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COAL: A CLEAN FUTURE

THURSDAY, APRIL 26, 2007

U.S. SENATE,
SUBCOMMITTEE ON ENERGY,
NATURAL RESOURCES, AND INFRASTRUCTURE,
COMMITTEE ON FINANCE,
Washington, DC.

The hearing was convened, pursuant to notice, at 1:09 p.m., in
room SD-215, Dirksen Senate Office Building, Hon. Jeff Bingaman
(chairman of the subcommittee) presiding.

Present: Senators Kerry, Salazar, Hatch, Thomas, and Bunning.

OPENING STATEMENT OF HON. JEFF BINGAMAN, A U.S. SEN-
ATOR FROM NEW MEXICO, CHAIRMAN, SUBCOMMITTEE ON
ENERGY, NATURAL RESOURCES, AND INFRASTRUCTURE,
COMMITTEE ON FINANCE

Senator BINGAMAN. All right. Thank you all for coming. Why
don’t we go ahead with the hearing? I am sorry we are starting a
little late. We were completing a vote over on the Senate floor.

This is a hearing of this new Finance Committee Subcommittee
on Energy, Natural Resources, and Infrastructure, and we are very
much looking forward to testimony on advanced coal technologies.

As we discuss energy policy and how to best use coal—a natural
resource we obviously have in abundance—to enhance our energy
security, it is important that we learn more about the feasibility of
various advanced clean coal technologies that allow for carbon cap-
ture and storage and sequestration.

In our current tax code we have several tax incentives for these
technologies. There is an investment tax credit for investments in
advanced coal technologies; there is an accelerated depreciation to
address capital costs involved with these technologies.

We hope that we will hear in today’s testimony about the impact
of those and what else is needed. In particular, I think we asked
for testimony about clean coal and gasification projects, including
the newly-announced Wyoming Coal Gasification Project. It is of
particular interest, of course, to Senator Thomas. It is a private/
public partnership formed to develop an Integrated Gasification
Combined Cycle, or IGCC, power plant, as I understand it.

Also, we need to know more about the coal-to-liquids prospects,
also about refined coal production tax credits, and also the cost of
establishing new facilities, as well as retrofitting existing coal-fired
electric utilities.

We've got a great group of witnesses here to talk to us about
these important issues, and obviously figuring out how to effec-
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tively capture and sequester carbon is going to be essential as we
deal with greenhouse gas emissions and meeting our energy needs
in the future. So, thank you all for being here.

Senator Thomas, go right ahead.

STATEMENT OF HON. CRAIG THOMAS,
A U.S. SENATOR FROM WYOMING

Senator THOMAS. Thank you, Mr. Chairman. Thank you for hold-
ing this hearing. I think it is very important.

I welcome all the witnesses here. I look forward to your com-
ments. I especially want to welcome Steve Waddington, the execu-
tive director of the Wyoming Infrastructure Authority, and we are
delighted to have you here.

We are all in an environment where we are concerned about the
prospects of global climate change, as we should be, and focused on
the finite fossil fuels resources, and many are focused on alter-
native sources. I understand that, and I am looking forward to al-
ternative sources as well.

But I understand that some of those are a ways off, and what
we need to do is work on those things that are going to be available
to us immediately, and are available, that we know how to do, and
to be able to provide the incentives to move forward to making
those things available for all of us.

The renewed technologies are not ready for mass development
but, by contrast, coal already provides more than 50 percent of our
country’s electricity. So I think, frankly, coal gets kind of a bad rap.
We see those full-paged ads with the dirty faces. I have never seen
quite so many ads in my life.

In any event, that kind of reinforces the myth that coal nec-
essarily belches out in harmful amounts. These days we can burn
coal cleanly to produce electricity, and we can gasify it, liquify it
into diesel, and we can even turn it into plastic or ethanol.

So in any event, I am concerned about carbon emissions, of
course, and actually there are other things that are involved in
that as well. As humans, we breathe and we emit carbon dioxide
ourselves, so I hope we do not have to wear a mask here pretty
soon.

In any event, there are a lot of economic benefits to coal, and we
are going to hear today about how we might best use it in an envi-
ronmentally sound way, and I thank you so much for being here.

Thank you, Mr. Chairman.

[The prepared statement of Senator Thomas appears in the ap-
pendix.]

Senator BINGAMAN. Thank you very much.

We will go from our left to our right across the table here. Our
first witness is Mr. Steve Waddington, who is the executive director
of the Wyoming Infrastructure Authority out of Cheyenne. Thank
you for being here.

Why don’t you go ahead? If each of you could give us 5 to 6 min-
utes and describe the main points you think we need to be aware
of, we will include your full statement in our hearing record, but
that will give us a chance to ask a few questions.
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So, Mr. Waddington, why don’t you go ahead? Then we will hear
from all five of the witnesses before we ask questions. But go right
ahead.

STATEMENT OF STEVE WADDINGTON, EXECUTIVE DIRECTOR,
WYOMING INFRASTRUCTURE AUTHORITY, CHEYENNE, WY

Mr. WADDINGTON. Thank you, Mr. Chairman, for inviting me to
appear before you today.

The Wyoming Infrastructure Authority is an instrumentality of
the State of Wyoming. Our mission is to diversify and expand the
State’s economy through improvements in the electric transmission
grid and by stimulating advanced coal technology development for
electricity production.

My testimony today on “Coal: A Clean Future” is based upon two
equally important premises. The first premise is that the United
States and other governments will take action to restrict the emis-
sion of CO, and other greenhouse gases.

The second premise is that coal must, and will, continue to play
an indispensable role as a source of energy for the United States,
and the world, in our carbon-constrained future.

Government has a crucially important and large role to play to
support commercial-scale emergence of advanced coal technologies,
including gasification, other technologies that can convert coal to
energy while capturing CO,, and large-scale, permanent sequestra-
tion.

Last week, the Wyoming Authority announced a partnership
with a major electric utility, PacifiCorp, to develop an Integrated
Gasification Combined Cycle commercial demonstration plant.

This will be the first of its kind, an IGCC plant designed and
built to use lower-rank western coals at altitude, to include the
capture and sequestration of CO,, and to operate on a long-term
commercial basis.

The Wyoming Authority and PacifiCorp are seeking significant
Federal financial support, including appropriations for a provision
of the 2005 Energy Policy Act, section 413, that authorizes Federal
funding for a western goal gasification commercial demonstration.
Investment tax credits and other Federal support will also be
sought for the Wyoming IGCC plan.

Adequate Federal support for the Wyoming demonstration is but
a small step in what is needed nationally. While IGCC is, today,
a leading candidate for electricity production with CO, capture, it
is critically important to demonstrate this and alternative coal com-
bustion and conversion technologies that also can include capture
capability. Federal R&D support in this area should be signifi-
cantly increased.

The sequestration of CO, will be a key enabling technology that
can reduce emissions significantly and allow coal to continue to
contribute to the world’s energy needs. Yet, today large-scale geo-
logical sequestration is, for the most part, a theory, not a commer-
cial practice.

What is needed is large-scale demonstration of sequestration in
multiple geological environments. Here again, continued and in-
creased Federal R&D support is vitally important. There may also
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be an appropriate Federal role in indemnifying companies for long-
term sequestration liability risk.

Congress should also consider tax incentives to encourage the
private sector to deploy sequestration. For example, a volumetric
tax credit for CO, that is permanently stored in a geologic forma-
tion or used for enhanced oil recovery could be a significant mar-
ket-moving incentive.

Adequate transmission infrastructure will also be vital for a
clean future using coal. This is especially true in the west, where
coal plants can be located at or near mine mouth, producing elec-
tricity that is shipped by wire to load centers.

The institutional impediments to adequate transmission invest-
ment go beyond the scope of this hearing, but suffice it to say that
many western States recognize this as a profound problem and are
taking proactive measures to address it.

In 2004, Wyoming created the Infrastructure Authority with
tools to catalyze transmission investment, including $1 billion in
bonding capacity. Today, five additional States have joined Wyo-
ming, including most recently, Mr. Chairman, New Mexico, and at
least three additional States are actively considering creating State
transmission financing authorities.

These western States want to invest in transmission to facilitate
energy resource development. Yet, under IRS rules, the bonds for
these State entities are not exempt from Federal tax.

I strongly advocate that this subcommittee consider legislation to
relax the so-called “private use” restriction and allow State trans-
mission financing entities to issue tax-exempt bonds for interstate
infrastructure needs.

This will help to empower States that are trying to make a dif-
ference, provide an incentive for needed transmission investment,
and ultimately lower costs to end consumers.

This concludes my summary statement, Mr. Chairman. I would
be pleased to answer any questions when the time arrives. Thank
you very much.

Senator BINGAMAN. Well, again, thank you for being here. Thank
you for your testimony.

[The prepared statement of Mr. Waddington appears in the ap-
pendix.]

Senator BINGAMAN. Next, is Dr. Nina French. She is the director
of Clean Coal Combustion for ADA-ES in Littleton, CO. Thank you
very much for being here. Please go right ahead.

STATEMENT OF DR. NINA FRENCH, DIRECTOR,
CLEAN COAL COMBUSTION, ADA-ES, LITTLETON, CO

Dr. FRENCH. Chairman Bingaman and members of the sub-
committee, it is my privilege to come here today to talk to you
about clean coal and how Federal support, both in tax incentives
and technology development, are necessary and effective catalysts
to stimulate development.

My name is Dr. Nina French. I am the director of Clean Coal
Technologies at ADA. We specialize in emissions control from coal-
fired power plants, and we have over 30 years of experience in
bringing environmental technologies from concept to commer-
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cialization, so I can speak firsthand about what it takes to develop
new ideas in this industry.

First, everything is big, and the cost of failure is high. I can
speak personally to that. Second, electricity is a commodity. The
market for anything new is driven by cost and regulation. Third,
we have a juggle between regulations and technology, and the tim-
ing. You cannot endorse regulations without technology, but it is
hard to invest in technology without regulations. Fourth, each coal-
fired power plant is different. There is no one-shoe-fits-all solution.

Yet, we have an opportunity. The United States has more coal
than any country in the world. We have invested billions of dollars
in infrastructure and, as a result, we have reliable, inexpensive
electricity.

So our challenge is, how do we develop clean coal that will en-
dure through the next century? We have done a lot already, al-
though it is small compared to what we still have to do.

We started with just boilers and turbines, and then in the 1950s
we developed particulate control emissions. In the 1980s and
1990s, regulations motivated us to develop sulfur dioxide (SO-) con-
trol, and nitrogen oxides (NOx) control.

Now mercury control is available. Twelve States have already
implemented stringent mercury control. Early on, the industry for
mercury control was faced with the same technology regulation
hurdle, but Federal support stepped in and made mercury control
available for a fraction of predicted costs.

Federal support has also incentivized refined coal. In response to
the section 45 tax credit, ADA is developing a pre-combustion
treatment to burn Powder River basin coal. This tax credit works
because it is goal-oriented, not technology-specific.

It also includes a 50-percent market value test that is workable
with legislative clarification. Through this tax incentive, we can
provide clean coal technology for smaller, older power plants that
might not otherwise stay open.

Our next challenge is carbon. The scale is enormous. Industry
agrees on two approaches for reducing carbon. The first is effi-
ciency. If we can increase a coal-fired power plant’s efficiency from
the current 38 percent to 48 percent, we take 25 percent of the car-
bon out, that’s 25 percent less carbon that we have to store and se-
quester.

Technologies are available for both new plants and existing
plants to improve efficiency, but there is no incentive to spend the
extra money. A more efficient plant costs more money, and we need
to incentivize adding that additional cost.

The second, longer-term approach that you will hear about from
the other witnesses is carbon capture and storage. A number of
promising concepts are available, but they are in their infancy, and
to develop them will require a massive R&D investment. History
tells us the timeframe is probably long—10 to 20 years—but the
success is likely.

If we use Federal support to reduce technology risk for coal-fired
power plants, the commercial market can, and will, leverage these
solutions across the entire 320,000-megawatt industry. This is an
incentive, not a subsidy.
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To accomplish this, we need your leadership. Recognizing the
magnitude of the CO, challenge, we need you to consider the fol-
lowing: coordinating incentives such as tax credits and technology
development funding with regulations; second, focusing on environ-
mental goals, not specific technologies; and third, drafting clear,
enforceable tax credits. Use industry experts if you need to, to help
define details such as baselines and improvement metrics, to pur-
posely design what you want.

In closing, I believe that, with a wise and diligent plan, we can
trust coal to be a clean source of electricity, now and in the future.

Thank you for your attention.

Senator BINGAMAN. Thank you very much. We appreciate the ex-
cellent testimony.

[The prepared statement of Dr. French appears in the appendix.]

Senator BINGAMAN. Next, Mr. John Diesch. Is that the correct
pronunciation?

Mr. DiEscH. That is correct.

Senator BINGAMAN. John Diesch, the president of Rentech En-
ergy Midwest Corporation in East Dubuque, IL. Thank you for
being here.

STATEMENT OF JOHN DIESCH, PRESIDENT, RENTECH
ENERGY MIDWEST CORPORATION, EAST DUBUQUE, IL

Mr. DiescH. Thank you, Chairman Bingaman, Senator Thomas.
My name is John Diesch. I am president of Rentech Energy Mid-
west, a subsidiary of Rentech. Rentech is a leading U.S. developer
of FT fuel plants. FT fuels are ultra-clean synthetic diesel and jet
fuels that can be made from coal, petroleum coke, natural gas, and
biomass.

I am here today to request your support to, number one, include
FT specifically in the investment tax credit; number two, increase
the tax credit for carbon capture and sequestration; and three, sup-
port long-term contracting authority for the U.S. military, who
have expressed great interest in FT fuels.

You should have a sample of the Fischer Tropsch fuels. Do we
have that?

Senator BINGAMAN. We do.

Mr. DiescH. All right. If you want to pull the cap off.

Senator BINGAMAN. Shall we dab it behind our ears? [Laughter.]

Mr. DiescH. If it smells like wax, it is because it is a paraffin.
That is what it is: a paraffin, a wax.

What is unique about it is, it is better for the environment than
conventional fuels. It can be used in any diesel engine. Last fall,
the Air Force flew a B-52 on the jet fuel version of FT. Our fuel
has major advantages over conventional fuels. FT can be made
from abundant U.S. sources, cutting our dependence on foreign oil.

FT runs far cleaner than conventional diesel, cutting regulated
emissions by up to half. FT is biodegradable and has a shelf life
up to 10 times longer than conventional diesel, making it ideal for
strategic and military reserves.

When manufacturing is optimized to capture and sequester car-
bon, FT greenhouse gas emissions—that is wells-to-wheels—is less
than conventional diesel and much better than gasoline.
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Right now, I manage an ammonia plant in East Dubuque that
makes fertilizer from natural gas. Most of our fertilizer goes to corn
farmers in Iowa, Illinois, and Wisconsin. Like most U.S. fertilizer
plants, we are struggling.

Let me show you the economics. We use 31,800 million Btus per
day of natural gas. The U.S. has the highest gas price in the world.
A simple 10-cent increase adds $1 million per year to our operating
costs.

Do you know that over half the nitrogen fertilizer used to grow
our food in the U.S. is now imported because so many U.S. plants
have shut down? My plant would have shut down 3 years ago if
it were not for converting to clean coal technology.

During that conversion we are also adding an FT fuels plant.
Why? Because synthesis gas from coal gasification is the building
block for many products, including FT fuels. We will begin con-
struction later this year with an investment approaching $1 billion,
and nearly 1,000 construction workers will be employed at the peak
of construction. Permanent plant jobs will double. By 2010, we will
be making fertilizer from coal in East Dubuque. We will also have
the Nation’s first commercial-scale FT fuels plant.

Active support from both State and Federal governments is crit-
ical to jump starting this industry. We were able to move East Du-
buque forward because of help from Illinois. We had hoped to use
the provisions of EPAct 2005, including the 48B investment tax
credit. That program was capped at $350 million, but applications
totaled $2.7 billion. Unfortunately, that meant a lot of great appli-
cations like ours got nothing.

From this, we have two recommendations. First, raise the cap on
the credit. We strongly recommend a significant increase, at least
double. Second, clarify that gasification for FT is included. In fact,
we suggest designating a portion of the tax credit for FT projects.
Next, fund basic research into promising carbon capture and stor-
age applications that will benefit industries across the board.

In East Dubuque, we already capture carbon. We use some to
make the urea fertilizer that we produce. We also capture more as
carbon dioxide, CO,, which is used for food products. Rentech’s en-
gineers are working on recycling configurations that maximize the
capture of CO,.

