bituminous coal. This approximately 10 percentage point improvement over the
efficiency of a new subcritical pulverized-coal plant would equate to a decrease of about
25% in CO; and other emissions per MWh. The resulting saving in the cost of
subsequently installed CO, capture equipment is substantial.

Figure 7 illustrates a timeline developed by EPRI’s CoalFleet for Tomorrow® program
to establish efficiency improvement and cost reduction goals for USC PC plants with
CO; capturc.

Page 13 0f 28



137

1.3 44
1.2 42
- Near Mid-Term , 40
« Upgrade steam Mid-Ter
conditions o «tp ong o
1110°F main steam 13 steam, then 38

T150°F reheat steam double reheal

=y
w

te solvent from MEA o
K1 for equivalenty

fond
oy
5%

to, 11002F miain & rehy

normalized to 2005 plant cost) ™

Total Plant Cost ($/kW, constant doilars
@2
(23]
Plant Net Efficiency (HHV Basis)

0.8 34
N
07 S% energy | 32
penalty an
<20°/%COE
enaity
06 - 30
20057 2020 2025

Figure 7 - RD&D path for capital cost reduction (falling arrows) and efficiency
improvement {rising arrows) for PC power plants with 90% CO; capture

* For a unit designed for 30% unit availability and 90% post-combustion CO; capture firing a Pittsburgh #3
bituminous coal; cost normalization using Chemical Enginesring Flant Cost Index or equivalent. A similar
frend is observed in analyses of PC units with CCS uaing other U.5. coals, although the efficiency values
are up to two pergeritage points lower for units firing subbituminous coal such as Powder River Basin and up
o four percentage points lower for units firing fignite.

UltraGen USC PC Commercial Projects. EPRI and industry representatives have
proposed a program to support commercial projects that demonstrate advanced PC and
CCS technologies. The vision entails construction of two (or more) commercially
operated USC PC power plants that combine state-of-the-art pollution controls, ulira-
supercritical steam power cycles, and innovative CO, capture technologies.

The UltraGen I plant will use the best of today’s proven ferritic steels in high-temperature
boiler and steam turbine components, while UliraGen U will be the first plant in the
United States to feature nickel-based alloys that are able to withstand the higher
temperatures of advanced ultra-supercritical steam conditions.

UltraGen I will feature an approximately quarter-scale CO; capture system demonstration
using the best established technology. This system will be about 15 times the size of the
largest CO, capture system operating on a coal-fired beoiler today. UltraGen I will double
the size of the UltraGen I CO; capture system, and may demonstrate a new class of
chemical solvent if one of the emerging low-regeneration-energy processes has reached a
sufficient stage of development. Both plants will demonstrate ultra-low emissions. Both
UltraGen demonstration plants will dry and compress the captured CO; for long-term
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geologic storage and/or use in enhanced oil or gas recovery operations. Figure 8 depicts
the proposed key features of UltraGen I and 11
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Figure 8 — Key parameters for UltraGen ! {upper schematic) and UltraGen U (lower
schematic), assuming a subbituminous feed coal such as Powder River Basin

To provide a platform for testing and developing emerging PC and CCS technologies, the
UltraGen program will allow for technology trials at existing sites as well as at the sites
of new projects. Unlike FutureGen, EPRI expects the UltraGen projects will be
conmmercially dispatched by electricity grid operators. The differential cost to the host
company for demonstrating these improved features are envisioned to be offset by any
availsble tax credits (or othef incentives) and by funds raised through an industry-led
consortium formed by EPRI

Page 15 of 28



139

The UltraGen projects represent the type of “giant step” collaborative efforts that need to
be taken to advance integrated PC/CCS technology to the next phase of evolution and
assure competitiveness in a carbon-constrained world. Because of the time and expense
for each “design and build” iteration for coal power plants (3 to 5 vears not counting the
permitting process and ~$2 billion), there is no room for hesitation in terms of
commitment to advanced technology validation and demonstration projects.

The UltraGen projects will reselve technical and economic barriers to the deployment of
USC PC and CCS technelegy by providing a shared-risk vehicle for testing and
validating high-temperature materials, components, and designs in plants also providing
superior environmental performance.

Figure 9 summarizes EPRI's recommended major RD&D activities for improving the

efficiency and cost of USC PC techuologies with CO; capture.
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Figure 8 - Timing of advanced PC and CO, capture integration RD&D activities and
milestones

Efficiency Improvement and CCS Retrofits for the Existing PC Fleet. It would be
economically advantageous to operate the many reliable suberitical PC units in the U.S.
fleet well into the future. Premature replacement of these units or mandatory retrofit of
these units for CO; capture en masse would be economically prohibitive. Their flexibility
for load following and provision of support services to ensure grid stability makes them
highly valuable. With equipment upgrades, many of these units can realize modest
efficiency gains, which, when accumulated across the existing generating fleet could
make a sizeable reduction in CO, emissiens. For some existing plants, retrofit of CCS
will make sense, but specific plant design features, space Himitations, and economic and
regulatery considerations must be carefully analyzed to determine whether retrofit-for-
capture is feasible.

These upgrades depend on the equipment configuration and operating parameters of a
particular plant and may include:
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o turbine blading and steam path upgrades
e turbine control valve upgrades for more efficient regulation of stcam

e cooling tower and condenser upgrades to reduce circulating water temperature, steam
turbine exhaust backpressure, and auxiliary power eonsumption

e cooling tower heat transfer media upgrades

* condenser optimization to maximize heat transfer and minimize condenser
temperaturc

e condenser air leakage prevention/detection

¢ variable speed drive technology for pump and fan motors to reduce power
consummption

e air heater upgrades to increase heat recovery and reduce leakage

e advanced control systems incorporating neural nets to optimize temperature, pressure,
and flow rates of fuel, air, fluc gas, stcam, and water

e optimization of water blowdown and blowdown energy recovery
e optimization of attemperator design, control, and operating scenarios
s sootblower optimization via “intelligent” sootblower system use

e coal drying (for plants using lignite and subbituminous coals)

Coal Drying for Increased Generating Efficiency. Boilers designed for high-moisture
lignite have traditionally employed higher feed rates (Ib/hr) to account for the large latent
heat load to evaporate fuel moisture. An innovative concept developed by Great River
Energy (GRE) and Lehigh University uses low-grade heat recovered from within the
plant to dry incoming fuel to the boiler, thereby boosting plant efficiency and output. {In
contrast, traditional thermal drying processes are complex and require high-grade heat to
remove moisture from the coal.] Specifically, the GRE approach uses steam condenser
and boiler exhaust heat exchangers to heat air and water fed to a fluidized-bed coal dryer
upstream of the plant pulverizers. Based on successful tests with a pilot-scale dryer and
more than a year of continuous operation with a prototype dryer at its Coal Creek station,
GRE (with U.S. Departiment of Energy support and EPRI technical consultation) is now
building a full suite of dryers for Unit 2 (i.e., a commercial-scale demonstration). In
addition to the efficiency and CO, emission reduction benefits from reducing the lignite
feed moisture content by about 25%, the plant’s air emissions will be reduced as well.
Applieation of this technology is not limited to PC units firing lignite. EPRI believes it
may find application in PC units firing subbituminous coal and in IGCC units with dry-
fed gasifiers using low-rank coals.

Improving CO, Capture Technologies

2c. Bullinger, M. Ness, and N. Sarunac, "One Year of Operating Experience with Prototype Fluidized Bed
Coal Dryer at Coal Creek Generating Station,” 32nd international Technical Conference on Coal Utilization
and Fuel Systerns, Clearwater FL, June 10-15, 2007.
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CCS entails pre-combustion or post-combustion CO, capture technologies, CO, drying
and compression (and sometimes further removal of impurities), and the transportation of
separated CO,, to locations where it can be stored away from the atmosphere for centuries
or longer.

Albeit at considerable cost, CO;, capture technologies can be integrated into all coal-
based power plant technologies. For both new plants and retrofits, there is a tremendous
need (and opportunity) to reduce the energy required to remove CO, from fuel gas or flue
gas. Figure 10 shows a selection of the key technology developments and test programs
needed to achieve commercial CO; capture technologies for advanced coal combustion-
and gasification-based power plants at a progressively shrinking constant-dollar levelized
cost-of-electricity premium. Specifically, the target is a premium of about $6/MWh in
2025 (relative to plants at that time without capture) compared with an estimated 2010
cost premium of perhaps $40/MWh (not counting the cost of transportation and storage).
Such a goal poses substantial engineering challenges and will require major investments
m RD&D to roughly halve the currently large energy requirements {operating costs)
associated with CO; solvent regeneration. Achieving this goal will allow power
producers to meet the public demand for stable electricity prices while reducing CO,
emissions to address climate change concerns.

C0Q, Capture Technologies:

teomb, capture (pilod as ready & deme in WiraGen 1)
MW); demo & integration in WitraGen |

Oxy-combustion: mulll

£ arators for pra-comb. caplture (piot & demo as ready}

Figure 10 — Timing of CO; capture technology development RD&D activities and
milestones

Pre-Combustion CO; Capture (IGCC)

IGCC technology allows for CO; capture to take place via an added fuel gas processing
step at elevated pressure, rather than at the atmospheric pressure of post-combustion flue
gas, permitting capital savings through smaller equipment sizes as well as lower
operating costs,

Currently available technologies for such pre-combustion CO; removal use a chemical
and/or physical solvent that selectively absorbs COs and other “acid gases,” such as
hydrogen sulfide. Application of this technology requires that the CO in synthesis gas
(the principal component) first be “shifted” to CO, and hydrogen via a catalytic reaction
with water. The CO; in the shifted synthesis gas is then removed via contact with the
solvent in an absorber coluran, leaving a hydrogen-rich synthesis gas for combustion in
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the gas turbine. The CO; is released from the solvent in a regeneration process that
typically reduces pressure and/or increases temperature.

Chemical plants currently employ such a process commercially using methyi
diethanolamine (MDEA) as a chemical solvent or the Selexol and Rectisol processes,
which rely on physical solvents. Physical solvents are generally preferred when
extremely high (>99.8%) sulfur species removal is required. Although the required scale-
up for IGCC power plant applications is less than that needed for scale-up of post-
combustion CO; capture processes for PC plants, considerable engineering challenges
remain and work on optimal integration with [GCC cycle processes has just begun.

The impact of current pre-combustion CO, removal processes on IGCC plant thermal
efficiency and capital cost is significant. In particular, the water-gas shift reaction reduces
the heating value of synthesis gas fed to the gas turbine. Because the gasifier outlet ratios
of CO to methanc to H, are different for each gasifier technology, the relative impact of
the water-gas shift reactor process also varies. In general, however, it can be on the order
of a 10% fuel encrgy reduction. Heat regencration of solvents further reduces the stcam
available for power generation. Other solvents, which are depressurized to release
captured CO,, must be re-pressurized for reuse. Cooling water consumption is increased
for solvents needing cooling after regeneration and for pre-cooling and interstage cooling
during compression of separated CO; to a supercritical state for transportation and
storage. Heat integration with other IGCC cycle processes to minimize these energy
impacts is complex and is currently the subject of considerable RD&D by EPRI and
others.

Membrane CO; Separation. Technology for separating CO, from shifted synthesis gas
(or flue gas from PC plants) offers the promisc of lower auxiliary power consumption but
is currently only at the laboratory stage of development. Several organizations are
pursuing different approaches to membrane-based applications. In general, however, CO;
recovery on the low-pressure side of a selective membrane can take place at a higher
pressure than is now possible with solvent processes, reducing the subsequent power
demand for compressing CO; to a supercritical state. Membrane-based processes can also
eliminate steamn and power consumption for regenerating and pumping solvent,
respectively, but they require power to create the pressure difference between the source
gas and CO;-rich sides. If membrane technology can be developed at scale to meet
performance goals, it could enable up to a 50% reduction in capital cost and auxiliary
power requirements relative to current CO, capture and compression technology.

Post-Combustion CO; Capture (PC and CFB Plants)

The post-combustion CO, capture processes envisioned for power plant boilers draw
upon commercial experience with amine solvent separation at much smaller scale in the
food and beverage and chemieal industries and upon three U.S. applications of CO;
capture from a slipstream of exhaust gas from circulating fluidized-bed (CFB) units.

These processes contact flue gas with an amine solvent in an absorber column (much like
a wet SO, scrubber) where the CO, chemically reacts with the solvent. The CO;-rich
liquid mixture then passes to a stripper column where it is heated to change the chemical
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equilibrium point, releasing the CO.. The “regenerated” solvent is then recirculated back
to the absorber column, whilc the released CO, may be further processed before
compression to a supercritical state for efficient transportation to a storage location.

After drying, the CO; released from the regenerator is relatively pure. However,
successful CO, removal requires very low levels of SO; and NO; entering the CO,
absorber, as these specics also react with the solvent. Thus, high-efficiency SO; and NOx
control systems are essential to minimizing solvent consumption costs for post-
combustion CO; capture. Extensive RD&D is in progress to improve the solvent and
system designs for power boiler applications and to develop better solvents with greater
absorption capacity, less energy demand for regeneration, and greater ability to
accommodate flue gas contaminants.

At present, monoethanolamine (MEA) is the “default” solvent for post-combustion CQO,
capture studies and small-scale field applications. Processes based on improved amines,
such as Fluor’s Econamine FG Plus and Mitsubishi Heavy Industries’ KS-1, are under
development. The potential for improving amine-based processes appears significant. For
example, a recent study based on KS-1 suggests that its impact on net power output for a
supercritical PC unit would be 19% and its impact on the levelized cost-of-electricity
would be 44%, whereas earlier studies based on suboptimal MEA applications yielded
output penalties approaching 30% and cost-of-electricity penalties of up to 65%.

Accordingly, amine-based engineered solvents are the subject of numerous ongoing
efforts to improve performance in power boiler post-combustion capture applications.
Along with modifications to the chemical properties of the sorbents, these efforts are
addressing the physical structure of the absorber and regenerator equipment, examining
membrane contactors and other modifications to improve gas-liquid contact and/or heat
transfer, and optimizing thermal integration with steam turbine and balance-of-plant
systems. Although the challenge is daunting, the payoff is potentially massive, as these
solutions may be applicable not only to new plants, but to retrofits where sufficient plot
space is available at the back end of the plant.

Finally, as discussed earlier, deploying USC PC technology to increase efficiency and
lower uncontrolled CO; per MWh can further reduce the cost impact of post-combustion
CO; capture.

Ammonia-Based Processes. Post-combustion CO, capture using ammonia-based
solvents offers the promise of significantly lower solvent regeneration requirements
relative to MEA. In the “chilled ammonia” process currently under development and
testing by Alstom and EPRI, respectively, CO; is absorbed in a solution of ammonium
carbonate, at low temperature and atmospheric pressure, and combines with the NaCOj to
form ammonium bicarbonate.

Compared with amines, ammonium carbonate has over twice the CO, absorption capacity
and requires less than half the heat to regenerate. Further, regeneration can be performed
under higher pressure than amines, so the released CO; is already partially pressurized.
Therefore, less energy is subsequently required for compression to a supercritical state
for transportation to an injection loeation. Developers have estimated that the parasitic
power loss from a full-scale supercritical PC plant using chilled ammonia CO, capture
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could be as low as 10%, with an associated cost-of-electricity penalty of just 25%. Low
quality heat may also be used in the cycle to regenerate ammonia and reduce the quantity
of steam required for regeneration. Following successful experiments at 0.25 MW, scale,
Alstom and a consortium of EPRI members are constructing a 1.7 MW, pilot unit to test
the chilled ammonia process with a flue gas slipstream at We Energies’ Pleasant Prairie
Power Plant. AEP, also testifying today, plans additional scale-up and testing of the
chilled ammonia system.

Other “multi-pollutant” control system developers, such as Powerspan, are also exploring
ammonia-based processes for CO; removal.

Oxy-Fuel Combustion Boilers

Fuel combustion in a blend of oxygen and recycled flue gas rather than in air (known as
oxy-fuel combustion, oxy-coal combustion, or oxy-combustion) is gaining interest as a
viable CO; capture alternative for PC and CFB plants. The process is applicable to
virtually all fossil-fueled boiler types and is a candidate for retrofits as well as new power
plants.

Firing coal with high-purity oxygen alone would result in too high of a flame
temperature, which would increase slagging, fouling, and corrosion problems, so the
oxygen is diluted by mixing it with a slipstream of recycled flue gas. As a result, the flue
gas downstrcam of the recycle slipstreamn take-off consists primarily of CO; and water
vapor (although it also contains small amounts of nitrogen, oxygen, and criteria
pollutants). After the water is condensed, the CO,-rich gas is compressed and purified to
remove contaminants and prepare the CO, for transportation and storage.

Oxy-combustion boilers have becn studied in laboratory-scale and small pilot units of up
to 3 MW,. Two larger pilot units, at ~10 MW, are now under construction by Babcock &
Wilcox (B&W) and Vattenfall. An Australian-Japanese project team is pursuing a 30
MW, repowering project in Australia. These larger tests will allow verification of
mathematical models and provide engineering data useful for designing pre-commercial
systems. The first such pre-commercial unit could be built at SaskPower’s Shand station
near Estevan, Saskatchewan. SaskPower, B&W Canada, and Air Liquide have been
jointly developing an oxy-combustion SCPC design, and a decision on whether to
proceed to construction is expected by late 2007, with a target in-service date of 2011-12.

CO, Transport and Geologic Storage

Application of CO, capture technologies implies that there will be secure and economical
forms of long-term storage that can assure CO; will be kept out of the atmosphere.
Natural underground CO; reservoirs in Colorado, Utah, and other western states testify to
the effectiveness of long-term geologic CO; storage. CO; is also found in natural gas
reservoirs, where it has resided for millions of years. Thus, evidence suggests that
similarly sealed geologic formations will be ideal for storing CO, for millennia or longer.
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The most developed approach for large-scale CO; storage is injection into depleted or
partially depleted oil and gas reservoirs and similar geologically sealed “saline
formnations” (porous rocks filled with brine that is impractical for desalination). Partially
depleted oil reservoirs provide the potential added benefit of enhanced oil recovery
(EOR). [EOR is used in mature ficlds to recover additional oil after standard extraction
methods have been used. When CO, is injected for EOR, it causes residual oil to swell
and become less viscous, allowing some to flow to production wells, thus extending the
field’s productive life.] By providing a commercial market for CO; captured from
industrial sources, EOR may help the economics of CCS projects where it is applicable,
and in some cases might reduce regulatory and liability uncertainties. Although less
developed than EOR, researchers are exploring the effectiveness of CO; injection for
enhancing production from depleted natural gas fields (particularly in compartmentalized
formations where pressure has dropped) and from deep methane-bearing coal seams.
DOE and the International Energy Agency are among the sponsors of such efforts.
However, at the scale that CCS needs to be deployed to help achieve atmospheric CO;
stabilization at an acceptable level, EPRI believes that the primary economic driver for
CCS will be the value of carbon that results from a future climate policy.

Geologic sequestration as a CCS strategy is currently being demonstrated in several
RD&D projects around the world. The three largest projects (which are non-power)—
Statoil’s Sleipner Saline Aquifer CQ; Storage project in the North Sea off of Norway; the
Weyburn Project in Saskatchewan, Canada; and the In Salah Project in Algeria—together
sequester about 3—4 million metric tons of CO; per year, which collectively matches the
output of one baseloaded 500-600 MW coal-fired power plant. With 17 collective
operating years of experience, these projects have thus far demonstrated that CO; storage
in deep geologic formations can be carried out safely and reliably. Statoil estimates that
Norwegian greenhouse gas emissions would have risen incrementally by 3% if the CO,
from the Sleipner projeet had been vented rather than sequestered.3

Table 2 lists a selection of eurrent and planned CQ, storage projeets as of early 2007.

® hitp:/fwww.co2captureandstorage.info/project_specific.php?project_id=26

Page 22 of 28



146

Table 2 — Select Existing and Planned CO, Storage Projects as of Early 2007

co, Anticipated amount injected by:

PROJECT SOURCE COUNTRY START
2006 2010 2015

Sleipner Gas. Proc. Norway 1996 9 MT 13MT 18 MT
Weyburmn Coal Canada 2000 5MT 12MT 17 MT
In Salah Gas. Proc. Algeria 2004 2MT 7TMT 12MT
Snohvit Gas. Proc. Norway 2007 0 2MT SMT
Gorgon Gas. Proc. Australia 2010 0 0 12MT
DE-1 Miller Gas UK. 2009 0 {MT 8 MT
g;jszon Pet Coke Us. 2011 0 0 16 MT
Draugen Gas Norway 2012 0 0 7MT
FutureGen Coal U.S. 2012 0 0 2MT
Monash Coal Australia NA 0 0 NA
SaskPower Coal Canada NA 0 0 NA
g;g;lécoz NA Germany 2007 0 50KT 50 KT
Otway Natural Australia 2007 0 100 KT 100 KT
TOTALS 16 MT 35MT 99 MT

Source: Sally M. Benson, “'Can CO, Capture and Storage in Deep Geological Formations Make Coal-
Fired Electricity Generation Climate Friendly?” Presentation at Emerging Energy Technologies Summit,
UC Santa Barbara, California, February 9, 2007. [Note: Statoil has subsequently suspended plans for the
Draugen project and announced a study of CO; capture at a gas-fired power plant at Tjeldbergodden. BP
and Rio Tinto have announced the coal-based "DF-3" project in Australia.]

Enhanced Oil Recovery. Experience relevant to CCS comes from the oil industry,
where COQ; injection technology and modeling of its subsurface behavior have a proven
record of accomplishment. EOR has been conducted successfully for 35 years in the
Permian Basin fields of west Texas and Oklahoma. Regulatory oversight and community
acceptance of injection operations for EOR seem well established.

Although the purpose of EOR heretofore has not been to sequester C(),, the practice can
be adapted to include Jarge-volume residual CO, storage. This approach is being
demonstrated in the Weyburn-Midale CO; monitoring projects in Saskatchewan, Canada.
The Weyburn project uses captured and dried CO; from the Dakota Gasification
Company’s Great Plains synfuels plant near Beulah, North Dakota. The CO; is
transported via a 200-mile pipeline constructed of standard carbon steel. Over the life of
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the project, the net CO; storage is estimated at 20 million metric tons, while an additional
130 million barrels of oil will be produced.

Although EOR might help the economics of early CCS projects in oil-patch areas, EOR
sites are ultimately too few and too geographically isolated to accommodate much of the
CO, from widespread industrial CO; capture operations. In contrast, saline formations are
available in many—but not all—U.S. locations.

CCS in the United States

A DOE-sponsored R&D program, the “Regional Carbon Sequestration Partnerships,” is
engaged in mapping U.S. geologic formations suitable for CO; storage. Evaluations by
these Regional Partnerships and others suggest that enough geologic storage capacity
exists in the United States to hold several centuries’ production of CQO; from coal-based
power plants and other large point sources.

The Regional Partnerships are also conducting pilot-scale CO; injection validation tests
across the country in differing geologic formations, including saline formations, deep
unmineable coal seams, and older oil and gas reservoirs. Figure 11 illustrates some of
these options. These tests, as well as most commercial applications for long-term storage,
will use CO; compressed for volumetric efficiency to a liquid-like “supercritical” state;
thus, virtually all CO; storage will take place in formations at least a half-mile deep,
where the risk of leakage to shallower groundwater aquifers or to the surface is usually
very low.
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Source: Peter Cook, COZCRC, in Intergovernmental Panel on Climate Change, Special Report “Carbon
Dioxide Capture and Storage, ™ http://www.ipce.ch/pub/reporss.him

Figure 11 - lHustration of potential geological CO; storage site types

After successful completion of pilot-scale CO» storage validation tests, the Partnerships
will undertake large-volume storage tests, injecting quantities of ~1 million metric tons of
CO; or more over a several year period, along with post-injection monitoring to track the
absorption of the CO; in the target formation(s) and to check for potential leakage.

The EPRI-CURC Roadmap identifies the need for several large-scale integrated
demonstrations of CO, capture and storage. This assessment was echoed by MIT in its
recent Future of Coal report, which calls for three to five U.S. demonstrations of about 1
million metric tons of CO, per year and about 10 worldwide.? These demonstrations
could be the critical path item in commercialization of CCS technology. In addition,
EPRI has identified 10 key topics where further technical and/or policy development is
needed before CCS can become fully commercial:

s Caprock integrity

s Injectivity and storage capacity

o OOy trapping mechanisms

e (0, leakage and permanence

e (0O, and mineral interactions

e Reliable, low-cost monitoring systems
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® Quick response and mitigation and remediation procedures
e Protection of potable water

e Mineral rights

e lLong-term liability

Figure 12 summarizes the relationship between EPRI’s recommended large-scale
integrated CO; capture and storage demonstrations and the Regional Partnerships’ “Phase
1" large-volume CO, storage tesis.

Carbon Storage:

Figure 12 ~ Timing of CO; storage technology RD&D activities and milestones

CO, Transportation

Mapping of the distribution of potentially suitable CO, storage formations across the
country, as part of the research by the Regional Partnerships, shows that some areas have
ample storage capacity while others appear to have little or none, Thus, implementing
CO; capture at some power plants may require pipeline transportation for several hundred
miles to suitable injection locations, possibly in other states. Although this adds cost, it
does not represent a technical hurdle because long-distance, interstate COs pipelines have
been nsed commercially in oilfield EOR applications. Nonetheless, EPRI expects that
early commercial CCS projects will take place at coal-based power plants near
sequestration sites or an existing CO; pipeline. As the number of projects increases,
regional CO; pipeline networks connecting multiple industrial sources and storage sites
will be needed.

Policy-Related Long-Term CO; Storage Issues

Beyond developing the technological aspects of CCS, public policy need to address
issues such as CO, storage site permitting, long-term menitoring requirersents, and post-
closure liability. CCS represents an emerging industry, and the jurisdictional roles among
federal and state agencies for regulations and their relationship to private carbon credit
markets operating under federal oversight has vet to be determined.

Currently, efforts are under way in some states to establish regulatory frameworks for
long-term geologic CO, storage. Additionally, stakeholder organizations such as the
Interstate Oil and Gas Compact Commission (I0GCC) are developing their own

Page 26 of 28



150

suggested regulatory recommendations for states drafting legislation and regulatory
procedures for CO; injection and storage operations.” Other stakeholders, such as
environmental groups, are also offering policy recommendations. EPRI expects this field
to become very active soon.

Because some promising sequestration formations underiie multiple states, a state-by-
state approach may not be adcquate. At the federal level, the U.S. EPA published a first-
of-its-kind guidance (UICPG # 83) on March 1, 2007, for permitting underground
injection of CO,.° This guidance offers flexibility for pilot projects cvaluating the
practice of CCS, while leaving unresolved the requirements that could apply to future
large-scale CCS projects.

Long—Term CO; Storage Liability Issues

Long-term liability for injected CO; will need to be assigned before CCS can become
fully commercial. Because CCS activitics will be undertaken to serve the public good, as
determined by government policy, and will be implemented in response to anticipated or
actual government-imposed limits on CO; emissions, a number of policy analysts have
suggested that the entities performing these activities should be granted a measure of
long-term risk reduction assuming adherence to proper procedures during the storage site
injection operations and closure phases.

RD&D Investment for Advanced Coal and CCS Technologies

Developing the suite of technologies needed to achieve competitive advanced coal and
CCS technologies will require a sustained major investment in RD&D. As shown in
Table 3, EPRI estimates that an expenditure of approximately $8 billion will be required
in the 10-year period from 2008--17. The MIT Future of Coal report estimates the
funding need at up to $800-850 million per year, which approaches the EPRI value.
Further, EPRI expects that an RD&D investment of roughly $17 billion will be required
over the next 25 years.

Investment in earlier years may be weighted toward 1GCC, as this technology is less
developed and will require more RD&D investment to reach the desired level of
commercial viability. As interim progress and future needs cannot be adequately forecast
at this time, the years after 2023 do not distinguish between 1GCC and PC.

® hitp://www.iogcc.state.ok.us/PDF S/CarbonCaptureandStorageReportandSummary. pdf
8 http://iwww.epa.gov/safewater/uic/pdfs/guide_uic_carbonsequestration_final-03-07.pdf
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Table 3 —- RD&D Funding Needs for Advanced Coal Power Generation Technologies with

CO, Capture
2008-12 2013-17 2018-22 202327 2028--32
Toral Estimated RD&D
Funding Needs $830M/yr $800M/yr $800M/yr $620M/yr $400M/yr
(Public + Private Sectors)
Advanced Combustion, CO; 25% 25% 40%
Capture
Integrated Gasification 80% 80%
Combined Cycle (IGCC), CO: 50% 50% 40%
Capture
CO; Storage 25% 25% 20% 20% 20%

By any measure, these estimated RD&D investments are substantial. EPRI and the
members of the CoalFleet for Tomorrow® program, by promoting collaborative ventures
among industry stakeholders and governments, believe that the costs of developing
critical-path technologies for advanced coal and CCS can be shouldered by multiple
participants. EPRI believes that government policy and incentives will also play a key
role in fostering CCS technologies through early RD&D stages to achieve widespread,
economically feasible deployment capable of achieving major reductions in U.S. CO,

emissions.
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The CHAIRMAN. Thank your, Mr. Dalton, very much.

There are two roll calls on the House floor right now, with about
six minutes for the members to go over there to make those votes.
So we will take a very brief recess, and I think that we can recon-
vene around 11:15, if all of you can take note of that, and we will
take a brief recess.

[Recess.]

The CHAIRMAN. The Committee will reconvene, and the Chair
will recognize himself for a round of questions.

Let me begin with you, Governor. In your testimony you state
that many major investments in the electricity generation sector
will not come to fruition until we provide regulatory certainty by
enacting federal limits on carbon dioxide emissions. Is it fair to say
that further delays in federal action will impose significant costs,
and that it is in everyone’s best interest that we take action as
soon as possible?

Governor FREUDENTHAL. Mr. Chairman, being a lawyer, I hesi-
tate to agree in the affirmative, because the devil is in the details.
I do believe, and we have the same people come talk to us who
come talk to this Committee, they want to make the investment,
but they don’t know in the absence of a federal regulatory scheme
whether they are going to be able to capture the return. That is,
will it be recognized by the public utility commissions around the
country as being legitimately in their rate base?

But having said that, the action that we take becomes important,
because it has to have some form of glide path that recognizes the
relative availability of the technologies at a given state in time. So,
for instance, I think if one of the suggestions that I have heard is
that we would just say nobody can build any powerplants today be-
cause—if they don’t have carbon capture and sequestration.

The problem with that is is that in spite of all of the rhetoric no-
body has actually done carbon capture, and so what you need to do
is something that I think most of the companies are looking at is,
give us a clue what we need to do. We will try to make this thing
carbon capture-ready, but we may need to proceed to meet our de-
mand with some level of construction. So I think the failure to act
freezes in place a lot of investment money.

If we act wrong, we will permanently freeze it out, so we need
to act in a way that says we are going to be realistic about the
standard, here is what it is, here is your guidance. If you do this,
you can get your recovery.

The CHAIRMAN. Now, you cite a projection that GDP will decline
by $400 to $800 billion if CCS is not deployed. Can you expand on
that, and the likely costs?

Governor FREUDENTHAL. It is one of those numbers that my staff
picked up. It is either out of the MIT study—I think it is out of
the MIT study, because frankly, as I admitted before, I am a law-
yer, so I don’t pretend to have the answer. But what we are saying
is is that if we don’t act, and somehow we act inappropriately, 1
think those are the costs.

And so this is something that has to be done with a scalpel and
not with a machete. We need to very carefully think about how we
are going to sculpt the regulatory environment, so that the states
can essentially, in the Clean Air Act model, have some parallel sys-
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tem that helps on the enforcement under a state-approved imple-
mentation plan, and the private sector then knows what standards
they have to meet, which of those costs can be recaptured through
the various public utility commissions, and the means by which
they are going to be captured.

If we lay that out, I think people will react, because they are the
same ones who talk to you. They come and say, “Look, we are
ready to do this, but we can’t do it out of speculation, particularly
in a regulated environment.”

The CHAIRMAN. Can I ask you—can I ask Mr. Morris this. What
does “carbon capture-ready” mean to AEP, in terms of the tech-
nology you are going to install?

Mr. Morris. Congressman, for us, we see carbon capture in two
different worlds. The most important and the most critical for all
of us, this country and my company, is the retrofit technology on
the existing fleet, because we, as a nation, based on the comments
that you and others made in your introductory timeline point to the
notion that over half of today’s generation fleet is coal-based. Actu-
ally, more than half of the megawatt hours produced, and, there-
fore, used to fuel the U.S. economy is coal-based.

So we have to find a way to capture on the existing stations, and
that is why we are going forward with the validation projects that
I mentioned in West Virginia and in Oklahoma, so that we can
across our entire fleet put that technology to work, presuming that
the validation undertakings work.

Now, I, like the Governor, am a lawyer-environmentalist, so I am
not bothered by the engineering challenges that my team con-
stantly tells me about. I am blessed at American Electric Power
having among the best engineers for over a century. We have made
many, many breakthrough technological changes in this industry,
and we think we are doing that again now.

Secondly, to the comments that David made, to the comments
that the Governor just made, we see this as a challenge for a new
station as well. I would not argue that you cannot go forward at
the state level and get authority to build a carbon-ready, and, as
soon as technology is validated, deployed, powerplant built without
federal intervention, without a federal program. I think that there
will be bold states that will take that step.

As I think the Committee knows, clearly in our testimony we
have such applications in front of the Commission in the State of
Ohio. They have given us the preliminary go-ahead that is now
being challenged at the Supreme Court level in the State of Ohio,
which is the jurisdiction of appeal by right. And in West Virginia,
we are going forward with an integrated plant. We have filed that
to the West Virginia Commission and Virginia. Our Appalachian
Power Company serves both of those particular states.

So we have every reason to believe that the potential to get those
plants approved without a federal process will work, but it is a so-
cietal cost, and it is a states’ rights issue. And when you think of
Virginia and West Virginia, very important coal-based states in
this country, it may well be in their best interest. Clearly, Gov-
ernor Manchin is a supporter of it, Governor Kaine appears to be
a supporter of the issue, but it is the charge of their state regu-
latory commission to make those decisions.
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Out west, where you are working with lower-ranked coals—no of-
fense, Governor—we are hoping to deploy what is called ultra-
supercritical technology, which has not been done in this country.
It has been done in Germany, it has been done in Japan. Higher
temperatures, higher pressures, less fuel in for megawatt hours
out, more expensive than supercritical, no question.

That issue and, in fact, this very day in Louisiana—excuse me,
in Little Rock, Arkansas, we have a team testifying in front of the
Arkansas Commission seeking authority to do that. We have closed
the record on a similar plant to be built in Oklahoma, as I men-
tioned. So I am a believer that with logic and timelines that are
realistic states will go forward and allow us to do these things, be-
cause they will, in fact, validate the carbon capture both for the ex-
isting fleet as well as technologies for the new fleet.

And as the technology goes forward for the capture, we will sim-
ply deploy that as we go. I think that is a much better approach
than a command-control approach. That probably was necessary in
Clean Air Act days, because so many in our industry thought not
now, not ever. This is a willing industry. We just need the support
of the states to get that done.

The CHAIRMAN. You have 30 seconds, Governor.

Governor FREUDENTHAL. Mr. Chairman, if I might, under our
law we will, and have, and will continue to permit coal-fired plants.
The more interesting question to me is: if those plants choose to
take actions to be carbon-ready, will those expenses be capturable
in the rate base? And I think under the current law in most states
it would not be, because it is not least cost, most reliable, whereas
the—and so I am—I do believe we are going to continue to build
plants.

If we are going to want to send a signal to people that says, “As
you build them, you should contemplate this,” we also have to send
a commensurate market signal in some sense that they are going
to be able to recapture those costs. Otherwise, those are share-
holder costs and not ratepayer costs.

And I think that the importance of this discussion is that what-
ever we do in this area it is going to cost, and it is going to be ex-
pensive. And one of the things that—and it is entirely an appro-
priate investment of societal resources. The only thing I would ask
is that, as the Committee moves forward, you think about the con-
sequences of that up and down the income scale.

In our state, the bottom quartile we estimate spends about 16
percent of their disposable income on energy. The top quartile
spends somewhere between 1% and 3. And so you begin these in-
crements—and I was having this discussion with Mr. Hawkins that
all of these things cost funding, and it is an appropriate expendi-
ture, but we need to be mindful of the people who are going to bear
those costs, not just the—we may have the capacity to impose those
costs. The correctness of how we impose those costs I think has to
be a consideration.

The CHAIRMAN. You invoked Mr. Hawkins’ name. Can you make
some observations here on what you just heard?

Mr. HAWKINS. Certainly, with your permission. I think that, first,
the MIT study on the future of coal has some very informative find-
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ings on the concept of capture-ready, and I think it is worth the
Committee taking a look at.

It is an elusive concept, and may prove to be illusory. The En-
ergy Policy Act of 2005 has a definition of capture-ready that essen-
tially is leaving space for installation of some undefined piece of
equipment, which has led me to say that, well, I have a driveway
that is Ferrari-ready. [Laughter.]

If that is the definition. It is not going to be a simple matter to
take a plant, which is optimized to run without capturing its COo,
and turn it into a plant that is optimized to run and capture its
CO2. The energy flows are significantly different. The balance of
plant equipment is significantly different. What hardware you put
on in the first place is a complicated calculus.

All of that leads us to believe that we need to jump to the out-
come that we need to pursue in order to reconcile the use of coal
and protecting the climate, which is just to have a policy that says
starting in X date new coal plants will have to capture their car-
bon. Period. And I have outlined in the testimony proposals on how
you can spread the additional costs associated with that policy, so
that no single company’s customers see a rate shock.

This is not—we are not talking about doing this for all 300
gigawatts of coal-fired powerplants that are out there operating
today. We are talking about phasing it in one plant at a time, and
the trick is to get those costs to be spread across the electric con-
sumer’s rate base. That is a reasonable thing to do, because by
keeping coal in the mix we are avoiding spikes in gas prices that
will wind up costing customers of gas-based utilities money, even
if they never consume a kilowatt hour of power made from coal.

So this is a reasonable approach. We need to get started, and we
have the technology, and we should not flirt further with the con-
cept of capture-ready, in my view.

The CHAIRMAN. My time has expired.

. The Chair recognizes the gentleman from Washington, Mr. Ins-
ee.

Mr. INSLEE. Yes. I want to pursue this issue of capture-ready, be-
cause it seems more amorphous than a Ferrari even to me. Can
any of you tell us what that would actually look like? If we were
going to say, “We want the industry, after a certain date, to build
only capture-ready plants,” what would that look like, if we know?
Anyone?

Mr. SUssMAN. Let me try an answer to that question. I think
that talking about a plant being capture-ready is only the first part
of the equation. The real question is: when is the plant going to im-
plement CCS? And we have a proposal, which is very similar to
David’s, which is a proposal for an emission performance standard
under which new plants would be required to implement CCS.

Now, and this is a very important point, we would have a phase-
in period. Basically, we are saying any plant built after 2008,
which would be the presumed date when legislation would be en-
acted, any plant built after 2008 would need to capture, either by
12016 or four years after the first date of operation, whichever is
ater.

And the significance of that is that there is a phase-in period. So
if a plant is built on date X, the owners of that plant know that
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they have to capture and sequester on date Y. And so, therefore,
when they build and design the plant, they can take into account
the requirement that capture will ultimately be necessary. During
that phase-in period, the plant will be “capture-ready,” but the im-
portant thing is to have a hard deadline for implementation.

And we are saying that ought to be 2016 or four years after the
plant begins operating, whatever is later.

Mr. MORRIS. Mr. Inslee, I might offer an additional thought
there, because I think, although I have no reason to argue with ei-
ther of the colleagues, my colleagues to the left, I am a firm sup-
porter of both of these well-meaning individuals.

If “capture-ready” simply means, you know, buy a big lot, I
couldn’t agree more with David that that’s Ferrari desirous or
something. When we look at the design of our integrated plants
with General Electric Company and the Bechtel Corporation, we
are actually looking at the technologies, we are looking at the met-
allurgy, we are looking at the steam flows, we are looking at the
things that will need to be done to make certain that once the tech-
nology of capturing the carbon out of the fuel stream before it is
introduced to the plant—very different from a post-combustion
where you are capturing the carbon out of the flue gas—very, very
different concepts, is a technology that will be there, and we are
looking at the requirements of the turbine itself, which will mostly
run on oxygen, then, rather than run on the synthetic gas. The
synthetic gas itself will be mostly oxygen rather than a methane-
based gas, which we are all much more familiar with.

So to David’s point, if capture-ready simply means buy a big lot,
you are not doing anything. To Bob’s point, if we take this pre-re-
quirement period, then all we are doing is build the same capture-
ready plant that I am speaking to. So why have a command-control
approach to it when it isn’t necessary? Because we will develop this
technology as a country for the very point that our friend from Wis-
consin mentioned in his opening comments: because it is economi-
cally in our best interest. It is environmentally in the world’s best
interest that we develop that technology.

To us, when we say “capture-ready” that is what we mean. There
isn’t a technology at the 639 megawatt level, which is what these
plants will be, that is deployable today. It needs to be validated,
tested, and then put in place, and that is a difference, I think, not
abgreat difference but a difference between what we are talking
about.

Governor FREUDENTHAL. Mr. Inslee, it was—in my earlier com-
ments I made reference to the fact that there was no incentive
package for these technologies, the sort of capture part, in trying
to make these so-called clean coal technologies function. It seems
to me that one of the ways to accelerate and to better define how
quickly these can get into the plants is for the Federal Government
to be as aggressive with regard to supporting these technologies as
we have been with regard to wind power.

We are all very proud of the progress that is made on wind
power, great benefits for my State, and great potential benefits.
But this is really dependent on a tax credit that the Federal Gov-
ernment put in place for wind power. If we are equally serious—
the other reason I like the tax credit is it allows the delivered rate
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at the busbar to be much more consistent with what the consumer
can adopt out of wind power.

I think we need to do the same level of commitment to these
questions about the clean coal technologies, including the carbon
capture portion, so that you don’t end up with a physical impos-
sibility or a technological impossibility of knowing what to—how to
prepare the plant for them or how and when to get input in place.

People have been sort of, “Oh, I don’t want to do anything that
helps—that appears to be helping coal.” I would reverse that and
say if we don’t do something to assist in the capture of carbon from
coal, you are essentially putting in place a continuation of the sta-
tus quo going forward, because you have neither market forces nor
tax forces that align the incentives for people to make those invest-
ments on a broad enough base.

Mr. INSLEE. My time is up. I just want to comment. I hope we
have cleaner coal before David Hawkins has a Ferrari in his drive-
way. [Laughter.]

That is my timeframe. Thank you.

Mr. MORRIS. I would happily have him have the car. [Laughter.]

The CHAIRMAN. The gentleman’s time has expired.

The gentleman from Oklahoma, Mr. Sullivan.

Mr. SULLIVAN. Thank you, Mr. Chairman.

And this is a question I guess for everybody. The Intergovern-
mental Panel on Climate Change has concluded that global green-
house gas emissions must be cut by 50 to 85 percent by the year
2050. In order to keep atmospheric concentrations in the range of
450 to 490 parts per million CO; equivalent, in your opinion, is
thgre? any way to meet that goal without including China and
India?

Mr. MoORRIS. Absolutely none.

Mr. HAWKINS. China and India have to be a participant. The
U.S. climate science program has recently conducted a modeling
analysis. The MIT study also conducted an analysis that basically
points out that China and India do not have to proceed necessarily
on the same precise timetable as industrialized countries.

But if they don’t come to the table and participate aggressively
in the next 10 or 15 years, we can’t meet those targets, and that
is why we are such strong advocates of U.S. leadership, because we
think that the developing world is going to come to the table much
faster if the U.S. is playing a leadership role.

Mr. SULLIVAN. Anyone else?

Mr. BAUER. I will agree with what my colleagues have said, and
point out one other thing, that we—when we think about my state-
ment earlier about 30 gigawatts and a quarter of growth from Chi-
nese coal production and power generation, and you think about
TVs and computers, it used to be that what America wants was
what drove the world’s marketplace. But since we don’t build too
many plants, whoever builds the most is going to be most rapidly
be able to move the technology.

So if they don’t engage in this conversation, the technology is not
going anywhere. That is the marketplace. That is why the—in fact,
one of the thing—tax credits or tax penalties on carbon—when we
build powerplants on here, in this country, most of the heavy por-
tions come from China. So if we penalize them with taxing their
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carbon—lack of doing by way of what we do on imports—I know
there is a discussion on that somewhere else—we will probably pay
for that tax on our import of power generation facilities.

Governor FREUDENTHAL. Mr. Sullivan, I would say that I agree
they have to be part of it. The part where I get nervous is when
people pose that question and the answer is clearly yes, is then
that we say that the United States is not going to move until China
and India do. And I don’t make that second step, because I think
if we move properly we will be okay. If we move improperly, we are
going to create an immense number of problems for this society, let
alone worldwide.

So I—you know, I never do understand how things happen in
this—in the nation’s capital. Mine is the simple life in a rural
state. But it just seems to me that the logic is you have got to
incent the technologies you want, you have to figure out a way to
get part of the cost built into the rate base in a way that protects
the low-end consumer and user, you have to end up with some will-
ingness to say it is going to take a reasonable glide path time to
get there.

You have got to come up with something that is uniform across
the country, so the states aren’t pitted against each other, and you
end up with some rational basis. And you need to invest significant
funds in how we capture carbon—that is in those clean coal tech-
nologies—and significant funds in how you are ultimately going to
store it.

And the issue that nobody has talked about today that I want
to make sure gets on the table is is the Federal Government has
got to own at some point the liability. I have seen proposals where
you are going to shift the long-term liability for CO, to the states.

And if you thought you had a mutiny with the Real ID Act, the
states are really going to come off the wall if you say, “Once this
is injected, states, you own that,” because ultimately the—if we are
talking about trying to sequester something for a couple hundred
years, the liability for that—really, the only place that that can
rest is with the Federal Government, not with the individual
states.

Mr. MoORRIS. And I would just like to make sure I add to my com-
ment, because it was quick to the point that absolutely not, I be-
lieve that wholeheartedly, but I do share the Governor’s view. That
does not mean that my company or this industry or this country
ought to sit back and do nothing if those others don’t join us. That
would be the wrong approach.

But what we as a society need to then understand is that we
often by ourselves can’t fix this. So if you want to add—you know,
you pick the number, $4, $5, $7, $10, $20 trillion to the U.S. econ-
omy, and you haven’t moved the global warming needle a nano-
inch, then that is a society debate that, for better or worse, you are
all elected to make those decisions. And with all trust and con-
fidence, we believe you will make solid and reasonable decisions in
that light.

Mr. SULLIVAN. Anybody else?

[No response.]

All right.

The CHAIRMAN. The gentleman’s——
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Mr. SULLIVAN [continuing]. I am out of time?

The CHAIRMAN. You can ask another question.

Mr. SULLIVAN. Okay. I have got a question for you, Mr. Morris.
I am concerned about the potential impact of requiring new tech-
nologies on the rates that our constituents pay for electricity. Can
you tell me what the best way to prevent prices from skyrocketing
would be under a scenario where the government requires new
technology for carbon capture or cap and trade?

Mr. MoRRiS. Congressman, what I would offer is that a carbon-
controlled, coal-based powerplant in the long run is going to be
much more cost effective for my customers at Public Service of
Oklahoma, as well as the customers that we serve across this coun-
try, because the other option is to go forward with a much larger
renewable standard, which is considerably more expensive than a
carbon-controlled coal plant, or we lean on either new nuclear,
which we are now beginning to see equally high prices—it won’t be
so cheap to meter. It will be quite expensive.

Or we lean to natural gas, which you know even in Oklahoma,
a very major gas-producing State, as is the Governor’s, we are an
18-, 19 trillion foot supply. If we start running gas plants or build
nothing but gas plants, we will be at a 24-, 27 trillion demand. We
import less than 1 trillion feet of LNG, and I don’t see that growing
any time. And we import 3- or 4 trillion feet from Canada, which
will continue to be reduced as they meet the successor to the Kyoto
Protocol, because they won’t meet that now.

So the real cost, if we don’t do this, will be skyrocketing natural
gas powerplants.

The CHAIRMAN. The gentleman’s time has expired. I apologize.
The gentleman’s time has expired.

Mr. SULLIVAN. No problem.

The CHAIRMAN. The gentleman from Oregon, Mr. Blumenauer.

Mr. BLUMENAUER. Thank you. I am curious as to your reflections
on underground coal gasification technology. I have been intrigued
with what I have heard about the conversion of deep, unminable
coal into syn gas, and then that could be used to produce almost
now I guess any hydrocarbon fuel or petrochemical. Lots of applica-
tions for that.

But it appears to be very clean and easy to capture and seques-
ter the carbon in the spent seam after you remove the syn gas,
technically. Theoretically, it would appear to have tremendous po-
tential. Do any of you gentlemen have experience with that and
have some observations that you might share with the Committee?

Governor FREUDENTHAL. Mr. Chairman, Congressman, both in
my life as a private lawyer before I got into this less respectable
line of work, and my experience as Governor

Mr. BLUMENAUER. Being a witness or

Governor FREUDENTHAL. No. [Laughter.]

I had clients who did underground coal gasification, and the tech-
nology has come a long way, because the question is: how do you
control the reaction underground and your capacity to characterize
the formation with reliability, so that you know the CO, stays and
you get the gas?

The potential for this to be a remarkably viable long-term source
of energy for this country is amazing. There are immense reserves.
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In our State, we characterize anything under more than 3,000 feet
deep as qualifying, and it is—the reserve is extensive. Again, the
problem with the formation is that coal has all of these fractures
and fissures, and so you have a lot of money. It is not unlike trying
to make sure the CO; stays down in a cavity.

You have a lot of money invested in characterizing the formation,
so that you can, with reliability, predict your capacity to control the
gasification process, as well as where the off-gases are going to go.
But it is one of those things that I would encourage the Committee
to think about.

Again, if you want to advance the rate at which the private sec-
tor pursues the development of those technologies, the way you do
that is to set up some form of a tax credit that is essentially tech-
nology neutral and allows them to say okay. I mean, Shell has an
approach that they like on gasification. I know a number of other
companies have different technologies that they would like to try,
but right now the assured price for natural gas is not sufficient for
them to justify that long-term investment.

But it is—I think it is one of those things—and I think you have
hit upon one of the real nuggets for this country. Notwithstanding
that I may have some bias, since we have a lot of that resource,
but it really is there, and it allows you to have that reaction take
place in a contained environment.

Mr. BLUMENAUER. Thank you, Governor.

Other comments?

Mr. HAWKINS. Well, I only have a familiarity with it based on re-
ports and talking with some researchers in the field. And I think
the Governor has identified one of the first issues, which is control-
ling the conversion process.

Another issue that is a challenge is dealing with the combustion
products. A lot of these coal seams have groundwater that is flow-
ing through them, and that groundwater, once you have taken an
area and subjected it to the gasification process, you are going to
have a lot of byproducts. Those byproducts may have a lot of com-
plicated and rather unfriendly chemical compounds associated with
them, and you have to have a plan for managing the potential
intersection between that groundwater and all of these combustion
byproducts.

These things are not necessarily impossible to solve, but they will
require energy, they will require dollars. This is a concept that is
worth looking at, worth researching. It is probably a couple of dec-
ades behind the surface gasification technologies that are commer-
cially proven today, though.

Mr. BAUER. If I may just add, I think the Governor did a great
characterization. I think David also reflected on some of the chal-
lenges. We are involved in some of this preliminary work. The
country of Brazil was looking at doing this, as well as some other
countries in Eastern Europe. It has a great deal of promise. There
are substantial needs, which I think are similar to the sequestra-
tion storage issue of how do you characterize, how do you monitor,
how do you avoid unintended consequences to groundwater or other
things in the area that have to be dealt with.

So, again, the things that are being done around carbon seques-
tration or storage actually will have benefits, just as the things in
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oil reservoir mapping have had benefits for storage characteriza-
tion.

Mr. BLUMENAUER. Thank you.

Mr. Chairman, I would hope that there may be an opportunity
for us at a subsequent hearing to explore this in greater detail. I
think there are actually other applications that are taking place in
North America, in Canada. There has been, as Mr. Bauer men-
tioned, some experience in Central Europe. I think it holds great
promise. It is something that isn’t commonly talked about and
looks like it could marry a number of the problems and opportuni-
ties together. And if it would be possible, I would appreciate your
consideration.

The CHAIRMAN. We can do that. To the gentleman from Oregon,
obviously coal is the biggest problem, so we have to explore all of
these potential solutions. So

Mr. BLUMENAUER. Thank you.

The CHAIRMAN [continuing]. It will be done. Thank you.

I just want to—I am going to recognize the gentleman from Mis-
souri, Mr. Cleaver, but you should know that we promised Gov-
ernor Freudenthal that he could leave at 12:00, and it is three min-
utes of 12:00. He made this request long ago, so if you have any
questions for the Governor, you have got three minutes on the
clock for him.

And we thank you, Governor, for being here. Your testimony has
been excellent. Thank you.

Governor FREUDENTHAL. Thank you, Mr. Chairman.

The CHAIRMAN. The gentleman from Missouri.

Mr. CLEAVER. Thank you. Governor, thank you very much for
being here, and your responses have been very helpful. You know,
to some degree you do understand what it is like to be on this side
of the table, so I appreciate your concerns. I don’t have any ques-
tions for the Governor necessarily.

I am interested in how we, you know, successfully sequester, but
it seems to me that if you turn loose the American ingenuity we
can solve a lot of those problems. The one problem I am not sure
is going to be resolved as easily is the issue with China and India
and, to a lesser degree, Southeast Asia, including Indonesia.

If we are going to end up paying higher prices in Wal-mart by
imposing some kind of tariff or, you know, if we—if our incentive
is to force the Chinese and the Indians to use more money, pay
more money to satisfy us, and if we don’t want to pay more at Wal-
mart and Target, what in the world are we—I mean, are we going
to do? I mean, we—as I think we are learning, nations don’t obey
us well.

And so, I mean, just saying “you had better” is not going to work.
So what are we going to do?

Mr. MoORRIS. Congressman, if I might, the International Brother-
hood of Electrical Workers’ President, Ed Hill, and our company,
American Electric Power, have put forth, now with the support of
the AFL-CIO, UAW, the Mine Workers, the Boilermakers, the con-
cept of creating a World Trade Organization compliant tariff re-
quirement for those products which we would import for those na-
tions that have not addressed the issue of global warming, because,
again, what we are trying to address ourselves here is the issue of
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global warming, not U.S. warming, if, in fact, you are concerned
about the climate process that may or may not unfold as time goes
forward if we do nothing about this as a world.

So the notion that there may be an additional cost for a good at
the Wal-mart store or the Target store is a societal reality for the
globe. Believing and dictating to those countries what they ought
to do will not work, to your point. We now know that in any one
of a number of demonstrations.

But this concept—again, the way it works under the World Trade
Organization is once you have required a carbon program on U.S.
manufacturers, and it has been in place for half a decade, you can
then require the same kind of program on international manufac-
turers who would export goods to this country. And that is the
plan, and, quite honestly, it is gaining very reasonable support.

Both the Bingaman-Specter bill have that in it, the Lieberman-
Warner bill has a sketch of that in it. We have heard at least from
the principal committee under Chairman Dingell and Committee
Chair Boucher that they are very much in support of that concept
as we go forward. That 1s one way to go about doing that.

The thing that would worry me even more about that as we go
forward, however, would be, how would we verify that those pro-
grams are in fact being followed? And so with this particular piece,
we don’t need to be as concerned about what they are or are not
doing there. We just know that that is an economic driver that will
eventually cause them to move in the right direction, as will their
own populations.

I think The New York Times this weekend had an excellent piece
on the general feeling about the population in China in particular.
But you are right to point out Indonesia, Brazil, there are many
other countries involved.

Thank you.

Mr. HAWKINS. If I could just comment, there is an opportunity
for a virtuous circle here. NRDC has an office in Beijing. We now
have nine people on staff there. And we spend most of our time
analyzing the Chinese energy economy and pointing out the bottle-
necks to growth that are represented by the inefficient processes in
industrial production and in power production and trying to make
the case to Chinese officials that by adopting better standards for
end use efficiency, better standards for production efficiency, they
can actually have more dollars go to value added products and
fewer dollars go to BTUs that are moving around in the economy.

And the adoption of the kind of program that Mike Morris just
described by the United States could be just the added extra kicker
to kind of help the Chinese officials to make this happen, because
right now you have tension between the national government. A lot
of the officials get this problem; they understand it. But the provin-
cial governments are making money hand over fist building power-
plants to feed the power hungry east coast of China.

And so you have—you don’t have a system that is necessarily in
the best interests of China as a nation, but it is certainly in the
short-term interests of a lot of provincial officials who are making
lots of money for their provinces through this very rapid explosion
of coal-fired powerplants that actually don’t have to be built if the
Chinese economy had efficiency programs. And we are trying to get
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those done. The politics are challenging. And, obviously, as a U.S.-
based environmental organization, we have limited capacity to
make those changes.

But with supporting policies in the United States that essentially
give another reason for the Chinese to pay more attention to these
opportunities, we think we could make it happen.

Mr. CLEAVER. Thank you, Mr. Chairman.

The CHAIRMAN. The gentleman’s time has expired.

Do any of the other members have any—does anyone have a final
question they would like to ask? Mr. Inslee or Mr. Blumenauer?
Mr. Cleaver, do you have any

Mr. CLEAVER. No, thank you.

The CHAIRMAN. Great. Well, let us do this. Let us, in reverse
order, ask each of you to give us your one-minute summation of
what it is that you want the Committee to remember from your
testimony. As we deal with this energy bill over the next month or
so, we will—this is going to be a city that will turn its attention
to this climate change issue and cap and trade legislation.

So tell us what it is that you want us to remember as we are
moving forward. We will begin with you, Mr. Dalton.

Mr. DALTON. Thank you, Mr. Chairman. First off, I would like
to point out that the increased efficiency and integrated testing at
full-scale is important for these technologies relatively quickly,
even before full-scale commercial installation. The R&D needs to
move forward, and the demonstration and deployment needs to
move forward rapidly.

Increased thermodynamic efficiency of pulverized coal, increased
efficiency and reliability of intergasification that matches the com-
bustion—the CO; capture is very important, as well as improved
technologies for CO, capture. Reliable technologies for CO, storage
and mechanisms to deal with the financial and technical risks in
that storage are important, but a full portfolio is really required.

The CHAIRMAN. Is required. Thank you.

Mr. Sussman.

Mr. SussMaN. Thank you. On the path that we are on right now,
I think it is a high likelihood that we are just not going to see
widespread deployment of CCS before 2030 at the earliest. And I
would submit that that is too late. What we need is we need a na-
tional implementation date. We would say that that implementa-
tion date is 2016. Others might say that it is 2020.

And we need to send a very clear message to developers and
builders of coal plants that any new coal plant would be expected
to have CCS in place by that national implementation date. Then,
we need to address the cost differential and the potential impacts
on electricity price increases. And as we outline in our report, there
is simply no alternative but to subsidize CCS until the price of car-
bon gets to a level that would incentivize CCS in the market.

And that I think means a national expenditure, in our view, of
somewhere between $35- and $40 billion to make CCS cost com-
petitive until around 2030 when it should be cost competitive under
a cap and trade system.

The CHAIRMAN. Okay. Thank you.

Mr. Hawkins.
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Mr. HAWKINS. Mr. Chairman, every month of delay hurts us in
attacking the climate problem and raises the costs of doing so.
Every month 10 new coal plants are started up somewhere around
the world. Each one of those coal plants is going to operate for 60
years or more, and we have no reliable prospect that any of the
CO; from those coal plants will be captured, because they are not
being designed to allow that. Maybe it will happen, but we can’t
count on it.

So it is critical that the United States act, and this Congress has
the ability to act. We think the policy package that I outlined is
the one that can make a huge change; that is a cap and trade pro-
gram. And then, focused performance standards for making sure
that the next coal plants that get built in the United States capture
their carbon.

There has been a lot of talk about proving things out, but the
way we will prove this out is by operating these things at scale.
We would get the learning by doing. These technologies are all
commercially proven in pieces. We need to put them together, and
we need a policy package to make it happen.

The CHAIRMAN. Thank you, Mr. Hawkins.

Mr. Bauer.

Mr. BAUER. Thank you, Mr. Chairman. I would have a few
points. The carbon capture and storage is achievable, it is realistic,
and the R&D and large-scale demonstration that will take place
OVTI‘ the next 15 years will fully make that a very feasible tech-
nology.

There needs to be investment in the R&D. There needs to be reg-
ulatory certainty for the investment to come from the private sector
as well, as well as the actual implementation, as Mr. Morris spoke
to.

I think it is also important to recognize that the energy industry
is the private sector. The U.S. Government does not make elec-
tricity, although we do have the hydropower and some TVA, and
like that, yet the majority is private sector. So things that make
it for the private sector, the signals—both regulatory and other-
wise—that make it work are very essential in this.

One thing we did not talk about today is 60 percent of electricity
demand is residential and commercial buildings. The ability to re-
duce demand or slow the growth in demand, not by slowing build-
ing but by higher standards of building codes, is a very important
tool that is often undervalued, but yet substantially possible. I
think that is worth looking at.

And then, lastly, I think that the Committee has already indi-
cated a recognition that our domestic resource coal and fossil fuels
have to be an essential component, so we are talking about how do
we do that realistically and economically.

Thank you very much for your time.

The CHAIRMAN. Thank you, Mr. Bauer.

Mr. Morris.

Mr. Morris. Thank you very much, Mr. Chairman. It seems to
me that it is inevitable that we are going to work to a cap and
trade program, and we would argue that it needs to be an econ-
omy-wide cap and trade program, that it needs to have timelines
and reduction schedules that are realistic, and, in fact, achievable.
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We would believe that credits ought to be allocated to those who
will invest the capital to make a difference in the environment,
rather than auctioned, so that those who buy them can make
money by the positions that they have taken. We obviously believe
that the global nature of it needs to be addressed and cannot be
denied or ignored. We obviously believe that we also ought to have
a price cap on those credits, so that if you need to create more or
you need to buy more, at least in the early go we know what that
cost is, so that the U.S. economy can digest and adjust to that cost,
whatever it might be.

And, lastly, we think that those who have implemented early ac-
tion and taken voluntary steps ought to get credits and bonus rec-
ognition for the steps that they have taken, because we, in fact, in
a voluntary nature have made a huge difference in the CO; foot-
print of our company alone, and many of my colleagues have done
that as well.

Thanks very much for the time to be here and share some ideas.

The CHAIRMAN. Thank you, Mr. Morris, very much.

Congresswoman Herseth Sandlin has arrived, and so this hear-
ing is now officially in overtime as we recognize her for a round of
questions. [Laughter.]

Ms. HERSETH SANDLIN. I thank you, Mr. Chairman, and I thank
the witnesses for their patience.

I did want to explore just a couple of issues quickly, and if I
could start with you, Mr. Bauer. You had talked about coal and bio-
mass. Are you working with and familiar with the Department of
Energy’s workshops that they have done?

They have set up by region, and in South Dakota, for example,
within our region, one of our land grant universities is sort of lead-
ing these workshops to help calculate the availability and sustain-
ability of feedstocks like switchgrass of—the sustainability of bio-
mass by region that would then, of course, assist as it relates to
those regional calculations and where the coal-fired facilities are lo-
cated. And maybe you could just elaborate a little bit on the IGCC
technology as it relates to integrating biomass with the coal plant.

Mr. BAUER. Yes, ma’am, Congresswoman. I am familiar with
that. In fact, there are two entities that implement that for DOE—
the Golden office out of Denver and NETL where I am, Pittsburgh,
Morgantown. We are operating mostly in the eastern half of the
United States—Denver, Texas, you expect the western half. But I
am familiar with the process of working with the land grant col-
leges and the State Energy Boards about funding to look at renew-
ables and the source.

Going specifically—the issue about biomass with coal is an issue,
just like biomass anywhere. Is there a sufficient amount of biomass
in a reasonable radius of transport to make it happen? That is
when I mentioned switchgrass and those kind of crops that have
a potential to add to it.

Gasifiers can and do—and moving them over to The Netherlands
it does about 30 percent—that is a wood waste biomass that they
use over there with coal to produce electricity. They are looking at
building another plant and actually capturing the CO, and storing
it, store sequestration.
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So it is doable. There are challenges, because of the characteriza-
tion of the biomass and the different kinds of coals, and those are
all technologically able to be addressed, but they aren’t being done
regularly so there will be R&D issues that have to be done with
in the process of implementation.

Ms. HERSETH SANDLIN. Do you think one of the other chal-
lenges—and I guess maybe not a challenge, but the importance of
facilitating getting these measurements and calculations, because
of the issue of biomass for electricity generation, and biomass for
transportation biofuel production—I mean, do you anticipate some
sort of tension developing there if we don’t get these calculations
and measurements so we can adequately define what are reachable
goals on both the electricity sector and the transportation sector
side of the equation here?

Mr. BAUER. Yes, I believe there is a realistic marketplace, just
like there is today. Natural gas is one of the fuels that cuts across
all marketplaces of use. We have lost the fertilizer industry off-
shore. We are importing natural gas from other countries in the
form of fertilizer today. We lost chemical production because we
can use natural gas for power generation and other things, so the
price in the marketplace drives that.

And the same thing will be true on competition for biomass for
both biofuels—direct conversion and thermal conversion of biomass
and coal together to perform coal biomass liquids for transpor-
tation. I think the economics of the market will work and sort that
out, and also will drive towards certain crops besides food crops as
sources for rapid growth of biomass.

Ms. HERSETH SANDLIN. Thank you. And then, one final question,
which anyone can additionally respond to either the issue of the
biomass in the coal-fired facilities and what your company or what
the sector is doing to respond to that.

But, Mr. Hawkins, specifically, when you set forth the three-part
policy package for a comprehensive cap and trade system, where do
you see American agriculture playing a role in that system? Be-
cause when we traveled to Europe earlier this year, they don’t in-
clude agriculture in their cap and trade system, and I think that
they made a mistake in setting up their system not to do.

And I think there is great potential for agriculture in certain
farming practices and grazing practices to play a role in helping
store carbon, especially as we transition to these new technologies.
So your thoughts on that, please.

Mr. HAWKINS. Thank you, Congresswoman. We think that agri-
culture has an important role to play, and we think it would be im-
portant to design a cap and trade program to create incentives for
practices that will reduce greenhouse gas emissions and enhance
the storage of carbon in soils, for example.

Our view is the best way to do that is to have a portion of the
allowances that will be administered under any cap and trade pro-
gram be available on basically a best bid basis for projects and pro-
grams in the agricultural sector that will reduce these greenhouse
gas emissions. And that way American agriculture could be
incented by being able to receive either allowances directly or the
proceeds from allowance sales in order to support these programs.
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Mr. MORRIS. Two of the programs that we have used in our vol-
untary nature of reducing our carbon footprint drive themselves
specifically to agriculture. One is the whole notion of methane cap-
ture, which, as you know, has a much more beneficial environ-
mental global warming impact.

Farmers create, through contracting with firms that do that
work, particularly in the manure side of the business, that capture
the methane, create credits, which we in turn would purchase and
put in our bank to make certain that we have credits to take
against our own global warming footprint, as well as no-till farm-
ing, which is another breakthrough undertaking.

So including the entirety of the U.S. economy and the entirety
of the U.S. creativity is what is going to be needed if we are going
to be successful in this endeavor.

The CHAIRMAN. Great. The gentlelady’s time has expired, and all
time for this hearing has expired as well.

This is going to be the first of many, many hearings that we are
going to have on this and related subjects that will result in legis-
lation passing that will begin to change the relationship between
the United States and greenhouse gases. We thank you very much
for your participation today.

[Whereupon, at 12:16 p.m., the Committee was adjourned.]
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“~  THESELECT COMMITTEE ON

ENERGY INDEPENDENCE AND GLOBAL WARMING

Dear Governor Freudenthal,

Following your appearance in front of the Select Committee on Energy Independence and Global
Warming, members of the committee submitted additional questions for your attention.  have attached
the document with those questions to this email. Please respond at your earliest convenience, or within 2
weeks. Responses may be submitted in electronic form, back to me at aliva.brodsky@mail.house.gov.

Please call with any questions or concerns.

Thank you,

Alj Brodsky

Chief Clerk

Select Committee on Energy Independence and Global Warming

1)} Do you think the adoption of a cap and trade program would have a direct impact on the development
of new technology in the area of carbon capture and storage?

It is imperative that we monetize the cost of carbon. The uncertainty surrounding this issue is
paralyzing market investment. The impact of monetization, be it cap and trade, carbon tax or some hybrid
is entirely dependent on the details of the structure. An effective program must include significant
incentives to accelerate technology development.

Monetizing carbon is one of the key variables likely to influence investment in carbon capture and
storage technology. We would expect that the structure of any system will influence investment to the
extent they effectively monetize carbon. Like most laws, the devil is in the details. The timeline,
increasing price, allowance schedule, tax treatment of technology investments, and allowable off-ramps
are all likely to directly affect the rate of development and deployment of carbon capture and storage in
fossil fuel based electric generation. We would expect IOUs and REAs to take all these variables into
consideration when completing their cost-benefit analyses and financial assessments for new
infrastructure investments.

2} Do you think it is realistic to restrict coal in our energy portfolio at this point in time?

[ believe we will need alf our resources in an energy portfolio if we are to move the economy
forward. As coal is our most abundant, indigenous energy resource it makes no sense to festrict it at this
point. However, it is important to reconcile the use of coal with the apparent political imperative of
managing greenhouse gas emissions. Therefore, | believe rather than restrict the use of coal we need to
accelerate those programs and policies that fead to the use of coal in a much cleaner manner.

I think it’s appropriate for Congress to set a value on carbon that reflects our nation’s environmental,
security and economic values. Once an economic value is placed on carbon, the market can best
determine the optimal composition of an energy portfolio necessary to meet demand on a regional basis.
We’ve seen private sector companies make portfolio investment adjustments in the last year in response
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to a change in values. But with a 40% increase in energy demand expected by 2030, and 50% of our
current electric generation from coal-fired power, it would be imprudent to restrict coal in our energy
portfolio. If anything, our historical, current and projected continued reliance on coal only reinforces the
need for greater investment in technology which reduces the carbon footprint of coal-fired power

generation.

3) Given that coal is a bigger challenge in the scheme of climate change because of CO2 emisstons,
would you support the development of more nuclear power as we look toward the future in a carbon
constrained environment?

Our nation is going to need all its available resources as we address our future energy needs. Coal,
natural gas, nuclear, renewables and what some refer to as the “fifth fuel”, energy efficiency and
conservation, will all play a role. Low cost, reliable and less earbon intensive power BTUs are a clear
preference. It is also important not to disregard the externalities associated with our energy choices,
whether it be water consumption, view shed or wildlife impacts or public safety. Safe storage of spent
fuel rods remain a critical, and to my knowledge unresolved, issue in the wide scale deployment of
nuclear energy plants,

4) Given that most everyone agrees that dependence on foreign energy resources is not the best policy
for America, are you concerned about restrictions in using our vast resources of coal?

We need to develop policies that enable the use of coal while simultaneously addressing the emission
profile of this fuel. It makes common sense that we would use our indigenous resources.

5) The Energy Information Administration projects that U.S. electricity demand will grow by over 40%
by 2030. What do you think is the most efficient, affordable and cleanest way to meet that demand in the

future?

1 believe that increased demand will be so robust that we will need to bring to bear all our energy
resources. There is no magic bullet to the question of how we can best meet our energy demands.
Conservation and energy efficiency are some of the most readily available resources at our disposal today.
Energy efficiency investments will play an important role in slowing demand while public and private
investments in technology development and commercial scale deployment of fossil and renewable energy
solutions come to market in the next two decades.

6) On the issue of technology, would you agree that it is better to let market forces decide the direction
that technology takes? What, if any, government action is necessary to heip technology to develop more
quickly?

I believe strongly in the power of the marketplace and the innovation and creativity that it produces.
The proper role of the government then is to set performance standards and to remain technologically
agnostic about how these standards are achieved. Choosing technologies however attractive they may be
is a distraction to the functioning of a healthy marketplace. The government incentives (tax policy andfor
financing) must be available to ali developing energy technologies — not just ethanol and wind.

7) What are the principal barriers to the commercial deployment of carbon capture technologies?
Capital investment, driven by a low or inadequate value for carbon, is perhaps the most significant
barrier to commercial deployment of carbon capture technologies. Additionally, we need several large

scale (MM tons of CO2 or greater) demonstration projects and operating history of measuring,
monitoring and verifying the movement and activity of CO2 in non-porous structures such as saline

Page 2



170

aquifers. Without this information, we cannot make defensible conclusions about the impacts of CCS on
other natural resources or the chemical changes which may occur. Furthermore, we cannot faunch a
public education campaign which will be required to gain political support and community acceptance for
CCS projects. A robust regulatory and legal framework and risk management program that appropriately
parses risk and responsibility between the private and public sectors for an indefinite period of time is
also required.

8) How do you define “affordable™ as you look at technology that you might want to employ in carbon
capture?

This is ultimately a question of rational economic decisions. Carbon capture is “affordable™ if the cost
of the initial capital investment for CCS equipment, the ongoing operational costs associated with
sequestering, compressing, moving and storing CO2, and the cost of monitoring and insuring against
long-term risk is lower than the cost of emitting CO2. States and the federal government will also need to
determine that the cost assessed to the private sector, ultimately passed back to ratepayers and taxpayers,
addresses the public sector investment required to ensure public safety and manage any potential
environmental risk.

9) The Energy Policy Act of 2005 provided a 20% investment tax credit for the constructions of IGCC
plants, federal loan guarantees for IGCC plants and subsidies for research on technologies including
IGCC. Do you support those provisions?

Yes, but keep in mind that these provisions may not be enough. 1 support a variety of measures to
promote widespread adoption of IGCC or equivalent technology. These include tax-exempt bond
financing for plants that meet a CO2 cap on a BTU basis, tax-exempt bond financing for carbon capture
and sequestration equipment and components, an accelerated depreciation schedule for CCS components,
and transferable investment tax credits. Transferable investment tax credits would function as a financial
vehicle much the way a production tax credit does for a wind or biofuels project. This asset can be used
to obtain equity financing so that financing terms for an IGCC plant and a mature SCPC plant are
comparable. It is also critical that the mechanics and terms loan guarantee program are modified to
reflect standard market terms and address the entire financing amount typical to a private sector loan.

10) Enhanced Oil Recovery is one way to use captured CO2 to our advantage. Do you support EOR? Do
you see other applications for the use of CO2 in this way?

Given our nation’s energy security needs and scarcity of resources, the use of CO2 for EOR is a smart
economic and environmentally preferable solution. To my knowledge, Wyoming follows only Texas in
terms of CO2 usage for EOR. That said, I do not view the use of CO2 for EOR as in the same vein as
long-term storage of CO2 in geologic formations such as a saline aquifer when it comes to measuring
reduced CO2 emissions. By definition, some portion of CO2 for EOR will release into the atmosphere
again. This differential will become increasingly important in the event that a cap and trade system is
established and fong-term storage of CO2 must be warranted and ascribed an economic value.

11) When we ook at current government programs and research in the area of carbon sequestration, are
we on the right track? Other than throwing more money in the mix, where would you make
improvements or change focus to help bring carbon capture and storage closer to reality?

We need to invest in a manner that allows large scale sequestration projects to be demonstrated in
various geological structures across the country. If we are serious about sequestration, we wil need to
develop a number of sites and the attendant infrastructure in a variety of locations. As we compare the
generally successful sulfur dioxide cap and trade scheme with the management of carbon dioxide, we
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must keep in mind the relative scale of each emission. The amount of carbon dioxide emitted in power
generation is roughly 240 times the amount of sulfur dioxide. Therefore the necessary infrastructure to
handle this amount of material is not trivial. We will need to use all kinds of sequestration sites across the
country to optimize the infrastructure investment.

The most important element to bringing carbon capture and storage closer to reality is a clear market
indication of the value of carbon and rules and regulations to monitor it. Establishing a cap and trade,
carbon tax or other hybrid system coupled with a federal government investment level commensurate
with the scope of our problem and need for cleaner energy solutions will move the needle. Federal
investment comparable to the levels provided for the wind or biofuels markets would jumpstart the
private sector investment also required. We've certainly seen this to be true in the wind and solar markets
and see no reason why CCS should not experience a similar trajectory.

12) How could performance standards be incorporated into the development of new coal-fired power
plants?

It makes sense to develop a “glide path® with respect to performance standards. By this method you
can create ‘stretch but achievable’ standards for the first couple of plants and then begin to work toward
more stringent standards through time. If the initial standards are not reasonably achievable then the
financial markets are likely not willing to engage. A glide path provides a level of certainty that will be
required to get the kind of dollar investment necessary for these large projects.

Natural gas plants seem to be the solution du jour for meeting our energy needs. If we assume that
the natural gas standard CO2 output on a BTU basis is the benchmark, we should be able to set a goal of
coal-fired powered generation at a similar level. But we must take a critical look at the construction,
financing, technology and political hurdles that must be overcome to be able to deliver coal-fired power at
a natural gas standard. We must also consider the timeline and investment leve! required to reach it.
Performance standards should include a multi-tiered set of goals, a timeline and glide path that sets stretch
but attainable goals.

13) As we look at long term storage of CO2, have any of you looked at the pipeline needs related to this
issue?

The Enhance Oil Recovery Institute at the University of Wyoming has done some preliminary work
on this question as has the Wyoming Pipeline Authority. We are in the process of doing a detailed,
specific inventory of EOR sites as well as sirilar detailed inventory of sequestration sites. Once those are
completed and we have an idea where future plants may locate we can be more specific in laying out a
pipeline scheme to Hnk these sources and sinks.

14) What concerns, if any, do you have about the long-term storage of CO2 in geologic formations? Are
you concerned about the legal and regulatory complexities of long-term storage?

According to my geological advisors, CO2 currently exists in many geologic formations and has been
in place in many cases for miltions of years. In some cases. CO2 is currently re-injected as part of oil and
gas exploration and production operations. Having said that, it makes a great dea! of sense to make the
necessary investment in sequestration at scale (1,000.000 tons per vear over several yearsy which would
include thorough measurement, monitoring and verification.

There are two types of lability associated with CO2 management—operational liability and post-
injection liability. Operational liability includes the environmental, health and safety risks associated
with carbon dioxide storage, transport and injection. Historically, the private sector has fairly
successfully managed these risks with EOR and other activities. Post-injection liability, namely the in
situ liability of harm to human health, the environment and property related to leakage of CO2 is an area
of greater concern and direct government responsibility. These risks include potential groundwater
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contamination, seismic activity, subsurface trespass and the unlikely event of a catastrophic release.
Robust monitering, measurement and verification of data and activity over the long-term are required to
determine the scope and specifics of this in situ risk. Given the scope of the CO2 management problem
our world faces, | believe we need to accelerate the number, size and geographic distribution of these
projects post-haste to begin to adequately answer these questions. It is imperative that the legal and
regulatory framework be developed. The Wyoming Legislature has also been asked to address these
exact questions as they are imperative to resolve to move forward. Fundamentally, the multi-generational
Hability for CO2 sequestration must be borne by the federal government.

15) Since Wyoming is a large producer of uranium, are you supportive of nuclear energy?

Yes. I believe we are going to need all kinds of energy resources going forward to meet demand.
This includes nuclear, wind, solar, coal, gas and others we will discover from a robust marketplace.

16) Your emphasis on who pays the price of long term carbon management is a point well taken. Given
that concern, do you agree that mandated cap and trade as well as carbon capture requirements are likely
to increase costs to consumers? What would be your suggestion to mitigate that concern?

Any carbon management system which puts a value on carbon is likely to increase the costs to
consumers. The question is how much of that cost gets passed on in the rate base, and ultimately to the
consumers, versus getting passed on through government funding, and therefore to the taxpayers. My
concern is for the lowest income earning quartile of our society who spends nearly 8x as much of their
income on energy consumption as the highest income earning quartile of our society. There needs to be
one or more mechanisms to offset some of these impacts to those who can least afford to shoulder the cost
of carbon management. | have read proposals for payroll tax deductions, or an income tax deduction
which make sense. Ialso support a tiered utility price system which rewards for lower consumption
levels coupled with well executed energy efficiency programs and improvements.

17) You mention that the Wyoming is doing a geological survey to identify the optimal CO2
sequestration sites, but I am glad you also mentioned the potential risk assumption that is inherent in a
carbon storage program. As a Governor, how do you balance the concern about environmental liability
and the opportunity improving our climate and potentially profiting from doing so?

The process of developing a safe, effective and efficient carbon dioxide sequestration scheme will
take technical understanding as well as reasoned judgments about risk and liability. As it stands now
there are things we just don’t know which are why we need the research to understand the technical
aspects of sequestration. Simultaneously we need organized, rational thought about risk and liability to
move toward reasonable state and federal policy. With these sideboards in place, the economics will
begin to sort themselves out. Conversely, without these boundaries the financial community will likely
not engage in a substantial enough manner to make the necessary investment to end up with a viable
national sofution. Given the current state of the available science and the energy demand worldwide, 1
see no other choice than to develop a serious CO2 sequestration effort worldwide.

18) You note on page 4 of your statement that “we need to accelerate those programs that lead quickly to
economically viable, commercial scale electric generation plants.” Would you support streamlining the
permit process for new coal plants if they were IGCC plants as a reward for companies who chose to
build IGCC plants?

I believe one hallmark of a well functioning government is a responsive, timely and efficient
permitting process. This does not mean we cut corners on environmental rules or safeguards. but rather
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we set a clear and consistent process based on our environmental and economic values and follow it. 1do
believe streamlining the permitting process for new electric generation plants which meet identified
performance thresholds, such as a maximum CO2 level per BTU output, is one tool governments have
and should use to promote cleaner energy development. 1 do not believe it is goverment’s role to pick
specific technologies such as IGCC. The market is better able to determine the right technology to
achieve the desired performance standard. In no event would I support compromising applicable
environmenta) standards. The operator of an IGCC should still conform to the standards for safety, land
reclamation, currently regulated pollutants, etc. Positive procedural treatment is a logical step, waiver of
substantive standards is not.
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THE SELECT COMMITTEE ON

' ENERGY INDEPENDENCE AND GLOBAL WARMING

Dear Mr. Morris,

Following your appearance in front of the Select Committee on Energy Independence and Global
Warming, members of the committee submitted additional questions for your attention. I have
attached the document with those questions to this email. Please respond at your earliest
convenience, or within 2 weeks. Responses may be submitted in electronic form, back to me at
aliya brodsky@mail.house.gov. Please call with any questions or concerns.

Thank you,

Ali Brodsky

Chief Clerk

Select Committee on Energy Independence and Global Warming
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Mike Morris, AEP Responses to Select Committee Questions

)

2)

3)

4)

3}

Do you think the adoption of a cap and trade program would have a direct impact on the
development of new technology in the area of carbon capture and storage?

Yes. A cap and trade program will provide a price signal for carbon emissions that does
not exist on a national basis in the US today. This will provide market incentives to employ
technologies that reduce carbon and other greenhouse gas emissions including carbon
capture and storage.

Do you think it is realistic to restrict coal in our energy portfolio at this point in time?

No. Coal accounts for approximately 50 % of our electricity production in the US today. It
is one of the few options we have today that produces low cost, reliable and affordable
electricity. Further, the development of new clean coal power plant technology such as
integrated gasification combined cycle (IGCC) and ultra supercritical (USC) and ultimately
commercially proven carbon capture and storage technology hinges on allowing new coal to
be buiit.

Given that coal is a bigger challenge in the scheme of climate change because of CO2 emissions,
would you support the development of more nuclear power as we look toward the future in a
carbon constrained environment?

Yes. We believe that both coal with carbon capture and storage technology and nuclear
technology need to play an important role in a future carbon constrained environment.
Realistically, we cannot meet the future demand for power and reduce our carbon
emissions without using both approaches.

Given that most everyone agrees that dependence on foreign energy resources is not the best
policy for America, are you concerned about restrictions in using our vast resources of coal?
Yes, coal is our single largest energy resource and undue restrictions will limit our ability to
continue to power our economy cost-effectively, reliably and cleanly. New clean coal plants
should be encouraged, not discouraged.

The Energy Information Administration projects that U.S. electricity demand will grow by over
40% by 2030. What do you think is the most efficient, affordable and cleanest way to meet that
demand in the future?

There is no single answer to this question. It is simply not possible for one energy
technology or fuel to meet our growth in demand over the next twenty to thirty years.

Instead, we believe that there must be a portfolio of cost-effective, clean energy solutions.
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This would include the combination of (1) improved energy efficiency on the part of our
customers, (2) continuing improvements in the efficiency of existing fossil, hydro and
nuclear power plants, (3) clean coal technology such as IGCC and USC, (4) new nuclear, (5)
renewable power sources such as wind and biomass with the accompanying transmission
build out, and (6) high efficiency combined cycle gas power plants. I would note that AEP is
already investing or considering investing in all of these options to meet the future energy
demands of our customers.