Our proposed Natchez, MS plant is near oil fields where the CO,
will be used for enhanced oil recovery. It would be helpful to sig-
nificantly increase the 15-percent tax incentives for companies like
Rentech that are taking the lead on carbon capture and sequestra-
tion (CCS) and their plant designs. These tax incentives, paired
with longer military contracting authority, could set the stage for
rapid development of this industry.

I invite you to visit us. We are proud of our products, proud of
our workforce, and proud that we are good neighbors to the Mis-
sissippi River and the Tri-State region. Thank you very much for
your time.

Senator BINGAMAN. Thank you very much. Thanks for your excel-
lent testimony.

[The prepared statement of Mr. Diesch appears in the appendix.]

Senator BINGAMAN. Dr. Brian McPherson is next. He is a re-
search scientist with the Petroleum Recovery Research Center at
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New Mexico Tech, and also manager of the Carbon Engineering
Group Energy and Geoscience Institute at the University of Utah.
Thanks for being here.

STATEMENT OF DR. BRIAN McPHERSON, RESEARCH SCI-
ENTIST, PETROLEUM RECOVERY RESEARCH CENTER, NEW
MEXICO TECH; AND MANAGER, CARBON ENGINEERING
GROUP ENERGY AND GEOSCIENCE INSTITUTE, UNIVERSITY
OF UTAH, SALT LAKE CITY, UT

Dr. McPHERSON. Thank you. Thank you, Mr. Chairman, Senator
Thomas, and other members of the committee. Thanks for the op-
portunity to testify about potential incentives and barriers associ-
ated with carbon capture and sequestration.

My name is Brian McPherson, and I specialize in geology, geo-
physics, and subsurface hydrology. For the past 10 years, I have
served as a professor of hydrogeology at New Mexico Tech, and for
the past 3% years I have served as PI and Director of the South-
west Regional Partnership on Carbon Sequestration, a consortium
sponsored by the U.S. Department of Energy, along with six other
regional partnerships.

The general premise of geological CO, sequestration is to, firstly,
separate CO. from power plant flue gases, then capture that CO,
in a separate stream, compress the CO, to elevated pressures to
maximize its density, and then inject the CO; into subsurface geo-
logical formations ranging from 2,500- to 20,000-feet depth, and
then monitor the fate of that CO,.

Target storage reservoirs are porous and permeable rock layers
overlain by low-permeability confining layers, and such geologic
reservoirs contained brine, oil and natural gas for millennia, thus,
using these reservoirs for storing CO; is a very viable concept.

Target reservoirs are commonly classified by what type of fluid
they hold, including depleted oil and gas fields, deep unmineable
coal seams, and deep saline formations. With a robust confining
1::1ye1r(,1 sequestration duration can be maximized and risk mini-
mized.

With respect to engineering, such CO, injection has been done
for decades in many areas of the U.S., primarily for enhanced oil
recovery, but also for other purposes. Thus, the engineering and
technological details are relatively mature.

At the moment, 25 field geologic sequestration demonstration
tests are being designed and scheduled for deployment in the
United States over the coming 3 years. An additional 20 or so are
scheduled for deployment soon in other countries. Most of these
tests are using different technologies, including different engineer-
ing designs, different monitoring approaches, different risk assess-
ment protocols, and different mitigation strategies. Most of these
tests are relatively small in scale. Small injection rates compare to
typical power plant emissions output. The uncertainties associated
with evaluation and design of large-scale sequestration operations
are fairly significant.

For large-scale geologic sequestration to be deployed and sustain-
able over the long term, a realistic field-based evaluation of uncer-
tainties and how these uncertainties affect risk assessment and
mitigation strategies must be carried out.
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Additionally, the community also needs a meaningful assessment
of CO,-trapping mechanisms and the physical and chemical factors
that may cause the mechanisms to lose efficacy under realistic field
conditions.

Next year, the United States will begin deployment of several
commercial-scale deployment demonstrations. These will sequester
uf) to one million tons of CO, per year, the scale of a typical power
plant.

The duration of these tests is 5 or more years. These tests will
provide a good deal of the data required to maximize storage capac-
ity and minimize uncertainty associated with commercial-scale se-
questration, but not all of it.

Therefore, I suggest that incentives may be needed to provide the
huge amount of data needed to ensure that commercial sequestra-
tion is robust and safe. Furthermore, I suggest that new incentives
are needed to motivate industry to take on commercial sequestra-
tion as a routine part of business.

I list these suggestions here. First, I recommend incentives that
will stimulate sequestration operations, with some assigned greater
priority than others. Specifically, I suggest that the greatest pri-
ority incentives be assigned to deep saline formations underlying
oil and gas fields to maximize relevant characterization data avail-
ability and the monitoring opportunities.

Next in the priority list would be deep saline formations not un-
derlying oil and gas fields. Finally, the priority list and incentive
ranking should include CO; injection in oil and gas reservoirs, with
maximized sequestration and minimized CO, recycling.

Next, I recommend incentives that will assist with providing
data necessary for liability risk and capacity assessments and other
factors associated with sequestration. Specifically, oil and gas and
other private entities hold a huge amount of data privately, and
these data are essential to providing robust assessments of capacity
and risk.

The DOE’s regional partnerships, in collaboration with State Ge-
ological Surveys and the USGS are gathering a great deal of data
and assembling them for public use in the form of NATCARB, a
national carbon sequestration database.

If added, privately held data would likely more than double the
size of that database, and as well would double our ability to assess
capacity and risks of sequestration.

Next, I recommend that areas of the country that lack CO, pipe-
line infrastructure be provided incentives for building such pipe-
lines. For commercial-scale sequestration to move forward, infra-
structure will be necessary.

I recommend incentives for State, Federal, or privately sponsored
indemnification. The States of Illinois and Texas assembled com-
prehensive indemnification plans for FutureGen, and these plans
may serve as a template for future liability associated with com-
mercial sequestration.

Lastly, the U.S. lacks a fully resolved regulatory framework. Any
planned incentives for sequestration and enhanced oil recovery
should factor in the evolving regulatory framework being developed
by the EPA, the Interstate Oil and Gas Compact Commission, the
regional partnerships, and individual States.
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Thanks again for this opportunity to speak to you today. I look
forward to any questions that you may have.

Senator BINGAMAN. Thank you very much for your good testi-
mony.

[The prepared statement of Dr. McPherson appears in the appen-
dix.]

Senator BINGAMAN. Mr. Bill Townsend is our final witness. He
is the CEO of Blue Source out of Holladay, UT. Thank you for com-
ing.

STATEMENT OF BILL TOWNSEND, CEO, BLUE SOURCE,
HOLLADAY, UT

Mr. TOWNSEND. Mr. Chairman and members of the committee,
thank you for the opportunity to appear before you today on the
subject of carbon capture and storage as it relates to clean energy
from coal and on the topic of potential incentives related to accel-
erating the development of carbon infrastructure.

My name is Bill Townsend. I am the chief executive officer and
co-founder of the Blue Source companies. This topic is near and
dear to my heart because, for the last 10 years, we have been de-
veloping companies specifically around carbon capture and storage
long before it became the topic of the day.

Blue Source operates at the intersection of energy and climate
change. Our companies and the management team they represent
are in the unique position of having developed, designed, con-
structed, operated, and owned, in one form or another, all of the
commercially-developed anthropogenic CO, pipeline systems for en-
hanced oil recovery in North America for the last 20 years.

In addition to developing anthropogenic CO, pipelines, Blue
Source is the leading portfolio of greenhouse gas, or ghg, emission
reductions. Our company has ghg offsets on public registries
throughout North America, sourced from 11 different types of
projects in 45 of the lower 48 States. With offset sourcing agree-
merﬂ:ls through 2019, we are the largest ghg pool of this type in the
world.

In the case of carbon capture and geologic sequestration, Blue
Source has led in the development of carbon market protocols and
sold, with one minor exception, 100 percent of the greenhouse gas
emission reductions marketed from geologic sequestration.

The most recent example of our leadership in this area is as a
steering committee member of the global voluntary carbon stand-
ard, which will be bringing quality assurance for buyers of offsets.

Today, Blue Source is in various stages of evaluating and devel-
oping 13 different vent stack-sourced CO- pipelines in North Amer-
ica. Over the past 10 years, the company and its affiliates have
evaluated close to 100 such projects.

The primary reason only 5 percent of the projects that we have
evaluated during the last 10 years has gone to construction phase
is because, even with enhanced oil recovery efforts or oil-related
revenues, the projects typically still yield a lower-than-accepted in-
vestment return.

Though higher crude oil prices in recent years have certainly
helped that, a case in point is our La Veta CO, pipeline. For the
last 5 years there were no sound economics to construct it, but with
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recent improvements in crude oil values and expected carbon offset
sales, in 2006 we completed construction, and we expect to flow
CO; on June 1 of this year. We have been venting CO,.

As I describe in my written testimony, if Blue Source could have
found additional financial incentives as small as 60 cents per MCF,
or $10 a metric ton, we would have likely constructed another 15
projects with new carbon dioxide infrastructure of about 400 miles.

From our operating history and knowledge of CCS and building
carbon infrastructure, we have a view of how to bridge the gap be-
tween the timing of current and expected CCS technology and the
current and expected sources of vent stack CO, from power plants
and other industries.

We believe the answer of managing the gap is a step process.
First, over the next 5 years, financial incentives and regulatory in-
fluence should be used to accelerate CCS for CO;, from non-power
generation industries. This would primarily be ethanol, natural
gas, refining, and fertilizer production.

Second, over the next 3 to 10 years, financial incentives and reg-
ulatory efforts would be directed towards CO, produced from the
power generation sector for enhanced oil recovery.

Finally, we should immediately direct efforts to minimizing the
potential regulatory and commercial barriers in developing CCS,
including efforts to label CO, as a hazardous product and manage
it as such.

It is clear that the long-term answer to single-point industrial
CO, emissions, like power plant generation, is capture and storage
in saline aquifers, not enhanced oil recovery.

That being said, there is a very strong, cost-effective interim an-
swer for the next 10 years that employs the oil-based revenues and
enhanced oil recovery to subsidize the infrastructure build-out and
prepare the foundation for a carbon highway for the next genera-
tion of cost-effective carbon capture and power generation.

Today there exists 3,500 miles of CO, pipelines in North America
that transport CO, to EOR sinks that were built on the back of oil
revenues. Though originally built for underground sources of CO-,
today these pipelines carry both underground and vent stack CO,
built from our projects.

We estimate that an additional 2,000 miles of anthropogenic CO,
pipelines will be developed over the next 5 to 7 years in the U.S.
by providing $10 per metric ton incentives, so long as crude oil
prices stay reasonably at your current levels.

New power plant construction with IGCC or superamine-type
retrofits, when combined with enhanced oil recovery projects, mate-
rially lowers the cost of capture. We estimate that, with incentives
of $20 a metric ton, about 2,500 miles of CO; infrastructure would
be added to the existing 3,500 miles over the next 10 years.

Our company and its affiliates have sold offsets from geologic se-
questration since 1996 and we have heard about every reason why
CCS-based offsets should or should not be included in a carbon off-
set trading program.

Accelerating the market acceptance that CCS is a valid ghg emis-
sion reduction is a direct benefit to further development of carbon
infrastructure. Congress, citing geologic sequestration with or with-
out enhanced oil recovery as an official part of its plan to manage
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the country’s carbon footprint, would send a clear signal to vol-
untary and evolving State regulatory markets that value needs to
be given to transactions of this type.

Clearly, the best long-term answers for CCS in the U.S. involve
assessing saline aquifers, developing cost-effective separation tech-
nologies, and then bridging that gap with economic and financial
structures.

That being said, we believe there are very meaningful steps that
can be taken today and over the next 10 years that will bridge the
gap significantly. In fact, the gap is bridged in much the same way
that the 3,500 miles of existing CO, structure has been developed
over the last years, relying on oil-related revenues and only accel-
erating that with regulatory incentives and forces.

This concludes my verbal testimony, Mr. Chairman and com-
mittee members, and I would be pleased to answer any questions.
4 [The prepared statement of Mr. Townsend appears in the appen-

ix.]

Senator BINGAMAN. Well, thank you very much. Why don’t we
each take 5 minutes here and ask some questions, and then we
may have a second round of questions after that.

One of the suggestions which a couple of you have made, or sev-
eral of you, relates to putting in place what I would guess you
would call a sequestration tax credit. Mr. Waddington, you make
reference to that and talk about how, if there were a $20 per ton
sequestration tax credit, that would incentivize a more aggressive
effort to capture and store, or capture and sequester the coal.

Is it your view that that is adequate to actually cause companies
that are producing power from coal to retrofit their operations or
to go forward with new plants that would contain that technology?

Mr. WADDINGTON. Mr. Chairman, we have not done analysis to
know whether the $20 per ton that we proposed would be the tip-
ping point to your question. It certainly would make a difference
and cause companies to look more seriously at CO, capture going
forward. Whether it would cause them to retrofit existing plants,
I rather doubt that, Mr. Chairman.

The reason we picked $20 per ton was to draw an analogy with
the renewable portfolio tax credit that is on the books that Con-
gress has provided. A $20 per ton CO, sequestration tax credit
would be about the same level of subsidy, if you will, as the renew-
able credit. That is why we picked that dollar amount.

Senator BINGAMAN. Do any of the rest of you have a view as to
whether this is the right kind of a mechanism, a tax credit of this
type, for us to try to incentivize action in this area, or does this
not get the job done, or miss the mark? Do any of you have a
thought?

Mr. TOWNSEND. Mr. Chairman?

Senator BINGAMAN. Yes, Mr. Townsend?

Mr. TOWNSEND. There are a number of studies that have been
done over the last 2 years, UNIPCC, I believe IEA, estimating the
capture cost for IGCC and for retrofits on existing plants, and
those numbers run from $25 to $45 per metric ton, depending upon
the type of plant and the type of capture technology.

The reason we have landed on $20 as a basis for power genera-
tion is that, when you add that, plus $10 a ton that that CO, would
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receive from being sold into enhanced oil recoveries—because there
is a value for the CO, in enhanced oil recovery as well, and that
value can subsidize the carbon capture costs—our thought was that
$20 for power plants, plus $20 for the actual value of CO,-
enhanced oil recovery, leaving the balance as the risk for the indus-
try to take, was a pretty strong bridge to get somebody. We were
two-thirds to 75 percent of the way there under most studies, and
the balance can be taken on by industry.

Senator BINGAMAN. All right.

Mr. Diesch, let me ask you, you testified that some of the CO,
emissions that you produce at your operation are, in fact, captured
and sold, as I understand it.

Mr. DiescH. That is correct.

Senator BINGAMAN. Well, what percent of the CO, emissions that
you are responsible for there are captured and sold, and what is
the current price of a ton of CO,?

Mr. DiescH. We have the opportunity to capture all of the CO,
that comes off the process side. Now, there is CO, that comes off
of boilers, because we use a lot of natural gas to actually heat the
process. We do not have the capability at this time to be able to
capture that, but we have the ability to capture 100 percent that
comes off the ammonia process.

We sell our CO,. It is food grade, so we clean it up to be able
to sell to, like, Pepsi-Cola and Coca-Cola and such, and that typi-
cally runs between $30 and $40 a ton, the value of it.

Senator BINGAMAN. That is after it is cleaned up.

Mr. DiEscH. After it is cleaned up and liquified.

Senator BINGAMAN. All right.

What would it take, by way of tax incentive or otherwise, to per-
suade your company to capture all the CO,?

Mr. DIEscH. Well, in an ammonia plant, we are moving in that
direction currently, because with a retrofit utilizing coal gasifi-
cation, we have the capability of capturing much more.

The technology allows us to capture much more of the CO, off
the process, because it is inherent in gasification processes that you
can do that. It is a concentrated stream. So, we are already moving
in that direction and will have the capability.

Senator BINGAMAN. So you are not arguing that additional tax
incentives by the Federal Government are needed at least to
incentivize your company to do what should be done here?

Mr. DiEscH. Well, for us to move forward, of course, the econom-
ics have to be there. With the products we produce, there is signifi-
cant value on ammonia and the nitrogen products, plus the fuels
products, that allows us to move forward. But not all projects may
have the economics.

Senator BINGAMAN. Right.

Mr. DIESCH. So there has to be an incentive to kick-start the in-
dustry, as I said earlier. You need to kick-start the industry.

Now, we have been moving forward with our project. We have
gotten some help from the State of Illinois that has assisted us in
our initial engineering studies, but for the most part, this plant is
going to stand on its own. Now, future plants may not be that way,
depending on economics and the location, construction, and design
of the facility.
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Senator BINGAMAN. Very good.

Senator Thomas?

Senator THOMAS. Thank you.