On the issue of technology, would you agree that it is better to let market forces decide the
direction that technology takes? What, if any, government action is necessary to help technology
to devclop more quickly?

Market forces and competition among vendors, suppliers and energy companies must play
a central role in the development of long-term technology solutions. However, with a large
multi-billion dollar investment required to build a single new clean coal power piant, some
government support is essential to help cushion the costs and large risks to companies (and
their customers) that are deploying these new technologies, particularly as they are being
developed. As such, three broad types of government financial support are needed to help
technology develop more quickly. This includes (1) research, development and deployment
funding and grants, (2) investment tax credits to help reduce up-front costs and (3) bonus
allowances in cap and trade legislation to specifically encourage more rapid deployment of
technologies. In addition, federal regulatory support is essential to reducing risk and
encouraging investment.

What are the principal barriers to the commercial deployment of carbon capture technologies?
There are three major barriers to the deployment of carbon capture. First, the energy costs
of carbon capture at power plants are very high today and need to be reduced before we
will see widespread commercial deployment. Second, the capital investment needed for
carbon capture is also large, particularly when including the large loss of generating
capacity (e.g. energy needed to capture the carbon) that must be made up through
additional new generating capacity additions. Third, there are a host of institutional,
regulatory and legal uncertainties primarily pertaining to the ultimate storage of carbon
that must be resolved so that investment and project risks are shared and minimired.

How do you define “‘affordable” as you look at technology that you might want to employ in
carbon capture?

There is no one definition of “‘affordahle’ or ‘““reasonable cost” when one considers new

technology such as carbon capture. We would note that based on recent studies by the



9)

177

Electric Power Research Institute (EPRI) the costs of carbon capture would increase the
costs of a new IGCC plant by 40-50% and a new pulverized coal plant by 60-70% which for
many is outside the range of being “affordable” or a “reasonable cost™. This is the very
reason we are trying to commercially validate chilled ammonia carbon capture and storage
{CCS) technology at our plants in order to bring down costs of CCS to a more reasonable or
affordable range.

The Energy Policy Act of 2005 provided a 20% investment tax credit for the constructions of
IGCC plants, federal loan guarantees for IGCC plants and subsidies for research on technologies
including IGCC. Do you support those provisions?

Yes, we do support such provisions though federal loan guarantees for IGCC do not
provide much in the way of financial incentives for AEP. However, we understand that

such loan guarantees can play an important role for some investors in IGCC plants.

10) Enhanced Oil Recovery is one way to use captured CO2 to our advantage. Do you support EOR?

Do you see other applications for the use of CO2 in this way?

Yes, we support EOR. EOR is a very logical way to use captured CO?2 to help expand our
energy supply and improve the net economics of carbon capture. In fact, we just signed a
contract to sell the CO2 emissions from our retrofit CO2 capture project at our
Northeastern plant in Oklahoma to a company that plans to use it for EOR. In addition to
EOR, captured CO2 could also provide significant value in being used to enhance gas
recovery in depleted gas fields and in deep unmineable coal seams for enhanced coal bed

methane recovery.

11) When we look at current government programs and research in the area of carbon sequestration,

are we on the right track? Other than throwing more money in the mix, where would you make
improvements or change focus to help bring carbon capture and storage closer to reality?

The most important non-monetary contribution that the federal government could make
would be to establish clear rules, procedures and timelines so that investment uncertainties
are reduced. This would include development of appropriate federal measurement,
monitoring and verification (MMYV) protocols and national standards for permitting of

storage reservoirs, among other issues.

12} How could performance standards be incorporated into the development of new coal-fired power

plants?
We do not support performance standards as we believe a cap and trade approach has been

proven to be a more cost-effective way to reduce emissions. If performance standards are
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required, we would urge that they be implemented flexibly, allow for trading and be
developed in light of the expected time needed for commercialization of CCS technology.

13) As we look at long-term storage of CO2, have any of you looked at the pipeline needs related to
this issue?
Based on the studies conducted by or on behalf of AEP to date, AEP power plants are
largely located at or near good or acceptable sites for carbon storage, making very long
pipelines unnecessary for most AEP plants. We do recognize that other power companies
particularly those in parts of the Southeastern US may have significant pipeline
requirements given that they are not located close to adequate storage capacity.

14) What concerns, if any, do you have about the long-term storage of CO2 in geologic formations?
Are you concerned about the legal and regulatory complexities of long-term storage?
Many of the geologic studies conducted to date suggest that there are probably no major
technical problems associated with the efficacy and effectiveness of long-term storage in
deep saline formations, oil and gas formations and other geologic formations. Further, the
studies suggest that the amount of storage capacity in the US is very large in relation to the
amount of CO2 emissions we may ultimately need to sequester. However, this is not meant
to minimize the technical challenges ahead with CCS. For one, the use of deep saline
geologic storage formations as primary long-term storage locations has not yet been
sufficiently demonstrated. Further, there are numerous other questions including how
many injector wells are needed, the lifespan of the wells, proximity to other wells, and time
span for post-injection monitoring, to name just a few. We are also concerned about the
legal and regulatory matters that must be resolved to encourage and facilitate long-term
storage of CO2.

15) Do you agree that there is an urgent need in the U.S. for more energy generating capacity? And
do you think that carbon capture and storage should be required at this point in time?
We agrec that there is an urgent need for more generating capacity. All of the data and
reports that have been developed including the recent North American Electric Reliability
Council (NERC) reliability report suggest that we may face a serious shortage in electricity
generating capacity in just a few years in a number of regions across the US. In our own
case, we have active plans to construct coal and natural gas power plants to meet growing

demands, though we still need regulatory approvals to proceed in a number of cases.

We do not feel that carbon capture and storage should be required at this point in time.

CCS should not be mandated until and unless it has been demonstrated to be effective and
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it becomes commercially ed and av on a widespread basis. Until that

threshold is met, it would be technologically unrealistic and economically unacceptable to

require the widespread installation of carbon capture equipment.

16) Tam impressed by your commitment to developing new technology and considering the
environment in your decision making. Have you made a commitment at this point to only build
IGCC plants when you build a new coal-fired plant? If not, what is keeping you from that
commitment?

We have not made a commitment to build only IGCC plants because there are other viable
clean coal options (e.g. USC) which may ultimately prove to be as cost-effective as IGCC,
including the costs of carbon capture and depending on the location and fuel type used.
Our present plans include building two IGCC plants in the Eastern part of the AEP system
in West Virginia and Ohio. Both of these plants still require state rate regulatory approvals
for us to commence construction. In the Western part of the AEP system, we recently
received approval to build an USC coal plant in Arkansas. We also examined the possibility
of building an IGCC plant in Arkansas. However, we were unable to receive adequate
contractual guarantees on the reliability and performance of the type of IGCC technology
that would have been used with the lower BTU coals we would use at the plant,

17) 1am concerned about the potential impact of requiring new technologies on the rates that our
constituents pay for electricity. Can you tell me what the best way to prevent prices from
skyrocketing would be under a scenario where the government requires new technology for
carbon capture or cap and trade?

In the case of cap and trade legislation, there are a number of provisions that will help
moderate large increases in electricity prices. These would include reasonable targets and
timetables (with major required reductions postponed until after 2020 when the technology
begins to be commercially available), full allowance allocations with limited auctions,
unrestricted use of real and verifiable domestic and international greenhouse gas offsets
and a safety valve price.

We do not support techinology mandates or standards because they are a more costly way to
reduce emissions than an economy wide cap and trade system,_If there are to be techndlogy
requirements, they should be flexible and phased in very gradually to allow for time for

CCS technology to develop and be commercialized.
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18) Are you doing any work at your current plants to increase efficiency or reduce emissions? What,
if anything, do you recommend that the federal government do to assist with improvements at
current plants that have not outlived their lifecycle?

Yes. AEP has made a number of investments in our existing plants to improve their
efficiency and reduce their rate of CO2 emissions. Since the AEP new source review (NSR)
litigation settlement with EPA, DOJ and other plaintiffs announced several weeks ago, we
are now able to make a number of additional efficiency investments without fear of further
lawsuits. Nonetheless, we would strongly recommend that the government reform the
current NSR rules so that companies are able to invest in improving the efficiency and
lowering the CO2 emissions rate of existing facilities without NSR uncertainty.

19) You support an economy wide cap and trade program that is “well thought-out, achievable, and
reasonable.” What do you mean by that?

By “‘achievable”, we mean that the targets and timetables provide adequate time for CCS
technology to develop on a commercial scale before large reductions are required. We have
noted that this generally means 2020 and after before significant reductions can be
achieved. By “reasonable” we mean that the cap and trade program focuses on achieving
its emission reduction objectives in the least cost manner possible to the eeconomy at large
and to our sector and customers specifically. There are many elements that will help ensure
a cost-effective program including (1) allocation of reduction fairly across sectors and
within the power sector such that each source/company is making a similar percent
reduction of its emissions (2) limiting auctions so that companies and their rate payers do
not have to pay for buying auctioned allowances in addition to the costs of emission
reductions (3) unrestricted use of domestic and international greenhouse gas offsets as long
as they are real and verifiable and (4) a safety valve price to minimize price volatility.

20) What kind of tax credits do you support for new technologies for carbon capture and
sequestration?

There are two types of tax credits, which we would support for carbon capture and storage.
First, investment tax credits can help reduce the up-front capital costs of the technology and
encourage investment. Second, production tax credits or tax credits based on CO2 :
captured annually can play an important role in improving the long run economics of
investing in a CCS project. As an example, the production tax credit for wind power and
other renewables has been integral in the development and larger deployment of these

technologies across the US.
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21) I want to congratulate you on the voluntary emission reductions that your company has achieved.
Given that you did so without federal mandates — do you think they are necessary? If so, what do
you think the most reasonable timeframe is for federal requirements on carbon capture and
storage?

We believe that voluntary programs such as the Chicago Climate Exchange have helped
make important progress in reducing CO2 emissions at a number of US companies
including AEP. However, in order to achieve economy wide reductions and ultimately large
reductions in US greenhouse gas emissions, we believe a mandatory federal cap and trade
program with reasonable reduction targets and timetables is necessary.

22) How do you calculate “reasonable cost” when considering a technology?

Sce answer to #8 above.

23) Does AEP provide nuclear power to its customers? Do you support the inclusion of nuclear
power as we look at our future energy portfolio?

Yes. AEP operates a large nuclear power plant in the state of Michigan, which serves
customers in the Eastern part of our system. As I have noted before, AEP definitely

supports inclusion of nuclear plants as part of our future energy portfolio.
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Department of Energy
Washington, DC 20585

March 20, 2008
The Honorable Edward J. Markey
Chairman
Select Committee on Energy Independence
and Global Warming

U.S. House of Representatives
Washington, DC 20515

Dear Mr. Chairman:

On September 6, 2007, Carl O. Bauer, Director of the National Energy
Technology Laboratory, testified regarding: The Future of Coal under Carbon Capture
and Trade.

Enclosed are the answers to 17 questions that were submitted by Members of the
Committee for the hearing record. The four remaining responses are being prepared and

will be forwarded to you as soon as possible.

If we can be of further assistance, please have your staff contact our
Congressional Hearing Coordinator, Lillian Owen, at (202) 586-2031.

Sincerely,
Lisa E. Epifani
F‘-S-\ Assistant Secretary
. Congressional and Intergovernmental

Affairs

Enclosures
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

Do you think the adoption of a cap and trade program would have a direct impact on the
development of new technology in the area of carbon capture and storage?

The success or failure of any regulatory program designed to stimulate commercial
deployment of CCS technologies would, of course, depend on many factors, of which cap
and trade or other carbon price-raising mechanisms is but one. Weak cap and trade
programs with an initial low carbon price would not provide the economic incentive
necessary for the deployment of CCS technologies. Strict programs with an initial high
carbon price may generate an economic incentive, but before ancillary, but necessary,
infrastructure and regulatory issues are resolved, and in the absence of a significantly
expanded federal R&D&D program, before the technology is available at costs much

lower than those of today. The result would be high economic costs to the country.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

Do you think it is realistic to restrict coal in our energy portfolio at this point in time?

It would create a serious problem for electricity supply reliability to restrict coal-fired
generation within the Nation’s energy portfolio at this point in time. Because the
Nation’s economic growth and electricity supply growth have long been closely
cor.related, the inability to increase electricity supply, particularly with competitive coal-
fired baseload power generation, would likely have a significant negative impact on U.S.
regional economies that would be most impacted by restricting coal-fired generation, and
it could affect the Nation’s energy security, as well. Natural gas would be the most
probable substitute fuel for electricity generation in the near-to-mid term. However, it is
also an essential fuel for heating as well as an essential feedstock for chemical and
fertilizer production. Further, the Nation’s forecast for natural gas supply to the US,,
based on the early release of the Annual Energy Outlook 2008 (AEOO08), shows no
growth in supply of natural gas from North American sources through 2030. This
limitation would lead to greater imports of Liquefied Natural Gas (LNG) to meet the
demand for mid-term electricity growth. Since 2005, the AEO energy forecast for LNG
supply to the U.S. in year 2025 has fallen by more than half, from 6.37 Tcf per year to
2.98 Tcf. EIA notes in AEQ08: “The lower projection is attributable to two factors:
higher costs throughout the LNG industry, especially in the area of liguefaction, and
decreased U.S. natural gas consumption due to higher natural gas prices, slower
ecanomic growth, and expected greater compeltition for supplies within the global LNG
market.”  As recently projected in the NERC 2007 Long-Term Reliability Anélysis

(October 2007), summer peak capacity margins may be at risk in the near-term (as carly
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as 2009) for several major U.S. regions, and a related concern exists for over-reliance on
natural gas resources. Specifically, North American Electric Reliability Corporation
(NERC) noted the following regions to be most susceptible: “Continued high levels of
dependence on natural gas for electricity generation in Florida, Texas, the Northeast,
“and Southern California have increased the bulk power system’s exposure to
interruptions in fuel supply and delivery. Efforts to address this dependence must be
continued and actively expanded to avoid risks to fiture resource adequacy.” Other
options include nuclear power, which over the longer term may be able to fill some of the

baseload power needs if coal-fired capacity is constrained.

The development of cost-effective carbon capture and storage technologies, therefore,

remains a high priority for the Department.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

Given that coal is a bigger challenge in the scheme of climate change because of CO,
emissions, would you support the development of more nuclear power as we look toward
the future in a carbon constrained environment?

Tackling the climate change challenge will require a broad portfolio of technology
options to provide power and fuels needed for a growing economy.  Reducing
greenhouse gas emissions while simultaneously meeting our Nation’s electricty demand
in an affordable and reliable manner, will require taking advantage of afl clean energy
sources, including clean coal, nuclear power, and renewable energy.  Nuclear power

may play an important role, but no single technology will be able to reduce greenhouse

gas emissions while supplying the energy needed for our growing economy.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

Given that most everyone agrees that dependence on foreign energy resources is not the
best policy for America, are you concerned about restrictions in using our vast resources
of coal? ’

The Administration’s policy for national energy security is based on diversifying not only
the types of energy we use, but also the sources of energy we use. Recent experience
with near-record levels of global oil prices, in real terms, reinforces the need to maintain
a significant potential for effectively using an array of domestic energy resources that
will help keep the U.S. secure and economically competitive. Coal is an important
element of this potential domestic energy mix. At current reserves and production rates,
the U.S. has approximately 250 years of coal available, a tremendous domestic resource.
It is important that we develop the technologies to use this resource in an environmentally
responsible manner. DOE has long been active in researching and developing clean coal
technologies, such as coal gasification and CO; sequestration, which today are being seen
throughout the world as important technology alternatives to maintain coal in the energy
mix, on an environmentally acceptable basis. DOE is also conducting analyses of means
to combine these key clean coal technologies with the benefits of co-feeding coal and
biomass in electricity and liquid fuel production. Combining these technologies could
theoretically achieve at these plants “net negative” carbon emissions, that is, emission
reductions greater than 100 percent. The potential benefits of these emerging coal
technologies make clear that csal should remain a strong part of the Nation’s clean

energy strategy.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

What are the principal barriers to the commercial deployment of carbon capture
technologies?

The two major challenges confronting the development and deployment of carbon
capture technologies for both new and existing coal-based power systems are cost and
associated energy penalty/parasitic load. Other challenges include: technology scale-up,
market considerations/readiness, power plant diversity, reliance on other enabling
technologies, process integration, and an uncertain regulatory framework/sequestration

issues. These challenges are discussed below.

Cost: There are numerous analyses in literature that estimate the cost of carbon capture
and storage. Generally, they all indicate that it is very expensive and, if installed,
substantially de-rates the power plant electricily generation capacity. A recent NETL
Fossil Energy Baseline Study estimated that adding carbon capture increases the cost of
electricity for new natural gas combined cycle (NGCC) plants by 42%, for new

pulverized coal (PC) plants about 78% to 86% (depending on the PC plant technology

used), and for new integrated gasification combined cycle (IGCC) plants about 36%.

Energy Penalty/Parasitic Load: The energy penalty (or “parasitic load”) is the decrease

in net power plant efficiency caused by the addition of CO; capture and compression
technologies. Depending on the CO; capture technology employed, the energy penalty is
made up of different forms of energy losses to support the CO, capture process, such as

auxiliary power usage or sieam. These losses can be significant and will need to be
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reduced. The DOE/NETL research goal is to improve carbon capture technologies to the
point where they add less than 10% to the coat of providing power (measured by cost-of-
energy services). Current carbon capture technologies are energy-intensive and degrade
the overall efficiency of power plants, derating a power plant by up to 40% of total
generating capacity. This extra “parasitic” load creates the need for substantially more
electric power capacity to be built, at a large capital cost, and also more fuel to be used.
Through development of more energy efficient capture technologies and related systems
(e.g., compressors), the energy penalty would be reduced and lead to improved

performance and lower costs.

Technology Scale-up: There are more than 30 small amine scrubbing plants, worldwide,
currently capturing CO; from flue gas sources (NG and PC fuel) used as feed sources for
enhanced oil recovery, the chemical industry, and the food/beverage industries. Some of
these plants have been operating for over 20 years, AES’s Warrior Run coal-fired power
plant in Maryland also captures a small amount of CO, from a flue gas slipstream for
beneficial use in beverages. The size of the current installations range from less than 50
up to about 1,000 tons of CO; captured per day. The Dakota Gasification plant is an
outlier, capturing and separating 6,183 tons CO»/day from gasified coal. These levels are
significantly smaller than that required for a full-size PC power plant removing 90% of
CO, emissions, approximately 13,000 tons COx/day. Scale-up of these and other
emerging capture technologies have not been demonstrated for typical power generation
systems, where much larger gas flows are handled on, an order of magnitude larger than

current commercial experience.
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Market Considerations/Readiness/Power Plant Diversity: According to the Annual

Energy Outlook, the level of base case capacity additions projected for the next 10-15
years reflects a level of construction activity not seen for more than 40 years, and the rate
of capacity growth has not been seen for 50 years. There are concerns regarding the
engineering, manufacturing, and construction industries’ ability to deliver the new
capacity in a timely and ct;st-effective manner. This projected growth in power plant
construction would be further challenged by the need for additional capacity to make up
for the high parasitic power demand associated with current carbon capture technology,
as previously discussed. A second market consideration relates to the ability to ramp-up
manufacture of the actual carbon capture technologies. For example, oxy-combustion
requires approximately 10,800 tons per day (TPD) of oxygen for a 500-MW power plant.
The largest current commercial scale of an air separation unit (ASU) is about 3,500 TPD,
implying that three ASUs would be needed per 500-MW power plant. If only 5% of U.S.
existing coal-fired power plant capacity converted to oxy-combustion, global ASU
manufacture would need to double to meet the demand. Clearly, there is a concern
whether the chemicals industry would have the ability to meet this increased demand,

especially if a significantly larger proportion of power plants convert to oxy-combustion.

Reliance on Other Enabling Technologies: Some carbon capture technologies will rely
on other technologies to enable them to effectively operate. Oxy-combustion relies on
the production of oxygen from air to provide a concentrated oxygen stream that, when
combusted with coal or as a feed in the production of synthesis gas, results in a highly

concentrated stream of CO;. However, current air separation technology relies on
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cryogenic operations to produce oxygen, which is capital and energy intensive. Novel
oxygen separation concepts would need to be developed, tested, and demonstrated at
scales required to meet the demand for oxygen for large power system applications.
Other enabling technology devices, such as particulate matter, sulfur dioxide, chlorine,
and mercury removal technologies, must also be enhanced for efficient and effective

carbon capture,

Process Integration: Advanced carbon capture technologies integrated with other
processes and technologies will need to be demonstrated. This integration and
demonstration is critical to understand how carbon capture technologies fit into the
overall system, test system reliability, improve process control strategies, reduce energy
requirements for carbon capture, and optimize materials development efforts. Carbon
capture retrofits at existing plants would require that additional land be available to
accommodate capture equipment, and separate utility systems, such as cooling water,
may be required for the capture equipment operation. Other existing equipment may also
have to be modified so that the capture equipment can be incorporated into the plant.
Systems analysis studies are required to comprehend the complex interactions of the

numerous SUb-pl‘OCCSSCS.

Uncertain Regulatory Framework/Sequestration Issues: It is uncertain as to the timing of
any future laws and regulations governing CO; capture, transportation, and storage. The
Department of Energy is working closely with the Environmental Protection Agency to

establish a regulatory regime for CO; sequestration. The Department of Energy has
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ongoing programs to evaluate storage media, geographical diversity; storage permanence;

monitoring, mitigation, and verification processes.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

How do you define “affordable” as you look at technology that you might want to
employ in carbon capture?

"Affordable” implies that fossil fuels with CO; capture and storage would be competitive
with other clean energy technologies. With this in mind, DOE has developed cost goals
for the performance of carbon capture systems. These goals are less than a 10% increase
in the cost of electricity for pre-combustion carbon capture systems, and less than a 20%
increase in the cost of electricity for post-combustion and oxy-combustion carbon capture

systems, while capturing at least 90% of plant CO; emissions.

Limiting the increase in the cost of producing electricity to 10% for pre-combustion and
20% for post- and oxy-combustion systems would enable fossil fuel systems with CO,
capture and sequestration to remain viable power generation options meet energy needs

while reducing the greenhouse gas intensity of energy supply.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

The Energy Policy Act of 2005 provided a 20% investment tax credit for the
constructions of IGCC plants, federal loan guarantees for IGCC plants and subsidies for
research on technologies including IGCC. Do you support those provisions?

The provisions for IGCC in the Energy Policy Act (EPAct) of 2005 have been beneficial
to the power generation industry. IGCC is a promising power generation technology that
is highly efficient, has extremely low sulfur dioxide, nitrogen dioxide, and particulate
emissions, and provides the lowest cost option for capturing carbon dioxide. The
demonstration plants built and successfully operated thus far have been relatively few in
number both here in the U.S. and worldwide. IGCC technology and the costs associated

with it will benefit from replication at future commercial-sized plants currently underway

or in planning.

EPAct 2005 provisions for 20% investment tax credits have resulted in the advancement
of a number of projects that will produce 500-1000 MW of electric power and will reduce
costs and risks for future users of this technology. The investment tax credits, along with
other provisions like research subsidies, can incentivize deployment of IGCC projects
that use Western coal after the technology has been demonstrated. The loan guarantee
program is currently underway and pre-application responses have been reviewed. Three
IGCC project sponsors were selected in the pre-application review to submit full
applications for loan guarantees. No full loan guarantee applications have been received
at this time. Loan guarantees would shift the risk elements of these proposed projects
from the private sector to the government and allow lower-cost financing for new

technology projects that the traditional banking community has avoided in recent years.



QI

All.

195

QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

When we look at current government programs and research in the area of carbon
sequestration, are we on the right track? Other than throwing more money in the mix,
where would you make improvements or change focus to help bring carbon capture and
storage closer to reality?

DOE is taking a leadership role in the development of carbon capture and storage (CCS)
technologies. Through its Carbon Sequestration Program (Program) — managed within
the Office of Fossil Energy (FE) and implemented by its National Energy Technology
Laboratory (NETL) — DOE is developing both core and supporting technologies through
which CCS will become an effective and economically viable option for reducing CO,
emissions, The Program works in concert with other programs within FE that are
developing technologies integral to coal-fueled power generation with carbon capture:
advanced integrated gasification combined cycle, advanced turbines, fuel cells, and
advanced research. Successful R&D would enable carbon control technologies to
avercome the \(arious technical, economic, and social challenges, including cost-effective
CO, capture, long-term stability (permanence) of CO; in underground formations,

monitoring and verification, integration with power generation systems, and public

acceptance,

The year 2007 marks the 10-year anniversary of DOE’s Carbon Sequestration Program.
Launched in 1997 as a small-scale research effort to ascertain the technical viability of
CCS, the Program has grown into a multi-faceted research, development, and
demonstration program that aims to provide the means by which fossil fuels can continue

to be used for power generation in a carbon-constrained world. The first 10 years have
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significantly advanced the knowledge base pertaining to CO; separation, geologic
storage, regulations and permitting, and process economics. Much work remains,
however, to enable the large-scale deployment of CCS technologies. In particular,
extended field tests, as is being conducted in the Regional Partnerships, are required to
fully characterize potential storage sites and demonstrate the long-term storage of

sequestered carbon to achieve cost-effective integration with power plant systems.

Looking forward, it is also important to recognize CCS as more than just an end-of-
process emissions control technology. CCS technologies represent important elements in
the entire energy supply picture, providing CO; capture and storage solutions that could
help enable sustained fossil fuel conversion, and offer a resource recovery pathway that

will facilitate greater recovery of domestic oil, natural gas, and coalbed methane.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

How could performance standards be incorporated into the development of new coal-
fired power plants? '

Performance standards based on state-of the art technologies, proven at commercial scale,
could be used to set immediate standards for new coal plant development activity;
performance standards for proven technologies that have not reached commercial
scale could be used for future standards, assuming success is achieved at commercial
scale; aspirational performance goals for developing technologies can be used for R&D

goals.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

As we look at long term storage of CO,, have any of you looked at the pipeline needs
related to this issue?

CO, pipelines are a critical link between carbon capture sources and sequestration
(storage) sites and the Department of Energy/National Energy Technology Laboratory
(DOE/NETL) is evaluating this important aspect of a carbon capture and storage (CCS)
integrated approach. DOE/NETL realizes that if decreasing greenhouse gas (GHG)
emissions becomes mandatory and power plants incorporate CO; capture technologies, a
network of CO; pipelines will be necessary to efficiently deliver the captured CO; to
geologic formations for sequestration, enhanced oil recovery (EOR), enhanced gas
recovery, or other commercial uses. DOE/NETL is conducting a study that will review
the costs and benefits of expanding the existing CO; pipeline network, the challenges
{technology, market, regulations, and social) that would be faced in doing so, and how
such a system would enhance the development of new carbon markets and technologies

for the CCS process steps.

Some infrastructure exists within the mature fields where CO2-EOR would be
implemented, but more would be needed. In addition, pipelines connecting CO, sources
with the oil fields would be required, even if these were in the same general location.
Demonstrations of the carbon capture technology and the advanced geologic storage
technologies within the context of EOR could help industry make the case that
investments in the needed infrastructure would make business sense and help spur wider

commercial application of CO;-EOR.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

What concemns, if any, do you have about the long-term storage of CO; in geologic
formations? Are you concerned about the legal and regulatory complexities of long-term
storage?

In order to undertake sequestration on a wide-scale, industry would need a regulatory
framework for carbon capture and storage (CCS) operations. This regulatory framework
would need to be adopted by State and Federal Governments. Modifications to existing
regulations, or possibly the introduction of new ones, would be needed for Geologic
Sequestration to be possible. This would include making changes to the existing
Environmen;al Protection Agency (EPA) Underground Injection Control (UIC) program

to modify the existing permitting requirements, or the addition of a new well class for the

injection of CO; into deep saline formations.

Along with a regulatory framework, a legal framework for understanding and managing
long-term liability would be needed to allow industry the ability to move forward with
some certainty. The Government, industry, and insurance agencies would need to develop

models for long-term liability for post-injection occurrences.

A risk management framework must be established that balances the needs of operators
for certainty, while ensuring the protection of the environment and the public health. The
legal framework for managing risks associated with long-term CO; storage will be

required to ensure proper incentives are created for CCS best practices and management.
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The Safe Drinking Water Act (SDWA) provides the sole authority for EPA and States to
regulate and permit underground injection of fluids to protect underground sources of
drinking water. EPA and the States are currently permitting and regulating CO; injection
operations throughout the U.S. for enhanced oil recovery (EOR) and coalbed methane
- operations. Modifications to how these projects are permitted would be necessary to
account for the long-term storage of CO; in these formations. Possible changes to permits
issued where CCS and enhanced recovery are coupled would include changes in well
construction, site closure, and long-term monitoring requirements. For saline injection
projects, it would be necessary for the responsible permitting agencies that administer the
existing UIC programs to determine where CO; storage operation in saline formations
could be permitted through the existing regulations, or that a new class of wells for CO;
storage operations would need to be developed. In March 2007, the U.S. EPA issued
interim guidance for permitting carbon sequestration injection wells under the Regional
Carbon Sequestration Partnership pilot projects. DOE is currently working with EPA
through an interagency working group on the development of a new well class for carbon
sequestration under the SDWA UIC program that would include site selection, well
construction, operations, health and safety, site construction and closure, and simulation

and monitoring standards.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

What do you think is the best way to promote technology development for carbon capture
and storage?

There are three primary technology challenges that could impact the widespread
deployment of safe carbon capture and storage (CCS) in the United States. They are the
need to: 1) greatly reduce the cost of currently available options; 2) prove the practicality,
safety, and permanence of storing large volumes of CO; in deep geologic formations; and

3) demonstrate the integrated operation of CCS technology at full commercial scale.

The Department's Fossil Energy RD&D Pr(;gram is addressing each of these areas by: 1)
supporting the development of r;:volutionary technologies in advanced gasification,
turbines, membrane separations, and materials, all expected to result in dramatic
reductions in CCS costs; 2) supporting a comprehensive program of large-volume CCS
field demonstrations covering a broad range of geologies and power plant technology
options; and 3) soliciting Clean Coal Power Initiative (CCPI) Round 3 and FutureGen
competitive proposals with the anticipation of selecting multiple projects for the full-

scale commercial integration of coal-fueled power plant operations with CCS technology.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

You have done a lot of research through the Coal Technology Program, what have you
learned about the potential cost of commercially available technology to the cost of
electricity?

The Department of Energy/National Energy Technology Laboratory (DOE/NETL)
recently published a study to establish baseline performance and cost estimates for

today’s fossil energy plants both with and without carbon capture. (refer to

hitp://www.netl.doe.gov/energy-analyses/baseline_studies.html). The following

information is derived from the results of that study. Although the carbon capture
technologies assumed in the study have been commercially available for smaller
industrial applications, they have not been commercially demonstrated at the large scale
necessary for power plants. Both scale-up and integration with the power cycle remain to
be demonstrated. According to the analysis, a pulverized coal (PC) plant with carbon
capture and storage (CCS) technology would increase the levelized cost of electricity by
approximately 75%, when compared to a similar plant without CCS. Depending upon
the type of gasifier selected, the levelized cost of electricity for an integrated gasification
combined cycle (IGCC) power plant with CCS would be 35-45% higher when compared
to a similar plant without CCS. Estimates for the CCS are based on plants designed for
approximately 90% carbon capture; after compression, the CO is transported for storage
and monitoring. The cost estimate for a PC plam equipped with carbon capture assumes
use of a Fluor Econamine Flue Gas (FG) Plus™ prooess. The cost estimate for IGCC
carbon capture assumes a water-gas-shift reactor that converts carbon monoxide to
carbon dioxide, and a two-stage Selexol acid gas removal process that separates the

hydrogen sulfide and CO,.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

What do you think the appropriate, reasonable time frame is for any proposed mandate
for carbon capture and storage for coal plants? )

A mandate today that would force the use of commercially available technology is
fraught with uncertainty in technical, economic, and environmental risks and would, as a
minimum, place an unfair economic burden on our industries and their ability to compete
in global markets. By 2012, we expect to have developed advances in technologies such
as gasification and oxy-combustion that could significantly reduce the cost burden and
risk. These advanced technologies would then be ready for demonstration at commercial
scale. By 2016, we expect to have results available from commercial-scale projects such
as the Clean Coal Power Initiative (CCPI), and by our Carbon Sequestration Regional
Partnerships. These projects will demonstrate technical feasibility, produce reliable
economic data, and provide important environmental information, which will help
commercial investors to understand and evaluate the risks associated with commercial
financing of coal projects with carbon capture and storage. During the decade beginning
in 2020, our ability to implement any mandates could be enhanced by improved

technologies and real world commercial experience.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

1 agree that patent and intellectual property agreements are very important as we look at
sharing technology world wide. Do you have recommendations on how to protect
ourselves as we promote our new technology?

DOE's various funding agreements permit companies to maintain their proprietary

technology positions, From an international protection standpoint, the United States

Trade Representative may offer suggestions concerning protection in foreign markets.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

What kind of regulatory framework do you recommend in advance of investment in order
promote technology but not hamstring the industry?

This is a difficult question that requires inputs from all affected stakeholders. However, it
is clear that a degree of regulatory certainty at both the State and Federal levels is needed
before investments can be realized. The Department of Energy is working closely with
the Environmental Protection Agency to establish a Safe Drinking Water Act regulatory
regime for CO, sequestration that will ensure protection of underground sources of
drinking water while not discouraging deployment of this technology. To kick off this
process, a Public Workshop on Geologic Sequestration of CO; was held December 3-4 in
Washington and a second Workshop will be held February 26-27 in Arlington, VA, We
expect to be able to provide considerably more information on this process by the

summer of 2008.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

What about current coal plants? Have you done any research on technologies that will
help improve efficiency or reduce emissions at current plants?

DOE'’s Sequestration Program is addressed by the Offices of Fossil Energy and Science
that are looking at the short- and long-term technology needs. The Sequestration
Program within Fossil Energy is developing post-combustion carbon capture and
sequestration technologies that would be applicable to the existing fleet. Research in this
area has historically been funded through Fossil Energy’s Carbon Sequestration Program,
Approximately $12 million was provided in FY 2007 for the development of CO; capture
technology, which has potential application to both new and existing pulverized coal-
fired boilers. Continued laboratory- through pilot-scale R&D of post-combustion CO;
capture technology that could be applied to the existing coal-fired power plants is funded
in the FY 2008 appropriation for the Carbon Sequestration Program. The FY 2008
Omnibus Consolidated Appropriations Bill provided $36 million in support of post-
combustion and oxy-combustion carbon capture as part of the Innovations for Existing
Plants Program. DOE’s research program is developing technologies in the areas of post-
combustion carbon capture and oxy-combustion that are applicable for existing coal-fired

power plants.
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The following are current R&D projects:

Participation Project Title Research Pathway l Scale
Post Combustion
Research Triangle Inst. Dry Regenerable CO; Sorbent Chemical Sorbent Bench
Carbozyme, Inc. Biomimetic Memt Membrane Laboratory
Univ. of Notre Dame lonic Liquids (IL) Physical Solvent Laboratory
UOPLLC Metal Organic Frameworks (MOF) g::l: ::al & Physical Laboratory
University of Akron Amine-grafted Zeolites Chemical Sorbent Laboratory
Membrane Technology
and Research, Inc. Novel Polymer Membranes Membrane Laboratory
NETL Solid CO, Sorbents Chemical Sorbent Bench
NETL Solid CO, Sorbent Reactor Design Chemical Sarbent Laboratos
NETL, A ia-based Process Chemical Solvent Laboratory
NETL Novel Amine Sorbents Chemical Sorbent Lab y
NETL MOF CO, Membranes Membrane Laboratory
NETL IL and poly(ionic liquids) (PIL) Physical Solvent Lab ’i
Dxy-Combusti
The BOC Group, Inc. Pilot Test CAR Oxy-combustion Unit Oxy-combustion Pilot
B&W PC Oxy-combustion Pilot Testing Oxy-combusti Pilot
SRI Qxy-fired CO; Recycle Retrofit Oxy-combustion Bench
Praxair, Inc, Oxygen Enriched Combustion Oxy-combustion Laborato
" PC Oxy-combustion with Integrated .
NETL/Jupiter Oxygen Pollutant Removal Oxy-combustion Bench
Oxy-combustion Modeling & .

NETL Optimization Oxy-combustion Laboratary
NETL Chemical Looping Oxy-combustion Laboratory

Internationally, DOE also leads the Carbon Sequestration Leadership Forum, with 22 member

govemnments. The CSLF’s main focus is assisting the development of technologies to separate,

capture, transport, and store CO; safely over the long term, making carbon sequestration

technologies broadly available internationally; and addressing broader issues relating to carbon

capture and storage, such as regulation and policy.
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Department of Energy
Washington, DC 20585

May 15, 2008

The Honorable Edward 1. Markey

Chairman

Scleet Cominittee on Energy Independence
and Global Warming

U.S. House of Representatives

Washington, DC 20315

Dear Mr. Chairman:
On September 6, 2007, Carl O. Bauer, Director of the National Fnergy
Technology Laboratory. testified regarding: The Future of Coal under Carbon Capture

and Trade.

Enclosed are the remaining answers to four guestions that were submitted by the
Committee to complete the hearing record.

If we can be of further assistance. please have your staft contact our
Congressional Hearing Coordinator, Lillian Owen, at (202) 586-2031.

Sincerely,

o g ;LL [{/LM

"L;\ Lisa I, Epifoni
Assistant Secretary
Congressional and Intergovernmental
Aftairs

Enclosures
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QUESTION FROM THE HOUSE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

The Energy Information Administration projects that U.S. electricity demand will
grow by over 40% by 2030. What do you think is the most efficient, affordable
and cleanest way to meet that demand in the future?

Currently there are over 1.6 billion people in the World without access to
electricity. Over the next 25 years, world clectricity demand is estimated to
iﬁcrcasc by over 100 pereent from today’s levels. This challenge will need to be
met by coordinated action on a global scale, including the expansion and
diversification of our clectricity generation and distribution, an increase in
efficiency and the modernization of our current infrastructure. The Department of
Energy (DOE) has invested in developing advanced technologices to assist this
effort to meet future demand. The development of technologies such as solar,
wind, nuclear and environmentally responsible clectricity generation like coal-
fired plants that utilize carbon-capture and sequestration technology arc critical to
our cnergy security. The market, not the government, will decide how much each

contributes to meeting demand.

EFFICIENCY

President Bush is committed to increasing encrgy efficiency in a way that both
encourages economic growth and helps us protect our environment. The
cheapest, most available and environmentally friendly energy source is

the energy we wastc every day. Due to recent technological advances, there are

exciting cmerging opportunitics to reduce clectricity use in homes, commercial
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buildings, and in industrial facilitics. In homes and businesses, which are
responsible for 70 percent of electricity demand. efficiency is being increased by
making appliance standards more stringent. and by promoting market penetration
of advanced technologies. The recently-enacted Encrgy Independence and
Security Act of 2007 includes many provisions which ar¢ expected to increase
energy savings through improved standards for appliances and lighting and the
Department is working hard to implement these new standards by the specified

deadlines.

FFOSSIL FUELS

‘The majority of electricity generation in the United States is fueled by fossil
cnergy, specifically domestic coal and natural gas. Continued reliance on coal as
our major clectricity source will require efforts to reduce the amount of
greenhouse gases emitted into the atmosphere. For this reason, the
Administration is increasing rescarch and development of carbon capture and
storage (CCS) technologies. The President has made the research, development,
and implementation of advanced coal technology a priority as evidenced by
significant investment in these technologies, Many of these advanced technology
programs include pre-combustion (or gasification). post combustion, and oxy-
combustion -- multiple pathways to produce power and capture CO> ~ as well as
a robust program for carbon sequestration to prove the viability of tong-term
geologic and terrestriat storage. DOL is enthusiastic about developing these
advanced technologies. and we are currently funding advanced technology

activities at regional carbon sequestration partnerships across the U.S.
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NUCLEAR ENERGY

Nuclear energy is a key clement of the Administration’s energy strategy and the
President has repeatedly called for a broad expansion of nuclear power. As the
only existing emissions-free source of energy capable of providing base load
capacily generation, nuclear power will be essential in providing America with a
reliable source of energy and reducing greenhouse gas emissions. Through the
Nuclear Power 2010 program the Department is working to reduce the technical,
regulatory and institutional barriers to deploying new nuclear power plants in the
United States. The Federal Government is also working to implement {inancial
incentives in the form of clectricity production tax credits and a loan guarantee
program to accelerate the construction of new advanced nuclear power plants in
this counlr)ﬂ Currently, 20 utilitics arc considering 34 new nuclear reactors, Nine
Combined Construction and Operating License applications have been submitted
to the Nuclear Regulatory Commission with three Early Site Permits already
issued and onc under review, During the past 30 years. operators of the 104 ULS.
nuclear power plants have steadily improved cconomic performance through
reduced maintenance and operation costs and improved power plant capacity
factors, while maintaining operational safety and reliably. Advanced nuclear
encrgy systems, such as Generation [V reactors, can help ensure nuclear power
serves a continuing role in the Nation’s energy supply as fundamemtal research
and development related to safety. sustainability, cost-effectiveness and
proliferation resistance is addressed. While the existing generation of nuclear

power plant designs provide a secure and low-cost electricity supply in many
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markets, further advances in nuclear energy system design can broaden

opportunitics for the use of nuclear energy.

RENEWABLE ENERGY

Renewable energy technologies are in various states of market readiness. In the
future, renewable technologies will change the way we use electricity in our
homes and businesses. The Administration has supported R&D on important
technologies. such as solar and wind generation.. The Solar America Initiative -
as part of the President’s Advanced nergy Initiative - sets a goal of making solar
power cost-competitive with other forms of renewable clectricity by 2015.
Certain geothermal technologics are used in some arcas and applications howevel
the Department has established a new Geothermal Technology Program that will
focus solely on new Enhanced Geothermal System (EGS) technology, which
expected to have broad applicabitity and could provide baseload, indigenous
power and contribute to the security and diversity ol U. 8. energy supplies. A
recent DOLE-sponsored MIT study concluded that the U.S. has the potential for
100,000 MW of EGS capacity. The use of wind energy has rapidly expanded
over the past fourteen vears. From 1994 10 2004, global wind cnergy capacity
increased tenfold. Since that time, EIA has reported that new nameplate
electricity capacity additions in the .S, have gone from just 2% to over 30%,

some of which was wind energy.

INFRASTRUCTURL:

America’s aging cnergy infrastructure - especially the electricity sector’s
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transmission power grid - needs attention. The Bush Administration recognized
the importance of this issue in its May 2001 National Energy Policy (NEP), and it
has devoted significant resources to maintaining and strengthening our electricity
transmission grid. Within a vear of the Administration’s adoption of the
NEP, DOE published its comprchensive National Transmission Grid Study.
Following up on that ground-breaking study, the Energy Policy Act of 2005
authorized DOE to designate National Interest Electric Transmission Corridors in
geographic arcas in which the Department found that transmission congestion or
constraints were adversely affecting consumers. In October 2007, DO
designated the Mid-Atlantic Area and the Southwest Arca National Corridors.
The modernization of the Nation’s clectricity transmission system is also being
studied under the Smart Grid program. Smart Grid has been further highlighted by
the Energy Independence and Security Act of 2007 and is being implemented by
the Department. Our stratcgy for implementation involves the deployment of
innovative, smart technologies. supporting both electric transmission and clectric
distribution. We look 10 achieve functions such as real-time and digital
information; dynamic pricing and optimization of grid operations: intcgration of
smart meters, appliances, and demand side resources; cyber security: and

interoperability.

By adding focus to renewable sources ol energy, clticiency and infrastructure, the
Department of Encrgy is aggressively addressing the electricity needs of the

Nation and the world. This Administration has taken considerable action towards
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mecting this growing demand, and will remain committed o these solutions as

well as our economic growth,
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QUESTION FROM THE HOUSE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

On the issuc of technology. would vou agree that it is better to let market forces
decide the direction that technology takes? What, if any. government action is
neeessary Lo help technology to develop more quickly?

Yes., we agree. Market forces are best at shaping technology choices, particularty
at the later stages of technology development. Generally, the government should

not choosc « priori which technologies should be used to meet a goal.

In the early stages of technology development, however, government leadership
in technology research and development (R& D) may play an important role. This
may be the case where public needs or purposes are compelling. the R&D risks
arc high, and market failures may hinder private investment, such as when a firm
cannot appropriate to itself sufficient value of the public knowledge it creates, or
when the benefits 1o society of the new technologics are not adequately reflected
in market prices. such as may be the case of public safety. national security. or

environmental protection in the absence of regulatory drivers.

Once new technologies have been developed, commercialization gencerally falls to
private firms. Even so, new technologies can face additional barriers that can
vestrict their market uptake. Depending upon circumstances, which are often
unique o cach technology. the use of additional policies and measures may be
warranted to facilitate markets or encourage private investment. These include

activitics such as product labeling. information dissemination, codes and
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standards, tax policy. financial incentives. risk mitigation, government
procurement programs, and the formation of public-private partnerships or

international collaboritions,

In the cases of cnergy security and climate change. markets for associated bencfits
may not be fully developed. The technologies believed to afford the most bencfits
by reducing or aveiding greenhouse gas emissions, for example, are often too
costly without such a market. Additional Federal R&D could be expected to
reduce costs and improve technology performance. facilitating broader private
engagement in both more R&D. if needed. and accelerating commercialization

and product development.

Successful technology development and deployment is a complex process best
left to the marketplace. When public needs or purposes are compelling and
market failures known, however, there may be a role for the government, In such
cases, Federal programs must satisfy additional criteria related to the appropriate
presence, scope, and duration of federal involvement. The Administration’s
Rescarch and Development Investment Criteria provide guidance to agencies on
determining the proper rale of government in investing in technology

development.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

Enhanced Oif Recovery is one way to use captured CO; 10 our advantage. Do you
support EOR? Do you sec other applications for the use of CO; in this way?

Yes. the Department through the National Energy Technology Laboratory
supports enhanced oil recovery (EOR). DOL has tunded RD&D related to CO;
flooding for over 30 years and now focuses on permanent geologic storage as a

co-benefit of EOR, since EOR is a mature but evolving technology.

Although much af the Nation’s onshore petroleum resource has been produced.
large volumes of crude oil remain after primary production methods are
exhausted, held in place by physical forces or geologic complexities that can be
countered by EOR technologies. Some DOE research focuses on technologies to
lower the cost of CO; from coal power plants. The total volume of stranded oil is
estimated 1o exceed 390 billion barrels, of which roughly 200 billion barrels are
relatively accessible (<3.000 feet deep) but are not locared near a natural source of
COa. In 2007, the U.S. produced its one-billionth barrel of oil using CO; EOR.
Like methane. carbon dioxide is a natural constituent of natural gas. A few gas
reservoirs contain essentially pure CO». Most of the CO» wtilized by EOR
projects comes from these naturally-occurring COz reservoirs. transported to the
oil field via u CO, pipeline network. Developing the advanced technologics
needed to capture CO; and wilize itin EOR projects while assuring permanent
storage is a way 1o significantly increase U.S. oit production and simultancousty

sequester significant volumes of CO,.
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COs can also be uscd to increase natural gas production from coalbed methane
wells by enhancing recovery efficiency as the CO; molecules displace methane
molecules within the coal seam. This will also result in the CO; becoming
absorbed on coal surfaces and stored in the scam. An additional use of CO- for

energy development could be in the extraction of hydrocarbons from oil shale.
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QUESTION FROM THE SELECT COMMITTEE ON
ENERGY INDEPENDENCE AND GLOBAL WARMING

Do you think that Enhanced Oil Recovery can help create a market that will drive
energy companies to capture their carhon emissions? What can Congress do to
help that happen?

Yes. cnhanced oil recovery (EOR). an established technology, as well as
improvement of enhanced gas recovery (EGR) and enhanced coalbed methane
recovery (ECBM) technologics, could help create a market for a limited amount
of captured COz. Usc of CO; from power plants for EOR is limited by the cost of
capture and requires plants in close proximity to EOR oil fields. As a result only
a small fraction of 1.S. CO; emissions are expected o be used for EOR, even
with technology advances. However, EOR is the low-hanging fruit in the market
for captured COz, and it could be used 1o jump start the carbon capture market.
Achieving this will require the value of the incremental oil or natural gas
produced to more than cover the cost of capturing and transporting the CO» 1o the
targeted ail or gas ficlds or coalbed methane projects, as well as the capital
investments for pipelines. wells and facilities required as well as an acceplable
return on investment. Companies and financial markets currently unfamiliar with
carbon sequestration will also need to become fully aware of and manage the risks
inherent in this type of investment. Congress can help to make this happen in
several ways: 1) continue support of DOE-funded R&D for new technologics
that reduce the cost of capturing CO; and ensure the permanence of CO; storage
in the EOR. EGR. or ECBM projects: 23 support development and demonstration
of Monitoring, Mitigation, and Verification (MMV) technologics for use during

enhanced recovery, subscquent storage, and post-storage closure operations: 3)
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work with the Exccutive Branch to develop regulatory and permitting processes
and establish greater regulatory certainty for both storage and post-storage closure

operations,
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RESPONSES OF ROBERT M. SUSSMAN, SENIOR FELLOW, CENTER FOR AMERICAN
PROGRESS, TO FOLLOW-UP QUESTIONS ON CARBON CAPTURE AND STORAGE
FROM THE HOUSE SELECT COMMITTEE ON ENERGY INDEPENDENCE AND
GLOBAL WARMING

1y

2)

3)

Do you think the adoption of a cap and trade program would have a direct impact on the
development of new technology in the area of carbon capture and storage?

Answer: By requiring the purchase of allowances by uncontrolled coal plants, a cap-and-
trade program would create incentives for coal plants to reduce their emissions. Carbon
capture and storage (CCS) is the only known technology by which emissions from coal
plants could be reduced and a cap-and-trade program would encourage its adoption.
However, the cost per ton of deploying CCS as compared to conventional coal plants is
likely to exceed the price of CO2 allowances during the early years of a cap-and-trade
program and perhaps much longer if allowance prices remain low. That’s why our paper
Global Warming and the Future of Coal recommends coupling an emission performance
standard for new coal plants based on the best performing CCS technology with subsidies
to offset the cost differential between CCS and traditional coal plants.

Do you think it is realistic to restrict coal in our energy portfolio at this point in time?

Answer: Coal has traditionally been an important fuel in the US (it currently provides 50%
of our electricity) and should play a role in our future energy mix. However, coal power
plants are major CO2 emitters and are more carbon-intensive than other sources of
electricity. As we discuss in Global Warming and the Future of Coal, if a substantial number
of new coal power plants are built which do nat control their emissions, we will add
millions of tons of CO2 emissions to existing levels, compromising our ability to achieve the
necessary long-term reductions in our carbon footprint. This is true in the US but even
more significant in developing countries like China, where new coal plants are being built at
an alarming rate. That’s why, domestically and globalily, CCS is an essential technology that
must be a requirement for any expansion of coal generating capacity.

Given that coal is a bigger challenge in the scheme of climate change because of COZ2 emissiens,
would you support the development of more nuclear power as we look toward the future in a
carbon constrained environment?

Answer: Because nuclear power has lower lifecycle greenhouse gas emissions than coal, it
offers benefits. However, nuclear also poses challenges, including concerns over safety,

long-term waste storage, and proliferation, all of which must be met before wider
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deployment of nuclear power can achieve broad pubic acceptance. Renewable sources of
energy also have low lifecycle emissions, but do not raise the same issues of public
acceptance.

Given that most everyone agrees that dependence on foreign energy resources is not the best
policy for America, are you concerned about restrictions in using our vast resources of coal?
Answer: Because it is a widely available domestic fuel, coal has national security advantage:
that natural gas (which we are importing in growing quantities) lacks. However, coal can
only remain an important source of energy if we are able to achieve substantial emission
reductions through CCS. Additionally, as we consider the nation’s future energy mix, we
also need to emphasize the role of renewables and reduce energy demand through greater
energy efficiency.

The Energy Information Administration projects that U.S. electricity demand will grow by over
40% by 2030. What do you think is the most efficient, affordable and cleanest way to meet that
demand in the future?

Answer: There is no single energy source that can meet future electricity demand. We need
multiple technologies and strategies, including significant increases in the efficiency of
electricity production, transmission, storage, and consumption. A cap-and-trade program,
backstopped by emission performance standards and incentives for clean power and
efficiency, will guide us toward the optimum mix of energy sources, considering cost,
reliability and environmental sustainability.

On the issue of technology, would you agree that it is better to let market forces decide the
direction that technology takes? What, if any, government action is necessary to help technology
to develop more quickly?

Answer: Government should be supporting the energy sources with the greatest potential to
meet energy demand with a small carbon footprint. This type of public investment is
necessary to maximize the benefits of these technologies by making them competitive early
in their commercial life cycles and achieving the scale necessary for widespread deployment
at a low cost. Government support can take a variety of forms. Traditional incentives like
RD&D funding, tax credits, loan guarantees and grants, should continue to play a role. In
addition, a cap-and-trade program can incentivize new technologies by placing a price on
carbon, thereby encouraging low carbon energy sources, and using the revenues from
allowance auctions to provide financial support to CCS and other promising low-carbon
technologies.

What are the principal barriers to the commercial deployment of carbon capture technologies?
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Answer: One barrier is the lack of large-scale experience capturing carbon at commercial
generating facilities. A number of demonstration projects underway in the US and in
other countries will help fill this gap. Current capture technology is also very energy-
intensive, leading to a loss of power plant efficiency and increased costs to produce
electricity. These costs should come down with further R&D and greater commercial
experience. In Global Warming and the Future of Coal, we propose to offset the increased
cost of CCS facilities as compared to conventional coal plants during the initial years of a
cap-and-trade program until CCS becomes cost-competitive due to rising allowance prices

and improvements in the technology.

8) How do you define “affordable” as you look at technology that you might want to employ in

9)

carbon capture?

Answer: Affordability ultimately turns on the cost of producing power and the price of
electricity to consumers. In the case of CCS, our goal should be for coal plants with CCS to
be cost-competitive with conventional coal plants under a cap-and-trade program. This
does not mean that there will be no cost increases. Rather, plants with CCS should produce
electricity at the same cost as conventional plants, taking into account the costs these plants
will incur to purchase allowances under a cap-and-trade program. The CCS subsidies we
have proposed would be designed to achieve cost parity in this sense. Insofar as there are
increases in electricity costs that consumers will pay because of the underlying price of
carbon, we should explore programs to provide financial relief from these costs to low- and
middle-income consumers.

The Energy Policy Act of 2005 provided a 20% investment tax credit for the constructions of
IGCC plants, federal loan guarantees for IGCC plants and subsidies for research on technologies
including IGCC. Do you support those provisions?

Answer: Yes.

10) Enhanced Oil Recovery is one way to use captured CO2 to our advantage. Do you support EOR?

Do you see other applications for the use of CO2 in this way?

Answer: EOR use of CO2 has a long history and is both safe and economical. There is no
doubt that some portion of captured CO2 will be used for EOR and that the resulting
revenues from higher oil or gas production will offset and perhaps exceed the costs of
capture. There are other potential applications for captured CO2 that could be feasible

although they are not as mature as EOR.
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11) When we look at current government programs and research in the area of carbon sequestration,
are we on the right track? Other than throwing more money in the mix, where would you make
improvements or change focus to help bring carbon capture and storage closer to reality?
Answer: The canccllation of the FutureGen project was a step in the wrong direction. We
need as many large-scale CCS demonstration projects as possible. While some utilities in
the US and other countries are undertaking these projects, we need more. The jury is out on
whether the Administration’s plans to redirect FutureGen funding to support CCS projects
at commercial facilities will pay any dividends before the end of the Administration. The
recent energy legislation also calls on DOE to undertake Iarge-scale sequestration testing at
5.7 sites hut the Administration’s FY 09 budgct request did not call for sufficient funding
for this testing. Congress nceds to appropriate more for this program.

12) How could performance standards be incorporated into the development of new coal-fired power
plants?

Answer: As discussed in my testimony and in Global Warming and the Future of Coal, 1
strongly support emission performance standards for new coal-fired power plants which
require these plants to meet an emission rate corresponding to the best performing
commercially available CCS technology, currently estimated to be 85% capture. Allowing
new uncontrolled coal plants to be built will result in a long-term increase in CO2 emissions
that would make it more difficult and costly to meet the emission reduction targets of cap-
and-trade legislation. Since CCS plants will probably not be cost-competitive in the early
years of cap-and-trade legislation, an emission performance standard will accelerate
deployment if coupled with subsidies to offset the additional costs of CCS plants as
compared to conventional facilities, after the costs of purchasing allowances are taken into
account. Our proposal is that an emission performance standard apply to all new plants
entering construction after the legislation takes effect. The standard would then need to be
met by 2016 or four years after a plant becomes operational, whichever is later.

13) As we look at long term storage of CO2, have any of you looked at the pipeline needs related to
this issue?

Answer: I have not studied this issue.

14) What concerns, if any, do you have about the long-term storage of CO2 in geologic formations?
Are you concerned about the legal and regulatory complexities of long-term storage?

Answer: Most experts believe that CO2 can be stored without significant leakage and harm
to environmental resources over long periods of time in geological formations that have

been properly characterized and permitted and will be effectively monitored. Putting in
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place a comprehensive legal and regulatory framework for CCS is essential. EPA is now
developing regulations for CCS under the Safe Drinking Water Act UIC program but
Congress may need to step in to address liability and other issues that are outside EPA’s
jurisdiction.

15) Do you acknowledge that setting high prices for carbon will inherently cause the price of energy
to go up for consumers?
Answer: No. We can control electricity costs by encouraging greater energy efficiency, using
allowance auction revenues to offset the increased costs of CCS and other new technologies,
and providing financial assistance to low- and middle-income consumers. As the costs of
new low-emitting technologies come down, any increased burden on electricity consumers
should moderate.

16) What do you think the appropriate, reasonable time frame is for any proposed mandate for carbon
capture and storage for coal plants?
Answer: For new coal plants, a reasonable time frame for applying an emission
performance standard that effectively requires CCS is 2015-2020. This is the general
timetable proposed in my testimony and in Global Warming and the Future of Coal. It is
supported by industry leaders and independent experts. In the next 7-8 years, assuming
adequate government support and industry commitment, we should have sufficient
experience with CCS through demonstration projects and site testing to justify deployment
at all new coal plants. With subsidies to offset the increased costs of CCS as compared to
conventional coal plants, the economic burden of requiring CCS should be manageable.
Importantly, an emission performance standard will prevent construction of high-emitting
conventional plants and accelerate improvement in CCS technology, bringing down costs
sooner and creating a foundation for technology transfer to large emitters like China and
India.

17) I share your optimism about the potential for carbon capture and storage, but do you have
concerns about the environmental liability of carbon sequestration?
Answer: Most experts believe that the potential for long-term leakage and harm to
environmental resources at properly characterized and monitored sequestration sites is
negligible. However, the industry’s concern about liability is understandable and should be
addressed by Congress.

18) Do you agree that we need to remain technology neutral as we make policy decisions related to

carbon capture and sequestration? What is the best way to do that?
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Answer: I agree that we should not be favoring one type of coal combustion technology
(IGCC, pulverized coal or oxy-fuel) over another and, at least in the early years, should
recognize that different coal types have different characteristics that may affect the
feasibility and cost of capture. The emission performance standard we have recommended
would be technology neutral: it would not dictate what type of combustion or capture
technology must be employed but would simply require the specified emission capture rate
to be met.

19) You note on page 5 of your testimony that “the slowdown in new coal plant construction is not
necessarily a positive development. One consequence may be a delay in adding new generation
capacity nationwide which could hurt grid reliability and increase the cost of peak generation as
demand for power grows.” Given that concern, would you support streamlining the permit
process for new coal plants if they were IGCC plants as a reward for companies who chose to
build IGCC plants?

Answer: I would not streamline the permitting process for IGCC or PC plants that do not
in fact capture and sequester their emissions. For plants that do employ CCS and will
comply with an emission performance standard, some streamlining may be appropriate if it
does not compromise emission control requirements for conventional pollutants (mercury,
SO2 and NOx, among others).

20) Do you support tax incentives or loan guarantees to assist companies in pursuing new
technologies?

Answer: Yes, providing these incentives will contribute to early, cost-effective deployment

of CCS and other low carbon electricity technologies.
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THE SELECT COMMITTEE ON

{ ENERGY INDEPENDENCE AND GLOBAL WARMING

Dear Mr. Hawkins,

Following your appearance in front of the Select Committee on Energy Independence and Global
Warming, members of the committee submitted additional questions for your attention. I have
attached the document with those questions to this email. Please respond at your earliest
convenience, or within 2 weeks. Responses may be submitted in electronic form, back to me at
aliya.brodsky@mail.house.gov. Please call with any questions or concerns.

Thank you,

Ali Brodsky

Chief Clerk

Select Committee on Energy Independence and Global Warming

1) Do you think the adoption of a cap and trade program would have a direct impact on the
development of new technology in the area of carbon capture and storage?

A: Adoption of an adequate cap and trade program will directly stimulate increased investment in

carbon capture and disposal. Absent a requirement to {imit CO2 emissions there is no economic

reason to deploy carbon capture except to meet the relatively modest demands for enhanced oil

recovery.

2) Do you think it is realistic to restrict coal in our energy portfolio at this point in time?

A: There is no current proposal of which we are aware to directly limit the use of coal as a means of
addressing global warming pollution. We believe that energy and climate policy should not pick a
particelar resource but rather should create a structure where resources that neither increase global
warming pollution nor cause other damage to health or the environment are rewarded in the
marketplace. Major cuts in CO2 emissions can be achieved without requiring major cuts in coal
consumption. If CO2 from coal use is captured and permanently disposed of in geologic formations
there is no inherent conflict between continued use of coal and protection of the carth’s climate
system. Today’s coal use patterns also involve a number of abuses that should be eorrected

regardless of the amount of coal that we use.
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3) Given that coal is a bigger challenge in the scheme of climate change because of CO2 emissions,
would you support the development of more nuclear power as we look toward the future in a
carbon constrained environment?

A: NRDC'’s position on nuclear power is that it is a mature technology that should not receive

additional subsidies. For nuclear power to play a significant role as a CO2 mitigation technique, a

number of challenges, including costs, waste management and proliferation risks, will need to be

overcome. NRDC is not optimistic that these challenges can be overcome in the timeframe needed
for large-scale deployment of low carbon energy resources. We believe that energy efficiency,
renewable energy and carbon capture and disposal can be deployed more rapidly and at lower costs to

society.

4) Given that most everyone agrees that dependence on foreign energy resources is not the best
policy for America, are you concerned about restrictions in using our vast resources of coal?
A Please see the answer to question number 2 above. The most rapid way to reduce our dependence
on foreign energy resources is to invest in energy efficiency and renewable energy. These are
homegrown resources that do not depend on the whim of any foreign power. Current impacts
associated with coal production and uses are unnecessarily and unacceptably large. Reducing these
impacts is feasible and will not deprive us of needed domestic resources, including coal, as
appropriate, considering all relevant impacts and costs. The choice between protecting the climate
and reducing our dependence on foreign energy resources is a false one. We have numerous options

that are both domestic and cleaner than today’s energy mix.

5) The Energy Information Administration projects that U.S. electricity demand will grow by over
40% by 2030. What do you think is the most efficient, affordable and cleanest way to meet that
demand in the future?

A: First, we need to recognize that the EIA forecast for electricity demand starts with assumptions

about economic growth and then estimates the resulting added demand for electricity, assuming a

continuation of past investment patterns. Greater attention to efficient design of buildings, appliances

and industrial machinery is the lowest cost, fastest and cleanest step we can take to meet the demand
for electricity services in a growing economy while avoiding large increases in global warming
emissions. More broadly, the President’s budget asserts that energy efficiency has the technical

potential to effectively flatten total U.S. energy demand through 2030 without impeding economic
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growth. See, DOE, FY 2009 Congressional Budget, Energy Efficiency and Renewable Energy

Overview at 23.

6) On the issue of technology, would you agree that it is better to let market forces decide the
direction that technology takes? What, if any, government action is necessary to help technology
to deveiop more quickiy?

A: In general we believe that government should set protective performance criteria for energy

technologies to meet and rely on the private sector to find efficient ways to provide technologies that

meet those criteria. In the context of climate change, the critical criterion is a continuing
improvement in reducing greenhouse gas emissions per unit of activity. These performance criteria
can be set through multi-sector caps, industry-specific performance standards or a combination of
these measures. Because we have delayed too long in beginning the process of the transition to low
and zero carbon energy technologies, we believe there is a need for performance standards and
targeted financial incentives as a complement to a cap and trade program in order to accelerate

deployment of cleaner energy investments.

7) What are the principal barriers to the commercial deployment of carbon capture technologies?

A: Far and away the largest barrier is the absence of a requirement or financial reason to deploy this
technology. Where there is a financial reason to separate CO2 from industrial gas streams it is done,
as in a number of natural gas processing plants. Where there is a financial rationale to inject large
volumes of CO2 into geologic formations it is done, as in the decades old practice of enhanced oil
recovery. By enacting emissions cap legislation with appropriate complementary measures, Congress
and the President could eliminate the policy barrier to carbon capture and disposal deployment with
the stroke of a pen. EPA too has a role to play through prompt development of regulations governing
the permitting and operational requirements for geologic repositories. Also important are stepped up
efforts to educate policymakers, investors and the public about the substantial knowledge base that

exists to assure that geologic disposal can be done safely and effectively.

8) How do you define “affordable” as you ook at technology that you might want to employ in
carbon capture?

A: It is highly likely that the first generation of carbon capture systems will be more expensive than

projects that are deployed later, after learning has occurred. We believe that the most effective way tc

assure that the first generation of projects is “affordable” is to spread the incremental costs of such

projects broadly across the electric power sector. By doing this, we can secure the national benefits
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of avoiding emissions and acquiring the experience required to reduce costs without imposing the
incremental costs of such first generation projects exclusively on the customers of the firms that build
and operate the first projects. Congress has at its disposal a number of policy tools to achieve such
cost-sharing, including targeted allocations of greenhouse gas allowances and low carbon portfolio

standards, which I describe in my testimony.

9) The Energy Policy Act of 2005 provided a 20% investment tax credit for the constructions of
IGCC plants, federal loan guarantees for IGCC plants and subsidies for research on technologies
including IGCC. Do you support those provisions?

A: Rather than subsidize IGCC or other technologies, we believe a superior approach is to provide

subsidies based on environmental performance, expressed as minimum capture percentage

requirements or emission performance standards or a combination of these approaches. The Energy

Independence and Security Act of 2007 moves in this direction. The Lieberman-Warner Climate

Security Act, S.2191, more fully embraces this approach by providing allowance allocations and

auction proceeds for projects that meet low carbon performance criteria.

10) Enhanced Oil Recovery is one way to use captured CO2 to our advantage. Do you support EOR?
Do you see other applications for the use of CO2 in this way?
A: We do believe that EOR is a good opportunity to produce additional domestic supplies without
expanding into areas the public wishes to protect from industrial development. If the CO2 used in
EOR is captured from industrial sources and care is taken to operate the EOR project to provide
permanent CO2 disposal, EOR can also provide significant reductions in CO2 emissions. However,
today about 80% of EOR CO2 comes from natural underground reservoirs so the use of that CO2 in
EOR does not result in any emission reduction. In addition, current EOR practices are not designed
to assure permanent retention of maximum amounts of CO2, nor are current regulatory systems
designed to assure these results. However, with CO2 captured from industrial sources and with a
revised regulatory regime to assure permanent retention, EOR can play a modest but important role in
achieving emission reductions. Regarding additional opportunities to “sequester” CO2 through
commercial or industrial uses, we agree with the [PCC assessment that there are not now significant

opportunities.

11) When we look at current government programs and research in the area of carbon sequestration,
are we on the right track? Other than throwing more money in the mix, where would you make

improvements or change focus to help bring carbon capture and storage closer to reality?
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A: My testimony summarizes the most important actions. Congress should enact comprehensive cap
and trade legislation including complementary policies to spur rapid deployment of carbon capture
and disposal systems. Rather than relying on the appropriations process, which provides inadequate
and uncertain financial incentives for these technologies, we believe funding to assure early
deployment of these systems should be provided through dedication of auction proceeds and/or

allocation of allowances under a comprehensive emissions cap program.

12) How could performance standards be incorporated into the development of new coal-fired power
plants?

A: NRDC and others have argued that no new coal plants should be constructed without applying

highly-effective CO2 capture systems and geologic disposal of the captured CO2. Performance

standards expressed as a maximum of X pounds of CO2 per megawatt hour can achieve this result.

EPA has the authority to adopt such standards under the current Clean Air Act. We believe Congress

should complement this authority by adopting minimum performance standards as part of a

comprehensive cap and trade bill, as discussed in my testimony.

13) As we look at long term storage of CO2, have any of you looked at the pipeline needs related to
this issue?
A: In arecently published technical report based on a previous peer reviewed journal article of his
looking at farge scale commercial adoption of CCS in the U.S., Jim Dooley of the Joint Global
Change Research Institute estimates that if nearly all U.S. fossil power plants were equipped with
carbon capture by 2050, about 120,000 miles of CO2 pipelines would be required by 2050, with about
30,000 miles deployed by 2030. This compares to over 400,000 miles of major natural gas and oil
pipelines that were built in the U.S. in the last 50 years. The authors conclude that the need to build
this amount of pipelines “‘should not pose a significant barrier for the commercial deployment of CCS
in the U.S.” Dooley, ct al., “Comparing Existing Pipeline Networks with the Potential Scale of
Future U.S. CO2 Pipeline Networks,” Pacific Northwest National Laboratory, PNNL-17381,
February 2008.

14) What concerns, if any, do you have about the long-term storage of CO2 in geologic formations?
Are you concerned about the legal and regulatory complexities of long-term storage?

A: 1personally started to study the question of permanent disposal of CO2 in geologie formations

about 11 years ago. At the outside of my inquiries I was quite skeptical that we possessed enough

knowledge to assure permanent disposal of injected CO2. The literature and industry experience
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demonstrates a very broad knowledge base that provides a high level of assurance that if existing
knowledge is applied to carefully select and operate large-scale geologic injection projects, such
projects can safely and effectively keep CO2 from fossil fuel use at large stationary sources out of the
atmosphere for adequately long periods of time. I do not believe the legal and regulatory issues
involved in permanent disposal are significantly more complex than with other large industrial
operations. Most assessments of the risks of geologic CO2 disposal that I am familiar with indicate
that the risks from geological disposal are comparable to other industrial operations in the near-term

(first 50 years) and rapidly tail off after that period.

15) On page 5 of your written testimony you state that the NRDC “opposes new coal plants that do
not capture their CO2 and supports rapid deployment of capture and disposal systems for any new
coal sources.” Is this position related to plants in China and India as well?

A: We believe that we should avoid building new coal plants that do not capture CO2 regardless of

the country where they are built. As is well known, China and India are building large amounts of

new coal plants today and are forecast to build huge amounts of new coal capacity in the near future.

It is critical that China and India embrace CO2 capture for any new coal plants as soon as possible.

The issue is what is the most effective strategy to make that happen. We believe the U.S. can help

speed this embrace of CO2 capture and disposal by leading the way on deployment of this technology

here at home and promoting international programs to create incentives for early deployment in

countries like China, India, and other fast growing economies that rely on coal.

16) What do you consider a “very modest impact on retail electricity?”
A: According to analyses we have participated in, with cost-sharing, a substantial amount of coal
capacity with carbon capture and geologic disposal can be deployed by 2020 with an impact on

average retail electricity rates of less than 5%.

17) When looking at environmental policy, does the NRDC consider the impact of the policies that
they promote on jobs in the US?

A: Yes. NRDC was founded 38 years ago in 1970. We fully understand and support job creation

and robust economic growth as core continuing objectives for the U.S. During the four decades since

NRDC’s founding we have followed closely the claims about job impacts associated with a broad

range of environmental policy reforms and we have made our own assessments. We believe that the

experience of the past four decades convincingly demonstrates that there is no conflict between our

cconomic objectives and the imperative of protecting the environment that sustains us.
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18) Would you support streamlining the permit process for new coal plants if they were IGCC plants
as a reward for companies who chose to build IGCC plants?
A: First, it is important to distinguish between IGCC, which is a particular technology, and the
objective of achieving low-carbon emissions from power generation, which is a performance target.
We strongly support policies and incentives to deploy low-carbon energy technologies, including
IGCC when it is accompanied by carbon capture and disposal. We do not believe that permit
processes for such projects are a significant barrier to deployment. Rather, as discussed above, we
believe the primary barrier to deployment is the absence of requirements and economic incentives for

deployment of these technologies.

19) In North Wales, a system had been developed which captures car exhaust emissions which is
released into a bioreactor, fed to algae, which are then crushed to make biodiesel. Does your
organization support this type of sustainable system for carbon capture in automobiles?

A: We do not have details regarding this system. Capturing and storing CO2 onboard a vehicle

would be extremely challenging due to the volume and weight of CO2 produced from combusting a

tank of gasoline.

20) In the United States, there are several developing technologies for the use of carbon capture in
power plants that is used for growth of algae which is crushed to make biodiesel. Does your
organization support this type of sustainable system for carbon capture in power plants?

A: We are familiar with projects that feed power plant CO2 streams to algae colonies. If these

systems are shown to be reliable and cost-effective they would be capable of achieving modest

reductions in emissions from existing power plants. They cannot achieve sufficient reductions to be

effective as a method of mitigating emissions from new fossil power plants.
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The point of greatest peril in the development of a high-tech market lies in mak-
ing the transition from an early market dominated by a few visionary custom-
ers to a mainstream market dominated by a large block of customers who are

predominately pragmatists ¢n orientation. The gap between these two markets,

heretofore ignored, is in fact so significant as to warrant being called a chasm.’

~ Geoffrey Moore
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Executive Summary
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> 81 i I

projected to be built by 2030, resulting in CO, emissions of 790 million metric tons per

ar in the absence of emission controls. By comparison, annual U

S. emissions of CO,

from all sources in 2005 were about 6 billion metric tons.

Policymakers and scienti that the cu eenhouse

€I

NOW recogniz

nt growth of g

oy must be reduced substantally in order to
of climate change. Yet a dramatic Increase in coal-fired power genera-
tion threatens to overwhelm all other efforts to lower emissions and virtnally guarantees

ons must be reversed and that em

combat the ¥

that these emissions will continue to climb. This would precinde any p ity of stabi-

lizing greenbouse gas concentrations in the atmosphere at levels that would acceptably

moderate the predicted ris

in global temperatures.

In China and other developing countries experiencing strong economic growth, de-
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The Promise of
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be replicated in saline aquifers and other
geologic formations that are likely to con-
stitute the main storage reservoirs for CO,
emitted from power plants.

However, these so-called carbon capture
and storage, or CCS systems, require

maodifications to existing power plant
technologies. Today the prevailing
coal-based generation technology in the
United States is pulverized coal, with
high-temperature (supercritical and ultra-
supercritical) designs available to improve
efficiency. It is possible to capture CO,

emissions at these pulverized coal units,
but the CO, capture technology currently
has performance and cost drawbacks.

But there’s a new coal-based power gen-
eration technology, Integrated Gasifica-
tion Combined Cycle, or IGCC, which
allows CCS systems in new plants to
more efficiently capture and store CO,
because the CO, can be removed before
combustion. Motivated by this advantage,
some power plant developers have an-
nounced plans to use IGCC technology
but very few have committed to installing
and operating CCS systems.

The great challenge is ensuring that
widespread deployment of CCS systems
at new IGCC and pulverized coal plants
occurs on a timely basis. Despite grow-
ing recognition of the promise of carbon
capture and storage, we are so far failing
in that effort. The consequences of’ delay
will be far-reaching—a new generation
of coal plants could well he built without
CO, emission controls.

Barriers to the Adoption
of Carbon Capture and
Storage Systems

Industry experts today are projecting that
only a small percentage of new coal-fired

Www amesicanprogress

plants built during the next 23 years will
use IGCC technology. IGCC plants cur-
rently cost about 20 percent to 25 percent
more to build than conventional state-
of-the-art coal plants using supercritical
pulverized coal, or SCPC; technology.
What's mare, because experience with
IGCC technology is limited, IGCC
plants are still perceived to have reliabil-
ity and efliciency drawbacks.

More importantly, IGCC plants are

not likely to capture and sequester their
CO, emissions in the current regulatory
environment since add-on capture tech-
nology will reduce efficiency and lower
electricity output. This will increase the
cost of producing clectricity by 25 per-
cent to 40 percent over plants without
CCS capability.*

These barriers can be partially overcome
by tax credits and other financial incen-
tives and by performance guarantees
from IGCC technelogy vendors. Even
with these measures, however, it is
unlikely that IGCC plants will replace
conventional coal plants in large num-
bers or that those plants which are built
will capture and store CO,,. There are
two reasons for this.

First, even cost-competitive new tech-
nologies are usually not adopted rapidly,
particularly in a conservative industry
such as the utility sector, where the new
technology is different from the conven-
tional technology. This is the case with
1GCC plants, which are indeed more like
chemical plants than iraditional coal-
fired plants.

Second, there is now no business moti-
vation to bear the cost of CCS systems
when selecting new generation technolo-
gies even though the cost of electricity
from IGCC plants is in fact lower than
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from SCPC plants once CCS costs are
taken into account. This is because plant
owners are not required to control green-
house gas emissions and CCS systems are
unnecessary for the production of power.
The upshot: IGCC units {with and even
without CCS capability} will lack a com-
petitive edge over SCPC units unless all
plant developers are responsible for cost-
effectively abating their GO, emissions.
No such requirement exists ;odayn

A New Policy Framewark
te Stimulate the Adoption
of €CS Systems

"This paper considers how hest to change
the cconomic calculus of power plant
developers so they internalize CCS costs
when selecting new generation technolo-
gies. Five policy tools are analyzed:

Establishing a greenhouse gas cap-and-
trade program

Imposing carbon taxes

Defining CCS systems as a so-called
Best Available Control Technology for
new power plants under the Clean Air
Act’s New Source Review program

Developing a “low carbon portfo-
lio” standard that requires utilities to
provide an increasing proportion of
power from low-carbon generation
sources over time

.

Requiring all new coal power plants
to meet an “emission performance™
standard that limits GO, emissions to
levels achievable with CCS systems.

Each of these tools has advantages and
drawbacks but an emission performance
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standard for new power plants is likely to
be most effective in spurring broad-scale

adoption of CCS systems.

In the current U.S, political environment,

a cap-and-trade system is unlikely to
result in a sufficiently high market price
for CO, {around $30 per ton) in the
early years of a carbon control regime
to assure that all coal plant developers
adopt CCS systems. At lower carbon
prices, plant developers could well con-
clude that it is more econemical to build
uncontrofled SCPC plants and then pur-
chase credits to offset their emissions, A
carbon tax that is not sct at a sufficiently
high levet likely would have the same
consequences.

Alow carhon portfolio standard would
be complex and difficult to implement
because of the wide vartations in gen-
eration mix between different regions.
Morcover, unless the standard sets strin-
gent targets for low carbon generation,
it would not preclude construction of
uncontrolled coal plants.

Although the recent Supreme Gourt deci-
sion defining CO, as a “pollutant” has
opened the door to controlling new pow-
er plant emissions under the New Source
Review program, legal uncertainties may
prevent the Environmental Protection
Agency from defining CCS systems as the
Best Available Control Technology under
current law. Individual states could also
ject CCS systems during permiitting re-
vs. Moreover, the New Source Review

e

vi
program would not allow flexible compli-
ance schedules for installing and operat-
ing CCS systems, nor would it provide

financial incentives to oflset the increased

cost of electricity.

MAY 2007

i ermvissinn

performance

stasdard for news
poweer plants

s dibely to be
st effective in
speirring broad-

seade adoption nf

carbon capture
annd stovage

STRfeIs



MAY 2007

i ernission

s
shancdaod for

EEN RN 3

capa

i))‘!ggl‘i!f}

earging porer

plunts, wwi
g stavieng ot
Hill preveent of

enisyions e

progrossively

declining o

Fiive

240

How Emission Performance
Standards for New Coal Plants
Would Work

In contrast 10 other approaches, an emis-
ston performance standard that limits new
plant emissions to levels achievable with
CCS systems would provide certainty that
new coal plants in fact capture and store
CO,. To pravide a clear market signal

to plant developers, this standard would
apply to ail new plants built after a date
certain, although some flexibility would be
allowed in the timing of CCS installation
so that the power generation industry can
gain more experience with various types
of capture technology and underground
CO, storage. For example, all plants that
begin construction after 2008 could be
subject to the standard and would be
required to implement carbon capture
technology by 2013, and then to meet all
sequestration requirements by 2016,

To provide additional flexibility while
CCS technology is being perfected, plant
developers during the first three years in
which the new performance standard is in
effect could have the option to construct
waditional coal plants that do not capture
and sequester CO, if they ofset on a ane-
to-one basis their CO, emissions by taking
one or more of the foﬁom’ng steps:

"

Improving efficiencics and lowering
CO, emissions at existing plants

Retiring existing coal or natural gas
units that generate CO, emissions

Constracting previously unplanned
renewable fuel power plants represent-
ing up to 25 percent of the generation
capacity of the new coal plant.

In 2011, this alternate compliance option
would sunset and all new plants subse-

Www americanprogress

quently entering construction would need
to capture and sequester their emissions.

An emission performance standard for
new coal plants should be accompanied
by a cap-and-trade program for exist-

ing power plants, with the cap starting

at 100 percent of emissions and progres-
sively declining over time. A declining cap
would encourage greater efficiencies i
operating existing plants and incentivize
the retirement of higher emitting existing

in

plants. This would assure that an emis-
sion performance standard for new plants
does not simply prolong the useful life of
older plants. In addition, as the cap de-
clines, retrofitting existing plants with CCS
systems could become a viable option.

Mitigating Electricity Price Hikes

If legislation requiring an emission per-
formance standard for new coal plants is
enacted, then Congress should simultane-
ously take steps to offset the additional
costs of installing CCS systems and pro-
vide relief from electricity price increases.
This would prevent disproportionate costs
from falling upon consumers who live

in regions heavily dependent on coal for
power generation. By reducing the finan-
cial risks and uncertainties of building
power plants with CCS systems, it would
also encourage investments in such plants
by developers and their financial backers.

One approach would be to create a fund
to “credit” utilities for all or part of the

price éncreasc that consumers would
otherwise bear if’ they receive power from
plants with CCS systems. Alternatively,
financial incentives could be offered to
plant developers which, in combination,
offset a significant portion of the incre-
mental costs of installing a CCS system
as opposed to operating a coal-fired
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plant that does not control CO, emis-
stons. This new incentive program would
replace current incentive programs for
IGCC plants and other coal technologies
that do not include CCS$ systems.

Assuming that government incentives cov-
er 10 percent to 20 percent of total plant
construction costs and that they apply to
the first 80 gigawatts of new coal capacity
with CCS systems built by 2030, these in-
centives could cost in the range of $36 bil-
lion over 18 years. Although $36 billion

is a large sum, it is only a fraction of the
$1.61 wrillion that the International Encrgy
Agency predicts will be invested in new
power plants in the United States between
now and 2030.

Building a Technical and
Reguiatory Foundation
for CCS Systems

Once the nation commiits to a rapid
timetable for requiring CCS systems at
all new coal plants under an emission
performance standard, then all of our
regulatory and research and development

efforts should be focused on implement-
ing CCS technology as effectively as
possible. This would require:

An enhanced R&D program for cap-
ture technologies at both SCPC and

IGCC facitities 1o reduce the costs of
y as possible

capture as quic

An accclerated program to gain large-
scale experience with sequestration for
a range of geologic formations

A comprehensive national inventory of
potential storage reservoirs

A new regulatory framework {or evalu-
ating, permitting, monitoring, and reme-
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diating sequestration sites and allocating
tiability for long-term CO, storage.

Maintaining the Viability of Coal
in a Carbon-Constrained World

Although an emission performance
standard that requires GCS systems for
all new coal plants would pose a daunting
technological and economic challenge, it
will ultimately assure coal a secure and
important role in the future US. energy
mix. Such a standard would establish a
clear technalogical path forward for coal,
preserving its viability in a carbon-con-
strained world and giving the uiility indus-
try confidence to invest substantial sums
in new coal-fired power generation. In
contrast, continued public opposition and
legal uncertaintics may cause investors

to withhold financing for new coal plants,
placing the future of coal in jeopardy.

If the United States is successful in main-
taining the viability of coal as a cost-com-
petitive power source while addressing
climate concerns, our leadership position
would enable ULS. industries to capture
critical export opportunities to the very
nations facing the largest challenges from
global warming. Once our domestic mar-
ketplace adopts CCS systems as power
industry standards, the opportunities to
export this best-of-breed technology will

grow exponentially.

This will be critical to combating the
massive rise of coal-derived greenhouse
gas emissions in the develuping world.
Boosting exports while also helping
China, India, and other developing
nations reduce emissions and sustain eco-
nomic growth would be a win-win-win
for our economy, their economies, and
the global climate.