First of all, let me tell you how much I appreciate you all being
here and talking specifically about how we can do something in
this area, because I think it is so important, with your solutions.

I might mention to Mr. Diesch, in our energy bill that we intro-
duced last year, we did have long-term contracting authority, and
we will try to do that again.

Mr. Waddington, are you aware of any Wyoming IGCC projects
that applied for tax credits under the energy bill, and were any
awarded?

Mr. WADDINGTON. Mr. Chairman and Senator Thomas, I am
aware that there was at least one application. I have been told that
PacifiCorp applied to be certified as eligible. My guess is, there
were other projects in Wyoming that applied, but I do not know
that for sure.

Senator THOMAS. What was the primary difficulty or obstacle, do
you know?

Mr. WADDINGTON. Mr. Chairman and Senator Thomas, we actu-
ally do not know for sure, because the Department of Energy has
not disclosed its evaluations. But we suspect, and it is generally
thought, that the 99-percent SO, removal standard that was in the
Energy Policy Act was a pretty tough hurdle for using western sub-
bituminous coal. That has been fixed now, with your leadership
and the Chair’s leadership, so we hope in the second round that
Wyoming projects will be given a better shot.

Senator THOMAS. I see. I guess my point is, we are talking a lot
about what we need to do, and the fact is, we have some things
that could be done that are not being done. So, we need to move
forward with that.

Dr. French, you mentioned the possibility of changing existing
power plants so they could work with this extraction of CO,. Is that
practical?

Dr. FRENCH. There were two things I mentioned. The first is in-
creasing efficiency, both for existing plants and for new plants. The
technology is available today to increase efficiency. So then you are
making less carbon to start with, and that is what the industry be-
lieves is the number-one place to start.

The problem is, a higher-efficiency plant costs more and elec-
tricity is a commodity, so we need to incentivize the people who
have existing plants and new plants to spend more to upgrade to
increase efficiency.

Senator THOMAS. Can you upgrade an existing plant for effi-
ciency?

Dr. FRENCH. You can. You cannot get the very, very high effi-
ciency that you can from new boiler technology or highly efficient
IGCC, but there are a lot of things you can do at both the boiler
stage and the turbine stage to increase efficiency. Every 1 percent
makes a big difference in the amount of carbon you have to treat
later on. There is no incentive right now for that, and I really be-
lieve those technologies are available.

Senator THOMAS. FT fuels. Are you in the marketplace now? Can
you compete in the marketplace for FT?
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Mr. DiEscH. No, we are not in the marketplace. The first com-
mercial-scale production facility will be East Dubuque, and it will
be 2010 before we will actually be in the marketplace.

Senator THOMAS. And you will be competitive then?

Mr. DiEscH. Oh, absolutely. Absolutely. Yes.

Senator THOMAS. Dr. McPherson, you mentioned capturing and
using CO, to recover. How are you going to get it to the oilfields?

Dr. McPHERSON. That is probably one of the greatest obstacles.
In the States of New Mexico, Colorado, and western Texas, and
also in Wyoming to a great extent, there are existing CO, pipelines
for transporting CO, to different fields, from source to sink, so to
speak.

For those areas of the country that do not have such a nice infra-
structure for transporting CO,, it would be terrific to have some in-
centives available to motivate that new infrastructure.

Senator THOMAS. Well, obviously Mr. Townsend has said how we
can do that, but there is a little problem in the difference between
where coal production and the use for recovery for oil are close
?nough that it would be practical to do that. I guess that is the
act.

Oil recovery. Can we make that economically possible to get that
through your pipelines to where the oil is?

Mr. TOWNSEND. Senator, yes, I think we can. I think oil prices
being above about $40, $45 offers a really strong base. CO, prices
in west Texas today are about 2 to 2.5 percent of the Oil Price
Index, so that runs 80 cents to $1.50, or 510 to $15 a metric ton.

Senator THOMAS. Where is the coal production?

Mr. TowNSEND. That is the sink. And so to connect the sink and
the source, the power plant is put somewhere between the sources
of coal in the Rockies or in the Midwest. The sinks—if you look at
an ARI study that was recently done identifying the sinks in the
U.S., both oil sinks and saline sinks, they are substantial. In fact,
one thing the U.S. has is not a shortage of sinks.

Senator THOMAS. So, you mean you would just sequester.

Mr. TOWNSEND. Yes, sir.

Senator THOMAS. All right. Not for recovery of oil.

Mr. TOwNSEND. Well, our suggestion is to use oil revenues as the
basis for starting the infrastructure build-out, pay for part of it
with that so that the saline aquifers can then be done cheaper.

Senator THOMAS. Okay. Thank you.

Senator BINGAMAN. Senator Kerry?

OPENING STATEMENT OF HON. JOHN KERRY,
A U.S. SENATOR FROM MASSACHUSETTS

Senator KERRY. Thank you very much, Senator Bingaman.
Thank you for this hearing.

This morning in the Commerce Committee we had a similar
hearing on the issue of clean coal technology. We had two wit-
nesses, Joseph Chaisson, the director of Research and Technology
for the Clean Air Task Force, and Dr. Gregory McRae, who is a
chemical engineering professor at MIT and one of the authors of
the Coal Report study. Then we had a number of other folks out
of the industry, from Siemens and elsewhere, American Electric
Power.
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It was interesting because, first of all, they all concluded that we
have to do this urgently. Some of the years you were talking about,
5 years to get here, 10 years for that, the indicators are, we do not
have that kind of time to wait until we have an ability to burn
clean, if you accept the science.

This is an issue where, as we said this morning, you cannot be
half pregnant on this issue. If you accept the science and you be-
lieve what the scientists are telling us, then you have to accept sort
of the framework that they are offering us within which we prevent
catastrophe. Do you accept that, all of you?

Mr. WADDINGTON. Yes.

Dr. FRENCH. Yes.

Mr. DIESCH. Yes.

Dr. MCPHERSON. Yes.

Mr. TOWNSEND. Yes.

Senator KERRY. All right.

So as a starting point, we have to get more serious than we have
been, which means we need some pretty big incentives, correct?
Give me an order of magnitude. What are we talking about that
we need to think about on this committee? They said we need at
least a billion dollars a year that has to go straight into clean coal
to augment just the capture and sequestration issue. Where do you
come down on that figure?

Mr. WADDINGTON. Mr. Chairman, Senator Kerry, I would be
happy to provide my opinion on that. I think you are absolutely
right. If we are going to take climate change seriously, we have to
recognize that the solutions are going to be expensive, they are
going to be large-scale.

It is going to take time. There is a significant role for the Federal
Government to incentivize, match, buy down the risk, and move
ahead, both with coal conversion technologies that allow for the
capture of CO, and large-scale geologic sequestration at multiple
sites.

Senator KERRY. You used the word “if” we are going to take it.
Do you have any doubts whether we ought to?

Mr. WADDINGTON. Well, the current Department of Energy coal
program, which has been in a diminishing decline for a number of
years, if you set aside FutureGen, the fiscal year budget is about
$200 million. Can we increase that to a billion dollars a year?

Senator KERRY. No, no, no. What I am saying is, I agree, it is
minimalist and it is anemic, and we are not getting the job done.
What I am saying is, you said if we are going to take the climate
change thing seriously. I am just saying to you, do you believe we
have to?

Mr. WADDINGTON. I personally believe we have to, Senator
Kerry.

Senator KERRY. All right. So do I, and I think the consensus of
the scientists is that we do, but I wanted to just get that as a base-
line.

Now, in the 1930s when electricity first began to be distributed
in America, Franklin Roosevelt made the decision that every home
in America ought to get it as fast as possible because it was an ur-
gent part of our economic development and future.
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We did the TVA. Government became involved. I think we in-
vested about $5 billion back then in infrastructure to make it hap-
pen. Is there any reason that similarly, now, given the 10-year win-
dow that our chief climatologist, Jim Hansen, has given us and the
increased feedback on this

I mean, every scientist I have talked to, and I have talked to a
bunch of them lately—Bob Correll, Ed Miles, University of Wash-
ington, John Holdren, Harvard, and so forth—they all say the evi-
dence, the feedback, all of their predictions are coming back now
at a faster rate and in a greater quantity than they anticipated. So
they have refined their own judgment of what we have to do.

We cannot, now, have an increase of three degrees Centigrade,
we have to hold it to two degrees Centigrade. We cannot, now, have
an increase of 550 parts per million in the greenhouses gases, we
have to hold it to 450. Now, if you accept that, do you not have to
put in place an incentive that is absolutely clearly going to get you
the marketplace behavior that you need? That is the first part of
the question.

The second part, does that incentive need to be broad-based so
that you take the 15 or 20 clean coal technologies out there and
you let any of them emerge within that, or do you take the 4 or
5 most promising? Go ahead.

Dr. McPHERSON. Thank you, Senator Kerry. There is some “low-
hanging” fruit out there. There are two issues that I think need to
be addressed: one is capture, the other is storage, and they are
completely separate. As Mr. Townsend mentioned, the cost of sepa-
ration and capture ranges anywhere from $25 to probably even %)50
or $60 per ton. The cost of storage, depending on the depth and the
type of formation used, ranges anywhere from 50 cents to $10 per
ton.

So there needs to be, as I mentioned earlier, infrastructure to
provide the storage, but firstly, some incentives to motivate the
capture. The capture is by far the most expensive portion, but also
the country does not have the necessary extensive infrastructure
required for distributing CO, to the sinks, to the different oil and
gas reservoirs for enhanced oil recovery or the deep saline res-
ervoirs.

One argument that I would like to make is, if we can focus on
oil and gas fields and deep saline storage underneath oil and gas
fields where there is existing infrastructure, there are extensive
data sets available for characterizing risk and capacity and those
kinds of things, and you can incentivize and have a priority rank-
ing of different storage sites.

I suspect, as you have already alluded to, there are different
rankings and priorities for capture types. So if incentives are pro-
vided, if they are ranked and prioritized and given different
weights, that might be a way forward.

Senator KERRY. We know we can capture. We have the tech-
nology to capture. We simply have never done it to scale, correct?

Dr. FRENCH. The capture technologies are very expensive.

Senator KERRY. But we have never done it to scale.

Dr. FRENCH. And we have never done it to scale.

Senator KERRY. But we know we at least can capture.

Dr. FRENCH. Yes.
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Senator KERRY. If the economics do not work and you cannot do
this, can you build a coal-fired plant? Should we? If you cannot cap-
ture and you cannot sequester, should we build a coal-fired plant?

Dr. FRENCH. I think we can capture and we can sequester.

Senator KERRY. If we cannot, should you build a coal-fired plant
without it? If you do not, though. I am saying, if you do not spend
the money, if you do not get the economics here. We know we can
if we spend the money, but we have not indicated that we are will-
ing to spend the money yet to do this. I am just asking the ques-
tion. If you do not do it, it is an important threshold from which
we need to operate.

Senator BINGAMAN. Anyone would like to respond, please do so
quickly. Then we will go the next question. No one wants to re-
spond?

[No response.]

Senator BINGAMAN. Senator Bunning?

Senator BUNNING. Let me make a statement, first of all, then ask
some questions.

Would you consider this statement true or false, all members of
this panel: The United States can get to zero emissions, and, if we
get to zero emissions in all the things that Senator Kerry is talking
about and we do not do something about the fact that China and
India do not have some kind of an agreement to do likewise, we
will have no effect on climate change?

Mr. WADDINGTON. Mr. Chairman, Senator Bunning, I am not a
climate change expert.

Ser;ator BuUNNING. All right. Then do not answer the question.
Next?

Dr. FRENCH. I am not a climate change expert either, but I would
like to say the National Coal Council is completing a report that
talks about the global impact of CO,. The drafts are almost fin-
ished. It will be out very shortly. There is an excellent summary
of exactly that question, but it would not be fair for me to try to
paraphrase it.

Senator BUNNING. All right.

Anyone?

Mr. DiEscH. I am not an expert. I am a fertilizer guy. So, I will
pass.

Dr. MCPHERSON. I would suggest that India and China, if we
take the lead, might follow along. I am not sure if they will.

Senator BUNNING. In other words, we should go and take the
lead and get to zero emissions if possible without any agreement
on China and India doing likewise? Would that have an effect on
our economy?
thii MCPHERSON. Carbon is evolving into its own industry and I
think—

Senator BUNNING. I mean, but would it have an effect on our
economy?

Dr. MCPHERSON. It could be positive.

Senator BUNNING. All right.

Sir?

Mr. TOWNSEND. I am definitely not a climate change expert, but
I do think we need to take a leadership role in this area.

Senator BUNNING. Without anybody else signing on?
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Mr. TowNSEND. I think other people will sign on. They have in
the past.

Senator BUNNING. You have not been dealing with China very
long then.

Mr. TOWNSEND. No, I have not.

Senator BUNNING. All right.

Dr. FRENCH. Senator Bunning, Thomas Friedman, who is an op-
ed contributor for the New York Times—I think you are familiar
with him—has some very interesting answers to that question also.

He points out that we are a country that has gone through its
growth cycle. These are countries that have not gone through the
same growth cycle, they are at the earlier stage. We went through
our growth cycle with power production and CO, emissions, and
now we are coming to clean them up.

He points to the fact that these countries, as they go through
their growth cycle, there is a very good chance that they will come
and catch up with us, but that we are the leader and have the abil-
ity to provide that leadership by coming first. Do we go to zero? I
do not think so. But do we take a leadership role? I think we can.

Senator BUNNING. I hope you all visit China during the 2008
Olympics so you can spend a week in Beijing, like some of us on
the Finance Committee did about a year ago, and cry as you sit in
your hotel and as you walk down the street. The emissions are
such that you cannot even see. Believe me, I was a professional
athlete and played in Los Angeles as a professional athlete in 1969.
If T got up before noon, I could not see Los Angeles. I have news
for you. If you get up before noon now, we have done a great job
in cleaning up a lot of the emissions in Los Angeles so you can see
before noon, and the haze lifts.

Mr. Diesch, I want to ask you one specific question. You high-
lighted two tax incentives as top priorities, a coal-to-liquid tax cred-
it like the gasification tax credit in section 48B, and a carbon cap-
ture credit.

I have introduced legislation, S. 155, the Coal-to-Liquids Fuel
Promotion Act, which Senator Thomas has co-sponsored, that
would create a new section 48C tax credit for coal to liquids and
provide a 50-percent tax credit for carbon capture and sequestra-
tion equipment. Are you aware of this legislation, and do you think
it provides the right incentive for the technology?

Mr. DiEscH. I am somewhat aware of the initial legislation. I do
not know all the details. But, absolutely, I think that is extremely
important to kick off the industry, because carbon capture and
cleanup is an absolute requirement in the process of producing
Fischer Tropsch, because you have to have a very clean gas stream.
So the technology that we were using, the best technology today is
called Rectisol, it cleans the gas streams up extremely well.

In order to produce Fischer Tropsch fuels or liquids, you have to
utilize those technologies. So it will incentivize the further-on de-
velopment of the industry moving forward. I definitely believe that
is going to help.

Senator BUNNING. My time has expired, Mr. Chairman.

Senator BINGAMAN. Thank you very much.

Senator Hatch?
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Senator HATCH. Well, thank you, Mr. Chairman. As you know,
we have two witnesses at today’s hearing with ties to my home
State of Utah. We have Dr. Brian J. McPherson, director of the
Southwest Regional Partnership on Carbon Sequestration, and he
does work for both New Mexico Tech and for the Energy and Geo-
science Institute at the University of Utah. I will not ask him in
public which of the two jobs he prefers the most.

We also have Bill Townsend with Blue Source Energy from Hol-
laday, UT. As you know, Mr. Chairman, Blue Source Energy is one
of the Nation’s leaders in CO, pipeline systems, one of the most
critical technologies for capturing and sequestering CO,.

Now, Mr. Chairman, I thank you for inviting these two experts
to testify today. And I welcome all of you, as well as my two folks
who have ties to Utah, in helping us to understand one of our Na-
tion’s most vexing problems, and that is capturing and seques-
tering CO,. This is an important hearing.

Let me turn to you, Mr. Townsend, first. It appears that the
pipelines that your company has been involved with are geared to-
wards enhanced energy production. Have any CO, pipelines been
built in this country strictly for the purpose of geologic sequestra-
tion of CO,?

Mr. TowNSEND. No, sir. There may have been two small pilot
projects done, but not for commercial purposes.

Senator HATCH. All right.

You mentioned the need for more pipeline infrastructure to
transport CO,. Today it appears that it comes down to economics
because of the number of pipelines that have been built to trans-
port CO, for the purpose of enhanced oil and gas production with-
out any government assistance that I am aware of.

Other than subsidies, what are the potential market drivers that
would make CO, pipelines economically feasible when their pur-
pose is not to enhance oil and gas recovery, but simply to put CO,
into the ground?

Mr. TOWNSEND. I am not aware of any additional economic driv-
ers to putting CO; in a saline aquifer besides the climate change
impact, Senator Hatch.

Senator HATCH. All right.

Now, Dr. McPherson, you talked about commercial-scale seques-
tration demonstration projects that will be coming online in the
near future and the importance of the data that will be collected
during these projects.

Currently, we have no regulatory scheme for the sequestration of
CO,. What types of information does the government need to have
before we will be in a good position to set up a meaningful regu-
latory scheme for sequestration?

Dr. McPHERSON. Well, the current regulatory framework for oil
and gas serves at least as a good model. I mean, it is effective for
oil and gas. Oil and gas obviously are a commodity. CO,, at least
in the western U.S.—well, throughout the U.S. but more so in the
western U.S.—is a commodity as well, a very strong commodity,
and regulating it as such might be helpful by mimicking what al-
ready works for oil and gas.

Focusing on oil and gas fields and deep saline reservoirs below
oil and gas fields might be a way to start because, in those areas,
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the regulatory structures and detailed issues, unique issues specific
to those areas, have already been worked out. So, there are many
reasons why focusing on those areas might be helpful. Also, the in-
frastructure for CO,, the rights of way for pipelines, exists in those
areas.

Senator HATCH. Now, you talked about the need for government
incentives to promote the infrastructure needed for large-scale CO,
sequestration in our country. Even with government assistance,
though, will there not have to be some natural market incentives
to drive this activity? Could you talk about what incentives would
be in the market for this type of investment?

Dr. McPHERSON. Yes. As Mr. Townsend mentioned earlier, start-
ing with enhanced oil recovery, that would build the motivation,
build the impetus, if you will, for driving the initial early stages
of commercial-scale sequestration, if we tie enhanced oil recovery
with sequestration per se, use that tax base, use that profit base
to develop infrastructure for sequestration rather than just oil re-
covery.

Then also at those sites for oil and gas recovery, maximize subse-
quent storage of CO,. Give incentives for not just recycling CO,,
which is typically done at an oil field—it is injected into a deep oil
reservoir underneath a confining layer that is used to break up the
viscosity of the oil and reproduce it; the CO; is reproduced and re-
cycled. If that CO, is then re-injected for storage, then that is,
again, another follow-on with what is already happening with oil
and gas and that experience.

Senator HATCH. Well, thank you.

Dr. French, you referenced the large differences among the var-
ious coal resources in this country, and clearly some coal is cleaner
than others in terms of criteria pollutants.

In terms of CO; per Btu, though, does some of our coal produce
more greenhouse gases than other types of coal? If so, where do you
find our Nation’s cleanest coal in terms of CO,?

Dr. FRENCH. Senator Hatch, that is an excellent question. From
a combustion point of view, carbon is carbon. It does not matter if
you make the energy from gasification or an old plant or new plant,
carbon is carbon.

If you take the carbon out of coal, we call that sand, and you can-
not burn it and make electricity. So carbon is carbon. So the
amount of carbon that is put out from a low-rank coal or a high-
rank coal is still the same.

The question is, for gasification, the CO, that comes out is con-
centrated so you do not have to take the nitrogen out of the system
to start with, so that makes capture, perhaps, more amenable in
gasification.

But there are some efficiency differences also, so there is no one
answer. The most important thing that we are going to have to
deal with in carbon capture and storage is the recognition that
there will be a different set of technologies required for each appli-
cation, and we need multiple technologies in order to bring the cost
down and move forward.

Senator HATCH. I am sorry I ignored you, Mr. Diesch, and you,
Mr. Waddington.

Are you related to Thorpe Waddington?
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Mr. WADDINGTON. Senator Hatch, no, I am not.

Senator HATCH. All right. I just wanted to know if you were. He
is a Utahn, a great natural resources guy who died a few years ago.

Thank you, Mr. Chairman.

Senator BINGAMAN. Thank you.

Let me ask a couple of other questions here, and I am sure some
of the other members will have additional questions as well.

Let me ask you, Dr. McPherson, is there currently a standard for
the purity of CO, that is transported in pipelines?

Dr. McPHERSON. Mr. Chairman, I hope I do not misquote the
standard. I believe it is 97 percent, but I could very well be wrong.
I know that the purity of CO, in the Cortez and Sheep Mountain
pipelines, those going from Southern Colorado through New Mexico
into Texas, is approximately 97 percent.

Senator BINGAMAN. And who establishes the standard?

Dr. McPHERSON. That is borne by UIC (Underground Injection
Control) regulations, but also oil and gas, local State regulations
for injection and production of oil.

Senator BINGAMAN. So you think it is a State-level standard in-
stead of a Federal standard?

Dr. MCPHERSON. I believe it is governed by the States.

Senator BINGAMAN. Should we have a Federal standard in place
as to the purity required for CO; to be transported in pipelines or
is that something that—I mean, if this is going to become a signifi-
cant activity, it would seem appropriate to have something like
that. Maybe not. I do not know. Maybe Mr. Townsend has a
thought on that. Either one of you?

Dr. MCPHERSON. My opinion is, 90 percent purity, minimum,
would be appropriate. Depending on the type of capture used, there
are going to be different expenses for getting that additional 5 to
7 percent of the 97.

Senator BINGAMAN. Did you have any thoughts on that, Mr.
Townsend?

Mr. TOWNSEND. Mr. Chairman, there is an industry specification
for CO,. It is based on the use of CO; to capture oil, and that speci-
fication is, in most contracts, 95 percent pure CO,, certain percent-
ages of nitrogen and oxygen as well, and H,S.

The reason it is 95 percent, although there are some injections
done at 94 percent, is that when the CO, is injected into the
ground and it mixes with oil, it is miscible. It mixes with it cleanly
and then it sweeps the oil off the face of the reserve.

As the percentage of CO, decreases, the amount of pressure re-
quired to have the CO; and the oil mix and become miscible grows
and grows and grows and you need more and more horsepower to
cause CO, that is miscible at 90 percent than at 92, 93, 94, 95.

So the underground sources of CO, that Dr. McPherson was just
mentioning are very high purity forms. Out of Colorado, the Four
Corners area, and Eastern New Mexico, they run 97 to 98 percent
pure CO;, but actual work in the field suggests that 95 percent,
which is what most contracts are written at, is the minimum speci-
fication for CO,.

Senator BINGAMAN. I am trying to get in my head, Dr. McPher-
son, you talked about how there is a big difference between cap-
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turing and sequestering, and the cost of capturing the carbon is
substantially greater per ton than the cost of sequestering it.

If we were to try to put some kind of tax credit in place, how
would you structure that? Would it make sense to have a tax credit
just for the capture or should there be a separate tax credit for cap-
ture and a different one for sequestering it?

I mean, I would think that if the practice of capturing becomes
widespread, and storing or sequestering carbon from coal plants be-
comes widespread, there are going to be people in the business of
just doing one rather than the other.

I mean, maybe the plant would do the capturing and then some-
one would come along and sign a contract that they would take
what was captured, transport it, sequester it, get paid.

Do you have a thought as to how you would structure the tax
credit?

Dr. MCPHERSON. Yes, Mr. Chairman. I would recommend that
your idea of separating them, one for separation, one for storage,
actual injection and sequestration, would be appropriate, simply
because ethanol plants and some other plants, the technologies for
separating CO,—with IGCC, it is very different.

So depending on the type of plant, whether it is a chemical plant
or a coal-fired power plant, et cetera, depending on the type of
plant, there will be different needs and different technological re-
quirements for separating and capturing the CO,, and therefore
different cost structures. Whereas, sequestration is, by itself, by
and large, a known technology, a known engineering approach
through the existing oil and gas—

Senator BINGAMAN. Of course, we really do not have any policy
reason to want them to just capture it. I mean, the whole idea is,
we want it not in the atmosphere. So they have to do both in order
to accomplish the objective we are trying to accomplish through the
tax code here.

My time is up. Let me see if Senator Thomas has other ques-
tions.

Senator THOMAS. Just very quickly. Dr. French, you commented
that we need to provide incentives based on achievement of goals
rather than specific technologies. How do you suggest we best do
this without opening the door to all kinds of activities that may or
may not be productive?

Dr. FRENCH. Senator Thomas, that is a good question. I am not
a tax policy expert, but I do understand technologies, I understand
energy, so what I can speak to is what I have seen in the past.

That is, if we carefully define what our goal is and set clear base-
lines and clear guidelines, metrics to measure those goals, we will
end up with strong tax incentives that do actually accomplish
things.

That comes from understanding the industry and the quirks of
the industry. It is one thing to say we want to improve efficiency.
The devil is in the details of, how do you define a baseline effi-
ciency such that the credit actually does what it is meant to do?

Senator THOMAS. All right.

Dr. FRENCH. Does that answer your question?
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Senator THOMAS. The concern, often, when we get into, sort of,
the incentives, is we end up more in research than we do in pro-
ductivity.

Dr. FRENCH. I agree.

Senator THOMAS. I think we are at a point now where we know
pretty much how to do some of these things and we ought to be
incentivizing those things we know how to do.

Dr. FRENCH. And my understanding of that, what I see is, when
you write an incentive that is a production incentive, that the tax
credit comes in when you actually accomplish it. Then you stay
away from subsidizing research and development.

Senator THOMAS. Good.

Dr. FRENCH. And I think that has been shown to be very effec-
tive.

Senator THOMAS. Mr. Waddington, we have talked a little bit
about it, but the fact is, coal is one place basically and the markets
are other places, so we need to get transmission in order to be able
to do these things.

How do you suggest that we get transmission capacity going?

Mr. WADDINGTON. Senator Thomas, at least in Wyoming, we are
doing a lot to try to get transmission wires in the air. We would
like to see mine mouth coal plant development in Wyoming. It is
lower cost because you are proximate to the coal.

In the future as we move to sequestration, those plants will also
be more proximate to the best sequestration opportunities. So, we
think that is the way to go, but transmission will be required.

There are several transmission projects that we are involved in,
looking at proximate markets such as Denver, Salt Lake, Phoenix,
and ultimately California. The infrastructure authority was created
to be a proactive catalyst for getting transmission built, and I think
will be successful.

Senator THOMAS. Yes. Well, I think one of the examples we need
to keep in mind as we talk about this, in this instance the largest
supply of coal currently is in Wyoming. The largest market for elec-
tricity is in California.

So, it is much safer for the environment to be able to get it there
on a transmission line than it is on a railroad car, and so we need
to make sure that we get these incentives happening where we can
get all these factors together.

I am a little disappointed, for instance, that we have been work-
ing at it in Wyoming, getting some incentives for the coal produc-
tion where the coal is, and we have yet to be successful. So, thank
you.

Senator BINGAMAN. Senator Kerry?

Senator KERRY. Well, picking up on what Senator Thomas said,
I agree with Senator Thomas that it is important to get the incen-
tives for the full package: for the transmission as well as for the
production as well as for the capture or the sequestration.

But in addition, I agree with him that we do not want to encour-
age activity that somehow is not productive. That is always tricky
if you are trying to excite creativity and innovation.

That is what I asked earlier about this question of, there are 15
or 20 different technologies out there, but there are only about 5,
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I think, that are “in use,” though not to scale, but which people
think might be brought to scale, effectively.

So, where do we put our incentive here? Do we go for the full
20 and let us see what happens and let the marketplace decide?
Because if we get narrower, then we are doing the very thing that
most people say do not ever do, which is to start picking winners
and losers. Is there a way to frame this so we are not picking them,
but still not wasting money? Does anybody want to respond?

Dr. McPHERSON. If the standards are benchmarks based on pro-
duction rather than a specific technology, then the market would
drive the winners versus losers.

Senator KERRY. So the standard ought to be X amount of CO,
captured.

Dr. McPHERSON. Some efficiency. Yes.

Senator KERRY. Efficiency standard, period, within that. But that
is going for production. So you are not for putting any of the
money—what about the R&D component of this?

Dr. MCPHERSON. Certainly there are, as you already suggested,
some technologies that are winners, clearly, some that are not. As
far as I know, there are significant funding mechanisms in place
right now in R&D to move forward, as you and Senator Thomas
suggested, to action.

Senator KERRY. There are. But at the same time, I have heard
from a lot of folks, including the panel this morning, that there is
a significant need for increased R&D, particularly on the sequestra-
tion side, but also even on the capture.

Mr. Diesch?

Mr. DIESCH. Senator Kerry, I assume you are talking about dif-
ferent gasification technologies and clean-up technologies, I as-
sume, for cleaning out the gas and removing the CO,. I think the
marketplaces will dictate that because it is depending on its use.
We are a Fischer Tropsch fuels production, so we have to have very
clean gas streams because of our catalysts and contamination
issues.

So the gasification technology we use is dictated by two things.
Number one, what is the component of the gas streams that are
coming off the gasifier? Number two, what type of coal are you
going to use? There are different gasification technologies that
work better on different types of coals.

If we are going to be using Illinois #6 coal, we are going to use
ConocoPhillips gasification technology because we get the most
heat recovery, we get the most efficiency out of the coal, and it gets
us the components in the gas stream that allow us to produce the
products we need to produce.

Senator KERRY. Let me ask you about that for a moment, be-
cause you are involved in both coal to liquids and gas to liquids,
correct?

Mr. DiescH. No. The plant in East Dubuque produces diesel fuel
and fertilizer, nitrogen fertilizer.

Senator KERRY. So you are not doing any coal to liquids?

Mr. DiescH. Yes. The two major liquid components you are going
to get from Fischer Tropsch is, you can either produce diesel fuel
or jet fuel, the easiest products you can produce, and most cost-
effective.
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Senator KERRY. Fair enough.

Now, why should we give an incentive to that, given that a lot
of people are telling us that the well-to-wheels rate for conventional
petroleum-derived fuel is about 27 pounds of CO, per gallon of fuel,
whereas the coal to liquid is about 50? And even if you capture it,
if it is fully captured, you still are at a higher percentage than you
are for the other forms by about 10 percent, 8 to 10 percent.

Mr. DiescH. That is incorrect. There have been a number of
studies. Toyota did a study in 2004. The U.S. Army has done some
studies on efficiencies and CO, emissions. The quickest way to re-
duce emissions on vehicles is to switch from gasoline to standard
diesel fuel. That will give you about a 21-percent reduction of CO,
emissions.

Now, if you take Fischer Tropsch and you have gone through op-
timizing the CO, removal, you will reduce that even further com-
pared to gasoline, up to a 30-percent reduction, but you will have
to optimize the CO; removal, again, from wells to wheels.

Senator KERRY. And what is the emissions and energy use, com-
paratively, in the process of doing that?

Mr. DIESCH. It is comparable. It is comparable.

Senator KERRY. It is?

Mr. DIESCH. Yes.

Senator KERRY. Well, I would like to see that study, Mr. Chair-
man, if we could get that and make it a part of the record. I would
like to get a comparison with some others I have had and examine
that a little further, because I guess there is a conflict in the data
there.

[The study appears in the appendix on page 64.]

Dr. FRENCH. Senator Kerry?

Senator KERRY. Yes.

Dr. FRENCH. There is data in the National Coal Council report
on this also, and it backs up what Mr. Diesch was saying.

Senator KERRY. I would not be surprised if it did. I do not mean
to be disrespectful, but I just want to check it, that is all. I would
like to get at it. I would like to understand it, that is all. I just
want to know. Because if you read one thing and it says one thing,
you want to understand how it does get refuted, that is all. I would
like to understand it, so we will try to get at it.

I think it is important to make sure, if we are providing incen-
tives and spending the money, that we are not negating somehow
or making more complicated the whole picture of what we are
going after. But whatever is legitimate, is legitimate and should be
on its face.

If T could just say to Senator Bunning on the China thing just
for a moment, I have been involved with their delegations, and oth-
ers, for 17 years now. We met with them early on during the early
negotiations on the voluntary exchange.

We also met again during the Kyoto negotiations. I managed the
Kyoto piece on the floor when we did Byrd-Hagel. There was a uni-
versal acceptance here that we needed to get the world involved,
less-developed countries, other countries have to be involved.

Most recently, we had a meeting here in Washington with a very
large Chinese delegation, the Global Legislators for a Balanced En-
vironment. Japanese, Europeans, and a lot of people were there.
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There is a strong consensus between Europeans and a lot of
other folks who are moving down this road that we need to take
some action. We may not get to zero, but if we take action, the Chi-
nese are poised to also take action, as are the Indians.