MAY

2007
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Global Warming and the Future of Coal

Mew Coal-fired Power Plants Threaten All Other
Efforts to Combat Global Warming

For the last 15 years, most new power plants built in the U

have been fueled with natu-

ral gas. Today, however, coal is again emerging as a fuel of choice for the power sector

as natural gas prices hit historically high levels worldwide and as demand for natural gas

In the ULS,, coal is abundant,

overtakes available suppl epresenting 27 percent of the

volatil

world’s known reserves,” and is less subject to pric y and supply constraints than

{see Figure 1} Because demand can be met from domestic

petrolenrn and natural g

, coal also offers important energy security benefits to the United States.

built in the US. from 1991 1o 2
and virtally none from 2001 to 2005,° the National Energy Technology Laboratory of

While only 11 gigawatts of new coal-fired plants

the US. Department of Energy now estt that 145 gigawatts of new coal-fired plants

will be built in the U . Unilities and other power plant developers

plans o build 151 coal-fired plants with a capacity of 90 giga-

have already announ

watts.” Ouside the U8, the projections are morve dramatic. Estimates of the worldwide

total new counstruction of coal-fired plants by 2030 are around 1,400 gigawatts.”

Few of these new plants in the US. are likely to replace
plants. The US
by 2080 clectri

existing less efficiont coal-five
svernment’s Fner

Information Administration predicts that

y demand in the US. will increase by approximately
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creating a need for increased power
generation, and estimates that only

ahout 3.6 gigawatis of coal power plants
will be decommissioned by 20257 In

the developing world, where economic
growth will be higher than in the US,,
abmost all of the new coal-fired plants
will vepresent an expansion, rather than a
replacement, of capacity to meet soaring
energy demand. China, for example, has
the world’s third largest coal reserves,?
and is in the process of implementing a
m

© increase in coal-fired generadon
1o meet growing energy needs. ™

A serious drawback of coaldfived power
generation is the formation of high levels
of €0, during coal combustion——this
G, is then released from the stack and
contributes to atmospheric buildup of
greenhouse gases, Existing coal-fired
power plants account for about one
third of LS. GO, emissions and make
a substantial contribution to the total
worldwide acoamlation of GO, emis-
sions in the atmosphere.'*

Department of Erergy NETL & Annu

aegy Gutiook 2005,

A major expansion of worldwide coal
generation would dramatically increase

1,000 megawatt {1 gigawait) coal power
plant using the latest conventional pulver-
ized coal technology produces abont 6

million tons million metric tons)
GO, annually™ In the absence of GO,
erssion controls, the new coal plants

projected to be buit globally would
generate as much as 8.4 hillion additional

tons {7.6 billion mewric tons) of GO, each

Ve

{assurming 1,400 gigawaits of new

coal-fived plants are constructed). This
represents an increase of approximately
30 percent over current total annual
world emissions of 25 billion metric tons
of GO, fresn the consumption of fossit
fucls

Worldwide emis-

ee Figure 3110
sions from these new plants hetween now

and 2030 would be equal to between

30 percent of all fossil fuel emissions

during the past 250 years

ce Figure 43,17

Inn the United States alone, 870 million

(790 million metric tons) would be

MAY 2007
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FIGURE 3: PROJECTED WORLD-WIDE CO, EMISSION INCREASES WITHOUT

EMISSION CONTROLS (1990-2030), IN METRIC TONS OF CO, EMISSIONS

1980 2004 2010 2015 2030 2004-2030*
Power Generation 6,955 10,587 12,818 14,209 17,680 20%
industry 4474 4742 5,673 6,213 7,855 1.6%
Transport 3,885 5,289 5,900 6,543 8,246 17%
Residential and Services** 3353 3297 3573 3815 4,298 10%
Other*+* 1,796 2,165 2,396 2,552 2,942 1.2%
Total 20,463 26,079 30,367 33333 40,420 17%

+ Average annual growth rate. ** ciades agricufture and public sector

Source: int't Energy Agency, World Energy Qutiook 2006,

“¢* iecudes interrational marine bunkers, other tanstormation and non-energy use

emitted if all of the currendy proposed
coal plants are built and do not control
' This compares

ons in the U.S. of

their CO, emissions
to 2005 annual emis
about 6 billion metric tons of CQO, and

7.15 billion metric tons of CQ, equivalent

19

greenhouse gases from all sources
Moreover, new coal-fired plants, once
built, will have a projected lifespan of

up to 60 years, There will be powerful
resistance to retiring them before investors
have earned an acceptable return on their
investment. These plants would therefore
be high CO, emitters for decades to come.

In the U.S,, there is growing public
opposition to new coal plants that do

not conwrol CO, emissions. The recent
proposal by private equity investors

to cancel several coal plants originally
announced by Texas utility TXU Corp.
is evidence that public resistance may

be strong enough to derail some new
plants.” Yet in other parts of the world
opposition to new coal plants is much less
likely to prevent these plants from being
built. The long-term increases in CO,
emissions [rom new plants abroad would
gready impede the ability of developing
nations such as India and China to
moderate and ultimately reverse rapid
greenhouse gas emission growth resulting
from surging economic activity.

Even if no coal-fired plants are built
between now and 2030, the world
would face a daunting task in reducing
global greenhouse gas emissions. But
with greenhouse gas emissions from

the power sector increasing due to the

growth in coal-fired power generation,
it will be almost impossible to reduce or
even stabilize total emissions in the US.
{not to mention the rest of the world) in
the absence of aggressive CO, control
measures. Between 1990 and 2005, for
example, when few coal-fired plants
were built in the US., emissions of CO,
and other greenhouse gases increased
by 16.3 percent,* including a 2 percent
increase {rom 2003 1o 2004.%

A dramatic increase in the rate of
worldwide emissions growth due to

new coal plants would make the goal

of stabilizing atmospheric levels of
greenhouse gases unattainable. Many
experts support stabilizing atmospheric
greenhouse gas levels at 450 parts per
million. The 450 ppm goal is higher
than the current greenhouse gas level of
380 ppm,* but hopelully is low enough
to prevent precipitous increases in global
temperatures.** However, only a sharp
drop in worldwide emissions will bring
the 450 ppm target within reach.
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Total = 735

s of Tons of Carbon Dioxide

Past 17512002 Future {projected): 2003-2030
{252 years) (28 years)

Lifetime (O, emissions from coal power
plants profected to be built during the
next quarter of a century will be roughly
50 percent of total CO, emissions from
all sources during the past 250 years.
The feft column shows the cumulative
C0, emissions produced by burning coal,
oif and natural gas for all uses {including
transportation and building heating)
fram 1751 to 2002, whereas that on the
right depicts the fifetime (O, emissions
from fossil-fuel power generation plants
projected by the international Energy
Agency 1o come onlfine between 2003
and 2030, Coat-fired power plants are
assumed to operate for 60 years and
gas-fired power stations for 40 years.

Source

A Potential Path to Zero
Emissions Through Carbon
Capture and Storage

The threat 1o the global climate due

o increased coal generation is urgent
and serious, yet there is a potential
technology pathway that would permit

greater ut;
source without adding to e
greenhouse gas en

zatton of coal as an energy

ting global

involves capturing and then sequestering
CO, from coal-fired plants in secure
underground repositories, eifectively
preventing its escape into the atmosphere,
Govermment and the private sector are
increasimgly examiming this new wehnol-
ogy systern, known as carbon capture
and storage {or COS), as a viable (1()"Z
emission control strategy for coal power
plants and other industrial facilides that
burn fossil fuels on a large scale.

During COS operations, GO, is com-
8 ( 2
pressed to a supercritical quid, trans-

Scolow, “Can We Bury Global Wa

ported by pipeline to an injection well
and then pumped unde

rground to depths
sufficient to maintain oritical pressures
and temperatures. The GO, seeps into
the pore spaces in the swrrounding rock
and its escape to the swrface is blocked

by a caprock or overlaying impermeable
tayer. In some types of formatons, the

G
minerals in the host rock to form carbon-

3, may dissolve in water and react with

ates, becoming permanenty entrained

igure 5).

Long-term sequestration of COJs

possible in depleted ofl and gas reservoirs,

unminable o

X salt structures,

 The
eved 1o be ublcudtous at depths

al seams, b

and deep saline aguil

ity

are be
generally below one kilometer and are
estimated to underlie at least one-half of
the area of inhabited continents.” These
deep saline formations have the greatest

capacity 1o store GO, and would play

a critical role in any large-scale CCS
program {see Figure 6}
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Similarly, (O, has long been pumped
the U8, with underground injection of into the ground in oil and gas ficlds

Ligguuds ane B Over 100,000 rechni- improve extraction of these fuels GO,
mjection has ocourred extensively in the
ntly employed to Perndan Basin of West Texas and East
pump fuids as much ag two miles below ral other areas of
5. GO, pipeline 5. and Canada, as part of en-
ablished, hanced oif recovery, or EOR oper
with CO, pipelines in use since the carly EOR proje

14970s, the longe ect, use and store 43 million to

the earth’s surface
transmission s @

of which runs for inj

approximately 500 miles”

of GO, 11 million tons/year (9.9 million
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MELHe tons

industrial sour

examined 1,581 large reservoir
U8, and concluded {assuming lov
sources of GO, that up to 89 billion

barrels of oil could be recovered using

current EOR rechnology ™

To gain additonal experience with inject-
ing and storing C
Department’s s

Energy

en Reglonal Seque
ton Partnerships have injdated plans for
conducting nearly two dozen pilot tests
of injecting CO, into oil and gas reser-

VOirs, Coa and saline formations

in the next three years.” The goal of this

program is t achie
age permanence of €
10 percent inere

29 percent stor-
atless than a
in the cost of energy

services by 2012

Although there & presently limited expe-

rience with ©

apturing and sequestering
GO, generated during the combustion
of fossil fuels to produce electric power, a

number of promising projects are on the

horizon. Last Augu

or example, Mid-

lion toward developing a coal-generation
facility in Colorado that would capture
and se

BP and Irvine, California-hased Edison
Mission Energy announced plans in

; 2006 1o build a new 500-MW
-fucled po

ate electri

r plant that will

gener city using petrolewm coke
capture GO, &
in nearby oil fields.** In addition, the

d 1.2 § sior Mesaba Project
in Minne

and will OY >L(13!(“Sil<in()n

propo;

ta plans 1o capture some of

its CO, and transport it for sequestration
through a pipeline that will hkely be 265-
to-450 miles Jong™

Mo
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tims af: CO anvua E nfa the Weybar

Il and expects 1o sﬁuueqer a totabof 51 million -

memc tons of (O, by projecy end,

Qvérseas, the two most visible £0, capture and
storage projects (not volving CO,FOR) ave at the
Siepner Field in the North Sea by N() rway's Statoil
ASA and the inSala Field in Algeria by Britain's 8P
plc. Each of these projects currently injects about

1 miflion tons of CO, per year inte a saline forma-
tion either above or below the producing natural
gas resenvoir,

st recently, American Electric Power

Py of (ulnmhm Ohio, announced

th' it will conduct a small CUS “valida-
tion” pmgg et at a West Vi rginda ;)u ver-

zed coal, or PC, plant and, 5

)i

‘upmx‘e 1.5 m;llmn wons

nies {nr EOR.
proposed e
priv

has
two

3 se, as part of the
rged buy-ont of by

the Texas utl

ate equity invest
announced preliminary plans o build
plants using advanced Integrated

technology with ©CS systems.

Wid

nolke

gres

tion heyond the small number of proj

espread implementation of CUS tech-
ogy at coalfived power plants would
atly expand the seale of CO,

underway today because of the massive

oAy

2907

"
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amounts of CO, that would be captured

and then stored on a permanent ba
one-gigawatt plant will require sequestra-
tion of & million tons of GO, per year

{this is the equivalent of 30 million barrels
of GO, per yean).™ I the 90 gl
coal plants now in the planning stag
bult, nearly 540 million tons (490 mil-
tion metric tons) of CO, would have o

be sequestered each year. In contrast, the
EnCana project astride the North Dakota/
Saskatchewan border, in combination with

the nearby Apache proje

only 2.5 million metric tons (2.7 million
ser year into the Weyburn Field,

tons)

A critical challenge for industry, aca-
demia, and government will be 1o

demonstrate that large quantities of GO,

can be

wred without feaks over long
periods and under a range of geologic
conditions. The large scale sequestration
projects now underway provide reas-
suring evidence that leakage from GO,
storage formations &5 unlikely. Long-term
experience with EOR in ofl and gas fields
i also reassuring. The geology of these

fields is well-known and their sealing
potential well-established; they have bee
storing oil and gas for millions of year

Nonetheless

, there remain open ques-
tons about deep saline aquifers, which
are expected to provide the bulk of the
required GO, storage capacity. These

aguifers are largely untested structures
and additional effort will be required
o valid

ate their storage capacity and
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integrity. The Energy Department’s pilot
sequestration program is focused on
small storage sites and is unlikely to pro-
vide data on the performance of larger
reservoirs storing GO, in the megaton
quantities typical of emissions generation
at haseload power plants.

Accordingly, the Pew Center on Climate

Change says there is a need for four to six

large-scale test projects at reservoirs with

diverse characteristics in order to demon-
strate the viability of carbon sequestra-
Al

ton. " A recent study by the Massachusetts

Institute of Technology similarly conclud-
ed that three to four large scale test proj-
ects “might be needed 1o demonstrate and
parameterize safe injfection.” The MIT
study alse estimated the cost of studying

three sequestration basing at $500 million

over eight years and at less than $1 billion

for five large sequestration test :
lation to build on MI'Ts recommenda-

tions by requiring rapid completion of

large-scale sequestration testing he
introduced by New Mexico Senators Jeff
Bingaman and Pete Domenict,®

Despite the importance of additional

are confident that large-
scale sequestration will be safe, fe:

testing, exper!

ible,
and cost-elfective. Thus, after

viewing

the key questions of subsurface engineer-

ing and surface safety associated with

carbon sequestration, the MIT coal
study concludes:

al Sssues smderbying these ions. OF

equal importane, the hurdles to answering these
il appear manageable and
surmpntedle. As such, it appears that geological

carbon sequestration s likely to be safe, effective,
and compelts

enth smany other options on an

economic bas
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Reliable maasurement of €0,y feakage‘;éies will also beneces:

sanyfor tmplementation and enforcerent of any C0, emission-
eduction program premised o th long-term effectiventss of
CES systens: Since €0, injection at most sites wifl stop after
two or three décades; clearly defined liability and ownership
rules will be required 16 defineate who bears long-term respon-
sibilfty for effective (0, storage and femedial action # leaks
occur at these sites: Some states; such as Texas, have decided to
wansfer ownership of past-injection sites to government bod-
ies,* but most other states have yet 1o set Hability rules,

There has been some discussion of a government-funded
Insurance program {akin to the Price Anderson Act for nuclear
planis} to protect private owners and operators against seri-
ous financial exposure in the event of CO, leaks, But there |
no consensis as yet that such insurance protection is needed
0 encaurage power generators to commit 1o long-term €0,
capture and storage programs,*

he EPA has long regulated underground injection at off and
gas wells under the Safe Drinking Water Act and recently is-
sued guidance for €0, injection at sequestration sites.”” Yet it
is unclear whether £PA'S existing authority is broad enough o
encompass alf the fssues raised by CO, injction under a car-
bon control regimm, Thus, a new national legislative framework
may well be needed 1o create long-term public confidence in
CCS systems.™ Among other issues, such 2 framework could
address the complex regulatory and safety aspects of creating
a dedicated interstate pipefine network 10 transport massive
quarttities of €0, This framework should be in place well
before CCS technology is implemented an a broad scale.

13
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Avaitable data also provide confidence

that there is ample underground capacity
in the US.
world to sequester the GO, output from

and most other areas of the

projected levels of fossil fiuel combustion

ce Figures 7 and 8). The Department of
Energy recently released its first Carbon
Sequestration Atlas of the United States
and Canada based on a preliminary

survey of potential sequestration resers

Gas Basing
Oif Basing
i Goal Basing
Deep Saling Hasalt Fonmations o
Deap Soline Sedimantary Fomatvcns]

Www .o americanprogress

voir's by its seven regional sequesiration
partnerships. The Atas concludes that
G0 bitlion tons of QO
storage capacity exists in North America

approximately 3.5

(mostly in deep saline formations) at
diverse locations across the country™

A 2006 report by the Bauelle Institute
on LI

. sequestration capacity reache
remarkably similar conclusions, estimai-

* 2,730 gigatons in onshore deep saline formations, with perhaps cloge 1o another 900 gigatons of

The United Stats fortunate to have an abundance of theoretical (0, storage potential, welt
distributed acrass most of the country. Qur preliminary and ongoing assessment of candidate geologic
C0, storage Tormations seveals that the furmations studied to date contain an estimated storage
capacity of 3,900+ gigatons of CO, within some 230 candilate geslogic €0, swrage reservoirs,

storage capadty in offshore deep saline formations

» 240 gigatons in anshore saline-filled basalt formations

» 35 gigatons in depleted gas fields

= 30 gigatons in deep unmineable coal seams with potential for ¢

= 12 gigatons in depleted ol fields with potential

ced coatbed methane recovery

or enhanced oif racovery

Source:

 institute, Carbion Digvids Capture and Ged

2t Storage, Apsit 2006,

ory
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Initial assessments of thearetical global (O, storage capacity reveal an important and encouraging result: these is more
than enough theoretical CO, storage capacity in the world to meet likely storage needs for at feast a century, and in many
key regions the storage capacity is in the right places to meet cursent and future demand from nearby CO, sources.

¥ 2007

ing total U.S. capacity of 3,900 gigatons
of CO, and finding that usable forma-

tions underlie parts of 45 states and two
thirds of the fand mass of the contiguons

48 states

171 This capacity
would be sufficient to store the GO, emis~
sions of the 143 projected new coal plants
in the US. for several thousand years.

A third report published in 2005 by the
Intergovernmental Panel on Climase
Change, entitled SPCC Special Report on
Crarben Dioxide Capture and Storage likewise
conchuded that there is considerable

worldwide geological storage capability
1% The IPCC also
hat the GO,
retained in underground formations will

20, {see Figur

concluded that it is likely

reg: Batiniie Chmate Reseasch

. Carbian Dionick

likely
mjected over 1,000 year

odd 89 percent of the quantity

It is widely agreed that a comprehensive
survey of storage capacity is needed to

improve the accuracy of existing esti-
mates.” Notwithstanding uncertainties
in estimation, there i Hide doubt that
most regions of the US are endowed

with ample geological formations suit-

able for seq tion. Thus, under-

storage opportunities are

s to be within close proximity
w0 250 miles) to the majority of coal
plants that would be built, although

(&

some coal-dependent states may need

to transport GO, for longer distances in

order 1o sequester 1 e Figure 9%

rarage, Api 2008,
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1.5, Coal-Fired Power Plants {2000)

= =250
@ 251,000
& 1.001-4000

< Ot & Gas Fields
Satine Aquifers
% Coalbeds

Fota! Coal-fired Capacity = 330 G

W

americanprogress

Source: james Katrer o1 al., The furure of Coall Gptio

€O, Capture at Coal Flants:
the Promise of IGCC and
Other Technologies

The separation and
1

economic and technical challe

capture of GO
ired power plants pose la

large cos

than

the transportation and sequestration
of CO,. The dominant coal generation

technology in the world today is pulver-

zed coal, or PO i industry parlance, in

which coal is ground to fine particles and

then injected into a furnace with combus-
dion air; the flue gas fom the botler
contains (0, and other combustion
byproducts, which are treated to remove
certain pollutants {nitrogen oxides or
NG, and sulfur dioxide or 80,) and then
released to the air

an-Constrained Work, Massachusetts |

e of Terhneion,

Greater {and lower

mbustion efficiency

CO, emissions per unit of energy output)

can be achieved ritical and

SupeT

ultra-supercritical pulverized coal plants

that reach higher steam temperatures
e
SCPC and USCPC

for purpose of this

and pre

ures. These desdgns, reft

o in the mdustey

plants, respective
paper both types of plants are referred

to generically as SCPC), have been

selected for many of the proposed
new PO plants. The resulting CO

be captured from flue gases following
combustion at these plants by absorption
into an amine solution, from which the

absarbed CO, is then stripped via a

¢ and cooled, dried,

{Cl’ﬁp(‘, BUTE LY

and compressed into
tiquid {see Figure 11

supercritical

org



Re
ton solvent “scrubbing” process is
underway and may yield breakihroughs.™®
But post-combustion CO, caprare using

sarch to optimize this post-combus-

existing technology is now believed to
impose a high energy penalty and create
sotvent do

adation products that could

have adverse environmental imp.

Accordingly, there are significant disad-
vantages at this time to capturing GO,
at SCPC plants, despite the historical
dominance of PO generation technology

in the power industry.™

A new coal-based generation technol-

ogy know rated Gasification

Combined Cyele, or IGOC, offers more
promise as a pathway to GO, capture and
downstream sequestration at the present
time. The GO, cmis
plants are s

tons from IGCC
omewhat lower than those

: mi;resy‘;;k ¢t combi
coceaps feedstocks by way bl

emericanprogress. org

ification, nto a tlean gas callad

253

fram SCPC plants because of 1GCLs
higher thermal efficiency. More impor-
tantly, IGCC plants are able to capture
CO, emissions more cost-effectively than

SCPC plants using current technology
becawse IGCC echnology does not rely

on direct combustion but instead converts

the

ification, into a clean gas called syngas
{see sidebar below).

Although GO, capture is velatively

sard technically, it p

major econormic challenge. B

higher capital costs, greater fuel utlization,
and lower electricity output, coal plants

that capture CC ed to be

e proj
> roducers of electricity
than plants without capture capability.

Carbon capture is estimated to account

3 percert of the total cost of

May 2007

-~ synagas {see Flgure 1 2). Typical feadstocks for gastfication are
coaland'a vanety of refinery.residuals such ais petroletim doke

- and high-suliur foel ol The gasification process breaks down

ihe feadstork into hydvogen, Carbor monoxids, and simaller

quantities of carbor dioxide by subjécting it to high temperature

and pressue Using steam and measured amounts of oxygen.

Minesals in the feedstock (rocks, dirt, and other impusities} do
notreact in the gasifies, and istead form a slag which can be
disposed of, or converted arketable solid products, After
purification, the syngas, which is very similar to natural gas,
an be burned in a conventional combined cycle power unit to
generate electric power,

Historically, syngas from gasification has been used as a starting
matesial for the production of chemicals and liquid fuels. At

A phase shifter can be used 1o convert carbon menoxide gas

{0 carhan diide in the resence of Steamat the end of the

- syngasrefining stage and to separate the €O, stream from
the syngas befora combustion (see Figire 13), Because (0,
corcentrations are higher and pressure is lower when (0, is
captured pre-tombustion, the energy required for CO, separa
tion is smalier for IGCC units than for SCPC units.

The carbon capture rate at 16CL plants is currently believed

to be around B5 percent. The Energy Departiment’s research
program has a goal of achieving 8 50 percent carbon capture
rate by 2012.% Likewdse, the pilot FutureGen plant is designed
to capture 90 percent of its carbon dioxide at the start of opera-
sions and subsequently increase to 100 percent ¥

17
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systems, with transportation and storage
accounting for enly 17 percent of such

* Figure 10 summarizes the results
of three recent studies that estimated the
economic and performance impacts of

adding carhon capture technologies
IGCC and SCPC plangs.

tlustrates, although capture costs will

As Figure 10

h with both technologies,
ived o have a marked
PG,

advantage over S

The Electric Power Research Institute also

recently estimated the effect of adding

CO, capture to the cost of electricity and

General Electic Co. and Conoco Phillips Inc, Addition-
ally: Roval Dutch Shelt plc has proposed several 160 projects
in Ewrope and China, bt has & himited U S presence These
companies hav with construction and enginéering
coimpanies such s Bichtel Corp, and Fluor Coip: to offer
single project "wrap” that includes & firm price for engineer-
ing, procurement and construction as well as guarantees for®
constiuction completion and plant performance. These pack-
age expected to lead to greater standardization of plant
design and equipment, reduce costs and shift some of the
operational risks of GCC from utilities to vendors.

concluded that the cost would increase by
approximately 40 percent-to-30 percent
for IGCC plants and 60 percent-to-

80 percent for SCPC
EFPRI also anticipat

> plants® However,

s that these costs
could be lowered as improverents are
e the en

developed to s penalty

associated with carbon capture.

Barriers to Commercializa-
tion of IGCC Technelogy

The greater cost-effectiveness of 1GCC

technology in capturi
ha

deployment as concern about climate

stimulated heightened in

change and the likelihood of future
carbon constraint have grown, Vendors
of IGCC plants

1ed a higher profile in the market-

establ
place and have stepped up their marketing
and R&D efforts. Some ma
have announced plans to construct IGCC

or wiilities

plants. And governments at the state and
fer

incentives w encourage 1GCT plants.

al lewed have put in place financial

Currently, there are five IGCC plants

in operaton around the world, two of

which are located in the US,, one m

Indiana and the other in Florida, After
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initial problems, the existing US. IGCC
units have achieved improved reliability
and are performing acceptably.” Now
other utilities and power companies are
stepping forward with proposals to build

IGCC plants. The sidebar below identifies

recently announced US. IGCC plants:™

255

It is encouraging that major utilities arc
pursuing IGCC plans. But a far greater
number of proposed coal plants are not
expected to employ IGCC technology.
According to St. Louis, Missouri-based
Peabody Energy Corp., the nation’s
largest coal producer, 36 traditonal

MAY

Recently Announced IGCC Plants by Plant Location

Alaska
* Agrium US—350 MW

California
= BP &Edison Mission Energy—500 MWE®

Colorado
« Xcel Energy—300-350 MW

Delaware
» NRG—630 MW

Fiorida

= Florida Power & Light—MW TBD

= Tampa Electric—630 MW

« Orlando Utiities Commission, Southern Co. & U.S.
DOE—285 MW

idaho

= |daho Power Company—MW TBD

« Mountain Island Energy Holdings, LLC-—250 MW
= Southeast Idaho Energy LLC—500 HW

Hlinois

« Christian County Generation LLC—630 MW in Hinois™
» FErora Group—777 MW

* Rentech Development Corp.—76 MW

= Clean Coal Power Resources—2,400 MW

* Madison Power Corp—500 MW

= Steethead Energy Co. LLC—545 MW

Indiana

= Duke Energy—630 MW

= Tondu Corp.—630 MW  Minnesota

= Excelsior Energy Mesaba Project—603 MW

Mississippi
= Mississippi Power Co.—600 MW7
Montana

= DKRW Energy of Houston, Bult Mountain Companies
and Arch Coal—300 MW"

New York
» NRG Energy—680 MW

Ohio

= AEP—600 MW in Ohio

* (ME Internationab—600 MW in Ohio
= Global Energy—600 MW in Ohio

Washington
* Energy Northwest—600 MW

West Virginia
= AEP—600 MW in West Virginia

Wyoming

Buffalo Energy—1,100 MW
Rentech—104 MW

DKRW & SNC Lavalin——200 MW
PacifiCorp—450 MW

Energy Expenditures fnc.—450 MW

Locations Pending
~ Basin Electric Power Coop.—630 MW in Navth
or South Dakota
*  First Energy/Consol -Pennsylvania or Ohio, MW TBD

2007

19
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FIGURE 11: ULTRA-SUPERCRITICAL 500 MW, PULVERIZED COAL UNIT WITH CO, CAPTURE

Feed Air
2,460,000 kg/hr*

Coal Feed
209,000 kg/hr*

20

Lime Sturey

Flue Gas Clean-up

Boiler/Superheater R K_R?";Wagf:g wo
™ articutates 99.9%
Steam Conditions NO, to permit
50,99+%

Steam l

Ash & Wet Solids

| Stack Gas
! - e 2,360,000 ko/hr
| !
i €0, Capture
{ i 90% Removal
L —
Compression .
System Carbon Dioxide

{ Steam Turbine/
i Generator

422,000 kg/hr

Electric Power
500 MW, Net

* Kiiograms per hour

Source. James Katzer et ai, The Future of Cost: Gpriors for a Carbon-Cansteaned World, Massachusetts Insitute of Technalogy tnterdliscipiinary Study.

coal-fired plants will come online in 2009
and 2010, representing over 20,000 MW
of capacity.™ Morcover, as the sidebar
on page 19 illustrates, of the approxi-
mately 145 new and proposed coal plants
announced in the United States as of
May 2007, only 34 are IGCC plants.
While public resistance has derailed
some notable SCPC projects, such as

the well-publicized TXU proposal o
build 11 new coal plants in Texas,” other
proponents of SCPC plants have cither
been successful in avoiding public opposi-
tion or have defeated their opponents.

Assuming, then, that most utilities stick
with their current plans, IGCC will not
be the dominant technology for new coal
plants fur some tme. Of equal concern,
most of the announced IGCC plants will
not have CCS capability.

Cost and Reliability Issues

What accounts for the reluctance of
utilitics to commit to IGCC plants with
CCS systems? The current economics of

1IGCC projects, coupled with inadequate
regulatory drivers and financial incen-
tives, are creating significant obstacles

to widespread adoption of IGCC in the
power sector and discouraging invest-
ments in GCS systems even where IGCC
plants are built,

First, IGCC plants must become price
competitive and meet industry reliability
standards. Currently; capital costs of

the IGCC plants themselves are about

20 percent-to-25 percent higher for IGCC
than SCPC plants, although this differen-
tial is expected to decline 1o 10 percent as
the technology matures and vendors like
GE and Bechtel work toward standardized
plant designs and equipment.”

IGCC capital costs also vary widely with
the type of coal used. Power plant perfor-
mance is best with lower-ash, lower-mois-
ture bituminous coals, but performance
degrades with lower-rank and higher-ash
coals, such as Western lignite and sub-bi-
tuminous coal. While this problem is likely
to be overcome and some IGCC plants



257

WWwWWwW americanprogress org MAY 2007
using sub-biturninous and lignite coal plants with spare gasifiers can achieve
have already been proposed,’ the higher higher availability levels but will have
cost and lower performance of IGCC higher capital costs. Should IGCC plants
plants using lower rank coals have given fail to mect availability goals, the result
SCPC technology an additional edge in would be higher debt requirements to
regions such as the Southwest, which rely offset increased operating costs and
on these types of coal. greater reliance on less efficient peaking

or baseload generation in the event of
Second, the lack of large-scale IGCC IGCC shutdowns. IGCC vendors can
operating experience has created perfor- mitigate these risks to some extent with
mance uncertainties and raised questions performance guarantees, liquidated dam-
about the ability of IGCC plants to ages provisions and project acceptance
operate at levels of availability’” that testing, but the combination of a cost
conventional plants can achicve, This is premium and operational uncertaintics

the ease even though IGCC units achieve  will still be a deterrent to investment in
higher thermal efficiencies than the most the highly conservative power sector.
advanced SCPC plants.

The higher capital and operating costs

In the past, syngas production has and lower availability of IGCC plants as
resulted in excessive maintenance compared to SCPC plants are projected
outages. Even with substantially better 1o result in higher electricity costs to
performance, existing IGCC plants have consumers. The current differential
not yet consistently achieved 85 percent (without taking into account CCS deploy-
availability Jevels as compared to avail- ment} is estimated to be about $5 per
ability levels of over 90 percent with the MWh for IGCC plants using Eastern
most advanced SCPC designs. IGCC coal and about §7 for IGCC plants using
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Sowrce James Katzer et ai, The Futlre of Coat Options for 5 Carbon-Constrained World, Massachusetts Institute of Technology interdiscipinaty Study.

Western coal.” Since a typical coal-fired
baseload plant generally produces
electricity for around /MWh, this
differential represents over 10 percent of

power generation costs.”

When comparing the costs associated
with SCPC and IGCC technologies, it is
important to note that the cost of electrivity
is likely to be sigmificantly lower for IGCC
plants than SCPC plants when the costs of
capluring CO, emissions are taken into account.
This cost advantage is the reason why
some policymakers are encouraging
construction of IGCC plants, and why
the IGCC option is receiving carefid
consideration by utilities concerned
abont the long-term costs of GO, control.
At present, however, there is no lgal

requirement to capture and se
otherwise control CO, emi

quester or
ions from

power plants,

In the absence of this requirement, the
question is whether there are sufficient
incentives to stimulate widespread adop-
tion of IGCC despite its higher capital
costs and performance uncertainties? To
answer this question, we must examine
the regulatory environment in which

utilities operate and current government
programs to incentivize IGCC plants.

The Regulatory Envirenment
for 1GCC Plants

Traditional utilities are regulated by
state-level Public Utility Commissions, or
PUCs, which approve the rates charged
for electricity service. Utilities can gener-
ally recover the costs of their operations
plus a reasonable return on investment,
but only if such rates represent the “least

costs” required to provide reliable service.

For major capital projects with large
costs, utilities often seek PUG approval
for rate increases to cover these costs
before construction begins in order to
mininrize the risk that these costs will
later be unrecoverable through their

rate bases. PUCs, however, are generally
reluctant o approve large environmental
expenditures that are voluntarily
incurred and not legally required. Since
carbon capture and sequestration are not
now mandated by law, the cost premium
for IGCC plants could be unrecoverable
under the “least cost™ test.
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As a result, ualities planning IGCC
plants have needed to argue that these
additional costs should be recoverable
under a flexible interpretation of the
“least cost” concept. For example, AEP
has contended hefore the Ohio PUC
that IGCC is a lower cost option than
pulverized coal when long-term climate-
related obligations are considered in
the cost analysis. On Apnil 10, 2006,
the Ohio PUC allowed AEP to recover
pre-construction engineering and design
costs, but deferred allowing recovery for
construction and operating costs. The
PUC decision is being appealed to the
Ohio Supreme Court by power-users
oppased to any cost recovery.® Similarly,
in Indiana, Duke Energy Corp. is secking
cost recovery for its proposed Edward-
sport JGCC plant, but consumer groups
and industrial users have opposed Duke
on the ground that less expensive options
are available and the long-term costs of

carbon sequestration are unknown.”

This initial experience suggests that cost
recavery requests for IGCC plants will
be contested in many states and that
divergent approaches may ultimately
emerge around the country, with cost
recovery available in some states but not
others. Even more uncertain is whether
cost recovery will be available for CCS
system add-ons after the basic IGCG
plant is built.

Merchant power generators-—companies
that generate power in a competitive
market and sl the power to retail
providers at market prices—face even
greater risks than regulated utilities
because they operate in an unregulated
environment with no guarantee of cost
recovery. After record levels of default

on new plant construction proj

°rg
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the 1990s, lenders are now reluctant to
finance such plants in the absence of a
long-term power purchase agreement
between the merchant producer and
power distributors or users.”

Some merchant power producers with
the ability to negotiate such agreements
have proposed to build IGCC plants.
But it is an open question whether such
projects will generate a sufficient return
on investment to entice investors in the
absence of subsidies and tax incentives
that offset the higher costs of IGCCG
plant construction and greater operating )
1 requests for
JGCC plants

weril be condested

Cast recorery

uncertainties.

Federal and State incentive .
Programs for IGCC Plants in iy states.

with recovery

Some states have created innovative T
. . i wiatlable in
incentive programs for IGCC plants. tatos but
: P seine statex Hu
Indiana has offered a 10 percent tax ! B
credit for the first $300 million invested

in an IGCC project and a § percent

nut offors

credit for amounts exceeding this level

if’ the plant uses Indiana coal ** Kansas
has established a similar program
Colorado has enacted a law requiring
proposed IGCC plants to sequester their
CO, emissions and has allowed XGEL,
the major utility in the state, to recover

the costs of designing and building an
IGCC plant through its rate base.** And
Minnesota has enacted legislation grant-
ing Excelsior Energy eminent domain
for its Mesaba IGCC plant, exempting
it from certain regulatory requirements,
and guaranteeing a long-term buyes
(XCEL,} for a partion of the plant’s
power output.”’

At the federal level, the Energy Policy Act

of 2005 contains a series of incentives for
IGCC technology. These include:

23
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"

>ost sharing grants of $140 million
per year from 2006 to 2014 that can
cover up to 30 percent of the cost of
IGCC demonstration plants and other
gasification technelogy projects

Allocation of 82.5 hillion from 2006 o
2013 for advanced coal-based power
with priority to technologies that are
not yet cost competitive and which
achieve greater efficiency and environ-
mental performance

A 20 percent investment tax credit up
to a tatal of $800 million for property
that is necessary for the gasification of
coal, but not for the whole plant

"

Loan guarantees for up to 80 percent
of the individual loan amounts to an
IGCC plant, but only if the Congress

appropriates the needed funds.*

These incentives will definitely encourage
some 1GCC projects. For example, the

20 percent tax credit {if it were fully ap-
plicable to an entire project} would reduce
{and perhaps eliminate} the capital cost dif-
ferential between IGCC and SCPC plants.
The loan guarantees will make it casier

10 obtain low-cost financing and increase
the debt-to-equity ratio. Together with

the revenues from the plant’s ability o

“securitize” these loans, utilities could build

1IGCC plans without necessarily increasing
electricity rates (although ratepays

s
would bear the risk of construction delays
or operational difficultics).

Nonetheless, the impact of the Energy
Policy Act programs is likely to be fairly
modest. First, and most critically, the
total amount of direct or indirect
financial support available is limited. For
example, on November 30, 2006 the
Departments of Energy and Treasury

www americanpraogress

granted $400 million in Energy Policy
Act tax credits (half of the total amount
authorized) to three IGCC projects,
illustrating the limited availability of
these credits to plant developers.™

Second, the Energy Policy Act programs
{except for the investment tax credit)
require follow-up appropriations, To date,
Congress has not come close to providing
full funding. And third, except for grants,
the incentives do not help public power
organizations that do not pay taxes or
finance their facilitics with debt.

Thus, the current incentives at best will
help in the building of only a limited
number of IGCC plants.® While provid-
ing useful aperating experience at these
plan
close to addressing the urgent need to
make IGCC plants broadly cost-com-
petitive with PC plants now rather than

s will not come

. such incenti

many years in the future.

Would More Aggressive
Incentive Programs Work?

Arguably, a more comprehensive
program of grants, loan guarantees,

and tax credits would provide a greater
impetus for IGCC plant construction
and, together with vendor guarantees
and improvements in the technology,
would minimize the disadvantages that
IGCC now faces. Yet even with greater
government support that makes IGCC
cost-competitive with SCPC plants in the
ahsence of CGS systens, IGCC may still
he resisted by risk-averse wibities.

Why? New technologies, even after they
become cost competitive, must cross

the chasm described by Silicon Valley
venture capitalist and technology writer
Geoffery Moore in the opening quotation
of this paper:

org
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The point of greatest peril in the development of @
Figh-tech market lies in making the transition from
an early market dominated by a fo

oniary

customers fo @ iream market ; by
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1,203 of the 1,391 gigawatts forecastad
worldwide for new coal plants will likely
be built with copventional coal technol-

Another projection {using a slightly

pragmaiists in ovientation. The gap between

hevetofo

these {wo mar

¢ jgnored, is i fact so

edd @ chasi.

cant as to warrant beng

In most cases, it takes a new technology

many to become accepted in the

market. There exists an inherent inertia

regarding new technolo ide from

early adopters, most businesses wani
o invest in productivity improvements
for existing operations, not a new cut-

ge technology bke IGCC, This s
especially true in the energy sector where

itis gencrally recognized that second and
third generation plants are less expensive

generation plants, and there are
et problerns

ssociated with “¢
ging” the new techuologies. One industry

huag-

executive recently said that “JGGC is not
for w

adding that “our industry is very
intolerant of something that dox

not

g

hay treme relinbility and availability

ntative has

Another ndustry represe
deseribed an IGCC facitity as a chemical
plant with a jet ¢

gine at one end-—hardly
a ringing endorsement, And an indusiry
consultant with traditional coal-plant
experience who strongly supports IGCC
told one of ¢

uthors at a recent confer-

ence that “TGCC plants are spooky

The time lag in the adoption of a new
technolog

weflect

in the pre

ailing

skepicisin among industry analysis

about the near-term outlook for IGCO
plants. Despite the promising state of
development of IGCC technology, almost
all commentators assame that only a
stnall percentage of new coalfired plants

built during the next 25 years will use
IGCC technology. One estimate is that

different estimate of the number of new

worldwide coal plants to be constructed) is

that only 144 migawaits of new coal plants
worldwide will use IGCC technology ™

What's worse, the Energy Information
Administration assumes that under
current policies none of the new IGO0

coal plants expected o be built between
and 2030 in the United States will cap
and seguester carbon,™ Even the Bush

administration’s good faith effort to
encourage the deployment of 1GCC and

i gy
several energy companies, is expected to be operational by
2012 % he Euturetien plant will aimploy 160C coal gesifica
tontechiology, and the resulting €O, emissions will be
captuted-and perman Stored underground. The resulting
Syngat will e used fo prodick slecncity, whlile the resulting
hydrogen By-products will be recovered for Industriat use.

FutureGen is fikely to fostera belief in the power sector that
untif the new plant is siiccesstully aperating and s perfor-
mance is proven, CCS technology is not ready for commer-
cialization.¥ This atfitude could discourage same utilities from
proceeding with investments in these systemss for at least
another five 1o ten years. FutureGen should be looked at as 2
source of useful data that will enhance the efficacy of 1GCC
and CCS technologies, but not as a threshold dempnstration
project that must show success before IGCCACCS systems are
adopted on & commercial scale.
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CCS technologies may be proving to be
an impediment {see sidebar on previous
page}. The slow pace of development of
CCS is simply not acceptable if the goal
1s to drastically reduce GO, emissions
from the next generation of coal plants,

Even if the disincentives for IGCC tech-
nology were to be overcome, there would
rermain substantial barriers to investing
in CCS capability. The reason: power
plant owners are presently not required
to control greenhouse gas emissions, and
CCS systems are a costly add-on to the
process of producing power. As a result,
in the absence of a palicy framework

for greenhouse gas control, coal plants
that capture and sequester CO, will
never be on a level playing field with
plants that don’t because there would be
no reward for incurring the costs of GO,
emission control.

Even assumning utilities were to commit
in large numbers to IGCC power plants,
the odds of taking the next step and
investing in CCS systems are small in the
current economic and regulatory envi-
ronment.™ The consequence of delaying
CCS installation and operation would be
many billions of tons of additional CO,
emitied to the atmosphere, whether or
not IGCC or SCPC is the technology of
choice for new coal plants.