In fact, they are planning to shut down their plants. There was
a big article in the New York Times a few weeks ago about their
concern for the professional athletes during the Olympics.

They are well-aware of the problem, and they are planning to
take steps, unilaterally, obviously, to try to deal with that problem,
as Atlanta did, I might add. Atlanta, during the Olympics, did an
entire transportation plan and reduced the emissions so the ath-
letes would be able to perform at a higher level.

So, there is precedent for it. I think it is the judgment of most
people that, if the United States is 25 percent of the world’s emis-
sions, we are going to have to start down that road and take the
lead. We have enough market power and enough leverage, I think,
that in the end the Chinese are going to be interested in buying
our technology and sharing in this effort.

Obviously, if they do not do it, we are all hurt. But if we do not
do it either, nobody is going to do it. Up until now, they have
viewed our reluctance as kind of a western conspiracy against their
ability to develop, and that is a view of a lot of less-developed coun-
tries. And you may laugh about it, but the fact is—

Senator BUNNING. I am not laughing. I am smiling because 1
went there and had to deal with it.

Senator KERRY. You have to deal with people’s perceptions. I
think if we start down the road, we have enough market lift, to-
gether with Europe, that we could make it pretty uncomfortable for
them if they do not go down the road with us.

Senator BINGAMAN. Senator Bunning?

Senator BUNNING. Well, I know that they are going to shut down
their power plants for the Olympic Games and use a transportation
setup, at least that I have heard of, that will be similar to Atlanta.
You will not see one car on the road in Beijing during the Olympic
Games. You will see transportation by buses and by other vehicles.

But still in all, if you weigh the 94 coal-fired generating plants
that China is opening this year—this year—comparatively speak-
ing to what we are doing as far as opening new plants this year,
we have a much better handle on our emissions than they do.

Going down the road, if we are going to approach climate change
and climate control, we are going to have to do it. If we take the
lead and hope somebody follows, that is not the answer. We have
to make sure that they follow us.

Senator KERRY. Of course. But you have to have clean hands in
that discussion.

Senator BUNNING. Well, I mean, what is clean hands?

Senator KERRY. It is making a legitimate, bona fide effort to
prove that you are going to do these things.

Senator BUNNING. Thank you.

Dr. French, you said that technology development will be the key
to clean coal technology. I have watched as many of our tax incen-
tives we wrote into the Energy Policy Act in 2005 have led to dra-
matic pollution reductions in sulfur, nitrogen, and particulate mat-
ters, emissions. Do you agree that expanded tax incentives for
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clean coal can address the need to improve power plant efficiencies
and decrease carbon emissions?

Dr. FRENCH. Senator Bunning, yes, I do believe that. I think that
the efficiency improvements are closer than full-scale commercial
carbon capture and storage for coal.

But I think we need to work carefully with the regulations, with
the technology development support that Senator Kerry was talk-
ing about to move forward with that as quickly as we can. I think
the tax incentives would work ideally for efficiency improvements
in both existing plants and new plants, because the higher effi-
ciency will cost more. We need to level the playing field.

Senator BUNNING. All right.

Would you, Mr. Diesch, mind repeating what you said about lig-
uids that are obtained from coal through the Fischer Tropsch proc-
ess and the possibility of cleaner fuel being a result of that process,
and the ability to capture carbon? Now, South Africa is doing this
on a much larger scale than we ever hoped for.

Mr. DiescH. That is correct.

Senator BUNNING. So we do not have to reinvent the wheel. Can
you enlighten us on that?

Mr. DiescH. I think, Senator Bunning, you are asking me to kind
of give you a quick description of how the process works?

Senator BUNNING. Well, I know how the process works. I am
talking about, as you produce the liquid from the coal, you can cap-
ture the carbon.

Mr. DiESCH. Yes.

Senator BUNNING. And after you capture it, you can do other
things with it. You can sell it. You can sequester it. There are
many uses for carbon at 95 percent, as I have heard before.

Mr. DiescH. That is correct.

Senator BUNNING. Go right ahead.

Mr. DIESCH. First of all, let me tell you, there is a feeling that
Fischer Tropsch requires coal. That is false.

Senator BUNNING. No, it does not. We know that.

Mr. DIESCH. You can produce it from natural gas, biomass, mul-
tiple products. Through the gasification process, the two products
you want to produce the fuel are carbon monoxide and hydrogen,
and that has to be in the proper ratio.

During the gasification process you also have an opportunity to
clean up. It has to be very clean gas because you cannot have sul-
fur, you cannot have mercury, so you have to remove all those
products, where in standard combustion, you do not remove it. It
is much more expensive and difficult.

So you have removed all of the criteria pollutants out of the gas
stream that makes the fuel, so that makes this a much cleaner
fuel. If you look at the criteria pollutants that come off of combus-
tion of this, it is 50 percent less overall on particulate matter, NOx,
SOx, and there is no sulfur. That comes out of the fuel itself when
you combust it.

So I know we have been talking a lot about the carbon dioxide
side of things, but we ought to remember that this is a much clean-
er fuel with the pollutants that are regulated today. That is an-
other very positive thing with the fuel.

Senator BUNNING. Thank you, Mr. Chairman.
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Senator BINGAMAN. Well, thank you very much.

Let me thank all of the witnesses. I think it has been very useful
testimony. We will try to go through your written statements in de-
tail and understand your points of view better before we proceed
in this area. But again, thank you for being here, and that will con-
clude the hearing.

[Whereupon, at 2:39 p.m., the hearing was concluded.]
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Thank you Chairman Bingaman, Senator Thomas and distinguished Committee
members, I’'m John Diesch, President of Rentech Energy Midwest Corporation (REMC),
a subsidiary of Rentech. Rentech is the leading US firm developing facilities capable of
commercial scale production of Fischer Tropsch fuels. These are ultra-clean diesel and
Jet fuels that can be made from any number of hydrocarbon rich resources, including
coal, petroleum coke, natural gas, biomass and other abundant domestic sources.

This is a sample of our diesel — you will notice that it is virtually clear. It is extremely
low in particulates and sulfur emissions. You can use Rentech diesel in any current
engine that runs on conventional diesel — in trucks, buses, barges, locomotives or diesel
cars. Last year, the Air Force flew a B52 bomber on the jet fuel version of FT. Our fuel
produces all of the transportation energy of conventional fuels, with several major
advantages:

. It can be made from abundant domestic natural resources, lessening our
dependence on imported oil.
. It runs cleaner than conventional fuels from petroleum, producing slightly less

greenhouse emissions than conventional diesel when used in the same
engines. When compared to similar vehicles with gasoline internal
combustion engines, there is about a 25 percent reduction in greenhouse gas

emissions.

. For other regulated criteria emissions — SOx, NOx, and particulates — using
our fuels cuts emissions by up to half over conventional diesel.

. Rentech diesel can also be stored 5 to 10 times longer than oil-derived diesel,

and it is biodegradable, making it ideal for strategic reserves.

And let me state right up front that, with the proper manufacturing configurations and
appropriate sequestering, we can manufacture our fuel so that the total production of
greenhouse gases — from manufacturing AND vehicle use — is less than the wells to
wheels emissions of conventional diesel. And that would be a major improvement over
gasoline.

(31)
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While the potential of this fuel is still in the early stages in the US, the technology for
making this fuel is over 70 years old. Large scale manufacturing plants are operating in
South Africa, Qatar, Malaysia, and under construction in a number of other countries
including China, which is aggressively developing a CTL industry to meet its growing
transportation fuel needs. In the US, Rentech holds over 20 patents from its more than 25
years of experience refining the process, and we expect to have the first commercial scale
production facility operating in the US by 2010.

That first plant will be the conversion of the fertilizer plant in East Dubuque, Illinois that
I have managed for nine years. Currently, we make nitrogen fertilizer and urea products
for the local market, primarily serving farmers in Illinois, fowa and Wisconsin within a
200 mile radius of the plant. Most fertilizer plants in the US are now struggling because
of the sustained high cost of natural gas, the primary feedstock for making fertilizer
products. In fact, over half of the US production of fertilizer has shut down in the last
seven years, moving overseas where natural gas prices are significantly cheaper and more
stable.

Let me demonstrate the clear and convincing economics. The East Dubuque plant uses
31,800 MMBtu per day, enough gas to heat a city of 100,000 homes. A ten cent increase
in the price of natural gas is $1,000,000 per year in additional operating cost. This plant
would have shut down three years ago if it was not for the conversion to clean coal
technology.

So why add a fuel plant to a fertilizer plant? Because many of the processes are shared:
the gasification of coal, the production of synthesis gas, the conversion of that synthesis
gas into other useful products. Depending on the configuration and the additional
equipment added, these plants can produce various combinations of fuels, fertilizers,
electricity, and other useful manufacturing and consumer products.

Right now, we are in the final stages of design work at East Dubuque. We hope to break
ground in just a matter of months, and it will take about 3 years to convert the existing
fertilizer manufacturing process to a coal-fed gasification system and add an FT plant to
also produce fuels. After conversion, we will increase ammonia production capability
from 830 tons per day to 1,000 tons per day while producing 1,200 to 2,000 barrels per
day of ultra clean FT fuels, with the possibility of ramping up to over 5,000 barrels per
day. Our construction schedule anticipates the plant operating in the new configuration
by 2010, making it the first commercial scale plant in the US producing these fuels

The conversion will take an investment approaching 1 billion dollars. It will nearly
double the number of full-time high-paying union jobs currently at the plant, and employ
nearly 1,000 construction workers at its peak. REMC is the highest paying employer in
the Greater Dubuque area.

Rentech is doing more than just building a first-of-its-kind plant, saving jobs, saving an
industry and creating a new domestic fuel source. We are a company that is also
committed to doing what is right. That is why we have been examining the ways that we
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can reduce the greenhouse gas footprint of these plants. Using coal as a primary
feedstock has many positive attributes — it allows us to sustain the domestic manufacture
of fertilizer, it creates additional jobs in the American coal industry, and it is an abundant
local resource being utilized effectively and cleanly. At the same time, using coal does

create more greenhouse gases - but the great advantage of the technology is that those
greenhouse gases can be contained during manufacture.

Fertilizer plants capture and sequester carbon dioxide in their products. At East Dubuque
we use some of the carbon to manufacture our UREA and fertilizer products, where it
helps fuel the growth of the food crops that dominate our region of the Midwest, most
notably corn. Next, we capture additional CO; produced during manufacturing, clean it
and compress it, and sell it to the food and beverage industry. We will continue with our
capture program after the conversion, but the extent of those carbon solutions are unique
to East Dubuque and the co-production of fertilizer and FT fuels.

For our future proposed projects, Rentech’s engineers are working on recycling
configurations that maximize the capture of CO, during manufacturing. Our second
proposed plant, in Natchez, Mississippi, is near oil fields where Enhanced Oil Recovery
would allow productive use and sequestration of all of the CO, captured. The potential
for carbon capture and sequestration is also a critical factor in our consideration of the
potential of other future sites. Rentech is focusing our development efforts on projects
with realistic CO; capture and sequestration opportunities.

As capture rates approach 80-85 percent, the total wells-to-wheels emissions of our diesel
is comparable to conventional diesel — and a marked improvement over gasoline.
Remember — in usage, our diesel actually emits less carbon dioxide per mile than
conventional diesel. And there are early projections that mixing in 10 percent biomass
with the feedstock could result in even more noticeable reductions in greenhouse gases.

A couple of quick statistics — if every vehicle on the road today were using a diesel
engine, run on FT fuel manufactured with 80 percent carbon capture and 10 percent
biomass, we would reduce the transportation emissions from those vehicles by 5-6
percent over conventional diesel — and 30 percent or more over gasoline. If we switched
to diesel hybrid engines — using technologies available today, not waiting to be invented
- we could reduce greenhouse gas emissions by well over half in those same vehicles
compared to using gasoline engines. And let me be clear — I am talking total emissions —
wells to wheels. That is the potential of these fuels and this process.

The investment that is required to make good on this promise though, is tremendous. 1
mentioned already that it will cost nearly a billion dollars to convert the East Dubuque
fertilizer plant. Plants with a bigger production capacity built from scratch would cost
even more. And the additional costs to ensure that we are optimizing carbon capture and
sequestration can be significant as well.

While Rentech is developing our plants — at East Dubuque and beyond — primarily with
private capital investments, active support from both the state and federal governments is
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critical to developing this industry. We were able to move East Dubuque forward
because of initial feasibility study help from the State of Illinois. As we developed
potential financing packages for the conversion to industrial gasification, we hoped to use
the provisions of EPAct 2005, including the 48B investment tax credit.

As you know, however, the 48B program was capped at $350 million last year. And it
was oversubscribed — dramatically. Applications totaled $2.7 billion. Unfortunately, that
meant that a lot of great applications, like ours, didn’t get any funding at all. Although it
is not completely clear because some of the awards were kept secret, it seems that most
of the funding went to traditional applications — not the sort of technological advances
that could represent breakthrough new gasification industries for the US.

From that experience, we draw two complementary recommendations — first, raise the
cap on the credit so that more projects, especially those that could revolutionize the
industry, can be funded. We strongly recommend a significant increase of at least double
or more. Second, specifically clarify that gasification tied to FT is a permissible use. In
fact, we would suggest that the Congress consider designating a specific portion of the
industrial gasification tax credit to FT development.

One of the most important potential users of our diesel and jet fuels is the U.S. military.
The strategic advantages to a stably-priced domestic source of fuel that has all of the built
in advantages of FT — storage life, biodegradability, and reduced emissions - are obvious.
In fact, some of the biggest reductions in potential emissions — both greenhouse gases as
well as regulated criteria emissions — have been noted in tests in military vehicles. We
appreciate Congressional support for longer-term military contracting authority that
would allow for the kind of stable investment climate to start up these plants.

Next, we must recognize that finding appropriate means to capture and sequester
greenhouse gases is a critical challenge for every major heavy industry in our country and
indeed around the world. We have two additional recommendations that could help
ensure that the United States remains competitive in a carbon-constrained world — and
indeed, that our nation leads the way environmentally. First, recognize that advances in
carbon sequestration options have applications across a wide range of industries and fund
basic research into promising applications. Second, offer incentives for companies — like
Rentech — that are taking the lead and including carbon capture and sequestration
technologies in their plant designs.

Two tax incentives — an FT-specific variant on 48B and a deduction for the cost of carbon
capture and sequestration equipment — paired with longer military contracting authority
could set the stage for rapid development of this industry and have far-reaching
consequences for our national security. We could more effectively utilize domestic
resources. We could reduce our dependence on foreign oil, with all the associated
consequences -- diplomatic, economic and military. And we could maintain key
industrial sectors in a way that is far more beneficial to the long-term stability of our
environment.
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And finally, I’d like to throw in one more potential advantage that is unique to what we
are doing in East Dubuque. At that plant we are really producing two fuels — one for
transportation, the other for our food crops in the form of the fertilizers that are necessary
for their growth. As our nation meets the economic and environmental challenges of this
new century, we can’t afford to lose our independence in either area. So I issue an
invitation to each of you and your staffs — anytime you would like to see what we are
doing, please come. We are proud of our products, proud of workforce, and proud that
we are a good neighbor to the Mississippi River and to our local communities.

Thank you very much for your time this afternoon.
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Environmental Performance Characteristics of Fischer-Tropsch Fuels
Abstract

Fischer-Tropsch (FT) diesel and jet fuels can be produced from a variety of abundant American
resources -- coal, petroleum coke, biomass, solid wastes, and natural gas - in a manner that
produces significant environmental benefits over similar fuels derived from imported oil. In
vehicle usage, FT fuels emit fewer greenhouse gases per mile than conventional gasoline, diesel,
or jet fuels. Diesel engines run on FT yield large reductions in all criteria emissions (particulate
matter, nitrogen oxides, carbon monoxide, and hydrocarbons). When manufacturing processes
are designed to maximize carbon capture and storage, FT fuels produce total greenhouse gas
emissions (carbon dioxide, carbon monoxide, nitrogen oxides, and hydrocarbons) that are
comparable to or better than “wells-to-wheels ” emissions of fuels from oil. Using biomass as a
portion of the feedstock can create a greenhouse gas emissions footprint dramatically smaller
than conventional fuels. Because FT fuels can be used in legacy, current and advanced diesel or
turbine engines without modification to the engine, transported using existing infrastructure, and
blended in any proportion with conventional fuels, they are uniquely poised to play a significant
role in reducing U.S. dependence on foreign oil in an environmentally beneficial manner.

Introduction

The chemistry underlying Fischer-Tropsch (FT) fuels was developed in 1923 in Germany by
Professor Franz Fischer and Dr. Hans Tropsch. In the process, synthesis gas which is
predominantly composed of carbon monoxide and hydrogen is passed by a catalyst (usually
cobalt or iron), forming hydrocarbon chains and water. In the most basic form, the synthesis
reaction can be written as CO + 2H, > CH, + H,0. The hydrocarbon chains yielded by the FT
synthesis will be of various lengths (CHy, CoHg, C3Hsg, etc.) and exit the reaction as liquid
hydrocarbons (including paraffinic or olefinnic waxes, which are common household and
manufacturing materials). The liquid hydrocarbon product from the FT synthesis is high quality,
with almost no sulfur, nitrogen and aromatic impurities, making it an ideal hydrogen-rich source
for producing low-emission, clean-burning fuels.

Synthesis gas to feed into the FT reactor can be gasified from any number of carbon-bearing
resources, including natural gas, coal, petroleum coke, solid wastes and biomass. Gasification
systems are optimized for different feedstock resources, but a characteristic of all current
commercially-available systems is that the more consistent the feedstock is, the more efficient
and stable is the process of synthesis gas conversion. The syngas produced is essentially
identical no matter which feedstock is used.

Once the syngas has been transformed into FT liquids, a number of refining routes can be used to
transform the FT product into usable fuels. Those clean fuels include naphtha, premium diesel,
and ultra-clean jet fuel. Because the FT reactor process is corrupted by the presence of
contaminants such as sulfur and aromatics, those elements must be removed before the syngas is
passed through the FT reactor and are thus reduced significantly in the premium FT fuels that are
produced.
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Characteristics of FT Fuels

FT diesel and jet fuels are non-toxic, water white, highly pure hydrocarbons. They are
biodegradable. They are chemically stable and can be stored for extended periods of times.
While FT fuels can be stored for years, conventional diesel and oil-derived fuels begin to
decompose in a matter of months. FT fuels are therefore ideal candidates for strategic reserves
for both military and domestic first responder use.

Compared to conventional fuels, FT fuel has a lower density due to the lack of aromatics, and a
higher heating (BTU) value due to the higher hydrogen content. There is also a slightly lower
carbon content than conventional diesel. The direct comparisons, from a peer-reviewed study by
Southwest Research Institute, are:

Property Conventional Diesel Fuel FT Diesel Fuel
Carbon Content 86.82% 84.69%
Hydrogen Content 13.18% 15.31%
Net Heating Value, BTU/Ib 18,400 18,900
Density, g/mL 0.84 0.77

Source: Southwest Research Institute.

A joint study by major European automakers and Institut Francais du Petrole (IFp)! presented in
2007 reported similar heating values and density, and also included more detailed analysis of
additional characteristics:

Property Conventional Diesel Fuel FT Diesel Fuel
Cetane Number 55 >75
Cetane Index 58 >82.5
Heating Value, Mi/kg 42.85 43.59
Density, @ 150C, Kg/m3 841.7 7754
Viscosity, @ 400C, mms2/s 3.675 2.197
Sulfur, Mg/kg 42 18

Total Aromatics 39.4% 0.5%

Source: ACEA-Eucar’

The higher cetane values (which are similar to octane values in gasoline) and heating values
reflect that FT diesel contains higher energy content than conventional diesel. FT fuels have a
slightly lower density than conventional diesel, requiring a volumetric increase of 7-8% to
operate a typical diesel engine; diesel powered vehicles, however, enjoy a 20-30% or more fuel
consumption advantage over gasoline internal combustion engines. Because emissions are based
on the mass of fuel consumed, not the volume, and because FT diesel enjoys both a higher
energy value content and drastically lower contaminant levels, using FT diesel results in
markedly lower emissions per mile driven than conventional diesel.

Conclusion 1: FT diesel offers significant advantages over conventional diesel.
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Criteria Emissions

The study conducted by Southwest Research Institute® found a wide range of emissions
reductions for FT diesel relative to EPA Certification Diesel Fuel, depending upon the engine
used, driving conditions, and other study parameters. All greenhouse gas emissions were
reduced, including carbon dioxide. Those representative emissions benefits were:

Emission Range of Reduction for FT Fuel
vs. EPA Certification Diesel
Particulate Matter (soot) 20-60%
Nitrogen Oxides (NOx) 5-20%
Carbon Monoxide (CO) 20-50% *
Hydrocarbons (HC) 25-50% *
Carbon Dioxide (CO3) 3-4%
Source: Southwest Research Institute * VW studies show bigger cuts’

A study by the U.S. Army evaluating 6L diesel engines in off-road military vehicles yielded
similar results:

Emission Reduction at Idle Reduction at Cruise

FT diesel vs. EPA Low FT diesel vs. EPA Low
Sulfur Diesel Sulfur Diesel

Particulate Matter (soot) 55% 52%

Nitrogen Oxides (NOx) 13% 15%

Carbon Monoxide (CO) 45% 60%

Hydrocarbons (HC) 62% 72%

Carbon Dioxide (CO,) 4% 17%

Source: U.S. Military Testing Data’®

According to the 2007 IFP study®, FT fuels “show a very high potential for reducing CO, HC,
and PM emissions, as well as for realizing a much more favorable NOx/PM trade-off without the
commonly observed associated penalties in fuel efficiency.” Additional real world driving tests
by Sasol (vehicles driven from South Africa to Qatar) and VW/Shell (vehicles driven on-road in
Gexmany)7 found criteria emission reductions in the same range. All greenhouse gas emissions
were reduced, and there was a consistent 2-4% reduction in CO; from the tailpipe.

Conclusion 2: FT diesel yields significant reductions in all criteria emissions over
conventional diesel, in some cases exceeding cuts of half or more.

Conclusion 3: In vehicle usage, FT diesel offers a small reduction in direct CO, emissions
over conventional diesel, as well as emission reductions in all other greenhouse gases.
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Vehicle Usage: Greenhouse Gas Emissions Comparison of FT Diesel to Gasoline

In 2004, a study was conducted for ToyotaS by Mizuho Research Institute in Japan that compared
greenhouse gas emissions of a wide range of conventional and alternative fuels, including FT
fuels made from coal (without carbon capture and storage). The summary chart from that report,
available at www.mizuho-ir.co.ipfenglish, was captured from the Institute’s website and is
reproduced below:
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Bndurat (385 s MeOH

W Weli-to-Tank
ank-to-Wheet

Figure Well-lo-Wheel GHG emissions under Tixed conditions of driving sedan type vehicles
Source: Mizuho Research Instituie®

That report breaks down the total greenhouse gas emissions into production components (“well-
to-tank™) and vehicle usage (“tank-to-wheel”), and uses gasoline as the standard for comparing
all other fuels. The evaluation was based on a four-door sedan, and on vehicle miles driven. The
total emissions of greenhouse gases (GHG) were measured, using a CO; equivalency {where all
gases are converted to the equivalent impact of CO; to standardize measurements for
comparisons). For every gram of COs-equivalent GHG emissions from gasoline, 0.13g came
from production (drilling, refining, and transportation) and 0.87g came from vehicle use (emitted
from the tailpipe after combustion). To travel the same distance that it took for a gasoline
internal combustion engine to emit 1g of GHG (total, “wells-to-wheels™), a conventional diesel
engine would emit 0.75g of GHG, a 25% reduction overall.
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Comparing only vehicle usage figures (“tank-to-wheel”), diesel emits 0.69g to travel the same
distance as gasoline (0.87g), a 21% reduction in emissions from the tailpipe. The same vehicle
using FT Diesel made from coal (labeled “Coal > FTD-ICE” on the graph on the previous page)
would emit 0.67g of GHG in the same distance, a 3% reduction over conventional diesel and a
23% reduction over gasoline. Those figures for tailpipe emissions are consistent with the real
world tests referenced earlier.

Comparative Greenhouse Gas Emissions from Vehicle Usage

120+
180+

Gasoline Diesel FT Diesed

Source: Mizuho Research Institute'

The wells-to-wheels emissions for FT Diesel made from coal, however, are higher (1.3g for FT
diesel, compared to gasoline’s 1.0g and conventional diesel’s 0.75g). Those figures are for FT
Diesel made from coal without any capture, mitigation or sequestration of greenhouse gases
during manufacture.

Total Greenhouse Gas Emissions: NO Carbon Capture or Storage

B Tank to Wheels

B Well to Tank

Gasoline Diess! FT Diesel

Source: Mizuho Research Institute’”’

Based on the figures established for the Toyota study'?, capturing and storing 48% of the
greenhouse gas emissions during manufacturing would make FT Diesel equivalent to overall
gasoline GHG emissions, and capturing and storing 87% would make FT Diesel equivalent to
overall greenhouse gas emissions from conventional diesel.

Conclusion 4: In vehicle usage, FT Diesel significantly outperforms gasoline on total
greenhouse gas emissions.

Conclusion 5: Manufacturing FT Diesel from coal requires mitigation of greenhouse gases to
be comparable to similar emissions for conventional fuels.
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FT Diesel and FT Jet Fuel: Reducing Emissions from Production

A U.S. Department of Energy National Energy Technology Laboratory (NETL) report’ titled
“Life-Cycle Greenhouse-Gas Emissions Inventory for Fischer-Tropsch Fuels” by John Marano
and Jered Ciferno makes a comparison similar to the Toyota study. This report, produced in
2001, made several specific assumptions about the wells-to-wheel greenhouse gas analysis
(including hypothetical locations of production plants) and also converted all greenhouse gas
emissions to CO, equivalencies. As in the later Toyota study, the basis for all estimates was
vehicle-miles driven, but instead of utilizing figures for a four-door sedan, the values were for a
sport utility vehicle (SUV). Different baseline assumptions resulted in the NETL report
attributing a higher level of greenhouse gas emissions to production. This chart also assumes
that there is no carbon capture and storage during FT production.

Full Life-Cycle GHG Emissions for FT & Petrolenwm Diesel Scenarios
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The figures in the NETL re:poﬂ15 assumed that FT Diesel produced about the same greenhouse
gas emissions in vehicle usage as conventional diesel {around 368g COy-eg/mile in an SUV); as
noted earlier, both theoretical studies and real world data show a 3% or more differential in favor
of FT Diesel. The total “wells-to-wheels” greenhouse gas emissions of FT Diesel made from
linois #6 coal were 939g COz-eq/mile, compared to 509g CO,-eg/mile for conventional diesel
made from Arab Light Crude. Light crudes are becoming less available and heavy crudes (with
higher emissions) are becoming the norm, but this paper will use the Arab Light Crude figures
for comparison.
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The NETL report'® assumptions resulted in 543g CO,-eq/mile of greenhouse gas emissions being
attributed to manufacturing (the “Conversion/Refining” figures on the graph). To be equivalent
to the total greenhouse gas emissions from conventional diesel refined from Arab Light Crude,
79% of the greenhouse gases (almost exclusively CO;) produced during manufacture of FT
Diesel would need to be captured and stored.  In the NETL report, Marano-Ciferno
demonstrated that simple efforts to capture and sequester CO; will lead to total greenhouse gas
(GHG) emissions for FT fuels below that of conventional fuels.

Comparisen of Strategies for Reducing GHG Emissions for FT Diesel

00

g COZeg/mile
2

BY % GHG Reduction 71 % GHG Reduction 64 % GHG Reduction

A | Hinois #5 Baseline Scenario D | Coalved Methans Capture G | Co-processing of coalbed methans
B | Coprocessing Siomass “E | Sequestation of pracess CO; [H| Advanced Diesel Engine
[Z;j Co-prodhction of Power [':;:J Sequesiration of combustion COs

Source: U.S. Department of Energy, National Energy Technology Laboratory (NETL)"

The above chart shows numerous ways in which GHG emissions can be reduced for FT fuel
production. For the comparisons above, a GHG reduction of 46% overall (to 509g CO2-eg/mile)
would make total greenhouse gas emissions from FT equivalent to the total GHG emissions
produced from diesel refined from Arab Light Crude, so each scenario pictured reduces GHG
from FT significantly below conventional diesel. Marano-Ciferno'® assumed that only 55% of
CO, from manufacturing would be captured and stored ({E] in the graphs above), Since 2001,
however, technology process designs have improved. Recent designs that recycle gases through
the FT reactor allow for CO; capture rates from gasification and FT processing approaching 80%
levels — the levels required to be equivalent to total GHG of diesel from Arab Light Crude and to
be better than diesels made from heavy crude according to the NETL report.

Conclusion 6: CTL and FT process designs that maximize CO; capture during manufacture
of FT Diesel can reduce total greenhouse gas emissions to levels at or below conventional
diesel (and far below gasoline).
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FT Diesel from Coal and Biomass — Dramatic Reductions in CO; Emissions
From Nature, Vol. 444, 7 December 2006'°;

“...there is still the appealing option of spiking coal feedstock with biomass.
Coupled with carbon sequestration, this would reduce greenhouse gas emissions
without requiring much change to existing technology, says Robert Williams, a
researcher at Princeton University’s Environmental Institute. Williams has calculated
that a mixture of 89% coal and 11% biomass could reduce carbon emissions by 19%
relative to using the same process with coal only.”

A number of recent scientific papers® have outlined the benefits of producing synthesis gas from
biomass, and the potential for dramatically reducing overall greenhouse gas emissions by co-
processing coal and biomass through gasification and the FT process. A 100% biomass
gasification system that included full sequestration during manufacturing would have a net
negative overall GHG emissions profile — meaning that cars driving on FT fuel produced from
such a system could actually be responsible for a net reduction of greenhouse gases, even though
they emitted CO; at the same rate as conventional diesel. At the current time, however, a 100%
biomass system is not economically feasible, and the variation in biomass makes a stable
gasification process exceptionally difficult. There are also a number of questions that have been
raised about the net energy value of some forms of biomass, given the energy content that goes
into raising, harvesting and transporting crops.

Nonetheless, Robert H. Williams and Eric D. Larson of the Princeton Environmental Institute of
Princeton University have demonstrated” over the past year that inchuding biomass in the
feedstock of an FT process, even in relatively small percentages, can yield a significant reduction
in the GHG profile of both the manufacturing process and the fuel produced. In the June 2006
paper™ titled “Synthetic fuels in a world with high oil and carbon prices,” Williams, Larson and
their colleague Haiming Jin from TX Energy concluded:

“With CCS, the GHG emission rate for coal F-T liquids could be reduced to about the
rate for crude oil-derived fuels. The net GHG emission rate could be reduced further, to
near zero, via co-processing biomass and coal with CCS so as to exploit the negative
emissions of storing photosynthetic CO,.” (Emphasis added.)

Even using far more conservative estimates for the potential greenhouse gas reduction
achievable, adding as little as 10% biomass to a predominantly coal feedstock can significantly
reduce the total GHG emissions of FT fuels. The chart on the next page demonstrates the effect
when biomass is included in the calculations of the Toyota study (which required higher
sequestration levels during manufacturing than the NETL study to achieve parity with
conventional diesel). Since the Toyota study did not include a coal plus biomass mix, NETL
data on co-processing with biomass was converted proportionally for that comparison.
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Total GHG Emissions: FT with 80% CCS and Biomass Co-feed

430 Tank to Wheels

B Biomass Cofeed

3 With Sequestration

B Well to Tank

Gasoline Diesel FI80
Source: Mizuho Research Institute, including NETL data™

When FT fuels are produced with 80% carbon capture and storage during manufacturing, and the
conservative biomass co-feed GHG reductions utilized in the NETL studyz“ are combined, the
total “wells-to-wheels” GHG emissions drop to almost 10% below conventional diesel and are
more than 30% below the identical vehicle with a gasoline internal combustion engine. If the
figures cited by Robert Williams in the Nature article®™ quoted on the previous page are used, the
total GHG emissions of FT Diesel made predominantly from coal drops to nearly 15% below
conventional diesel and almost 40% below gasoline,

Cenclusion 7: When carbon capture and storage are maximized during manufuacturing, and a
small percentage of biemass is included as a co-feed, FT Diesel made predominantly from
coal has significantly smaller GHG emission levels than conventional fuels derived from oil,
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Advanced Diesel Engines and Hybrids

In the NETL chart® comparing strategies for reducing GHG emission of FT Diesel reproduced
on page 7 of this paper, the final step of every strategy was to utilize the fuel in an Advanced
Diesel Engine. The IFP report” reinforced the potential for achieving additional reductions in
emissions by improving engine technology, noting that FT fuels have “.. still-unexploited
potential for extraordinary reductions of exhaust emissions if the engine control software is
optimized and easily accessible engine parameters are recalibrated, e.g. EGR rate and injection
timings.”