Crossing the Chasm:

A New Policy Framework
to Push CCS implementa-
tion Forward

If a program of financial incentives
would be largely ineffeetive in promoting
widespread adoption of CCS systems

at new coal plants at the pace required
to address climate change, then the

www americanprogress

only alternative s to consider more

overt regulatory measures that change
the economic calenlus of new power
plant developers. The goal of such a
policy framework would be to force these
develapers to internalize CCS costs when
selecting new generation technologies.

1T this occurred, then the current compet-
tve advantage of SCPC rechnology over
IGCC technology would be eliminated
because the costs of CO, abatement would
need to be weighed along with the costs

of plant construction and operation in
selecting generation technologies. Power
plants boasting IGCC technology with
CCS capacity would then be more attrac-
tive on a total-cost basis unless cost-effec-
tive carbon capture technology could be
developed for SCPC plants {see Figure 143,

Market-based mechanisms such as cap-
and-trade programs are widely viewed as
cffective tools for reducing CO, emissions.
Nonetheless, it remains questionable
whether a cap-and-trade system for either
utilities or a larger universe of emitting
sources would assure that new coal plants
adopt CCS systems within the next

10 years-to-15 years, when many new
plants will be constructed. The political

realities that will likely shape climate
change legislation will probably not
imposc a sufficiently stringent cap in this
initial stage of carbon control to create a
market price for CO, (of around $30 per
ton) that would reliably incentivize
construction of coal plants that capture
and sequester CO), and foreclose higher
emitting coal combustinn technologies.

Four other strategies could potentially
achicve widespread adoption of CCS
systems and could be implemented either
alone ar in combination with a cap-and-
trade program:
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#

Defining carhon capture and storage
technology as the Bes
trol Technology, or B:

Available Con-

for pus-
poses of so called new source review
under the Glean Air Act

P

Adepting a “low carbon portfolio”
standard that requives wilities to
provide an increa

sing proportion of
power from low-carbon generaton

SOUFCEs over fme

#

101

Taxing carbon fuels or emi

=

Setting an “emission performance
standard” that effects
all new coal plants built beginning in

s requires

2008 to eapture and fully sequester
G0, emissions by 2016,

Below, we discuss the implications of’
cap-and-trade approaches and then

@ these four additional options
This discu

{see Figure 15). ion conchides

263

[

that an entission performance standard

for new fossil fuel units, coupled with a
cap-and-trade
plants,
approach, although implementing it

sstern for existing power

ats the most effe

epres

successfully will pose several challenges
that need to be carefully addressed.

Encouraging CCS Systems
with Carbon Caps and
Trading Programs

One strategy for controlling emissions

from new power plants

s to rely on
a mandatory GO, cap, with wading
i G0, emission allowances as a

compliance mechanism to incentivize
2

as the technology path for new coal

ectricity generators to choose CCS

plants. A number of states have adopted

AL @5

{see sidebar on pa T
vet no mandatory , controls at the

national level.
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FIGURE 15: OPTIONS TO PROMOTE CARBON CAPTURE AND STORAGE SYSTEMS AT NEW COAL PLANTS

OPTION

HOW IT WOULD WORK

BENEFITS

DRAWBACKS

Financial incen-

tives for integrat-

ed Gasification
Combined Cycle
plants, which are
best suited for
CCs systems

increase grants, Joan guarantees & tax credits
for 1GCC plants

.

.

Would reduce cost differentiat between
1GCC plants and existing plants

Would encourage more 1GCC plants.

Would provide more experience with 1GCC
technology

Would not make IGCC fully cost-competitive

Would not overcome reluctance to adopt
new technalogy

Would not result in CC5 at new IGCC piants
untess incentives are fimited to plants with
CCS systems

Cap-and-trade
systems

Set mandatory cap on greenhouse gas emis-
sions which declines over time

jssue allowances to emitting sources and
permit trading

Allow sources to offset emissions from ter-
restrial sequestration or other projects in US
or glebally

.

Would put a price on carbon emissions and
create disincentives for constructing new
uncontrolled coal plants

Would allow market forces to determine
most cost-effective emission reduction
strategy

Could result in tGCU/CCS systems at alf new
coal piants if carbon price exceeds $30 a ton

.

Current legistation contemplates modest
reductions in early years, with tarbon price
likely to be below $30 per ton

More stringent caps imposed at {ater dates
(2030-2050) cou'd increase carbon price to
levels that would require CCS systems hut
Congress may not adopt such caps or condi-
tion them on future decisions

Broad aceess to offsets in US and glob-

afly wilt add to compliance flexibifity hut
discourage CCS by creating low-cost compli-
ance alternatives

Clean Air Act
regutatory man-
dates

Based on determination that CG, is a "regu-
lated poilutant”, CCS systems could be defined
as Best Available Control Technology {BACT}

or Lawest Achievable Emission Rate (LAER) for
new coal plants for purposes of the new source
review (NSR} program under the Clean Air Act

Could be impiemented under existing faw
based on Supreme Court determination that
€0, is a "poflutant”

Would avoid need for fegistation

Would force consideration of CCS systems
during permitting process for all new coal
plants

Legal uncertainties could invite fitigation

States could reject CCS systems during
permitting reviews

NSR program wouid not ailow fiexible
comphiance schedules for instaliing and
operating CCS systems

Without legislation, no financial incentives
would be available for new coal plants with
CCS systems

Retail Low
Carban Portfolio
Standard

Require retail suppliers of electricity to
purchase an increasing portion of power from
low-emitting sources {renewables, clean coal
and perhaps nuciear)

Would force power producers to convert an
increasing portion of their generation to
low-emitting sources over time

Some uncontrofled coal ptants would be
retired and could be replaced by coai plants
with CCS systems

.

Because the power mix varies widely by
region, a uniform nationat goal for Jow-
emitting generation would result in an
unequai distribution of benefits and costs
across regions

Adopting different portfolio standards

for regions and even states would make it
difficuit to set a national emission reduction
goal for the power sector

Uniess the standard is very stringent, utilities
could meet its targets for low carbon power
while stili building uncontrailed <oal piants

Low Carbon Gen-
eration Standard

Require all toal plart owners in U.S. to
dedicate a growmg portion of their pawer
production o low @rbon generation

Low carbon commitment could be met by
building ((S-equipped plants, purchasing
pawer from such units or purchasing emission
credits from fow carhon generators

Low carbon commitment would start off at
0.5 percent of the plant owner's coal-based
pawer output and increase to 5 percent by 2020

Generators could reduce the size of their com-
mitment by retiring coal-fired assets

.

if sufficiently stringent, would prevent
construction of new coal plants without
CCS systems because the existing coal feet
would have a collective responsibility to
supply a certain portion of its power cutput
from CCS-equipped coal units

Would spread the costs of building new
plants with CCS systems over the entire
industry, with utifities that do not build such
plants subsidizing thase who do by purchas-
ing pawer and/or credits

The revenue stream from CCS-equipped coal
plants could not be guaranteed in advance
because of maskast uncertainties and the
possibility that muitiple plants with CCS
systems could be constructed simuitaneously

The farge financial risks to plant developers
may deter them from building any naw
coal piants, making the standard impossible
to meet

Once the standard's fow carbon goals are
met, there would be no bar to building ad-
ditionai coal plants without CO, controis
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OPTION

HOW IT WOULD WORK

BENEFITS

DRAWRACKS

Carbon Tax

Impose a tax on fossit fuels based on their
carbon content

Could be imposed downstream {on fuel users)
or upstream (on fuel producersimporters)

.

Because a carbon tax woutd make higher
carbon fuels more expensive, consumers
woutd switch to lower carbon fuels or
reduce fuel consumption

1 the tax is imposed on CO, emissions, it
would ¢reate incentives to avoid emissions
by installing CCS systems

An upstream tax based on the carbon con-
tent of fuel would simply discourage coat
generation, not create incentives for new
plants with CCS systems

At the levels under consideration, a carbon
‘tax wouild not be high enough to ensure that
all new coal-fired plants have CCS systems

OUR REC(

Emission Perfor-
mance Standards
for New Coal
Plants

Would require new plants to capture CO,
emissions at the Jevel (85 percent or more)}
achievable through the best performing CCS
technology and then to sequester alf captured
emissions

Would apply to alf new plants that begin con-
struction after a certain date {say 2008)

These plants would need to be capturing sub-
stantially all their emissions by a second date
{say 2013) and sequestering them by a third
date {say 2016)

As a transitional mechanism, new coal plants
entering construction during an initial three-
year period {say 2008-2011) could meet the
performance standard by offsetting their
emissions through improved efficiency, plant
retirements and/or building renewable fuel
power plants

Would provide certainty that new coat
plants are in fact equipped with CCS systems
and therefore sequester their emissions

Because capture and sequestration would
not be required immediately, there would
be time to acquire additional experience
with farge-scale sequestration, improve cap-
ture technologies and create a legalireguta-
tory framework for fong-term CO, storage

Piant developers wouid nonetheless be on
notice of the requirement to capture and
sequester their emissions and would factor
CCS requirements into decisions on plant
cost, financing, technology and siting

.

.

The cost of electricity at plants with CCS
systems would be increased by 20 percent to
40 percent, with these cost increases falling
disproportionately on regions that rely
heavily on coal

While there is agreement that farge-scale

carbon sequestration is probably viable, we

need more data on the location of storage

reservoirs and the effectiveness of different
i ions before embarki

on a comprehensive national sequestration

program

There may be areas of the country that are
heavily dependent on coal but fack close
proximity to sequestration sites

A national legaliregulatory framework
addressing short-and long-term liability for
carbon storage is needed before investors
will finance new plants

Emission Perfor-
mance Standard
for New Coal
Plants Coupled
with Cap-and-
trade System for
Existing Plants

Cap emissions from existing power plants, with
the cap starting at 100 percent of emissions in

.

A declining cap wouid encourage greater
efficiencies in operating existing plants and

a baseline year and declining to
fower levels over time

Use aliowance trading systems as a compliance
mechanism to implement the cap

the of higher emit-
ting existing plants

With a sufficiently stringent cap, some
generators may retrofit existing plants with
CCS systems

None

How to lessen
economic impact
of an emission
performance
standard

Create a national fund to provide “credits”
against electricity cost increases from CCS-
equipped plants

Alternatively, provide plant developers with
financial incentives {tax credits, foan guarantees
and grants} that offset some or all of the incre-
mentat costs of new CCS-equipped plants

Allowance auctions under a cap-and-irade
program could provade a revenue souitce for
CCS incentive programs

.

The increased casts of an emission perfor-
mance standard would be borne at the
national levet rather than by certain regions

Consumers wouid not experience farge elec-
tricity cost increases that would undermine
support for CCS requirements

Financial incentives would encourage early
adoption of CCS systems and overcome
investor resistance 1o financing new plants

.

Offsetting the increased costs of new plants
with CCS systems would require substan-
tial government funding {$36 bitlion over
18 years if 10 percent to 20 percent of total
plant construction <osts are covered)

Since the costs of (CS-equipped plants are
uncertain, a program of financial incentives
coutd turn out to be insufficient to make
these plants economically viable

The need to huitd dengthy pipelines to
transport CO, to sequestration sites coutd
increase the costs of CCS systems and require
additional government support

29
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piogam known s the Regional Gresnhiouse Gas inftfative
The RGGEplans to commenee implementation of a cap-and-
trade program i 2009 for power generators within the member
states, which would stabilize power plant CO, emissions at
current fevels through 2015 and then require @ 10 percent
reduction from those levels by 2020, If the price of €0, afiow-
ances exceeds $7 a ton, then power plants could meet their
obligations by purchasing offsets (up to a rertain level) within
the 1.5, and {under some circumstances) abroad.

The second is a coalition of five Western states {California, New
Mexica, Arizona, Washingten, and Oregon), who signed an

Legidation capping carbon emi

has been introduced in Congress, with

“One s & coaliion of ten states in the Northeast which have
entered intoa Memorandiim of Understanding in Suppottofa

missions Under the aarebme v states will folntiyset
- ragionsl emissions target within six months and bysbuguet
2008 will establish a markerhased sy uch s @ cap-ands
trade program coverng multiple aconomic sectors<—to aid in

“omieeting the target.

The tird is the recéntly enacted California fegisfation which
seeks 1o return greenhouse gas emissions in California 1o 1990
fevels by 2020, requiring a reduction of approximately 25 per-
1t from current levels. In contrast to Northeast initiative, the
Califarnia legislation potentially applies to alf source categoris,
not simply power plants, and does not require an aliowance
wading system, although it aflows the California Air Resources
Board to estabish one.

2001 levels by 2015, with further reduc-
" Both of

tions required at later date

a range of emission reduction targets,
timetables and compliance mechanisms

bills generally

impose modest caps in the early years,

with sucee: v more stringent caps
taking effect by a series of deadlines

extending to 2050.

The latest proposal (8. 280} from Sens.
John McCain (R-AZ) and Joe Lieberman
({-GT) would apply to all economic

ctors and would cap emissions at
2004 levels by 2012, The cap would
be periodically lowered, declining to
66 perrent of 2004 levels by 2030 {this
is the equivalent of a 17.7 percent
reduetion from 1990 levels) and 33

percent of these levels b
the ¥l
mtroduced by Sens. Diane Feinstein
2-CA) and Tom Carper (D-DY
apply only to utilities :

cctrie Udlity Cap and Trade £

these bills would require allowance trading
systems and would give remudated sources

of carbon e
ofl

and terrestrial sequestration projects) to

TEIGUS aCCESss 10

nchicing from non-{ IUFCES
meet their obligations.

Senator Bingamar also

proposed cap-and-trade legilation which

> but would
defined

would not imit emissions per s

reduce greenhouse gas intensity
as the ratio of greenhouse gas emissions
eoonomic DWpt
ally from 2010 to 2020 and by 3.0 percent
2024, and would st

carbaon price cetling of $7 per won in 2010

by 2.6 percent annue

{rom 2020

(rising by 3 percent annually therealt

At the other end of the spectrum are two

more stringent bills: one
sored by {
anch the
{D-N

oy Sens. John K
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Year

et lings indicate maapolations uf Srer

aration Adrin

(R-ME

bills ack the modest easly

11 These

ear reduction

and Olympia Snowe

targets of the other bills and instead would
reduce economy-wide emissions to 1990

¢ 2020 {the California target), with
additional reductions thereafier leading to

fevels by

2 2050 emission cap of 20 percent of cur
309) and 38 percent of these
% The Sanders-Boxer hill

) would anthorize {

rent levels

ut not mandate)
483 would
stem, Neither

allowance trading while

reqtive @ cap-and-trade sy
of these bills contains the generous offset

provisions in the other bills.

Importanty, under virtually all of the
hills, the more stringent out-year targets
o not apply automatically, but are
instead subject to revision based on eco-

nowmtic and scientific % Moreover,

o projectinng, Mosified May

as the legislative process progresses, i can
be expected that less ambitious bills will
be introduced that set even more modest
early-year targets and do not impose any
long-term cmission caps.

The impact of ermission caps on the
scleetion of power generation technology
for new plants depends on how stringent
the cap is and the mechanisms by which
it 33 implemented. These two factors will
determine the cost to wiilities of seducing
0, emissions by one ton, which in tarn
set the market price of GO As
Figure 10 indicates, current esiimates are
that IGCC plants with CCS systems will
be economic at a GO, price of arcund

W]

830 per ton, whereas SCPC plants with
GOS8 systems would be economical ata
CQ, price of around $55 per ton.

Soutce: iorld Rasusces

31



MAY 2007

Withe market

pitee af €

; :
wduuwey fnas

the enst ped

sorth CO8
spsters, ather
compilinnes
siralegies

reesseded Be mre

desirable.

facliuding
bresteding NCPC
plaats and
offsetting

ENUSSINE

32

268

If the market price of CO, is above these
levels, power plant developers would
probably conclude that the only economi-
cally viable option for coal-fired plants is
to construct such plants with CCS systems.
Under current technology, these plants
would be IGCC units, which capture
carbon less expensively than SCPC

units. But il the market price of CO, is
lower than the cost per ton of reducing
emissions with CCS systems, then other
compliance strategies would be more
desirable, including building new SCPC
units without CCS systems, investing in
other low-emitting generation, purchasing
lower-cost credits on the open market or
some combination of the three.

A cap that reliably assures that the price
of carbon is ahove §30 per ton would

be one that sets a stringent emission-
reduction goal {perhaps on the order of
25 percent from current levels) in the
early years of a climate management
regime and provides limited compliance
options—either no trading or trading
with little or no access to allowances from
outside the utility sector. In this scenario,
power gencrators would need to achieve
sizable emission reductions eitber within
their systems and/or through credits
purchased {from other generators; low
cost credits from outside the power sector
would not be available, Thus, the cost per
ton for making the required reductions

would be relatively high.'’

Utlity compliance strategies to achieve
such a cap would of necessity involve
reducing emissions from existing genera-
tion and meeting growth in electricity
demand without adding capacity that
offscts these emission reductions.
Non-emitting strategies (demand-side
management, greater utilization of
wind, solar and other renewable power

wWww . americanprogress

sources, building nuclear power plants)
would thus receive close scrutiny both
to displace existing fossil-fuel units and
to accommodate system growth. The
repowering of existing coal units with
lower carbon fucls (principally natural
gas) would also be a serious option to
reduce emissions. Likewise, construction
of IGCC plants with CCS systems would
be attractive either to replace existing
power plants (thereby eliminating their
emissions) or to add capacity (without
any increase in emissions). Such a
strategy would also be less costly than
higher-emitting options like IGCC or
SCPC plants without CCS systems and
perhaps even natural gas plants.

The difficulty, however, is the price of
CO, would likely be well below $30 per
ton with an emission cap that is relatively
modest in the early yvears, and which is
implemented with a flexible allowance
trading system that provides broad

access to low-cost credits outside the
utility sector, and perhaps internationally.
A number of the proposed bills fit into
this category.

For example, S. 280 would cap emissions
at 2004 levels by 2012, and S, 317 would
cap emissions at 2001 levels by 2015.
Although more analysis is needed to de-
termine the cost impacts of the pending
bills, the CO, price per ton of lowering
emissions to meet these targets would
likely be fairly low. EPA estimates, for
example, that achieving the 2011-2015
emission reduction targets now retlected
in the Feinstein-Carper bill would cost in

the range of $1-to-$2 per ton.'"®

Even more problematic is the Bingaman
carbon intensity proposal {and to a lesser
extent the RGGI emissions inigative),
which would protect generators against
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incurring costs above 87 per ton.™ Thisis

well below the estimated $30 per ton cost
of carbon capture and storage at IGCC
units. Under these proposals, construction
of plants with GCS systems would not

be a cost-eflective compliance strategy.
Indeed, the costs of compliance would
the

construction of coalfived power plants

probably be too low o discours

without CICS, even though owners of
the:
10 Ol

plants would incur substantial costs

t their en s, Why? Beeay

the costs of electric

generation ave
comparatively low when employing SCPC
add-
ons. Thus, it would be more ecconomic to

technolagy without COS technol

build an uncontrolied SCPC plant and
purchase allowances to cover its emissions
than to invest in GCS systerms.

This is why many wilities may conclude
that they

san comply with a modest car-
bon cap with 2 combination of purchas-

ing low-cost greenhouse gas offsets {from

coal-bed methane recovery or tervestrial

sequestration projects, for example) and

sses T new powe

 pirlees assume

thexe Is  price for emitting €O,

Unslerlying this betis a “pofitical” judgment—that the cost of
ation fikely
port the eco-
nts with CCS systems. Utilies huild-
ing IGCC plants without CCS systems may be making the same
ngent
fective CCS

C0, abatement under national cap-and-trade le
1o be emacted by Congress will be too fow to sy
nomic viability of 1GLC

bet, but "hedging” against the possibility of more
catbon controls in the future by preserving a cost-g

100, emissions wil eventually be regulated.

Neverthelass, several ek are choosing-uncontrolled SERC

- plants pver 1GEC plants becatise they are betting that 1GCC
planits with CCS systems will stilt be uncompetitive éven when
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constructing SGPC units to replace
inefficient existing coal-fived plants
and/or add generating capacity. An
Power Research

analysis by the Electr
Institute illustrates this point, concluding
that at a price of perton of GO,
1s foreer tor SCPG
power plants with no GO,
for IGCU plants with COS
That same analysis also concludes that

the cost of electrici
controls than

systems, 1

at approximately 88 per ton, the cost of

ele

ity for uncontrolled SCPC plants

is equal to the cost of electricity for
nuclear power plants and below the cost
of clectricity for combined-cycle-natural-
gas, wind and biomass plants. Indeed,
hat SCPC plants
with no emission controls become more

this analysis indicat

expensive than combined- watural-

gas plants (assuming a natural gas floor

price of

$6/mmbtu) only at a GO, price

Some of the proposed bills would, as
noted above, substantally reduce
emission caps in 2020 and later vears. It

Jusns tal o
ices but do notsend the

i
“vequired 1o achisve dramatic mission redctions.

A8 Hiappered under the European Union Emission Trading
Systern, the inevitable politicalcampromises that shape cap-
and-trade systems may lead to sttus quo approact
as price caps, the issuance of too many emission allowamces
or broad availabi
incremental em

ey et
ge techinologies

—stich

ity of emission offsets—all of which achieve
sion reductions but fail to stmulate meaningful
changes in technology. This woudd be the outcome under a US.
cap-and-trade system in which the price of carbon is too low o
motivate utilities 1o build coal power plants with CCS systems.

a0y

33



MAeY

2007

edpean

270

is therefore possible that SCPC plants
with no emission controls that are
cost-competitive in the carly vears of a
cap-and-trade program could become
uneconomic compared to plants with
CCs

CQ, rises in response to progressively

ystems as the market price of
more stringent caps. But i such caps ave
not builr into the legislation enacted by
Congress or are provisional and subject
to later reviston, then they may not be a
factor in utilities” future planning Indeed,
utilities may be making this caleulus right
nos

{see sidebar on previous page)

It Congress tails to provide an aggres-
sive long-term price signal w plant
developers in its initial egistation, and

if a substantial number of SCPC plants
are then built, these plants will account
for & large and constant stream of
emissions during their operating lives of
60 years-to-70 years. These additional
ernissions will need to be offser by deeper

cuts elsewhere in the ¢
sidebar below; Thi

O

VoW
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pose a serious impediment o achieving a
mare stringent national emissions cap in
later v

A final limitation of cap-and-trade
programs in driving power plant develop-

ers to embrace COS systerns is the
unpredictability of how trading markets
will work in practice. The suceess of

a cap-and-trade program in spurring
widespread CCS deployment depends
on a wide range of factors that cannot be
cantrofled or even predicted in advance.
The cost of building and operating coal

plants with and without CCS systems,
the cost of natural gas, nuclear power
and renewable sources of powey, the
cost of emissions offsets from outside the
utifity sector, and ultimately the market
price of CO, itsell are all variables that
will dictate the decisions of future power
plant developers. These variables are all
highly uncertain from today’s perspec-
tive and may create a set of economic
drivers dramatically different from those
anticipated by policyraakers,

ade system that allows the consiruction

imajor-new sources of emistions without caron contiols
will place additional pressise o ather emitting sources, For
example, if Congrass adopts-a carbon cap that requires that
emissions decreask by 30 percent from cuent levels by 2030,
then the overalt emission reduction necessary to meet that cap
would be 2.1 bilkon tons {from 7 billion to 4.9 billien tons) of
greenhouse gases per year, assUming no growth in emissions
from new sources, Conversely, if greenhouse gas emissions
increase by 900 million tons from new uncontrolled coal plants,
then the needed reduction would increase from 2.1 to 3 billion
tons per year of by over 40 percent.

fob o fthat Bappened; e existing amission sources would haye
S pake deaperteductions {or pusthase muove emigsion olfsets)

fo'mieet the carbon cap; raising the cost of CO; allowances &
a result, The increased coists of these allowanices would faf}

on every industry that is subject te'the cap-and-trade system,
creating additional opposition to the system. But if new asesl
power plants instafled CCS systers, then there would be ne
et growah in emissions and the cost of allowances for other
regulated sources would be lower
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All these considerations lead to one The traditional focus of BACT/LAER
conclusion: If the goal of U.S. carbon reviews for new power plants has been

policy is to assure early deployment of such regulated poliutants as NO , SO
coal generation technology that captures and particulate matter, with mercury and
and stores GO, emissions, then a legal certain other toxics now receiving atten-
framework that allows the marketplace tion with the recent adoption of emission
to determine technology choices and requirements under Titles IT and 111 of
the price of GO, emissions is a highly the Clean Air Act."? CO, emissions have
imperfect tool to achieve that goal. not previously been controlled under the

NSR/PSD programs, perhaps becanse of
uncertainty whether GO, is a “pollutant”

USing the EXiSting Clean Air under the Clean Air Act.
Act to Require CCS Systems

for New Coal Plants The Supreme Court, however, recently | e

decided that CQ, does meet the defini- S .
The Clean Air Act creates a rigorous tion of “pollutant” under the Act and Sremeweork
permitting process for major new sources also directed EPA to determine whether that ailows the
of pollution, including new power plants.  the science of climate change requires prsrietplies
In areas that are meeting air quality the agency to regulate CO, emissions fos determime
standards, major new emission sources from motor vehicles under Title 1T of techoiog
are subject to the so called prevention the Act.'” Depending on the outcome choicos and
of significant deterioration, or PSD, of further EPA deliberations under Title tire: e of
program and must install Best Available H, CO, could become a “regulated” ‘“7 P ¢ K
Control Technology, or BACT, ar their pollutant for purposes of the PSD/NSR (10 omssions

facilities. In regions that are not attaining ~ programs for major new power plants. iy a bughly

iperfect tool

air quality standards, major new sources

are suhject to the new source review, This would open the door to consid- forasse early
or NSR, program and must meet the eration of whether BACT or LAER ployient o
Lowest Achievable Emission Rate, or standards for CO, at new coal plants R ;; shonts
LAER, a somewhat more demanding require CCS systems. In the event EPA
standard than BACT. adopts this position, CCS systems could
then become a requirement for new coal
This BACT/LAER framework compels plants without any further legislation.
developers of new facilities to undertake Before such a requirement were put in
an analysis of emission control options place, however, several legal hurdles
utilized by similar sources. A BACT would need to be overcome.'
analysis starts with the most stringent
control technelogy utilized in the indus- Environmental groups, for example, have
ury and takes into account less siringent argued that IGCC should be considered
technologies as required by economic, BACT/LAER-compliant for new coal
energy and environmental consider- plants, but EPA has r¢jected this argu-
ations.”! The statutory BACT/LAER ment on the ground that IGCC units
provisions apply to “regulated pollutants,”  are fundamentally different in design
although there is somne latitude to take from conyentional coal plants and do
into account the environmental impacts not qualify as “similar” for purposes of

of unregulated pollutants.

35
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BACT/LAER determinatons.'”” EPA
might take the same position with respect
to GCS systems.

In addition, the NSR/PSD authorities
in existing law provide no mechanisms
to set flexible comphance schedules for
implementing CCS systems, to determine
There are also questions about whether what role these systems should play in
CCS technology would be considered by
EPA 1o be an “available” emis
technology for which CO, reductions are
“achievable” given the lack of full-scale
commercial deployment of CCS systems
at any US. coal power plant.''* Moreover,

an overall CO, cap-and-trade program

1on control or to use financial incentives to mitigate
the costs of CCS deployment to utility
ratepayers. These considerations suggest
that a legislative framework for applying
CCS systems to new coal plants would
be preferable to invoking NSR/PSD
programs under existing law.

even if CCS systems are included in the
BACT/LAER analysis, they could be
rejected for economic, energy or other
reasous by the permitting authority, which

A provciie

Retail Low Carbon
Portfolio Standard

The concept of retail low carbon portfolio
standards has also received consideration

Fsaronprental in many instances will be a state agency.
Profoction

Indeed, a few states have included

IGCC technology in their BACT/LAER

reviews for new coal plants but have

Ageney rreeghi
[EINSEISATH :’/;
promte as a tool for encouraging utilities to invest
ultimately allowed developers to select
SCPC technology instead.?'” This which would apply to retail suppliers of
/:‘w curbua outcome is not necessarily irrational in electricity, could be expressed in one of
fors at all two ways-—as a net CO, emission rate per

(8 systonts in clean coal generation, Such a standard,

e

light of the lower cost and enhanced

new coal plants reliability of the latest SCPC designs and kWh applicable to the power distributed

s o the their ability to achieve emission limits for by the supplier or as a percentage of

recent Supreme conventional pollutants such as NO_, 50, the supplier’s power derived from low

PR and mercury which are not dissimilar to greenhouse gas-emitting sources.

b gy diy
euiug

those achievable by JGCC units.

Despite the legal uncertainties, a proac-
tive EPA might aggressively promote
CCS systems as BACT- or LAER-com-
pliant for CO, emissions at all new coal
plants on the basis of the recent Supreme
Court decision. Such a far-reaching

initiative, however, could encounter legal
challenges from the power industry and
meet with resistance from states, which
possess considevable discretion in making
BACT/LAER determinations, and from
Congress, which might feel that a CCS
mandate for new coal plants should
not be imposed administratively but (if
warranted) adopted legistatively.

The latter approach would be similar

to state renewable portfolio standards,
which require retail electricity supphiers

to derive a certain portion of their

power fusually around 10 percent) from
renewable energy source such as wind,
solar, and biomass.'" Retail low carbon
portfolio standards would be broader than

renewahle portfolio standards, however, in

that renewable energy would be combined
with other low-emitting power sources,
such as nuclear reactors and coal plants
with CCS systems, This broader grouping
would then be required to aceount for a
certain minimum portion (say 30 percent)
of the supplier’s power portfolio.
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As with renewable portfolio standards,
power suppliers exceeding this percent-
age could “trade” credits with suppliers
falling short of the minimum require-
ment. Under either an emission rate

or percentage approach, the retail low
carbon portfolio standard could become
more stringent over time, requiring the
generators supplying electricity to retail-
ers subject to the standard to convert an
increasing portion of their power produc-
tion to low-emitting sources.

The idea behind retail low carbon port-
folio standards is that they would force
power producers to change their power
generation mix by retiring high-emitting
older plants and investing in low carbon
energy sources. A complicating factor in

S

implementing this approach, howe
that the relative dominance of different
types of power sources now varies widely
by region. Some Midwest and Southern
states, for example, are heavily dependent
on coal-fired plants. Northeastern states
use little coal but substantial natural gas
and nuclear-derived power. California
has a similar gencration mix while the
Pacific Northwest is heavily dependent
on hydroclectric power.

Because of transmission constraints,
regions cannot readily change their mix
of power sources by importing “clean”
electricity in large volumes from other
parts of the country. Thus, it would be
impossible to set a uniform national
target for “low-emitting” power portfo-
lios without imposing disproportionate
requirements on different regions. While
a system of tradable credits could
theoretically address dispanities between
utility systems and regions, in practice it
would result in an unfair distribution of
ceconomic benefits and costs.
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The alternative—setting separate
standards for regions and even individual
states—-would be complex and controver-
sial and make it difficult if’ not impossible
to adopt and then implement an emission
reduction goal for the power sector as a
whole. That would defeat the principal
purpose of a national emissions cap.

Moreover, how retail low carbon port-
folio standards would affect technology
choices by power generators would de-
pend on how dramatically the standard
alters the generator's existing power mix.
Small changes would not necessarily
spur investment in a significant number
of CUS-equipped coal plants and could
in fact permit large numbers of new
plants to be huilt that do not capture or
sequester CO,,.

An intriguing variation on the low
carbon portfolio concept has been
proposed by David Hawkins of the
Natural Resources Defense Council and
Professar Robert Williams of Princeton
University in an effort to stimulate

application of GCS systems at new coal
plants.’" The idea is that all owners of
new and existing coal plants would be
obligated to dedicate a certain portion of
their power production to “low carbon”
generation——defined as power produced
from coal with an emission rate equal to
the capture and sequestration effective-
ness of current GCS technology.”” This
percentage would increase over time
based on the projected increase in new
U.8. coal generation capacity.’™ Plant
owners could meet their low carbon
commitment by generating power with
a CCS-equipped unit, purchasing power
from such units or purchasing emission
credits [rom low carbon generators.

MAY 2007
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This proposal would spread the costs of
building new coal plants with CCS sys-
tems over the entire coal plant universe
by requiring utilities that do not invest in
CCS generation to subsidize those who
do. Since no coal plant owner would be
required to construct a CCS-equipped
plant, plant developers will need to
decide whether to assume the risk of

construeting such plants {costing around
$1 billion) in the expectation of recoup-
ing their capital investment by selling

power and/or credits to other generators.

The size of this revenue stream, however,
could not be guaranteed in advance
since it would depend on future market
prices for wholesale power and CO,
allowances and on whether multiple
developers build coal plants with CCS
units at the same time.

Faced with an uncertain future revenue
stream, investors and/or utility regula~
tors could decide not to build any units
with CCS systems. Moreover, even if
sorne developers were to take the risk of
constructing coal plants with CCS units,
their total generating capacity may fall
below the predicted levels on which the
standard is based. In cither event, coal
generators would be unable to meet their
low carbon commitments. Alternatively,
if sufficient CCS capacity is built to
fulfill each power generator’s low carbon
commitment, then additional coal plants
could be constructed without controlling
their CO, emissions.

In short, while the low carhon portfolio
standard proposed by Hawkins and
Williams has considerable potential,
uncertainties about its actual operation
raise questions about its effectiveness in
assuring that all new coal plants are built
with GCS systems.

www americanprogrfess

Carbon Tax

A “carbon tax” Is an excise tax on the
sale of fossil fuels based on their carbon
content. It could be imposed either “down-

oy,

steeam” {where these fuels are consumed)
or “upstream” (where they are imported,
produced, or processed). Most experts
favor an upstream tax because it could be
collected trom a relatively small number of
entities while reaching virtually all the fossil
tucl consumed by the US. economy.

Since it is the most carbon-intensive

fusel, coal would be taxed at a higher rate
than petroleumn, which in turn would be
subject to a higher tax than natural gas.
Non-carbon fuels such as wind, solar, and
nuclear would not be taxed at all. Because
a carbon tax would make higher-carbon
fuels more expensive, the intended
autcome is that consumers would switch
to lower carbon fuels or reduce their fuel
consumption through energy efficiency
and canservation. The result would then
be declining GO, emissions.

Alier the ill-fated effort to adopt a tax
based on the energy content (or Bu
value) of different fuels and feedstocks in
the early 1990s,'” it is generally assumed
that a carbon tax would receive limited
support in Congress.'™ Even apart from
its political viability, a tax based on fuel
carbon content and not emissions would
discourage coal consumption regardless
of whether GO, emissions were captured
and sequestercd.

Under a carhon tax regime, power pro-
ducers might burn coal more efficienty or
shift 10 less carbon-intensive fuels becanse
of the tax but would have no incentive

to invest in low-emitting coal-based
generation technologies. Perhaps this
problem could be addressed by providing
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tax credits to utiliies who build new plants
with GCS capacity. Tt would be difficult,

credit would be
large enough o not only offset the

however, to assure that this

carbon

<

tax itself but provide adequate induce-
ments to invest in COS systems as opposed
to other aptions, including more efficient
coal generation or plants that burn lower-
carbon fuels such as natural gas,

A better al

native would be to divectly

tax emis frem power plants. By
establishing a specific price for emissions,

a tax would provide certainty to plant

dey

opers——a guality lacking under cap-

and-trade programs, in which the market

e of carbon will fluctnate and lack

pri
predictability. But the challenge for a tax
on emissions is similar to the challenge
{3
may not be high enough to ensure that
only coal-fived plants with CCS technol-

ed by cap-and-trade systems—the tax

ogy are built.

Recent carbon tax proposals have

gested tax rates beginning at §
per metric ton of carbon and gradually

incre

sing o higher levels, ™ This would

be too low to offset the 850-per

O Cost
estimated tor IGCC coal plants with
CCS units. As with emission caps that are
insufficiently stringent, a carbon tax that
is too low would allow new high-emitting
coal plants to continue to be butlt,

Emission Performance
Standards for New Coal
Power Plants.

The most reliable steategy for assning
adoption of CCS technology at all new
coal plants while reducing overalt CO,
emissions from the power generation
sector is to require all such plants to

ment an ems NS P{‘ﬂb rmance standard.
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This standard would be most elfective if
coupled with a cap-and-trade program
for existing power plants.

n Epissions Per-

dard

An emissions performance standard

would require new plants to capture CC

emissions at the level achievable through

the best performing CCS technology and

then to sequeste

all captured emissions.

The current capture ca 1 the

pability
cted
by the Energy Department to increase

vange of 85 percent but 15 proj

o 80 percent by 2012, and 1 nearly
100 percent by 201

The performance standard could be
d as a ratio of the ernissions rate

ty output {GC ions per
h), or as a percentage of wial GO,

generated. Senator John Kerry (D-M

- n emissions performancs standiard for new power plants coul
- “apply elther to coal generation only of ssil fuel plants (coa
vaturataas, and oil) A coal-anly standard wolld drguably st the
most carborintensive fossif fuel, thereby addressing the power:genera®
tion- technology with:the fargest emitiing poteritial. However, it would
legve important erfission sources uncontrolied and could create competi:
tive imbalances between coal and other fossil fuels.

Natural yas, for example, is & lower-carbon fuel tham coal, but it is
grificant source of (O, emissions.'? Thus, applying emission
performance standards to new natural gas plants may be necessary

for the deep emission reductions that many consider essential as 2050
approaches. There are sound reasons for requiring CCS systems for new
natural g d power plants af the same time as new coal plants,

but some fag-time might be appropriate to develop the technology and
minimize increases in the cost of electricity.

39
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former approach.'*® The standard could
initially be applied to new coal plants
but later extended to other large fossil

fuel combustion (acilities {see sidebar on

previous page).

What are the benefits of an emis-

stons perfarmance standard for new
power plants? Most importantly, it would
explicitly preclude construction of new
coal plants that are not designed to
capture and sequester the plant’s CO,
emissions. This is in contrast to other
approaches——such as a cap-and-trade
program encompassing new and existing
plants—-that might seek to encourage
CCS deployment but do not directly
require it and leave open the possibility
that Jarge numbers of uncontrolled coal
plants will be built.'*

An emissions performance standard would
be technology-neutral and thus would
allow plant developers to choose IGCC

or SGPC technologies
amine stripping process or the promising
but undemonstrated Oxy-fuel process)
that capture and sequester CO,. Nonethe-

using the existing

less, so long as the higher costs of carbon
capture made SCPC uncompetitive in
supplying electricity, plant developers
would presumably opt for IGCC plants
over SCPC plants as the more cost-effec-
tive coal-based generation technology.

Flexibility in the Timing of
implementing CCS Systems

There is general agrecment among
experts that carbon capiure tech-
nologies——particularly when they are

deployed at IGCC coal plants-—are

sufficiently well-developed to warrant

widespread deployment in the relatively
near term. Even so, an emissions perfor-
mance standard requiring CCS technol-
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ogy for new coal plants could not take
effect immediately hecause of the nced
for additional practical experience with
large-scale sequestration, further techni-
cal refinement and cost-optimization of
capture technologies, and creation of an
effective legal and regulatory framework
for long-term underground CO, storage.

How can the need for flexibility in the
aming of GCS implementation be
reconciled with the need to prevent
substantially increased emissions from
new coal plants constructed in the
interim? One approach would be to
require all new plants that begin con-
struction afier an initial date (say 2008) to
he capable of capturing substantially all
of their emissions by a second date (say
2013). Then, after a shakedown period ol

perhaps three years, all these new plants
would need to capture and sequester
those emissions at the required levels by
a third date {say 2016). Over time, the
three-year shakedown period would be
reduced as the performance of capture
and storage units becomes more reliable.

This threc-phased approach would enable
new plants to operate for an initial period
while they work through the technical and
operational challenges raised by capturing
and sequestering their GO, emissions. Tt
would also provide plant developers with
enough lead time to investigate storage
options, build pipelines or other systems
for transporting CO, and install a carhon
capture unit. Given the confidence of
expert bodies that CCS systems will be
ready for widespread commercial deploy-
ment by 202 a target date of 2016

for requiring CGCS operation would be

ambitious but achievable.

At the same time, because the emission
performance standard would have an
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early effective date, the need for eventual
CO, capture and storage would be clear
to plant developers from the outset and
would inform decisions about the cumula-
tive capital and operating costs of the new
facility, its efficiency and electricity output,
how it will be financed and where it will
be sited. Thus, plant developers would

be encouraged to choase the generation
technology that represents the lowest-cost
CCS option-even if other technalogies
would be more cost-eflective in the
ahsence of CO, emission controls. Like-
wise, project developers would select plant
sites with the best access to cost-effective
sequestration opportunities, avoiding the
risk that new coal plants will be sited in
locations where underground CO, storage
is not feasible or prohibitively expensive.

As an additional form of flexibility while
CCS technology is being perfected, plant
developers could have the option during
the first three years in which the perfor-
mance standard is in effect {from 2008

to 2011} 1o begin constructing tradi-
tional coal plants that do not capture and
sequester GO, provided they offset on a
one-to-one basis their CO, emissions by
one or more of the following steps:

Improving system-wide efficiency and
lowering CO, emissions at existing
plants

Retiring existing coal or natural gas
units that generate CO,, emissions

Constructing previously unplanned
renewable fuel power plants represent-
ing up to 25 percent of the generation
capacity of the new coal plant.

At the end of the three-year period, this
alternate compliance option would
sunset and all new plants subsequently
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entering construction would need to
include CCS systems. ™

Creating the Legal and Technical
Foundation for CCS

Importantly, a national target date for
capturing and storing CO, at new coal
plants would focus and accelerate the
research and development programs
required for CCS to be successfully de-
ployed on a widespread basis. One such
program, as recommended in the MIT
report, is to undertake a small number of
federally funded demonstration projects
for different carbon capture technologies
at IGCC and SCPC plamss. '™

Another component of this effort, also
recommended by MIT, would be a
concerted demonstration program to
determine the large-scale viability of’
different types of underground storage
repositories to assess the likekhood and
scale of CO, leakage. Coupled with a
comprehensive mventory of potential
storage reservoirs, such a program would
be an essential precondition for building
public confidence that large-scale geo-
logical sequestration of CO, will reliably
prevent emissions over the long term
without harm to human health, property,

and natural resources.

In parallel, a regulatory regime would be
developed that establishes guidelines for
sequestration site investigation, selection
and permitting, monitoring of emissions
and medeling of underground CO,
migration, issuance of permits to entities
responsible for CO, transportation

and storage, and liahility for long-term
sequestration. '™

Legislation setting these activities in mo-
tion should be a tap priority for Congress
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so that a sound technical and legal
framework is in place before the etfective
date for CCS operation at new plants.