The Toyota study confirmed that gasoline hybrid engines could reduce GHG emissions by more
than 50% over standard internal combustion engines, and that diesel hybrids could achieve
similar reductions. The chart™ reproduced on page 4 of this paper demonstrates that
conventional diesel fuel utilized in a diesel hybrid has more than 60% less total GHG emissions
than gasoline used in a standard internal combustion engine. When FT Diesel that is
manufactured with 80% CCS and biomass co-feed is used, the total GHG emissions reduction
over gasoline internal combustion engines exceeds 65%.

Total GHG Emissions: FT Diesel with 80% CCS & Biomass in a Hybrid Engine

£ Tank to Wheels

& Biomass Co-feed

[ With Sequestration

B Well to Tank

Gasoline - ICE  Diesel Hybrid  FT88 in hybrid
Source: Mizuho Research Institute, including NETL data®

The hybrid technologies examined in the Toyota study were commercially-available diesel
hybrid engines. It is easy to project that advanced hybrids that are calibrated specifically for FT
Diesel could approach or exceed a 70% reduction in total GHG emissions over a gasoline
internal combustion engine in the same vehicle, when the FT Diesel is manufactured to
maximize CO; reductions.

Conclusion 8: Using hybrid technology available today and manufacturing FT Diesel to
optimize CO; reductions, FT fuels from coal could achieve emissions reductions that
significantly exceed the goal of cutting transportation emissions by half over today’s gasoline
internal combustion engines.
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Concluding Notes

FT fuels manufactured from abundant American resources hold great promise. They can help
reduce U.S. dependence on imported oil, while simultaneously offering significant
environmental advantages. For criteria emissions, those advantages include some cuts of more
than half in existing engines without modification. For greenhouse gas emissions, the unique
capabilities of capturing CO; in the manufacturing process — both in gasification and FT
synthesis — means that fuels could be produced that significantly reduce total “wells-to-wheels”
GHG emissions over conventional fuels.

FT fuels must be made with extremely low sulfur contents because of the negative effects of
sulfur in the FT reactor. Removing sulfur from fuels, however, also reduces lubricity. FT Diesel
can be mixed with a number of other conventional or alternative fuels to counter that effect.
Adding approximately 5-10% biodiesel, for example, would restore the lubricity properties of
ideal fuels. That will help grow the market for biodiesel, and further reduce the overall GHG
emissions of FT fuel.

Combining the potential of FT with the inherent GHG reductions achievable with biomass can
offer even greater promise. Currently, 100% biomass FT processes are not feasible, because of
the inherent variation in biomass (which impedes the consistency that allows gasification
systems to be optimized) and because of the quantities of biomass which would be required
(which eliminates some of the GHG emissions profile gains because of transportation and other
production costs). The combination of biomass with fossil resources however allows production
of FT fuels to achieve the best of both — the economic prices of abundant resources and the GHG
emissions reductions of biomass. It also helps to jump-start a new component of the biofuels
industry, to develop the technology base for potentially increasing the biomass percentages in FT
fuels, and to increase the potential that 100% biomass systems with net negative GHG emissions
could be feasible in the future.

All of this can be done in the context of current engines, current distribution systems, and current
technology. While there are many proposals for reducing greenhouse gases from transportation
use, one of the major stumbling blocks to achieving the goals set forth is the reluctance of the
public to adopt new technologies and unproven systems. The incremental achievements that can
be achieved with FT, and the potential for even greater improvements as FT systems are
developed, offer a significant short-term improvement and could provide the impetus for even
greater long-term change.

! Joint study by European automakers and Institut Francais du Petrole (IFP), (SAE 2007-01-0035), presented to
Society of Automotive Engineers, meeting in South Africa in 2007. Cited by Diesel Fuel News, Vol. 11, Issue 6, 12
March 2007. www.worldfuels.com.

? Ibid.

* Southwest Research Institute.

* From page 22 of the report “Synthesis Gas from Biomass for fuels and chemicals,” prepared for the International
Energy Agency (IEA) from proceedings of the May 2005 SYNBIOS Conference in Stockholm, Sweden by A. van
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der Drift and H. Boerrigter, January 2006: “Volkswagen focuses on Fischer-Tropsch diesel as the second
generation biofuel. It is called “sunfuel” or “sundiesel” [16]. This is chemically identical to Fischer-Tropsch
diesel (“synfuel ) made from gas (GtL) or coal (CtL). Fleet tests performed by Volkswagen with Fischer-Tropsch
diesel show significant improvements compared to conventional low-sulphur fossil diesel. CO and hydrocarbon
emissions reduced by 91% and 63%. The emission of particulates reduced by 26% and even NOx was reduced by
6% [55]. These improvements add up to the original COz-emission reduction argument to use biomass-based
Fischer-Tropsch diesel (sunfuel). Renault has also performed tests where the reduction of soot emissions was
shown when Fischer-Tropsch diesel was used compared to fossil diesel [55].” The cites [16] and [55] refer to
specific papers presented at the conference.

% Data from U.S. Army tests.

¢ Joint study by European automakers and Institut Francais du Petrole (IFP), (SAE 2007-01-0035), presented to
Society of Automotive Engineers, meeting in South Africa in 2007. Cited by Diesel Fuel News, Vol. 11, Issue 6, 12
March 2007. www.worldfuels.com.

7 “Synthesis Gas from Biomass for fuels and chemicals,” prepared for the International Energy Agency (IEA) from
proceedings of the May 2005 SYNBIOS Conference in Stockholm, Sweden by A. van der Drift and H. Boerrigter,
January 2006.

# “Well-to-Wheel Analysis of Greenhouse Gas Emissions of Automotive Fuels in the Japanese Context”, prepared
for Toyota Motor Corporation by Mizuho Information & Research Institute, Inc., November 2004. www.mizuho-

ir.co.jp/english/.

® Toid.

" Ihid.

" Ibid.

" bid.

13 “Life-Cycle Greenhouse ~Gas Emissions Inventory For Fi ischer-Tropsch Fuels™ Prepared for US Department of
Energy National Energy Technologies Laboratory (NETL) by Energy and Environmental Solution, LLC, John J.
Marano and Jared P. Ciferno, June 2001.
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Abstract

Four carbon management options are investigated for making Fischer-Tropsch fuels plus electricity:
three processing coal and one co-processing coal and biomass. Energy and carbon balances are
estimated. Economic analyses are carried out for carbon prices of $0 and $100 per tonne of carbon.
Both levelized costs and internal rates of return on equity are estimated with CO, vented, and with
CO, captured and stored in saline aquifers, and with CO; captured and used for enhanced oil
recovery. Comparisons are made with coal integrated gasifier combined cycle power plants. When
the carbon price is $100 per tonne of carbon, the co-processing option is the most economically
attractive option for making Fischer-Tropsch liquids. Even at zero carbon price enhanced oil
recovery applications of captured CO, will often be economically attractive where such
opportunities exist. Enhanced oil recovery is a sufficiently large and economically interesting niche
in the USA (and perhaps elsewhere) that it could enable wide near-term experience with

gasification-based energy and carbon capture and storage technologies.

Keywords: coal, biomass, Fischer-Tropsch, gasification, CO,, EOR

Introduction

Carbon management options are investigated for Fischer-Tropsch (F-T) liquids—synthetic fuels
that have attracted interest in light of high oil prices and oil supply security concerns.

The system configurations investigated are “polygeneration” units that use commercial “once-
through” liquid-phase reactors with iron-based catalyst for synthesis of F-T fuels from syngas. The
syngas unconverted in a single pass is used to make co-product electricity in a combined cycle
power plant. Liquid-phase synthesis reactors and once-through synthesis configurations are well-
suited for use with CO-rich syngas—such as that derived from coal via gasification.

Three carbon management options for systems using only coal are considered: one that vents the
CO, coproduct (C-FT-V); one (Figure la) that captures CO, and stores it underground (C-FT-C);
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making F-T liquids, exploiting the negative emissions potential of CO, capture and storage (CCS)
for biomass [1].

The biomass calculations are for switchgrass, which was also investigated in a companion
bioenergy study [1]. Results for crop residues (an early market opportunity for biomass) are likely
to be similar to the findings presented for switchgrass.

Energy and carbon balances are estimated. The economic analyses include calculations of both
levelized costs and internal rates of return on equity. In the economic analyses aquifer storage (CO,-
AqgS) and enhanced oil recovery (CO,-EOR) are considered as alternative storage options. For CO,—
EOR, comparisons are made to using CO, from coal integrated gasifier combined cycle (IGCC)
power plants.

Methodology

F-T liquids plants were modeled using: (i} AspenPlus chemical process simulation software to
estimate detailed mass and energy balances and (i) AspenPinch software for system heat
integration. A GE pressurized, Ox-blown, entrained flow, quench gasifier (commercially available)
is modeled for coal. C/B-FT-CoC involves modeling a separate pressurized, O-blown, fluidized
bed gasifier based on GTI’s technology (not yet commercial) for biomass but a sharing of other
process equipment between coal and biomass.

For C-FT-V, syngas from the gasifier is shifted to the extent that H;:CO = 2.25 for syngas entering
the synthesis reactor—the value that maximizes conversion to liquid fuel. For CCS cases, H;:CO =
2.75—a value at which essentially all carbon {except in CH.) entering the synthesis reactor leaves
as F-T products, and syngas conversion to liquids is only slightly below the maximum value.

After shifting the syngas, CO; and H;S are captured using Rectisol technology. The CO; is dried
and compressed or the CO; + H;S are dried and compressed to 150 bar and transported 100 km to a
site for storage in a saline aquifer 2 km underground or in conjunction with CO,-EOR.

The products of F-T synthesis (light gases, naphtha, middle distillates, and waxes) are sent to an
integrated refinery area, the final liquid products from which are gasoline and diesel blendstocks;
the light (C-C4) gaseous byproducts of refining plus the unconverted syngas exiting the synthesis
reactor are burned for power generation in a combined cycle plant.

For simulated energy and mass balances, installed capital costs were estimated for the four F-T
plant configurations, assuming commercially-ready components for coal and future mature N*® plant
technology components for biomass. Capital costs were developed by sub-unit in each major plant
area using a database developed from prior work [1,2,3,4], literature studies, and discussions with
industry experts.

Energy quantities are expressed on a lower heating value (LHV) basis, except energy prices are on a
higher heating value (HHV) basis—the norm for US energy pricing. All costs are in 20038, It is
assumed that prices for coal and biomass (20% moisture content) are $1.35/GJuyv and $3.0/Glynv
(which is likely to be typical for many residue and dedicated energy crop applications),
respectively. Energy system costs are estimated for greenhouse gas (GHG) emissions having
monetary values of $0 and $100 per tonne of carbon equivalent (tCequiv)-

In systems producing both F-T liquids and electricity, allocation of GHG emissions’ and costs
between the products is arbitrary. For the present analysis it is assumed that the GHG emission rate
assigned to electricity (gCequiv/kWh) is that for a stand-alone coal IGCC plant with CO, vented (C-
IGCC-V) in the C-FT-V case and for a coal IGCC plant with CO, captured (C-IGCC-C) in all
capture cases. In estimating F-T liquids production costs at a given monetary value for GHG

' The GHG emissions include CO; emissions from the plant and ultimate combustion of the F-T liquids and the CO,-
equivalent GHG emissions upstream of the conversion plant. From the GREET model of the Argonne National
Laboratory these are estimated as 1.00 kgCequiy and 2.06 kgCequy per GJ for coal and switchgrass, respectively.
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emissions, it is assumed that the value of the co-product electricity ($/kWh) equals the generation
cost for the least-costly stand-alone C-IGCC power plant for that monetary value of GHG
emissions.

Table 1: F-T liquids production with CO, vented or aquifer storage of CO, (Base Case financing)

Conversion Option | C-FI-V | C-F1-C | C-FI-CoC_ | C/B-FT-CoC
Carbon flows (power balances)

Coal input, kgC/s (MW) T 742(2046) | 77.7(3085) | 77.7(3085) 56.4 (2241)
Switchgrass input, kgC/s (MW) 24.7 (886.8)
F-T liquids output, kgC/s (MW) 21.1 (1035) 21.0 (1032) 21.0 (1033) 20.9 (1032)
Electric power output { MW) (461.3) {429.9) {428.3) {459.5)
Unconverted coal char, kgC/s 0.74 0.78 0.78 0.56
Coal CO, emissions from plant, kgC/s 52.5 8.27 6.94 6.64

Coal CO, captured & stored, kgC/s 476 49.0 283
[CO, capture rate for coal (CCRe), tCO, /Gleri] {0.169] [0.174] {0.101]
Switchgrass CO, captured and stored, kgC/s [CO, capture rate for switch {CCRs), t CO+/GJpr ] 22.3]0.0791]
Fuel cycle GHG emissions, kgCequ/Gliny F-T liguids 46.73 2798 26.68 5.53
(relative to crude oil-derived hydrocarbon fuels) (1.80) {1.08) (1.03) (0.21)
Fuel cycle GHG emission rate, gCequ/kWh electricity 2194 28.8 28.8 28.8
Price of GHG emissions, $/Cegyy 0 | 100 0 ] 100 0 | 100 0 | 100
Electricity co-product value, ¢/kWh 475 | 694 | 475 | 694 | 475 | 694 | 475 | 694
Overnight construction cost, $10° 1647 1797 1639 1678

CO, transport/storage cost, $/t CO, 6.59 647 6.50

F-T Liquids Production Cost, $/GJiuv

Capital 10.63 11.63 10.60 10.87
Operation and maintenance 2.52 2.76 2.52 2.58

Coal input 4.01 421 4.20 3.06
Switchgrass input 2.86
Electricity co-product credit | 588 | -859 1 549 | 803 | 547 [ 799 | 587 | 858
CO; transport/storage cost (CTSC) 111 1.42 1.17
GHG emissions cost - ] 738 - ] 34 - ] 300 - 3.07
Credit for bio-CO, storage -2.16
Net production cost, $/GJ,

2 Epg = NPC, for vefm'n ”;“;d NPCq for capture 11.28 1596 | 1422 14.82 1297 13.46 14.65 12.85
F-T liquids prod cost, $/liter gasoline equivalent {ge) 0355 1 0502 | 0447 ]| 0466 | 0408 | 0423 | 0461 | 0404
Breakeven crude oil price, $/barrel 504 61.7 66.2 35.6 59.6 48.2 68.6 44.9
Plant-gate CO, cost = (NPC¢ - CTSC - NPCy)/(CCRe + CCRg), $t CO, 10.7 -13.3 33 -20.9 123 -23.8

Cost estimates are for plants with an 80% capacity factor, financing with 55% debt (4.4%/y real
cost) and 45% equity, a 30-year (20-year) plant (tax) life, a 38.2% corporate income tax rate, a
2%/y property tax/insurance rate, and an owner’s cost of 5.5% of the total installed capital cost.
Base Case financing involves a 14.0% real rate of return on equity (ROE), so that the discount rate
(real weighted after-tax cost of capital) is 7.8%/year, and the levelized annual capital charge rate is
15.0%/year. Plant construction requires four years, with the capital investment committed in four
equal payments, so that interest during construction is 12.3% of the overnight construction cost.

Costs for CO, transport and for aquifer storage are based on a model developed by Ogden [5],
assuming that the maximum CO, injection rate per well for the AqS-CO, storage cases is 1000
t/day, a typical value for mid-continental aquifers.

Breakeven crude oil prices are estimated assuming that the F-T gasoline and diesel products (38%
and 62% of liquids output, respectively) compete with gasoline and low-sulfur diesel derived from
crude oil. The refining cost increment for this mix is $10.4 per barrel.

For the CO,-EOR cases, captured CO; is transported 100 km and sold for EOR at a price in $ per
10* sef (1 tonne = 19 x 10° scf) equal to 3% of the oil price in $/barrel—a “rule of thumb” for
Permian Basin CO2-EOR (Vello Kuuskraa, AR, private communication, December 2005).
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With Base Case financing, the economic analysis identifies the crude oil price at which F-T liquids
are competitive with gasoline and diesel. Electricity costs for coal IGCC power with CO,~EOR are
also estimated with Base Case financing. The economic analysis is extended beyond Base Case
financing to estimate the ROE as a function of oil price—assuming all financial parameters other
than the ROE are the same as with Base Case financing.

Findings

Table 1 summarizes energy and carbon balances and the economic analysis with Base Case
financing for systems with venting and aquifer storage of CO,. With CO, vented, the GHG
emission rate is 1.8 times that for crude-derived hydrocarbon (HC) fuels displaced, but for coal with
CCS the rate is about the same as for these HC fuels, and for C/B-FT-CoC the rate is only 0.2 times
that for displaced HC fuels.