It is possible that unexpected technical,
ities could be

legal, or financial comples

encountered in developing the necessary
foundation for CCS deployment. To
avoid premature implementation of CCS
technology in such circumstances, the
president or Environmental Protection
Agency administrator might be authorized
to extend the effective date for operating
CCS systems for some reasonable period
of time. However, the conditions for

such extensions would need to be clearly
i}
assure that CCS implementation at new

spelled out in advance by Cong

coal plants remains an urgent national
priority and is not unduly delaved.

Capping Emissions from
Existing Power Plants

Even with a goal of zero net emissions
for new plants, greenhouse gas emissions
from the power sector might continue to
increase if existing plants were not con-
trofled. Thus, an emissions performance
standard would need to be coupled with
an emissions cap for existing plants in
order to achieve an overall decline in
emissions for the power sector.’*

This cap would encourage greater
efficiencies in operating existing plants
and incentivize plant owners to retrofit
higher-canitting plants or retire them
and build new low-cmitting units. Unless
emissions by existing plants are reduced,
a stringent emissions standard for new
plants might simply prolong the useful
kife of older plants and discourage new
power generation-—-much as existing
New Source Performance Standards
under the Clean Air Act have encour-

wWww americanprogress

aged continued operation of older power
plants beyond their expected useful hife.

As provided in several of the pending
legislative proposals, a cap on existing
plant emissions might decline over
time-—tor example by starting ofl” at

100 percent of emissions in a bascline
year or average of years and declining to
more stringent target levels in later years.
This declining cap would make it more

t0 operate uncontrolled existing

expensive
plants and reduce the cost-differential
between these facilities and new plants

with CCS capability.

A cap on emissions from existing power
plants (in contrast to new planis} would
best be implemented by an allowance
trading program. This program would
enable plant owners to seek out the

most cost-effective emission-reduction
opportunities within or beyond their own
systems. For example, they could gener-

ate credits by replacing existing fossil-fuel
generation with nuclear, clean coal or
renewable power, by repowering coal
units with natural gas, by improving the
efficiency of existing units, or by reducing
energy demand. Another important
option under a cap-and-trade program
would be to retrofit existing coal plants
with CCS systems.'™

New coal plants equipped with CCS
technology should be excluded from the
scope of a cap-and-trade program for
existing plants and should not receive
allowances except perhaps where they
begin operating CCS systems earlier
than required by taw. If allowances
were provided to new plants, they would
necessarily be very large, representing
the difference between their emissions
(essentially zero} and the CO, emissions
from a new state-of-the-art coal plant

org
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lacking carbon controls {which produces
6 million tons of CO, per gigawatt of en-
ergy).”* Assuming that 145 gigawatts of
power plants with CCS units were built
in the United States, 790 million metric
tons of allowances (about 13 percent of
current total US. CO2 emissions} would
be allocated to owners of these plants.
An equal number of allowances would
then need to be withheld from other
emitting sources to achieve emissions
neutrality. This would impose consider-
able burdens on other sources, which
would be required to reduce emissions
by an additional 13 percent to offset the

allowances granted to new coal plants.'™

Economic and Regional Costs
and Benefits

The benefit of a stringent emission
performance standard for new coal plants
is that it would eliminate the uncertainty
associated with an open-ended cap-and-
trade program and provide a high degree
of assurance that new coal plants are in
tact negligible CO, emitters. Given the
urgency of achieving dramatic long-term
emission reductions from the clectricity
sector in order to stabilize atmospheric
CO, levels, the highest priority arguably

should be preventing emissions from new

power plants to the greatest extent feasible
and reducing emissions from existing

plants as quickly as possible.

Nonetheless, the stringency of such an
emissions standard could have unwar-
ranted economic consequences as well as
undesirable impacts on some regions of
the country. The biggest obstacle to the
acceptance of an emissions performance
standard is the projected increase in the
price of electricity resulting from reduced
plant efficiency and increased construc-
tion and operational costs associated with
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carbon capture technology. As shown
in Figure 10, this increase is estimated
by the state of Wisconsin, MIT, and the
EPA 10 be on the order of 20 percent to
40 percent for IGCC plants with CCS
units and considerably higher for CCS
equipped SCPC units.'”

s hard o assess how accurate these
estimates are, given the lack of practical
experience with CCS systems. However,
the predicted higher costs of electricity
from plants with CCS units may be ame-
Horated by several factors. First, for some
power plants, the injection of CO, in oil
ar gas wells will increase production of
these fuels, creating a revenue stream that
partially or totally offsets the increased
costs of capture and storage, One recent
estimate is that, with enhanced access

to CO,, the prevalence of enhanced oil
recovery opportunities could increase
significantly, which in turn would boost
the business case for CCS deployment. '™

Second, with advances in technology,
IGCC and SCPC plants will achieve an
even greater efficiency advantage over
conventional PC plants now in service,
offsetting a greater portion of the loss of
efficiency from carbon capture. Similarly,
the technology for capturing carbon

will itsell’ become more cost effective,
imposing less of an efficiency penalty on
electricity generation. The deployment
of more plants with CCS systems would
then be accompanied by cost reductions
as capture technology matures.'™

Third, in the initial years, new plants
would provide only a relatively small
portion of the power generated by the
utility sector, with the balance coming
from lower-cost existing plants. Moreover,
power production costs represent about
60 percent of the electricity charges
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paid by consumers, with the remainder
coming from the costs of transmission
and distribution.'™ Thus the higher costs
of producing electricity at an individual
power plant with CGGS capacity would be
spread across utility rate bases, moderat-
ing the increase in electricity prices.”!
Granted, more GCS-cquipped plants
would become a more significant part of
the rate base over time, but the phased
nature of this process coupled with
cost-saving jmprovements in capture
technology would likely cushion consum-
ers from sharp price spikes.

Mitigating Economic impacts

Because of increased costs of adding CCS
units to cither IGCC or SCPC plants, a
strong case can be made for mitigating
these cost differentials through incentives
and other forms of financial support. This
would serve a number of purposes.

First, the comhination of a declining cap
for existing plants and a CCS require-
ment for new plants would dispropor-
tionately burden gencration systems that
rely heavily on coal. Because coal use is
concentrated in Midwest and Southern
states, Texas and the Mountain West,
ratepayers in those areas would pay a
disproportionate share of the costs of’
GCS requirements. This disparity would
be magnified if comparable emissions
control costs are not required for other
types of new power plants (such as
natural gas wnits) and if planss with CCS
systems replace existing coal plants that
produce electricity more cheaply but are
being retired to meet new greenhouse
gas reduction mandates.

Indeed, if’ coal generation becomes
uncompetitive because of CCS-related

wWww. americanprogress

costs in some parts of the country, the
economic costs could extend beyond

ratepayers to coal-producing communities.

This would quickly erode political support
for CGS systems in these disadvantaged
regions and perhaps even undermine
public willingness to address global
warming at all. Since the benefits of CCS
systems in addressing global warming will
be realized by all regions, the costs should
arguably be borne equally at the national
level and not be imposed solely on regions
that produce or use coal,

Second, there is a strong imperative to
develop CCS technologies as quickly

as possible so that CCS plants can start
replacing older coal-fired plants. Incen-
tives that reduce the hnancial risks and
uncertainties of building CCS plants in
the carly years can secure commitments
from otherwise reluctant investors. This
will not only accelerate emission reduc-
tions in the United States but, by making
CCS technologies better accepted and
more cost competitive, encourage their
adoption in other nations as well (see
sidebar on page 46}. Such incentives can
be scaled back as the technology matures
and costs become more predictable.

There are two approaches that would
reduce the economic impacts of a CCS
requirement for new coal planss. One

is to create a fund that could be used

to provide relief to consumers whose
clectricity bills would otherwise increase
because they receive power from plants
with CCS. This fund could simply

“credit” the utility for the amount of the

increase so that consumers do not see
higher charges on their eleetricity bills,

A second approach is to provide plant
developers a combination of financial
incentives, including tax credits, loan
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guarantees, and granss, that cover some
or all of the added costs of building
coal-fired power plants with CCS systems
as compared to plants that lack such
systems. The goal of these financial
incentives would be to make plants with
CCS systems more cost-competitive with
uncontrolied coal plants, moderating
price hikes to wholesale and retail
electricity consumers and providing
added inducements for the construction
of CCS-equipped power plants.

These incentives would need to reflect
not only the incremental cost of building
the plant {f it is based on IGCC technol-
ogy) but also cover the higher operating
costs and reduced efficiency of plants
with CO, capture technology as well as
the costs of GO, transportation and stor-
age. As these costs decline over tme, the
level of financial assistance to the plant
developer would decline proportionately.

should be
of sufficient magnitude to initially cover
20 percent of total construction costs
(including the base-plant and add-on
CCS capability} in order to offset a

We propose that the incentiv

substantial portion of the currently esti-
mated increasc in electricity costs for coal
plants with CCS units. This 20 percent
cost recovery would be available for all
new coal plants for which construction

is commenced between now and 2012,
The share of construction costs eligible
for recovery would then drop 2 percent

a year for the next eight years, at which
point the incentives would be phased out.

In order to qualify for financial assistance,
power plant developers would have to
demonstrate that they are deploying

the least costly CCS technology on a
total $/MWHh basi:
would inidally favor IGCC plants (at

a requirement that
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least where they use Eastern coal) unless
breakthroughs oceur in post-combustion
capture technology for SCPC plants.

The cast of such a program would likely
he in the range of 836 biltion spread over
18 years, or about $2 billion a year, hased
on projections that 80 gigawatts of new
coal-fired capacity with CCS systems
will be built between now and 2025.1#
This $36 billion estimate is based on the
following assuraptions:

40 gigawatts of the new coal capacity
would qualify for incentives represent-
ing 20 percent of construction costs
while the remaining 40 gigawatts
would on average receive incentives

the 10 percent fevel

Fach gigawatt of new coal capacity
with a CCS system would cost approx-
imately $3 billion to construct.

Although $36 billion is a large sumn, it is
only a fraction of the $1.61 trillion that
the International Energy Agency predicts
will be invested on new power plants

in the United States between now and
2030. (During this same period the total

worldwide investment for new clectricity
generating capacity is predicted to be
$11.3 wrillion, with China making the
single largest investment at 83 trillion in
this same period).'”

Moreover, with this new program of
financial support in place, there would
no tonger be any basis for maintaining
exisuing federal incentive programs for
IGCC or SCPC plants without CCS
capacity. Eliminating these programs
would partially offset the increased
outlays for new programs to incentivize
new CCS-cquipped plants,
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Cap-and-trade programs may provide a

source of revenue to finance incentives for
coal plants with CCS systems, A number

of the proposed climate bills require
the auctioning of emissions allowances,
with the anction revenues used to fund

new technologies or 10 offs
industries and conswmers of climate-re-
lated requirements.

revenucs coutd be to mitigate elect
cost increases for coal plan
CCS systems, and to provide financial
incentives for building these plants.

ty

of existing coal plants would be heavy
allowanee purchasers because of their
ions, Redistributing

anction revenues to these owners i’

they build low carbon coal plants would

serve the dual purpos
their need for allowances {

of reducing

by helping to

retive high-emitting plants) and providing

economic reliel to their custorers (by
cushioning them from mereases in the
cost of elecinc

njections placing stmajorty

of iew coal firedd plants in 1apidly deve%op ng-counties such
a5 Chiria and India. Forinstance, in its May 2007 repott, the
Intergovernmental Panef on Climata Change estiniated that
as much as three quarters of the projected increase in energy
€0, emitted between now and A0 will occur in emening
ecanermies such as China,'*

This is not sumprising given that China posses
estreserve of recoverable coal worldwide
consumption {in the absence of meaningful
expected to increase 1o 2 level that is 52 percent greater than
at of the United States by 2050, with precipitous increases

climate policies) is

t the costs to
One use for auction

s that employ

der a cap-and-trade program, owners
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In the absence of an allowance auction
stern, other funding mechanisms for an

incentive program for low carbon coal
plants could include implementation of
a uniform per kilowatt “wires charge” on
retail electricity sales mplemented at the
federal level or general tax revenues.

Both mechanisms would distribute the
costs of financial incentives equally
among all US. users o

a fair and reasonable app
CCS
of a natonal commitment w reduce
greenhouse gas emissions.

ystems are being required be

itis in the economic interest of China
and India to adopt these technologies
and systems because of the impact that

climate change is likely to have on their

and

onomies and the greater cos
cisruption that emission controls will im-
pose il adopted later rather than sooner
Moreover, in the last five o 10 vears, both
China and India have arguably become
1o

sutficiently economically develop

h c&nt‘:mpact o lemaze d ;aﬂge:untess :
eﬁher nations, particularly China and Tndia, follow & similar
dppraach;

S technology Is far enough along the development cyde so
that, with the praper regulatory drivers and finandat incen-
tives, it can be successiully implemented not only demestically
hut 2lso exported to other countries, Doing so will provide
developing nations with sound and timely technological solu-
tions as they accelerate their energy production capabiiities in
fockstep with their economic growth.™ China and India are in
fact currently developing internal standards (o address dimate
change, " and promising geologic sequestration formations
appear to exist within China and india. "
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bear the cost of adopting these technolo-
gies. These countries” articulated ( politi-
cal) rationale for opposing greenhouse
gas control measures is that the United
States has not yet taken such action. This
argument will vaponize once the United
States incurs the cost and expense of
developing CCS systems.

Itis also in the economic interest of the
United States to take the lead in develop-
ing the CGS technology and therchy

speed its adoption by the rest of the world.

Developing CCS technologies will create
domestic jobs and give U.S. companies
that develop these systems a leadership
position in capturing the trillions of
dollars that will be spent worldwide on
coal plants between now and 2030.

Access to Underground
Formations

Carbon sequestration, of course, requires
a suitable underground reservoir to store
the CO,. The United States appears to
be well endowed with geological forma-
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tions with large CO, storage capacity,
and these formations appear to be widely
dispersed across most of the states. There
will, however, be some arcas currently
reliant on coal power that may not have
ready aceess to suitable sequestration
reservoirs.”” These areas could meet
their power needs by importing power
from other junisdictions or investing in
other types of power generation. Where
coal is a particularly important economic
resource, however, these alternatives
could be unattractive.

Selutions for such regions might be to
provide funding for CO, pipelines that
exceed a certain length because there
are no available sequestration formations
within a defined distance of the project.
A comparative survey of possible CO,
sequestration sites across the country will
better pinpoint areas where underground
CO, storage is not a feasible option and
thus the total pipeline investment neces-
sary to provide access 1o sequestration
sites to power plants in those areas.
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Conclusion

ne of the biggest challenges in addressing the risk of global warming is the

potential for a dramatic increase in greenhouse gas emissions as a result of

the construction of a new generation of coal-fired power plants. This chal-
lenge exists both in the United States, where abundant coal reserves are creating height-
ened interest in the construction of new coal plants, and in developing countries such
as China and India, where demand for energy is growing at a rapid pace and coal-fired
generation holds the most potential for meeting these increasing energy needs.

Fortunately, there is a potential pathway that would allow continued use of coal as an
energy source without magnifying the risk of global warming. Technology currently
exists to capture GO, emissions from coal-fired plants before they are released into the
environment. And experts are confident that the captured CO, can be safely stored in
underground geologic formations.

The great challenge, however, is ensuring that the widespread deployment of this
5. So far we are failing in that effort. This paper has

technology happens on a timely bas
considered policy options that would significantly increase the likelihood that all new
coal plants are equipped with CCS systems.

To ensure widespread adoption of CCS systems, the paper recommends that Congress
mandate a power emission performance standard that effectively requires all new coal
plants to control emissions to the level achievable by CCS systems. This standard would
be implemented in conjunction with an emissions cap-and-trade system for existing
power plants, The standard would apply to all new plants for which construction is
commenced after a date certain (say 2008}, although flexibility would be allowed in the
timing for CCS implementation so that the power industry can gain more experience
with capture and sequestration technologies.

Bold action by the U.S. Congress ta put in place an emission performance standard for
new coal-fired power plants would demonstrate leadership in addressing climate change
and build a technological and regulatory foundation that countries such as China and
India could emulate as they attempt to tackle the risk of global warming without stifling
economic growth. An emission performance standard that requires CCS systems for

all new coal plants would posc a daunting technological and economic challenge. Yet
achieving this goal would ultimately assure coal a secure and important role in the
future U.S. energy mix by establishing a clear technological path forward for coal in a
carbon constrained world.
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id. at29.

TXU imstealy proposed building 11 traditional coal-fired plants in Texas. In light of strong pubiic opposition to the plants, TXU
later cancelled plans for eight of these piants as part of the terms of a buyout deal with a private equity group led by Kohi-
berg Kravis Roberts and the Texas Pauific Group. It subseguently announced plans to build twe IGCC plants in Texas. Kurt
Fernandez, "TX4, Buyout Partners Announce Plans for Two Carbon Dioxide Capture Plants,” BNA Daily Environment Report,
Mar. 12, 2007, at A-9.

EPA, Executive Summary of the Inventory of U.S. Greenhs Emissions and Sinks: 1990-2005, at £5-4 (Apr. 2007), avail-

able at http/Avww.epa goviclimatechang ons/downtoads0B/07ES pdf

E£1A 2006 Report, supra note 3, at ix-x.

Socolow, supra note 15 at 49. At the start of the industrial period, the concentration was 280 ppm, white the current concen-
tration of 380 ppm is nsing approximately 2 ppm per year, WEQ 2006, supra note 5 at 144

No one can know for certain what concentration of CO, would constitute a "safe” level, but many scientists have concluded
that the CO, concentration In the atmosphere must not exceed 450 parts per milfion to prevent precipitous increases in tem-
peratures. See David G. Hawkins et at., “"What to Do About Coal,” Scientific American, Sept. 2006, at 70

Robert H. Wilkams, “Climate-Compatible Synthetic Liquid Fuels from Coal and Biomass with CO, Capture and Storage,” Princ-
eton Envt, inst., Princeton Univ,, at 7 (Dec. 19, 200%) (unpublished PowerPoint presentation) {on file with authors), avaifable at
hitpi/Aesw climatechange ca. gowdocuments/2005-12-19_WILLIAMS PDF.

Except as otherwise indicated, the facts about sequestration were provided by Velio Kuuskraa of Advanced Resources interna-
vonal, Inc. ARIis the lead consultant on the EnCana project described in the text.

EPA Underground injection Control Program, hitp:/Avww,epa.govisafewater/uiciwhatis himi (ast visited March 27, 2007,

See hiip: IS o2/transport_cortez.cfm,

DOE Office of Oif and Natural Gas, Project Facts: Recovering “Stranded Qil” Can Add to U5, Ol Supplies, Ten
Reports Examing Basin-Oriented Strategies for increasing Damestic Qit Production (Feb. 2006), avarfable at http:/www. fossit,
energy.gov/programs/oligas/publicationseor_co2/C_-10_Basin_Studies_Fact_Sheet pdf.

£maif from Vello Kuuskraa, President, Advanced Resources Int'l, to Kenneth Bertin, Partner; Skadden, Arps, Slate, Meagher &
Flom LLP (Apr. 30, 2007) {on file with authars).

On October 31, 2006, DOE announced the Department’s support of seven tests in North America 1o advance carbon sequestra-
tion technologies. DOE will provide smare than $450 miion over the next 10 years to vakdate that the capture, transportation,
injection, and jong-term storage of CO, can be done safely, permanently, and economically. See Press Release, DOE Nat't
tnergy Tech. tab., ment of Energy Advangs mercialization of Climate Change Technology (October 21, 2006; on
file with authors), avaiable at http:/Awew. netl doe gov/publications/press/2006/06062 -Carbon_Sequestration_Testing_Suppo.
himi. See gencraily, Nat't Energy Tech. Laboratory, Carbon Sequestration Atias of the U.S. and Canada (March 2007), available
at www.netl.doe. gow/publications/carbon_seqy html i The NETL Si ation Atlas},

DOE Nat'l Energy Tech. Lab., Carbon, ration and Technoloay Readman and Program Plan, at 9 {2006), available at http://
wevwnet! doc.gov/publications/carban_seq/2 006%205equestration % 20Raadmap% 20FINAL pdf [hereinafter, The Roadmap.
Press Release, *Xcel Energy Increases Commitment to IGCC,” August 15, 2006 {on file with authors), brtp:/Avww xcelenergy.
com/XLWEB/CDA/Q, 3080, 1-1-1_15531_34200-28427-0_0_0-0,00.htm| {}ast visited Mar. 27, 2006).

Press Release, ”BP and Edison Mission Group Plan Major Hydrogen Power Project for California,” Februaty 10, 2006 {on
file with authars), awailable at hitp/Aiwvww.bp.com/genericarticle.do?categoryid=20129688cantentid=7014858 (last visited
Mar, 27, 2006).

In the Matter of the Petition of Excelsior Energy, inc. and ks Wholly Qwned Subsidiary MEP-4, 11C, for Approval of Terms

and Conditions for the sale of Power from its Innovative Energy Project Using Clean £nergy Technotogy under Minn. Stat. §
216B.1694 and a Determination that the Clean Energy Techriology is or s Likely to Be a Least-Cost Alternative undar Minn.

Sta. § 2168.1693 at 3-4 (Prepared Surrebuttal Testimony of Excelsior Energy, Inc. and MEP-{ (LC, by Richard Stone. Oclober 31,
2006}, available at hitp/Avww.excelsiorenergy.compdfRegulatory., Fitngs/Docket E6472_M-05-1993/20061031SurrebuttalT-
estimony/Steadmen%205urrebuttai%2(Testimony %2030.31.06 pdf.

Press Release, “AEP ta Instalt Carbon Capture on Two Existing Power Plants, Corpany Will Be First ta Move Technology to
Commercial Scaie,” {March t5, 2007, on file with authors), svailable at hitp: ep.com default.
asp?dbcommand=displayrelease&iD=1351.

Fernandez, supr note 20

Socolow, supra note 15, at 53.

Jon Davis, " Gasification and Catpon Capture and Storage: The Path Forward,” Contributing Paper (Pew Centes/NCEP 10-50
Workshop} at 1

Sally Benson, “Carbon Dioxide Sequestration/Coal Gasification,” Contributing Paper {Pew Center/NCEP 10-50 Workshop) at 17,

The MIT Study, supra note 4, at 53

fd. at 53-54. The MIT study also concluded that about 10 projects would be needed to cover the range of important geafogical
formations around the world. id.

S. 962, introduced on March 21, 2007, wouid autharize $315 miflion through 2009 for up fo seven farge-scale sequesiration
tests, including ane conducted internationaily,

org
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44 The MIT Study, supra note 4, at 43.

45 in 2006, Texas passed House Bilt 149, which wansfers ownership of the C0, generated by the FutureGen Alliance to the Rail-
road Commission of Texas once it has been captured and stored. Testmony by fay 8. Stewart, Carbon Capture and Sequestra-
tion~-An Overview: Hearing Before the Subcommittee an £nergy and Aér Quality of the H. Camm, On Energy and Commerce,
110th Cong. {March , 2007},

46 Doug Obey, "Industry's CO, insurance plan seeks to block state waste rules,” Inside EPA, May 12, 2006.

F)

&

Cynthia Doughtery, Office of Ground Water and Drinking Water, and Brian Mclean, Office of Atmospheric Programs, Using the
Class V Experimental Technology Well Classification for Pilot Geologic Sequestration Projects-UIC Program Guidance (ICPG #
833 (March 1, 2007), available at hiip:/iwww.epa govisafewater/uigpdisiguide _uic_carbonsequestration. final-03-07.pdf

2

a

£

Sorme states are moving ahead with legisiation to establish a framework for requlating sequestration sites and to provide tax
breaks for projects. See “States Proceed with CO, Storage Plans Ahead of EPA UIC Decision, “ fnside £PA, Apr. 27, 2007.

4

&

See generally Paul W. Parfomak et at., “Carbon Dioxide (CO,) Pipelings for Carbon Sequestration: Emerging Palicy lssues,”
Cony. Research Serv. (Apr, 19, 2007).

The NETL Sequestration Atlas, supra note 31,

I
k)

51 Batsefle joint Global Change Research institute, Carbon Dioxide Capture and Geolaaic Storage: A Core Flement of a Global
£neray Technology Strateay 10 Address Chmate Change, at 26-27. {April 2006) [hereinafter the Battelle Report].
Intergovernmental Panel on Climate Change, IPCC Special Report an Carbon Dioxide Capture and Storage, at 11 {Ogunlade
Davidson et al. eds., 2005). Both the NETL Sequestration Atlas, supra note 31 and the Battelle Report, supra note 51, provide
higher estimates of CO, storage capacity than IPCC. For example, Battelie estimates worldwide storage capacity of 11,000
gigatons. More definitive inventories in the United States and globafly will enable this range of uncertainty 1o be narrowed con-
sigierably. For comparison purpeses, fossil fuet CQ, emissions from 1400 gigawatts of new IGCC plants would total 8.4 bilon
tons per year {at 6 million tons per gigawatt). See Socolaw, supra note 15, at 50 and the MIT Study, supra note 4, at i,

w
&

53 {PCL Speciat Report on Carbon Dioxide Captute and Storage supra note 52 at 31

Legsslation has been introduced in both the Senate and the House ¢S 731 and H.R. 1267, both introduced March 1, 2007) to
require a more definitive mventory of LS. sequestration capacity.

e
®

5!

A

A Duke University study, for example, recommended that the most cost-effactive way for North Carotina to sequester CO, was
10 build a pipefine that woutd sun 2250 wles and support a €O, flow rate of 57 miflion metric tons of CO, per year, sufficient
to handle captured emissions from 11 gigawatts of new coal-fired plants. The pipekne alone is estimated at a cost of §5 billion,
and according to the study would be cost effective at a CO, price of $29 per ton. Eric Williams, et al, Carbon Capture, Pipefing
and Stareage: A Viable Option for North Carolina Utifities? (Working Paper, March 8, 2007}, Nichalas Institute for Environmen-
tal Policy Solutions and Center on Globat Change, Duke Univ., {hereinafter, The Duke Study]. See afso Chris Holly, Clean Coal’s
Future in North Caroline Hangs On Big Pipe, 35 The Energy Daily 71, 1-2 {Apr. 16, 2007). A price of $29 per ton of CD, is
consistent with estimates elsewhere in ths article of the cost at which CCS bacames cost competitive.

56 Another technalogy, Oxy-fuel pulverized coal combustion, may be more cost-effective in capturing €O, The MIT Study con-
chuded that the technology is in the early commerciat developrment stage (with one 30 MW CO,-free coal combustion targeting
a start-up in 2008 and one a 24 MWe oxy-fuel electricity generation project under development) and that it appears to have
considerable potential. The MIT Study supra note 4, at 3.

According to the MIT repart, a 500 MW SCPC unit requires a 37 percent increase in plant size to accommodate the additionat

steam required for regeneration of the amine sofution and, as a result, a plant with CCS is 9 percent less efficient than one

witliout it. k1. at 24-25.

58 On March 15, 2007, however, AEP announced that it would experimentally retrofit two puiverized coal plants to capture
carbon. AEP Press Release stpra note 36,

59 Research Reports int'}, Coat Gasification for Powes Generation, at 10-1¥ (Sept. 2005}

60 The Roadmap, supr@ note 32, at 9(2006).

S

&1 John Fialka, "Kyoto Question as U.S. Moves on Coal—Energy Department Teams With Conisortium to Build Made! ‘Clean-Cost
Plarit,” The Wal Street Journal, December 6, 2006 at A2

62 MiT estimates the cost of CO, capture and pressurization at about $25 a ton and CO, transportation and storage at about 35 2
ton The MIT Study, supra note 4, at xi

@
Y

The MI¥ Study, supra note 4, 31 30, 36; Mark Meyer et at., integrated Gasification Combined-Cycle Technology Draft Report,
Dep't of Nat. Res. Pub. Serv. Comm’n of Wisc. (June 2006}, at 31-33 [hereinatter, the Wisconun Repost); EPA, Environmental
Footprints and Costs of Coal-based integrated Gasification Combined Cycle and Pulverized {oal Technologies, at 5-11-5-12
{luly 2006) fhereinatter, The EPA Report].

The efficiency of IGCC plans is now fower with Western subbituminous and Texas fignite coals, at least with some gasification
technologies. As a result, the MIT report indicates that the cost differentiaf between 1GCC and SCPC narrows when these coals
are used. The MIT Study, supra note 4, at 36-37,

65 Testmony of Brian Hannegan, Future of Coal: Hearing Before the S. Comm. On Frergy and Natural Resources, 110th Cong. at
5 {March 22, 2007).

66 id. at3
The MIT Study, supra note 4, at 34
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Unless otherwise noted, these new plants were reported in the NETL Tracking Report, supra note 7.

BP Press Release, supra note 34,

Barry Cassell, “HHinois £PA Issue Draft Air Permit for Taylorville IGCC Project,” SNL Energy Coal Report 2t 12, 13 (Dec. 4, 2006).
Wayne Barber, “Southern Utifity Subsidiary Laying Groundwark for Mississippi IGCC Plant,” SNL Energy Coal Report at 14, 15
{Feh. 19, 2007},

“Coal: Mont. Annaunces CTL, #GCC Plants, " Greenwire, Oct. 3, 2006.

Barry Cassefl, “Peabody Foresees Major Coal-fired Capauty Additions by 2019, SNL Energy Datly Coal Report at 1 {April 9,
2007}

Fermandez, supra note 20.

Statement of Edward Lowe, General Manager Gasification Market Development, GE Energy CO, Capture and Sequestration
An Qverview Hearing Before the H. Subcomm. on Energy and Air Quaiity, 110th Cong. at 4 {(March 6, 2007).

See e.g., The NETL Tracking Repart, supra note 7.

“Availability” is an industry term meaning the amount of time the plant is operating. Avaifability is reduced if there are lengthy
outages for repairs and maintenance

The Wisconsin Report, supra note 63, at 16,

idat 1.

The Public Utlities Commission of Ohio, 2006 End of Year Review, at 4 (December 26, 2006).

Press Release, " Citizens Action Coalition of indiana, Consumer and Environmental Groups loin to Challenge New Duke/Vectren
Coal Plant that Would Cost indiana Rate Payers Biflions,” Nov. 29, 2006 {on file with authors), available at hfip:/Avww.citact.
org/newsite/

in Minnesota, even after the state passed legislation providing for the Mesaba IGCC project to enter info a power purchase
agreement, the major utifity, XCEL, and consumer groups have opposed such an agreerment before the Minnesota PUC on the
ground that it is too costly. inside £R4, fan. 12, 2007

NRG was recently selected by New York State to build an IGCC facility but its management acknowledged that this facility
would not be viabie without significant financiat support fram government programs. Press Release, “NRG £nergy Inc., NRG
Energy Inc. Receives Conditional Award to Buitd Advanced Coal-Gasification Power Plant in Western New York: Will Enter into
a Strategic Afiance with NYPA,” December 13, 2006 {on file with authors), avadable at http:/Asww sni comrweblinkx/iile.
aspr7D=4057436&FD=3211361 {last visited on Mar. 27, 2007).

IND. CODE § 6-3.1-28-15 (West Co. Rev. Stat. Ann, 2006},

Kansas Energy Councit, Kansas Eoergy Plan 2007, at 3 {referencing Kansas House Substitute far S. 303 {passed in the 2006
Legistative session), available at btip//kec kansas.govienergy, planfenergy, plan.pdi

CRS.A.§40-2-123 (West Co. Rev. Stat. Ann 20086).

MINN. STAT. § 216B.1694 {West Co. Rev. Stat. Ann. 2006).

Energy Policy Act of 2005, 42 US.C.A. § 16511 (West 2007}

A similar approach was advocated in a 2004 report published by the Kennedy Schoot of Government, which proposed 2 *3
Party Cnvenant” between the federal government, state utifity commissions and equity investors o lower the cost of financing
IGCC plants, William Rosenberg et af., Deploying in Thi with 3 Part nant financing: Overview of Financin:
Structyre, Harvard Univ., at 1 (iuly 2004} (explaining that the 3 party cavenant seeks 1o reduce the cost of capital, raise the debt
equity ratio, minimize construchion financing costs and allocate financial risk). Under the 3 party covenant “the federal govern-
ment provides AAA credit fthrough foan guarantees), the state [Public Utihty Commussion] provides an assured revenue strearm
10 cover cost of capitat and protect the federal credit, and the owner provides equity and know-how to build the IGCC praject
with appropniate guarantees” from the vendor and construction firm. /d. at 8.

DO, Fact Sheet: Clean | Technols shers In New Era in Energy (2006), available at httpy/Awww.doe.gov/media/ciean-
coahaxcreditfactsheet pdf. Subsequently, several utilities who had unsuccesstully sought tax credits expressed disappointment,
saying that DOE's decision would stow commercialization of IGCC. See ARGUS AR DALY, December 11, 2006

Case in pomt: Southern Company’s 285 MW IGCC faciity near Orlando, Florida, which is receiving $235 mithon from the
Department of Energy. See DOE Office of Fossit Fuel Energy, Projert Fact Sheet for Demonsiration of 3 285 MW Coal-Based
Transport Gasifer {Project 1D DE-FC 26-06NT42331), available at hitp fossil energy govAredAactsheet jsp?doc=4884&projt
itle=Demonstration % 200f % 20a % 20285 MW % 20C oal-Based % 20%ansport% 20Gastier (st visited Mar, 27, 2007).

Carbon Price Key for IGCC, CCS Argus Air Daily, May 11, 2007

Natural Resource Defense Counci, {oat and Climate: Hitting the Wall {unpublished PowerPoirt presentation} ton fife with
authors), available at http: aaas. pp/rd/Forum, 2001 pdf

WEQ 2006 supra 5 at 141,

EIA Energy Quttook 2007, supra note 10 at 9. In the NETL Tracking Report, supra note 7, NETL fowers the estimate of new coal-
fired plant generation capacity to 145 gigawatts.

Press Release, DOE, “FutureGen industrial Alliance Announces Site Selection Process for World's First Zero Emissions’ Coal
Plant,” February 8, 2006 {on file with authors), available at http/Avww fossil.energy. gov/news/techlines/2 006/06007-Future-
Gen_Site_Selection_Process.himl
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The MiT Study raised several concerns regarding the FutureGen project, induding the continuing lack of dlarity surrounding
project goals, the incorporation of features extranecus to the commercial demonstration of CCS, the confusion of objectives
caused by the inclusion of international partners, and whether the project will be bogged down by federat procurement rules
and government cost auditing. The MIT Study, supra note 4, at 81-82

0
&

Many companies building IGCC plants may befieve they are "capture ready” and can be retrofitted with CCS capability 1f re-
quired ta reduce CO, emissions under a future carbon management regime. However, the MIT Report guestions whether such
retrofits can be accomplished economically f the plant parameters are not instially designed with CCS in mind. The MIT Report,
supranote 4, at 38

9% The Regional Greenhouse Gas initiative includes 10 states as of May 2007- Maine, Vermont, New Hampshire, Massachusetts,
Connecticut, Rhade kstand, New York, New Jersey, Delaware, and Maryland. information on the RGG}, including the Memoran-~
durn of Understanding, is avaifable at http/Avww.rggi org/index.him.

100 Western Regional Chmate Action Initiative, Ariz.-Cat-N.M.-Or.-Wash., Feb. 26, 2007, available at http:fAsww.climatechange,
ca.govidocuments/2007-02-26_WesternClimateAgreementFinal pdf. See also Press Release, “Office of the Governor for the
State of Oregon, Five Western Governors Announce Regional Greenhouse Gas Reduction Agreement,” Feb. 26, 2007 {on file
with authors), avasfable at http://governor.oregon.gov/Govipdifetters/02 2607NGA pdf

101 Climate Stewardship and Innovation Act of 2007 (5. 280), introduced on January 12, 2007. A similar version of this bill was
introduced in the House as H.R. 620 by Representative Olver.

102 Electric Utifity Cap and Trade Act, S. 317, 110th Cong. (2007}, Very similar targets are reflected in utifity-only bills introduced
by Senator Carper ($.1177XApr. 20,2007) and Senator Alexander (5.1168)Apr. 13, 2007), which regulate emissians of NO,,
50,, and mercury as well as CO,. See afso, Cong. Res. Service Comparison of Key Provisions of Greenhouse Gas Reduction 8ills
Introduced in 1 10th Congress, (38] BNA Environmental Reporter, No. 6, at 337 (jan. 31, 2007) (comparing key provisions of the
Greenhouse Gas Reduction Bills introduced in the 110th Congress) thereinafter, £nv. Reporter Comparison.

103 The Bingaman draft bilt was first developed in the 109th Congress and named the “Climate and Economy Insurance Act of
2005.” The bill was never formally introduced. Senator Bingaman has circulated a shohtly revised version of the bill in the cur-
rent Congress. See Bingaman-Specter Discussion Draft on Global Warming Legistation, “Market-Based GHG Emission Trading
2007 Discussion Draft,” available at hitp//energy senate govipublic/_files/DiscussionDraftSupportinginformation pdt [hereinatter,
the Bingaman Discussion Draft]. The original Bingaman proposal reflected 2004 recommendations by the National Commission
on Energy Policy. The Commission recently issued revised recommendations which call for stabilizing emissions at current levels
by 7020 and achieving a 15 percent reduction helow these levels by 2030 and propose raising the starting price of the safety
valve to $10 per top of CO, and increasing the rate of escalation to 5 percent per year. National Commission on £nergy Pohcy,
Energy policy recommendations to the president and the 110th Congress, April 2007 1t remains to be seen whether Senator
Bingaman will adopt these recommendations, which are still considerably less aggressive than other carbon cap proposals
perniding in Congress,

104 5. 309 basically reintroduces Senator leffords” Global Warming Pollution Reduction Act from the last Congress. A simitar bilt
{H.R. 1530) has now been introduced in the House by Representative Waxman and several Co-sponsors.

105 A utiity-only bif recently introduced by Sen. Sanders, 5.1201 {Apr. 24, 2007} would cap emissions at 1920 levels by 2020 and
Kycito fevels (7 percent below 1990 levels) by 2025,

106 For example, under S. 280, the targets must be reviewed biennialfy by NOAA, which must report its views and recommen-
dations 1o Congress. Under the draft Bingaman bill, the targets are subject to interagency and Congressional review every
five years. Similarly, under S. 317, £PA must review the targets every four years starting in 2015 and may make them more
or kess stringent.

107 For example, the Clean Power Act {S. 150 introduced by Senator Jeffords in the last Congress would cap utifity CQ, emissions
&t 2.05 bifion tons in 2010, 21% below 2000 fevels. U.5. Senate Committee on Envisonment and Public Works, http/epw.sen-
ate govipressitem.cfmparty=deméid=230866. As analyzed by EPA, the cost per tan of controling CO, would be $16n 2010
and $27 in 2020. James McCarthy and Larry B. Parker, “Cost and Benefits of Clear Skies: EPA's Analysis of Muiti-Poliutant Clean
Air Bills,” Congressional Research Service Report for Congress, at CRS 14 (November 23, 2005}

108 /d.

109 Bingaman Discussion Draft, supra note 103, at 1,

110 Gereration Technofogies for 8 Carbon Constrained Worfd, EPRE lournal, at 39 (Summer 2006).

111 See 42 U.5.C.A. § 7503 (LAER statutory provisions) and 42 US.C.A. § 7475 (8ACT statutary provisions}. The "top down™
approach is described in the EPA 1990 New Source Review Worksher Manual. €PA, New Source Review Workshop Manuat,
Prevention of Significant Deterinration and. Area Permntting at 8.5-B 9. availabic at hitp/Mww.epa gov/tininse/
genAvkshpman pdf.

112 See e.g., EPA, Facy Sheet; EPAS Clean Air Mercury Rule, available ar hp/Avww.epa. goviait/mercungrule/pdisfactsheetfinal pdf,

113 Massachusetts v. €PA, No. 05-1120, slip op. {U.S. Aprit 7, 2007},

114 A tharough discussion of many of these issues is provided in Gregory Foote, Considering Alternatives: The Case for Limiting €O,
Emissions from New Power Plants Through New Source Review. 34 ELR 10642 (July 2004).

115 EPA% position was conveyed in @ December 2005 letter to an industry consultant which was later rescinded a5 an authori-
tative EPA interpretation of the CAA after being chalienged by environmental groups because of the absence of public
comment. See Letter from Ann Brewster Weeks, Clean Air Task Force, et al. to Stephen johnson, Administrator—U.S. EPA
{February 8, 2006}, available at hitp:Awww.cat] usfadvocacy/legal/BACT_LAER/Johnsan_Letier pdf. Nonetheless, EPA has not
repudiated the approach embodied in the letter, leaving unresoived the issue of whether JGCC is BACT/LAER for purposes of
PSD/NSR requirements.

55
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116 These terrns are inctuded in the statutory defimtian of BACT and have been interpreted by EPA. See 42 US.C.A. § 7479
{definition of “best available control technology”) and 42 US.C.A § US.C.A. § 7501 (definition of “lowest achievable
emission rate”}.

117 See e.g., Steven Cock, “Appeals Board Decision Seen as Setback For Use of Coal Gasificaton Technology," Daily Environment
Report, September 14, 2006, at A-4; “Thoroughbred appeated over IGCC, Argus Al Daily, May 15, 2006, at 4; “Ky rejects
IGCC for BACT," Argus Air Daily, Aprit 12, 2006, at 1

118 This approach is reflected in a draft bill widely circulated but not introduced by Senator Caleman of Minnesota on fite with the
authors. See Energy fnfo. Admin., Energy Market imnacls of a Clean Energy Portiolia Standard. at Appendix B (fanuary 2007),

available at hitpiAwww e1a.doe. govidial/servicerpypar fi 007102 peif
119 Wiliams and Hawkins, Coat Low-Carbon Generation Obligation for .S, Electncity. Review draft, August 7, 2005, avaiable af
futpifiphysd.hanvard.ed tawkins&Williams. doc.

120 A version of this concept is reflected in section 703 (Low Carbon Generation Requirement) of the Sanders global warming bi
(S. 309}, under which an increasing percentage of generation from coal, lignite, coke, and biomass would need to meet a low
«arbon generation standard (250 paunds of CO, per MWh),

121 The low carbon commitment would start off at 0.5 percent in 2015 and increase 1o S percent by 2020. Subsequently, EPA
could increase the commitment by up to 2 percent per year through 2025, and by up 1o 3 percent per year from 2026
through 2030.

2 In February 1993, soon after taking office, President Clintan proposed a broad-based energy tax for the United States as a
means 10 tax the use of fossit fuels and decrease the nation’s reliance on foreign oif. The 1ax was to be levied on the energy
content of fuels (i.e. the number of "BTUs" they centam, with a substantially higher rate for petraleurn tuels than for coal
and natural gas. The three reasons in addition to deficit reduction that the administration cited for the fax were the reduction
of environmental damage, energy conservation. and the alieviation of U.S. dependence on foreign energy sources. The tax was
carefully designed to spread the revenue burden evenly acrass the country's diverse regions. The BTU tax would have reduced
€0, emissions by encouraging greater efficiency in energy production, censervation, and use and by promoting development
of renewable energy sources. Ulimately, the tax was defeated in the Senate, where the administration lost the support of sev-
eral oil-state Democrats and faifed to win over any moderate, pro-environment Republicans. The Senate chose a smalt increase
in the gasoline tax as the alternative.

1

173

hef

Noretheless, legislaton to impose a carbon tax has heen proposed by Rep. Stark of California (H.R. 2068). This bifl would
initiafly tax coal, petroleurn and naturat gas at $10 per ton of carbon content when these fuels are either extracted or imported
124 Craig Hanson and lames Hendricks, Jr., “Taxing Carbon to Finance Tax Reform”, Duke Energy and World Resources Institute
Issue Brief 5t 3 (March 2006, available at http:/fpdf.wri.orghaxing_carbon_full. pdf.

5

5 Those are the goals set forth in the NETL Carbon Sequestration Roadmap and Program Plan—2006 and for the FutureGen
project. See Roadmap, supra note 32 at 9; Fialka, supra note 61. Agam, there might he some need to allow shight slippage
of these goals.

126 S. 485 would amend the Clean Air Act so that each new coal power plant commencing canstruction on ar after april 26, 2007
would be required to meet a standard of performance allowing the piant to produce no more than 285 pounds of CO, per
MWh. CO, that is injected into a geological formation in @ manner that prevents its release into the atmosphere would not be
counted in applying this standard. The Kerry bill facks some the flexbility elements described in this paper, such as a phased
schedule for actually capturing and sequestering CO,

H

S
I

The Energy information Administration estimates that natural gas produces 1.314 pounds ot CO, per kilowatt-hour, compared
0 2.117 pounds per kifowatt-hour for coal. Energy info. Admin., Carbon Digxide Emissions from the Generation of Electric
Pawer in the U.S,, at 2 (uly 20003, available at hitp:/Avaw.eia. doe.gowcneaf/electricity/page/co? _report/caZreport himl, In
2005, €O, emissions trom natural gas plants were 31R S millon metric tons, representing 13 percent of total emissions from
the electric power generation sectos. The EIA 2006 Report, supra note 3, at 16.

128 Section 708 {Emission Standard for Electric Generation Units) of the Sanders global warming bill (5. 309) contains a somewhat
simitar provision under which ail electricity genetation units which begin aperation in 2012 or later must meet, by 2016, an
emission performance standard that is "not higher than the emission rate of a new combined cydle naturat gas unit.” The
standard would apply to alf existing units by 2030, tegardiess of when they began aperating

129 See e.g. Testimony of Brian Hannegan, supra note 65 a1 3

130 Embodying a similar approach is 8 March 2007 settlement agreement between Kansas Csty Power and Light and the Sierra
Club relating to the utility's 850 megawast coal-fired plant under constsuction in Missouri. The agreement requires Kansas City
Power and tight to affset the & miffion tors of CQ, emissions from the new plant by installing 406 megawatis of new wing
power, implementing measures 10 save 363 megawatts of energy demand and closing or upgradirey an older coal-fired plant.
Steven Mufson, "Electric Utility, Sierra Clué End Dispute: Kansas City Power & Light Agrees to Offset New Coal-fired Plant's
£missions, The Washingtan Post, March 20, 2007, at D03

131 The MiT Study, supra note 4, at 100, Consistent with the MIT report, federal financial support for 1GCC units without CCS
would be phased out because IGCC already has strong commercial backing and the adoption of an emission performance
standard requiring CCS will change the economics of new coat plants in IGCC's favor. id.

132 Section 713 (Geologic Disposal of Global Warming Pollutants} of the Sanders utility-only bill, S. 1201, would authorize EPA to

develop many of these program elements
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133 The performance standard could be implemented a5 a stand-atone provision (without a cap-and-trade program} if necessary to
provide certainty to coal plant developers that uncontrotied plants will not be "grandfathered.” Section 716(c) of the Feinstein-
Carper bill (S. 317), for example, provides that na allowances may be aflocated to any coab-fired unit unless it entered operation
before fanuary 1, 2007 or is powered by "qualifying advanced dean coal technology.”

134 The MIT Report conctudes that retrofits will be unfikely because of reductions in unit etficiency and output, unit downtime and
increased or-site space requirements and that plant rebuiids 1o include capture technology appear more attractive, particu-
farly 1f they upgrade low-efficiency PC units with high-efficiency technology. The MIT Study, supra note 4 at pages xiv, 28, 38
and 146-150. Nonetheless, AEP is investigating retrofit opportunities at two of its plants. AEP Press Release, supra note 36.
Whatever the practical realities of retrofits, mandating them for existing plants {as is the approach under S. 309, which provides
that afl existing plants must meet emission performance standards by 2030) seerns fess desirable than a dedining emissians cap,
under which retrofits would be considered along with other options based on an analysis of cost-effectiveness.

135 Under existing Clean Air Act cap-and-trade programs for SO, and NO,, utilities do not receive aftowances for the emission
reductions required to meet mandated fimits on emissions except where such reductions exceed mandated levels. The same
approach should be followed for greenhouse gases.

136 Put another way, the California Act requires reguction of 174 mitfion tons of CO, per year by 2020. Assuming that California
would permit its regulated companies 1o buy reductions from outside the state, this entire requirement could thus be met many
times over by buitding new IGCC plants with CCS systems if credits for those plants (900 miffion tons on a nationwide basis}
were permitted and business could otherwise continue as usual in Californis

137 See The Wisconsin Report, supra note 63 at 32 {estimating that costs would ncrease to aver $75 per MWh of energy gener-
ated with carban capture, compared to between $50 and $60 per MWh without carbon capture); The MIT Study, supra note
4, &t 36 (estimating that the costs for IGCC with carbon capiure will be 30 percent to 50 percent over that of SCPC without
carbon capture and 25 percent to 40 percent higher than IGCC without carbon capture); The £PA Repart, supra note 63, at
5-11 (estimating $66 per MWh for 1GCC with carbion capture versus $48 per Mwh for IGCC without capture and $57 far
SCAC without capture).

138 Michael . Godec, Advanced Resources International, £Q-EOR ani ion: Potential Onportunity for Coal Gasifica-
tion (November 13, 2006} {unpublishied PowerPoint presentation prepared for Pre-Conference Symposium: The Economics of
Carben Capture, Transport & Sequestration {on file with authors).

139 EPRI estimates that the 30 percent energy efficiency penalty associated with CCS will be reduced to around 10 percent over the
tonger term. Testimony of 8ran Hannegan, supra note BS at 3.

140 David Hawkins of the National Resources Defense Coungil recently testified that a fow-carbon generation obligation Jarge
encugh to cover all forecasted new U.5. coal capacity by 2020 could be implemented with about a 2 percent increase in aver-
age U.S. electricity rates. Testimony of David Hawkins, Carbon Capture and Sequestration —An Overview. Hearing Before the
Subcomminiee on Energy and Air Quality of the H, Comm. On Energy and Commerce, 110th Cong. at 13 {March 6, 2007).

141 4,

142 The estimate of B0 gigawatts assumes that some of the currently proposed 93 gigawatts of coal-fired plants would not have
CCS systers but would offset their CO, emissions under the three-year slternative compiiance option described in the text,

143 WED 2006, supra note 5 at 148,

144 for example, under S. 280, the revenues for allowance auctions would be used to fund a Climate Change Credit Corparation,
which must irt turn suppart a climate technology challenge program. See 5. 280, Title . Simdarly, S. 317 would use auction
proceeds to fund a Climate Trust Fund which would in turn support innovative low and zero-emitting carbon generation tech-
nologies and clean coal technologies, ampng other activities. See S. 317, Section 717,

145 1PCC Fourth Assessment Report supra note 13 at 3.

146 The MIT Study, supra note 4, at 11,

147 Total electricity generation capacity in China increased by nearly a third in the Iast three years, and is expected to continue
doubling each year for the next several years. See The MIT Study, supra note 4, 3t 63. India’s growth in coal consumption is Cur-
rently projected at 6 percent per year; it is expected to reach current U.S. ¢oat consumption fevels by about 2020 and will match
Chinese usage by about 2030. See The MIT Study, supra note 4, at 74.

148 See generally, The MIT Study, supra note 4, Chapter 5 {summarizing environmental regulation in China and 1o a lesser extent
in india). See afso, " Chinese enargy reforms may surpass U.5.5,” Greenwire, Apr 27, 2007, {stating that reforms adppted by
China in 2001 are on track to cut 168 miflion tons (152 miflion metric tons} of greenhouse gases by 2010, and is focusing first
on the dirtiest and targest energy consuming industries including coal-fired coal plants)

349 See The MIT Study, supra note 4, at 55 {stating that several small-scale seuestration studies are currentdy occurring in China
and one small pilot project s underway in India, though conceried resear:i and large-scale POt projecs are currently lacking).

150 See generally The Duke Study supra note 55. See also Figure 8 on page 15
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introduction and Summary

he Low Carbon Economy Act of 2007 (8.1766), recently introduced by Sen. Jeff’
Bingaman {D-NM} and six of his colleagues, provides
spurring greenhouse ga

il framework for

& us

duction and will contribute to the ongoing
debate in Congress on climate change legistation. The bill reflects a recognition that
carbon capture and storage, C.CS, technology is ¢

ential for the continued viability of

coal-derived electricity in a world of growing carbon constrainis. The bill sponsors offer

arapproach to acceterate the deployment of CCS systems that deserves careful con-

sideration, Under this approach, plant developers would not be required to install CCS
systems at new ¢

al plants; they would instead receive “bonus allowances” as incentives to
adopt CUS. The idea is that the market value of these bonus allowances would offset the
cost differential between plants with CICS and uncontrolled coal plants with the goal of
making CUS-cquipped plants a cost-effective option under the bill's cap-and-trade pro-
gram for coal-burning facilides.

of

Our recent report “Global Warming and the Future of Coal” examines an array
options for achieving the goal of widespread COS deployment at new coal plants. It

analyzes whether COS plants would be economically sustainable under the antcipated
range of GO

allowance prices in the early years of proposed cap-and-trade programs

and concludes thar CCS would ot be a cost-effective compliance option under these
programs. {n contra

st to 8. 1766, our report does not propose offering utlities allowane-
as incentives to adopt COS, We

o an emi

add propose that Congs ion perfor
mance standard for new coal plants based on the effectiveness of available capture and

storage technology, with a phase-in process to allow time for further testing and improve-
ment of the technology. The performance s

andard would be accompanied by financial

ssistance to mitigate the added cast of CCS and protect against electricity price hikes.

and cons of u

Qur report did not examine the pr ing bonus allowances under a cap-

and-trade program as a tool t Incentivize utilities to build new plants with COS s

€1ms.

To supplement our carlier options analysis, this report will examine the COS incentive

provisions i the Low Carbon Bconomy

Act and compare them tohe emission perfor-
mance approach recommended in “Global Warming and the Futwre of Coal.” We show
that the emission performance approach is more cffective and

ess costly than the bonus

allowance program proposed in the Low Carbon Economy Act for the following veasons:

s Traditional emi
higher standa

1 control programs under the Clean Air Act and other laws set
ds of performance for new sourees of pollution than existing sources of

pollution. New sources have generally been required 1o apply the best available emis-
ston control technology and have been subject to technology-be

< erdssion Emits
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that supplement cap-and trade pro-
gramns or other less stringent safeguards
for existing sources, These stringent
controls on new source emissions bave
made emission caps achievable by
preventing emissions growth {from new
sources that would negate reductions
from existing sources. Such new source
emission standards achieved significant
pollution reductions at an affordable
cost, as well as sped the development
and deployment of new technologies.

Application of the most advanced
control technology to0 new power
plants should be an essential element
in an overall greenhouse gas emission
strategy so that emissions growth from
these plants does not jeopardize sector-
wide emission reduction efforts. There
is broad agreement that, while further
testing and development are needed,
CCS js the most promising-—and
probably the only effective--CQ, con-
trol technology for coal power plants.

An emission performance standard
would ensure that all new coal plants
capture and sequester their emissions
rather than relying on bonus allowanc-
es that may or may not be sufficient to
motivate plant developers to deploy

CCS systems and could either provide

inadequate incentives or unjustified

windfalls to utilities.

Bonus allowances must overcome
non-price barriers to building plants
with CCS, iscluding the reluctance of

conservative utility executives 1o invest

in new and uncertain technologies
and the belief that second generation
plants are more economical and reli-
able than first generation plants. As a
result, the subsidies provided under a
bonus allowance program would likely
be considerably larger than necessary

300

to close the cost gap between plants
with and without CCS system.

One consequence of this is that the bo-
nus allowance set aside could become
50 Jarge that it reduces the size of the
auction pool and/or shrinks aliowance
allocations to other regulated entities.
Qur calculations show that the bonus
allowances awarded to utilities under
5. 1766 could substantially excced the
8 percent set aside, requiring a large
transfer of allowances from the auction
pool to utilitics and reducing the rev-
enues derived from the anction process,

The most likely scenario is that utilities
will not sell bonus allowances in the
open market but would use them to
ofl
even from new plants without CCS sys-
tems. This would delay reductions from

:t emisstons [rom existing plants or

the wtility sector, put upward pressure
on allowance prices and increase emis-
sion reduction obligations and costs for
other categories of allowance holders.

These distortions of the eap-and-trade
system would be avoided if’ an emis-
sion performance standard-—and not
a bonus allowance program—were the
primary tool 1o achieve widespread
deployment of CCS systems at new
coal plants. While financial assistance
would be available to plant develop-
ers, it purpose would be to protect
consumers from unduc energy price
increases and not 46 create incentives
for CCS deployment. As a result, such
assistance could be precisely calibrated
to reflect the carbon price differential
between controlled and uncontrolied
plants and could be adjusted over time
as actual cost data becomes available.
This would benefit energy users with-
out providing a windfall to utilitics.

AUGUST 2007
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Accelerating the Deployment of Carbon
Capture and Sequestration Systems

What Does the Low Carbon Economy Act Propose?

The Low Carbon Economy Act would create a United States greenhouse gas cap-and-
trade program that would reduce emissions to 2006 levels by 2020 and 1990 levels

by 2030. Covered entities——mainly large coal-consuming facilities {primarily utilities),
petroleum refineries, natural gas processing facilities, and fossil fucl importers—would
need to submit allowances corresponding to the amount of GO, they emit or make pay-
ments into a special fund at a fixed price for each ton of GO, emitted. This “technology
accelerator payment,” or TAP, would start at $12 per metric ton of GO, equivalent in
2012 and increase by 5 percent per year above the rate of inflation. The TAP, which
some have described as a safety valve, would provide regulated sources a cheaper alter-
native to purchasing allowances if the market price exceeds the TAP amount.

Emission allowances would be in part distributed by the government to the private sector
for free, and in part sold at auction. The amount of auctioned allowances would become
progressively larger over time and the amount of free allowances would diminish, Auction
revenues would be used to fund new technologics, climate change adaptation, and assis-
tance to low-income consumers unduly burdened by initial increases in energy prices.

Section 201(a}( 1} of the Low Carhon Economy Act would require the government to
set aside 8 percent of the total allowances it issues for 2 CCS bonus allowance program
cach year between 2012 and 2039. Under Section 207, facilities capturing and seques-
tering CO, would receive “bonus allowances™ for each ton sequestered based on a set
rate starting at 3.5 in 2012 and dropping to 1.9 in 2025 and ultimately to 0.3 in 2039.
These allowances would be available for the first 10 years of the facility’s operation.!

An Emission Performance Standard Will Better Ensure that
New Coal Plants Employ CCS Systems at Lower Costs

In “Global War¥ning and the Futwre of Coal,” we propose an emission performance
standard which would require that new coal-fired plants deploy the best available CO,
emission control technology——CCS-—under a flexible implementation timeline. There
is strong precedent for this approach under existing pollution control regimes, and it
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would offer several important benefits
that the bonus allowance program in
$. 1766 would lack.

Traditional emission control pro-
grams under the Clean Air Act and
other laws set higher standards of
performance for new than for exist-
ing sources of pollution. Congress has
generally required new sources of pollu-
tlon, such as new coal plants, to apply the
best available emission control technol-
ogy, taking into account cost-effective-
ness and technical feasibility. Subjecting
new sources to a higher level of control
has served a number of policy objectives.
First, where the goal of regulation is lower
overall emissions, allowing new sources to
operate without the most advanced tech-
nology adds unnecessarily to the emission
inventory and makes emission reduction
targets more difficult to achieve. Second,
it is less expensive to install state-of-the-art
control technology when new facilities are
being constructed than to retrofit them af-
ter they commence operation. And third,
an aggressive technology-forcing standard
for new sources stimulates innovation and
cost-reduction, accelerating the transi-
tion of new pollution control technologies
from research and development to full
commercial deployment.

The two-track approach for controlling
new and existing sources is well-estab-
fished for conventional air poltutants
emitted by power plants. The Environ-
mental Protection Agency has adopted
cap-and-trade programs for utility emis-
sions of sulfur dioxides, nitrogen oxides
and, more recently, mercury. However,
these programs are backstapped by the
Act’s rigorous new source review provi-
sions, which require all new facilities
cmitting these pollutants to meet tech-
nology-based standards reflecting the
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most advanced emission controls avail-
able. Based on these requirements, nearly
all new power plants have installed SO,
scrubber systems, selective catalytic
reduction units for NO_and carbon
injection systems for mercury. These
stringent controls on new source emis-
sions have made emission caps achiev-
ahle by preventing emissions growth from
new sources that would negate reductions

from

?, sting sources.

The challenge of lowering overall
emissions of greenhouse gases will
be immeasurably more difficult if,
in response to electricity demand
growth, a new generation of coal-
fired power plants is built which
does not control CO, emissions. As
“Global Warming and the Future of Coal”
shows, the construction of 145 gigawatts,
GW, of new coal generation capacity
hetween now and 2030 could add 790
million metric tons of CO, to current
U.S. CO-cquivalent emissions of 7.15
million metric tons.? This would mean an
11 percent increase in emissions as con-
pared to the reductions of 20, 50 and even
80 percent targeted between now and
2050 under the major legislative propos-
als. The emission stream from these new
plants would remain constant over their
entire operating life of 60 years to 70
years, requiring progressively deeper re-
ductions from elsewhere in the economy
to achieve a declining emission cap,

Application of the most advanced
control technology to new power
plants should be an essential ele-
ment in an overall greenhouse gas
emission strategy so that emissions
growth from these plants does not
jeopardize sector-wide emission
reduction efforts, There is broad
agreement that, while further testing and

AUGUST 2007
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development are needed, CCS is the most
promising—and probably the only et~
fective——CO, control technology for coal
power plants since it is capable of 85 per-
cent to 100 percent emissions capture and
storage. Without a higher standard of
control for new than existing coal plants,
however, widespread CCS deployment
would be unlikely The estimated cost of
CCS is in the range of $24 to 830 per ton
for Integrated Gasification Combined
Cycle plants, and in the range of $40 to
$51 per ton for Supercritical Pulverized
Coal Plants.* This is well above the 2012
TAP of $12 per ton under the Low Car-
bon Economy Act and likely above the
escalating TAP levels in subsequent years
with the 5 percent annual increase. It is
also above the projected carbon price that,
according to the Environmental Protee-

tion Agency, would likely prevail until
2030 under the McCain-Lieberman cap-
and-trade bill.* As a result, CCS systemns
would not be cost-competitive with con-
ventional coal generation technology for
at least two decades and perhaps longer.

This “cost gap” could be bridged by spe-
cial CO, performance standards for new
coal plants akin to new source review
requirements for conventional pollutants.
Our report proposes “emission perfor-
mance standards,” which would require
new plants to capture GO, emissions at
the level achievahle by the hest perform-
ing CCS technology and then to store
the captured CO,. By contrast, the Low
Carbon Economy Act takes the tack of
seiting aside bonus allowances 1o incen-
nvize developers to build th
while allowing continued construction of

plants

conventional uncontrolled coal plants.

An emission performance standard
coupled with financial assistance to
protect consumers from electricity
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price hikes is a more certain and
cost-effective tool to ensure that
new coal plants will employ CCS
systems than a bonus allowance
program. An emission performance
standard would send a clear signal to
plant developers that CCS systems are

a required feature of all new coal plants.
‘This would also spur innovation and cost-
reduction by technology vendors and
utilities who would now have a powerful
motivation to seek low cost and reliable
CCS solutions. Under an incentive-based
approach, by contrast, plant developers
would have a range of’ choices and would
be able to weigh several factors when
deciding whether CCS-cquipped plants
represent the most economic option for
new coal generation. Many of these fac-
tors are impossible to predict and control
in advance, and therefore a system of
bonus allowances could in practice create
cither insufhicient or excessive incentives
for investing in plants with CCS systems.

For example, if the market price of CO,
is lower than anticipated, bonus allowanc-
es would offset a smaller share of the cost
premium for a CCS-equipped plant and
utilities would need to spend less to pur-
chase allowances to cover the emissions
of uncontrolied plants. "This could tip the
balance in favor of conventional coal gen-
eration technology. The same outcome
would oceur if conventional coal plants
are less costly or more efficient than antic-
ipated or, conversely, if’ plants with CCS
arc more costly to build or operate.

Bonus allowances must overcome non-
price barriers to building plants with CCS,
including the reluctance of conservative
utility executives to invest in new and
uncertain technologies, the lower op-
erational and financial risks of building
conventional coal plants and the belief

AUGUST 2007
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that second generation plants are more
econamical and reliable than first genera-
tion plants. If bonus allowances are insuf-
ficient to overcome these perceived risks,
developers might opt for conventional
plants even though their nominal costs
are no lower than those of plants with
CCS systems. The subsidies provided
under a bonus allowance program wonld
therefore likcly need to be considerably
larger than necessary to simply close the
cost gap between plants with and without
CCS system, And even with a substantial
premium, there is no guarantee that plant
developers would choose the CCS path.

The unpredictability of a bonus allowance
program could also result in incentives
that are more costly than necessary to spur
investments in CCS, even considering

the need to overcome non-price barriers
such as technology risks. For example, if
the market price of CO, is higher than
expected, the value of bonus allowances
could be greater than anticipated, result-
ing in a windfall to the plant developer
over and above the incremental costs of
building a CCS plant, even with a risk pre-
mium.® Similarly, the high price of allow-
ances coupled with the lower cost of coal
compared to alternative fuels could spur
construction of more CCS plants than an-
ticipated, with the demand for allowances
outstripping the allowance set aside.

Unintended and Adverse
Consequences of the Low
Carbon Economy Act

In addition to the inherent uncertainty

in using honus allowances to incentivize
widespread CCS deployment, the bonus
allowance provisions proposed in the
Low Carbon Economy Act are likely to
have a series of unintended consequences
that eould adversely allect the operation
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of the cap and trade system and make it
more difficalt and costy to achieve the
bill’s emission reduction targets. These
consequences would not occur under an
emission performance approach.

The number of bonus allowances
awarded to utilities may substan-
tially exceed the allowance set aside
in the bill, which would require a
large transfer of allowances from
the auction pool to utilities and un-
dermine the benefits of the auction
process. Although the precise operation
of the bonus allowance program in the
bill is difficult to forecast, a caleulation
using realistic “worst casc” assumptions
illustrates the potential {or “overcompen-
sating” utilities who invest in GCS and
diverting an excessive number of allow-
ances from the auction pool.

According ta the hill’s spansors, “the
bonus allowance set aside can support
the development of up to 150 GWs

of advanced coal with carbon capture
and storage by 2030.” The bill’s spon-
sors are presumably assumning that these
GWs represent new generation plants
rather than retrofits of existing plants.®
A one GW Supercritical Pulverized Coal
plant using the latest technology pro-
duces around 5.4 million metric tons of
€O, annually. Thus, 150 GWs of new
generation without CCS would pro-
duce 810 million metric tons per year or
8.1 hillion tans over a 10 year period.

The following table calculates the number
of bonus allowances that new plant de-
velopers would be awarded i 25 percent
of the expected 150 GWs of new plants
with CCS begin operating--for example,
capturing and sequestering 90 percent

of their CO, emissions~—in each of the

years 2015, QOQO, 2025, and 2030:"

AUGUST 2007
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For cach of these representative years,
total bonus allowances awarded would

be

reater than the 8 percent set aside

of 310 million metric tons in 2017 —and
double the size of the set aside in 2020

and 20

U Under Section 207() (5), the

shortfall would be made up by taking
allowances out of the auction pool and
transferring them to the bonus allowance
program. Because the overall allowance
pool would become smaller as the cap
astde would

dechines, the expanded se

represent a rising percentage of total al-
lowances available, as shown in Table

The value of bonus allowances could
exceed the incremental costs of
building new plants with CCS aad
provide windfall revenues to unlbi-

ties, What would allowances be worth w0

utilities and would they confer economic
bene

s beyond those required to subsi-
of CIC8? The back-
ground documents for 8. 1766 indicate

that, assuming a carbon price of $10 per
tonn 2017, 3
be worth $!

dize the added cos

3 honus allowances would
* However, another sce-
nario consistent with the views of some

analysts is that the acwal carbon pri

17.08%

2020 6.188 1057
32095 : 5732 W3R 18.00%.
2030 4.819 655.7 13.60%

The diversion of aliowances from the ave-
tion pool to the CC

set aside program

would necessarily reduce the revenues o
the government derived From the allow-
ance auction and thus the funding avail-
able for supporting new technologies, oli-

mate change adaptation, and assistance to
low-income consumers unduly burdened

by initial increases in energy prices.

under the bill will equal the TAR which
is set ot §12 per ton in 2012 and rises by
3 percent above the rate of nflsion an-
pually Assuming a modest inflation rate

of 2 percent per yea
by 7 percent per year. By 2017, the TAP
could therefore rise by between 33 and

40 percent, or up 0 $16 10 317 per ton

, the TAF would rise

The value per ton of 3.5 allowances would

3



www.americtanprogressaction.arg

then be §56 w0 $60 per ton in 201 7—well
above the projected §3

35 per ton price
necessary to make COS competitive, '

The incentives for CCS argunably do not
need to cover the full cost of a new plant
with COS to be effective; they need only
to cover the differential between the
market price of CO, allowances and the
cost per ton of capturing and sequester-
ing emissions because uncontrolled coal
plants would need to purchase allowanc-
es at that price to cover their emissions.
Because the market price of an allowance
in this example will rise to 817 per ton in
2017, the cont differential between CCS
and uncontrolled plants would be $18 per
ton {a;

suming a cost per ton for CCS of
$35). A single bonus allowance worth
$17 per ton would be sufficient to close
this gap. The additional 2.5 allowances
would be a windfall, although perhaps
necessary at least in part to overcome the
“technelo

risk” premium for CCS.

Following this formula, the total dollar
value of the GOS incentive allowances
per year would be as shown in Table 3%
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to caleulate their total dollar value to a

developer planning a 1 GW facility with
G
and 2030, this amount is

. For various years between 20
shown in

Table 4 (on page 9%,

For a COS plant beginning operation
in 2015, around $2.5 billion would be

generated from bonus allowances over
10 years, This would represent over
80 percent of the tot
the tacility
generation plant with CCS would cost
$3 bitlion in 2015,

cost of building

—assuming thata 1 GW new

Utilities Would Likely Use Bonus Al-
lowances to Avoid Reducing Emis-
sions from Existing and New Flants.
What would utlities do with the bonus
allowances they receive? One possibility
is to sell these allowances at the market
price, using the proceeds to cover the
incremental cost of building and operat-
ing a new plant with CCS. However, a
wtility’s first priority is kikely to be ensur-
ing that 1t has enou

b allowances 1o offket
erissions from existing plants or from

oS

new plants constructed without CC

AUGUBET 2007

2020 1,087

$19.27 $20.37
L 1a384 S0 $2807.
2030 8557 $37.9% $24.90

In short, bonus allowances would be

k)

{} billion for the
20 and 2030

worth in the range of

1+ year period between 2(

Another way of looking at the economic

significance of the bonus allowances is

systems. Where a utility needs allowances
to offset emissions from existing plants

or from new plants without CCS, there
would be no reason to sell bonus allow-
ances that could be used for that purpose
stnee they would then have to be replaced
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2007

2020 4,850 29 141 §1027 s
2025 GEED T g 97 S $a868
2030 4,860 09 a4 $37.91 $166.80

on a one-to -one- basis with allowances

purchased on the open market. Thus,
uniess the vatue of the bonus allowance

exceeded the cost to the utility of actually
reducing emissions at is existing plants,”®
the utility will Bkely keep bonus allowane-
es for internal use and only sell the bonus
allowanc

after all its internal needs have

heen satisfied. "This could have a signifi-

cant effect on the availability of allow-

ances to other sectors of the economy.
examnple, with a borus allowance rate of
3.5, a uiility could offset 20 percent of
the emissions at 15.73 GW of coal plants
in return for building a 1 GW plant with
GOS8 This would allow existing plants
o continue operating at current levels
without

ucing or otherwise offsetting
their ermissions even though the cap un-
der the bill would decline by 28 percent
between 2012 and 2030, The burden of
ons to meet the cap would

reducing emi

therefore fall disproportionately on other

regulated entities.

The reallocation of allowances
from the auction pool to the CCS
set- aside program could adversely
disrupt eperation of the cap-and-
trade program and increase costs
for other categories of allowance
holders. Whenever allowanc

S Are re~
moved from the general allowance pool
and set aside 1o support a particular in-
dustry sector or technology, it can distort
the forces of supply and demand under a
market trading system. ™

Inth
allowance pool-18 percent in the peak

nstance, a large porton of the

year—would be transterved to the electric
utility sector, substantally increasing the
number of allowances guaranteed to this
sector outside the auction process.” Al

1t fie

though these aliowan

coule pre
e emissions from up to 150 GW of new

coal plants, they would not in themselves

reduce existing emissions unless utilites also
isting plants.™ Thus

lated entities would need the s

replace exis other regu-

of allowances 1o cover their emissions but
would have access to fewer allowances
from either the free industry allocation
ould

wre on allowance prices,

s. The result

or the auction proe

be upward pr

since fewer allowances ave available, and
larger costs to non-utility allowance hold-
ers who would need to purchase allow-

from utilities or make iy

roents

reduee their emy

SIONS.

a consequence, there will be an in-

creasing hikelihood thar the actal cost

of allowances will exceed the TAP lmis,
with TAP payments substituting for actual
emission reductions. This probler would

only become more acute as the cap de-
clines from 2006 levels in 2020 10 189G
tevels in 2030, With utlivies cushioned
§
allowances and other sectors required to

o

m reducing thelr emissions by bonus

make corvespondingly deeper reductions,
the difficulty of achi

srall

ving the ov
cmission caps would greatdy increase.

ame number
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Many utilities would receive di-
rect financial assistance in addi-
tion to bonus allowances, increas-
ing the windfall they receive over
and above the incremental costs of
constructing and operating plants
with CCS systems. The Low Carbon
Economy Act would provide financial in-
centives for constructing new coal plants
with CCS systems in additional to bonus
allowances. Part of the proceeds from
allowance auctions would be dedicated
to up to $25 billion per year in technol-

ogy development and adaptation assis
tance. Of the amounts deposited in the
new Energy Technology Deployment
Fund, 45 percent would be used for a
zero- or fow-carbon energies technology
program for which coal plants with CCS
would be eligible. Another 28 percent
would be used to carry out an advanced

308

coal and sequestration technologies pro-
gram that would he limited to coal plant
demonstration projects employing CCS
systems, Under the latter program, an
eligible plant could receive either a Joan
guarantee, a grant for up to 50 percent
of project costs, or production payments
of no more than 1.5 cents per kilowatt
hour of electricity output for a 10- year
period. Up to 20 GW of new coal capac-
ity would be eligible for this assistance.

Since the Low Carbon Economy Act’s
CCS bonus allowance program would be
more than sufficient to eliminate the cost
differential hetween new coal plants with
CCS and those without it, an additional
program of financial assistance for plants
with CCS would be redundant and sim-
ply confer additional financial benefits on
plant owners.

AUGUST 2007
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Conclusion

Why an Emission Performance Standard Is the Best Approach

“Global Warming and the Future of Coal” argues that, without emission contrals, the
added GO, emitted from new coal plants will make it much more difficult to achieve
substantial net greenhouse gas emission reductions in the United States, particularly

the amount that

with a long-term emission reduction target of 80 percent by 2050-
many scientists consider necessary to stabilize greenhouse gas levels in the atmosphere.
Like the authors of the Low Carbon Economy Act and many others, we propose the
widespread deployment of CCS systems at new coal plants to prevent the bulk of these
plants’ emissions from being released into the atmosphere.

The report also concludes that, at least in their initial stages, cap-and-trade programs
are not likely to create a carbon price high enough to eliminate the cost differential
between new coal plants with CCS and those without it. As a result, new coal plant
ions. We, therefore, recom-

developers are unlikely to capture and sequester their em
mend adopting an emission performance standard for all new coal plants pegged to the
capture efficiency of available technology. This new standard would be phased in over
an eight- year period from the date of plant construction.® Recognizing the added cost
of building new plants with CCS systems, we further propose a package of financial
assistance for these plants that would prevent significant electricity price increases. The
logical source of revenues for this program would be the proceeds of allowance auc-
tions; in the absence of an anction, other sources might be tapped, including a national

“wires” charge™ on retail electricity sales.

Under our proposal, existing power plants would be subject to a cap-and-trade pro-
gram, with declining caps over time, as in the Low Carbon Economy Act and other
propaosed climate change bills. The exclusion of new plants from the cap-and-trade
program, coupled with a high standard of performance for these plants, would reduce
from new sources would offset reductions from exisiing

the risk thax emission increasss
sources and slow progress toward achievement of the overall cap.

This approach is simpler, cheaper, and more eflective than the bonus allowance pro-
gram in the Low Carbon Economy Act becaus

® An emission performance standard would assure that all new coal plants capture and
sequester their emissions rather than relying on honus allowances that may or may
not he sufficient to motivate plant developers to deploy CCS systems and could either

AUGUST 2007
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provide inadequate incentives or unjus-
tified windfalls to utilities. By adopting
a clear mandate 10 install CCS systems
at new coal plants after an appropri-
ate phase-in period, Congress would
send a strong signal that CCS is the
preferred technology path. This would
accelerate improvements in the tech-
nology and reductions in cost.

Since bonus allowances would not be
awarded to utilities under the emission
performance approach, there would
be no possibility that wtilities employ-
ing CCS would earn excess allowances
that reduce the size of the auction
pool and/or shrink allowance alloca-
tions to other covered entities without
carresponding emission reductions.
This would assure that the revenues
from auctions are sufficient for their
intended purpases of technology de-
velopiment, adaptation assistance, and
protection for low income peaple from
higher energy prices. In addition, the
allowances available to other regulated
entities would not be reduced, thus
avoiding upward pressure on allow-
ance prices.

Under the emissions performance ap-
proach, utilities that build new plants
with CCS would not be able to avoid
or defer emission reductions at existing
plants by using surplus allowances to
cover their emissions. Since new plants
would be subject to a separate emis-
sions perfiarmance standard, the emis-
sion caps would apply only to exdsting
plants, with appropriate reduction tar-
gets to incentivize plant owners to retire
these plants, increase efficiency, or offset
emissions, This would assure that utili-

310

Ges are diligent in pursuing reductions
from the existing power plant fleet.

Financial assistance would be provided
to developers of new plants with CCS
undler both the Low Carbon Economy
Act and our proposal. However, the

purpose of this assistance under the
emissions performance approach
would not be to incentivize the con-
struction of these plants, but rather

w0 prevent consumers from experi-
encing undue energy price increases
because of the greater cost of produc-
ing electricity at CCS-equipped plants
as compared to uncontrolled facilities.
Since this assistance would not seek to
reward developers of CCS plants and
would not take the form of allowances
of inherently uncertain value, it would
not need to include a premium to
overcome non-price barriers to CCS,
including technology risks. Instead,
the level of support could be precisely
calibrated to reflect the carhon price
diflerential between controlled and
uncontrolled plants and could be ad-
Jjusted over time as actual cost data be-
comes available. We propose allowing
new CCS plants to recover 20 percent
of total construction costs, with the
level of recovery declining by 2 per-
cent per year as the cost-effectiveness
of the technology increases.” This

is substantially less than the effective
value of bonus allowances that would
be awarded under 8. 1766. We wel-
come further analysis comparing this
approach to others,” with the premise
that the goal of cost recovery is not o
reward utilitics for building plants with
CCS systems but to minimize adverse
eCcONOMIc Impacts on consumers.

AUGUST 2007
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Endnotes

1 Under Section 302, the facility would also receive “sequestration credits” equal to the tota! tons sequestered on a one-ta-
one basis; the altocation rate far these aflowances would not change over time and they would be available for an untimited
duration. Although the materials accompanying the bifl suggest that these sequestration credits would increase the total
number of alowances provided to plant developers, Committee staff and its consultants informed us that these credits
waould simply be used to offset the facility's pre-capture emissions and would have na independent market value.

2 5. 1766 does not requiate all U.S. GHG emissions, 5o 1ts cap is somewhat smialter than total emissions-—for example, 6,653
milfion metric tons of CO, equivalent in 2012.

3 Ken Berfin and Robert M. Sussman, *Global Warming and the Future of Coal,” (Washington: Center for American Progress,
20073 at 17-18. S. 1766 assumes a somewhat higher cost per ton of $35 for new plants with CCS (perhaps because it did
not differentiate between 1GCC and SCPC units},

4 EPA Analysis of The Climate Stewardship and trnovation Act of 2007, at 3 {“in this analysis, while CCS is available starting
1n 2015, carbon aflowance prices rise to a high enough level to make CCS cost-competitive in [about] 2030 and it is rapidly
deployed thereafier”).

5 Under Section 202(c), emission rate criteria would be set for new coal plants that commence operation after December. 31,
2006, "based on the lowest economically achievable carbon dioxide per kilowatt hour emission rate for a facility of that
type." We assume that these criteria would reflect the operation of conventional coat generation technology without CCS.

6 This would not occur under S. 1766 because the TAP would set an upper limit on the price of aliowances but could occur
under other bills that fack a similar “safery valve.”

7 Fact sheet entitled “Bonus Allowances for Carbon Capture and Storage.”

& The Department of Energy projects that around 150 GW of new coal capacity wilt be biuilt in the United States by 2030. CCS
retrofits of existing plants are definitely desirable but are believed to pase cost and technical challenges

9 Only tons actually captured and sequestered would give rise to allowances. it is hoped that capture cffectiveness will eventu-
ally exceed 90 percent, but we have assumed 90 percent as a conservative number.

10 The tons sequestered column was calculated by assuming that 90 percent of the 810 million metric tons of CO, produced
by 150 GW of plants are captured and that, for example, in 2015, 25 percent of those plants are in operation. Thus
B1Cx.90x.25 = 182,

11 Assuming a cap of approximately 6.4 metric tons in 2017, 8 percent would equal 510 million tons,

12 New coat plants wouid also get allowances under Section 202 as part of the altocation set aside for "new entrants.” This
allocation is 8 percent of the total aliowance given to each industry sector. Initiafly, 54 percent of total industry aliowances
{1.9 biffion tons} are allocated fo the electric power generating seclor. We estimate that the new entrant set aside for the
utility sector would total 152 miltion alfowances in 2012, declining to fower amounts as the jndustry allocation dectines and
the aiowance pool increases in later years. A portion of these allowances would presumably go to new coal plants with

(&3

13 Fact sheet entitied “Bonus Alfowances for Carbon Capture and Storage.”

14 To determine the technology accelerator payment after 2012, we assumed a modest 2 percent inflation rate and compound-
ed the resulting 7 percent increase per year, assuming two years of campounding prior to 2015 and five years of compound-
ing for each subsequent year,

15 This is true even after adjusting for inflation. With a 2 percent annuat inflation rate over five years from 2012-2017, the per
ton cost of CCS wauld increase from the high-end projection of $35 10 $38.64 in 2017,

16 Again, we assume that 25 percent of the exprected 150 GWs of new planits with CCS begin operating 1n each of the years
2015, 2020, 2023, and 2030, and that 80 percent of their CO, emissions are captured and sequestered

17 The total number of allowances was calculated by muttiplying the number of metric tons captured (fisst column of the table?
by the bonus aflowance muttiplier {second column).
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18 This is unlikely for two reasons. First, there are no current technologies that enable substantial reductions without retrofit-
ting coat plants to capture and sequester their emissions, and the cost of CCS retrofits would likely be greater than the value
of the banus allowances (see footnote 3 and accompanying text). Second, since there are currently no effective emission
reduction technolagies available for existing coat plants, the prly way to reduce emissions is plant dosure. Closure, however,
is not as cost effective an option as obtaining allowances at many plants as shown by the expectation that, at least for many
years, most coat plant operators will purchase sich allowances, rather than dose their plants, and then increase the cost of
electricity to finance alfowance purchases.

%

The allowances for one new CCS plant, assuming 50 percent capture and sequestration, equat 90 percent of the plants
potential emissions. These alfowances could offset 20 percent of the emissions frem 4.5 plants (30 percent divided by 20
percent). The 15.75 total is reached by multiplying 4.5 by the number of bonus alfowances, which is 3.5 in this example.

~
=}

in addition to the set-aside for CCS plants, S. 1766 contains set-asides for the coal mining industry and far enerygy-intensive
manufacturing sectors.

Coal-fired utilities would be allocated 29 percent of total atiowances in 2012 (54 percent of the total industry atiocation of
53 percent) but the utility allocation would decline to 18 percent in 2025 (54 percent of the total industry allocation of 35

percent). Thus, the CCS bonus allowances awarded to utilities in that year would basically double the sector’s share of total
aliowances.

o

*
I

It is fikely that mast if not afl of the new planis would be used to meet projected increases in demand for electricity, which
according to EIA will be approximately 40 percent by 2030, EIA estimates that only 3.6 GW of coal power plants wili be
decommissioned by 2035. See " Globat Warming and the Future of Coal”, at 6-7.

~
@

For example, it would require that all new coa} plants built afrer 2008 be able 1o capture their emissions by 2013 and 10
sequester them fully by 2016,

Assuming that 80 GW of new coat capacity wovld be eligible for cost-recovery, our report calculates the cost of this pro-
gramm at $36 bilion over 10 years. See "Global Warming and the Future of Coal” at 45

=

~
v

Additional subsidies might be necessary o cover operating costs if these costs sufficiently exceed the cost of power from a
plant that does not capture and sequester but which must buy allowances. This subsidy might take the form of a $/&W hour
production tax credit that is adjusted over time
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