Notably, only 0.86 GJ of biomass is needed to make 1 GJ of F-T liquids via C/B-FT-CoC. This is
far less than the biomass required to make conventional liquid biofuels® and thus offers an attractive
way to use scarce biomass resources to make liquid fuels with near-zero net GHG emissions.

At $0/tC the C-FT-V option competes at $50 a barrel crude oil, but the CCS options require a much
higher oil price to be economically interesting. However, at $100/tC [the GHG emissions price at
which C-1GCC-C {CO,-AgS) becomes competitive with C-IGCC-V—see Table 3}, the C/B-FT-
CoC option would compete at a $45/barrel oil price and provide F-T liquids at a plant-gate cost of
$0.40/1iter ($1.5/gallon) of gasoline equivalent (ge).

Plant-gate costs of CO, are low—3$3-§12/t (Table 1), lower than for C-IGCC-C plants (see Table
3)—suggesting that F-T liquids plants might be attractive sources of CO, for EOR projects. Table 2
presents an economic analysis for F-T plants coupled to CO,-EOR with Base Case financing,
showing that breakeven crude oil prices are in the range $37-$42/barrel for $0/tC (much lower than
for C-FT-V, Table 1). Similarly, Table 3 shows that C-IGCC-C supporting CO2-EOR could provide
less costly electricity than C-IGCC-V at $0/1C.

Projects coupling gasification energy and CO,-EOR could help establish CCS technologies in the
market even at a carbon price of $0/tC. Recent studies [8] estimated for 10 US basins/regions the
economic (technical) CO,-EOR potential based on state-of-the-art technology to be 47 (89) billion
barrels. The economic potential could support 4.3 million barrels/day of crude oil production for 30
years (a typical lifetime for a gasification energy plant that might provide the needed CO;). At the
average CO, purchase rate of 0.21 t COy/barrel estimated in these studies, the required CO, could in
principle be provided by 60 C-FT-C plants (Table 2) or 126 C-IGCC-C plants (Table 3). Although
coupling gasification energy and CO,-EOR projects will not always be feasible, this “niche
activity” would nevertheless be large enough to gain extensive early experience and technology cost
buydown (learning by doing) for both gasification energy and CCS technologies.

Figures 2a and 2b show the ROE as a function of oil price at $0/tC and $100/C, respectively. At
$0/C, the CO2-EOR-supporting options would almost always be more profitable than C-FT-V; C-
IGCC-C supporting CO,-EOR is the most profitable option at low oil prices but FT-C options
supporting CO>-EOR are more profitable at high oil prices. At $1001C, C-IGCC-C with CO,-EOR
is the most profitable option, and C/B-FT-C (characterized by near-zero GHG emission rates for
both F-T liquids and electricity) is more profitable than any C-FT option at all oil prices and for
both storage options (CO,-EOR and CO,-AgS).

Conclusions

Making F-T liquids from coal could help mitigate oil supply security concerns and would be
profitable at sustained high oil prices. But without CCS, this option would lead to a large increase in
GHG emissions relative to hydrocarbon fuels derived from crude oil.

? For comparison, the net biomass required to make 1 GJ of F-T liquids from switchgrass with CO, vented is 1.56 GJ
{1], while the net biomass required to make § GJ of cellulosic ethanol from com stover is 2.89 GJ with vintage 2000
technology (58.4 gallons per dry short ton) [6] and 1.77 GJ with advanced technology (89.8 gallons/ton) [7].
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With CCS, the GHG emission rate for coal F-T liquids could be reduced to about the rate for crude
oil-derived fuels. The net GHG emission rate could be reduced further, to near zero, via co-
processing biomass and coal with CCS so as to exploit the negative emissions of storing
photosynthetic CO;. At a carbon price of $100/1C the co-processing option is the most economically
attractive of all the options considered for F-T liquids production and requires far less net biomass
input to realize near zero GHG emissions than conventional biofuels such as cellulosic ethanol.

If the CO; captured in F-T or IGCC plants were used for CO,-EOR, the economics of CO, capture
and storage would often be attractive even at a carbon price of $04C. CO,-EOR opportunities in the
USA (and perhaps elsewhere) are sufficiently large to make the CO,-EOR application an attractive
way to gain extensive near-term experience with gasification-based energy and CCS technologies
and the opportunity to “buy down” the costs of these technologies substantially as a result of
learning by doing.

Table 2: E ics of F-T liquids production if CO, is used for EOR (Base Case fi ing)
Conversion Option C-FT-C C-FT-CoC C/B-FI-CoC
CO, available for EOR, t CO,/hour 628.4 646.0 667.5
Barrels of crude EOR/barrel of F-T liquids (ge) 4.00 4.11 4.25
Price of GHG emissions, $/th 0 100 0 100 0 100
Electricity co-product value, ¢/kWh 4.75 6.94 4.75 6.94 4.75 6.94
Price at which CO, is sold for EOR, $1 CO, 23.6 19.6 209 16.5 239 15.2
CO, transport cost (100 km), 3/t CO, 2.94 2.89 2.84
F-T Liquids Production Cost, ¥GJyuy
Capital 11.63 10.60 10.87
Operation and maintcrance 276 2.52 2.58
Coal input 4.21 4.20 3.06
Biomass input 2.86
Electricity co-product credit 549 | 803 | 547 | 799 | 587 | 858
CO, transport cost 0.50 0.50 0.51
GHG emissions cost - 134 - 292 - 3.07
Credit for EOR - 3.99 ] -3.31 -3.63 I -286 | -430 | -273
Credit for bio-CO, storage -2.16
Net F-T lignids production cost, $/GJy v 9.61 10.89 8.73 9.89 9.70 9.46
F-T liguids production cost, $/liter, ge 0302 | 0342 | 0274 | 0311 { 0305 | 0.298
Breakeven crude oil price, $/barrel 414 344 36.6 28.9 41.9 26.7
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Figure 2a: ROE vs. oil price @ $0/C. Figure 2b: ROE vs. oil price @ $100/C.
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Table 3: Performances and costs for coal IGCC power plants® (Base Case financing)
Conversion Option | CIGCC-V C-IGCC-C
Storage mode CO-AqS | CO,-EOR
Price of GHG emissions, $/tCeqyi, I o | oo 0 f o 6 F 100
Instalied capacity, MW, b 3901 3619
CO, storage rate, t COy/hour 297.3
Barrels of crude EOR per day/GW, of C-1GCC-C capacity 74,700
CO, emission rate from plant, t COy/hour 301.5 25.2
Fuel cycle GHG emission rate, gC.q.i,/kWh 2194 28.8
Efficiency at design point, LHV 4295 36.79
CO, transport cost, $/t CO; 4.33
CO, storage cost, $/t CO, 3.84 -
Price at which CO; is sold for EOR, $/t CO,—assumed to be the same as for the 236 19.6
C-FI-C option_in Table 2 (assumed crude oil price, $/barrel} (414 {34.4)
Overight construction cost {OCC), $&W, ] 1187 | 1531
Generation Cost, ¢/kWh
Capital 285 3.68
Operation and mai 0.68 0.87
Fuel 1.22 142
CO, ransport 0.36
CO, storage 0.31 -
Credit for EOR - 1.94 -1.6]
GHG emissions 1 o Jai9 0 0.29 0 0.29
Total 17475 1694 664 6.93 4.39 5.01
Plant-gate CO; cost, $1t CO, 14.8 -83

* Based on [4] except that (as for the F-T polygeneration analysis) the coal is assumed to have a heating value of
23.5 GJyyy/tormne and a C content of 25.2 kgC/Gpyv.
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The U.S. Department of Energy’s National Energy Technology
Laboratory study entitled

“Life-Cycle Greenhouse-Gas Emissions Inventory For
Fischer-Tropsch Fuels” (June 2001)
by John J. Marano and Jared P. Ciferno,

may be obtained from the technical reports inventory on the
NETL’s website.

hitp://www.netl.doe.gov/publications/others/techrpts/techrpts toc.html.
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This report is available as an ADOBE pdf file on the MHIR website at http:/www.mizuho-ir.co.jp/english/
Questions and remarks may be sent to kankyo@mizuho-ir.co.jp

No part of this report may be reproduced or utilized in any form or by any means, electronic or mechanical,
including photocopying, recording or by any information storage or retrieval system, without permission
from Toyota Motor Corporation (TMC) and Mizuho Information & Research Institute, Inc. (MHIR).

TMC and MHIR are also not responsible for any damages caused by any changes or utilization of
information within this report.
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Preface

According to the diversification of automotive fuels and powertrain technologies, advanced technology
vehicles such as hybrid electric vehicles with gasoline and diesel, and various fuel cell based vehicles, have
been under research and development extensively. Against this background, in order to evaluate the
greenhouse gas emission reduction potentials, we focuses on estimating Well-to-Tank (= consideration of the
fuel from resource recovery to delivery to the vehicle tank) greenhouse gas emissions of automotive fuels to
be used in Japan for present and near future. Further, by adding these well-to-tank results, we show Well-to-
Wheel (=integration of the well-to-tank and tank-to-wheel components) greenhouse gas emissions under the
specific condition of driving a sedan.

We hope that these data of this study will be useful for those who are planning to conduct fuel-cycle analysis
in the future.

Study Organization

This study was carried out the project team that was organized by environment-related organizations in
Mizuho Information & Research Institute, Inc. In addition, in order to ensure Well-to-Tank data impartiality,
efforts were made to improve credibility by seeking varied advice, ranging from third party evaluations by
specialists (Advisory Committee) up to obtaining calculation methods from the data sources.

The participants of this project were as follows:

<Advisory Committee>
(Chairman) Hisashi ISHITANI Graduate School of Media and Goverance, Keio University
Masaki IKEMATSU General Manager, Fuel Cell Testing Dept., Nippon Oil Corporation
Fumihiro NISHIMURA  General Manager, Siting & Environment,
The Federation of Electric Power Companies
(Takao KITAHARA Deputy General Manager, Siting & Environment,
The Federation of Electric Power Companies)
Kiyokazn MATSUMOTO General Manager, Environment Dept., The Japan Gas Association
Kiyoshi NAKANISHI Senior Director of Research, Genesis Research Institute, Inc.
(Advisor, Toyota Motor Corporation)
Shigeki KOBAYASHI IPCC Coordinating Lead Author
(Senior Researcher, Strategic Planning Office,
Toyota Central R&D Labs., Inc.)

<Toyota Motor Corporation>
(Representative)  Hirohiko HOSHI Senior Staff Engineer, Fuel & Lubricant Department

<Mizuho Information & Research Institute, Inc.>
(Representative)  Yasushi KAJI Senior Research Associate, Environmental Strategy

(n



67

Acknowledgments

We would like to thank members of Advisory Committee and specialists at the various institutions that
supported our study during the process of hearing and editing this report.

(2)



68

Executive Summary

With the impending practical application of fuel cell vehicles (FCV), the choice of propulsion systems, along
with gasoline and hybrid vehicles is increasing, while on the other hand, the diversification of fuels is also
progressing. From this background, Toyota Motor Corporation {TMC) conunissioned Mizuho Information &
Research Institute, Inc. (MHIR) to conduct this study with the objective of establishing a foundational
understanding needed to consider the potential of various technologies and automotive fuels in the reduction
of environmental load.

The calculations of this study mainly concern Well-to-Tank (=consideration of the fuel from extraction of
primary energy to vehicle fuel tank) energy consumption, greenhouse gas (GHG) emissions and energy
efficiency of current and near future automotive fuels in Japan. The results of this study were subsequently
combined with data related to Tank-to-Wheel (=assessing vehicle architecture, powertrain and fuel effects)
studies previously conducted by TMC, and a case study showing Well-to-Wheel (=integration of the Well-to-
Tank and Tank-to-Wheel components) GHG emissions under fixed conditions of driving sedan type vehicles,
was caleulated (See figure below).

Gaseline - ICE
Gasoling - IRV

LPG-IT
LNG «» CNG - ICE
Diesel - 1CE
Dlesel - ICEMY
Natural Gas - FTD - ICR
Natural Gas ~» DME - ICE
Coal - F10 - ICE
Coal -» DME - JCE
Biomass -» FTD 10K
Rape seed - PAME . ICE
Waste food oil - FAME - ICE
Waste wood ~» Ethanol - ICE
Gasoline ~» {on} CGH; - FO
Kerosene - {on) CGH, - FC
Naphtha — {on) CGH, - FC
LPG - {on) CGH, ~FC
Natural Gas - {on) CBH,
Natural Gas — {offf CGH, - FC
Natural Gas ~» MeOH ~» (on) CGH, - FC
COG - {of LH, - FC
Elgctrolysis —» {on} CGH, - FC

b
I

<10 0.8
Relative CO, erission { Gasoline - ICE=1.0}
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Regarding Well-to-Tank studies, the fuel production pathways considered were; 21 petroleum based fuels, 20
natural gas based fuels, 8 coal based fuels, 19 biomass resource related fuels (3 bio-diesel fuels, 10 dry
biomass based fuels, 6 wet biomass based fuels), power grid mix (Japan average) and hydrogen production
through electrolysis, 6 byproduct hydrogen pathways, totaling 76 pathways. No fixed timeframe was set for
the data collected, with efforts focusing on understanding and organizing existing data. Additionally, in order
to ensure data impartiality, efforts were made to improve credibility by seeking varied advice, ranging from
third party evaluations by specialists {(Advisory Committee) up to obtaining calculation methods from the data
sources. Moreover, where data used in calculation has a broad range, the range is indicated through minimum
to maximum values.

Furthermore, for Well-to-Wheel, in concurrence with previous research for the “10-15 mode run” (example of
calculations made in this study), which is mainly a comparatively low-speed run, significantly superior results
were obtained for hybrid electric vehicles (gasoline, diesel) in relation to GHG emissions. For synthetic fuels
such as Fischer-Tropsch Diesel Oil and Dimethy! Ether (DME), and hydrogen, large variations in Well-to-
Tank GHG emissions were apparent depending on the primary energy used as feedstock, and it is clear that an
important aspect of future considerations will be the production of fuels through low GHG emission pathways.
Moreover, regarding hydrogen, during transition, hydrogen derived from fossil fuels such as natural gas has
also shown results similar to that of hybrid electric vehicles, and depending on trends in CO, capture and
storage, possibilities of further reductions in GHG emissions with these pathways are conceivable. In addition,
fuels derived from biomass resources have comparatively low GHG emission values, and future utilization is
anticipated.

The credibility and applicability of calculations in this study depends greatly on calculation preconditions
such as implemented load distribution methods and quality of data. In reality, some fuels such as petroleum
products, city gas, liquefied petroleum gas (LPG) and electricity are already in industrial use, while biomass
resources, synthetic fuels, hydrogen, and so on, are still in the early stages of technological development. In
addition, even where calculation results of this study are based on actual values, as there is a high degree of
uncertainty concerning future technological innovation, market size, new laws and regulations, and such,
many problems exist concerning the simple comparison of these fuels. Furthermore, regarding load
distribution between main products and co-products/byproducts, although this study has been conducted
under the premise that, in principle, byproducts will be disposed of, the usage of certain byproducts has been
considered in prior studies although the possibility of realizing this usage is unclear (load distribution
considerations). Also, regarding the sphere of the system, the environmental load from the production process
of byproduct hydrogen feedstock such as coke oven gas (COG) has not been taken into consideration in this
study. For these reasons, the calculation results of this study are not unlike preliminary approximations, and in
order to contribute further to the initial objectives, the consistency of preconditions and the accuracy of data
used in calculations must be improved, and the credibility of the results must be enhanced.

The emphasis of this study is on Well-to-Tank analysis. In future, these results will be combined with various
Tank-to-Wheel analysis results and basic data, and various further analyses are scheduled in relation to overall
efficiency from extraction of primary energy to actual vehicle fuel consumption “Well-to-Wheel”, At such a
time, it may also become necessary fo modify or adjust the calculation results of this study in order to comply
with analysis preconditions.

Well-to-Wheel analysis results will be an important factor in the selection of future technologies and fuels.

(4)
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However, technologies and fuels that will be implemented in the future will not be determined by this factor
alone. This is because a variety of other factors such as cost, infrastructure, completeness of the technology,
supply potential and usability will also be taken into consideration. In future, it will be necessary to seek out
optimum vehicle/fuel combinations according to the energy circumstances, available infrastructure and
regulations that apply in each country or region. See page 104 “3.2  Case study: Tank-to-Wheel and Well-to-
Wheel GHG emissions” for more details on preconditions of the calculation.

(5)
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1. Goal and Scope in This Study

1.1 Goal

With the impending practical application of fuel cell vehicles (FCV), the choice of propulsion systems, along
with gasoline and hybrid vehicles is increasing, while on the other hand, the diversification of fuels is also
progressing. With this background, for the continued utilization of motor vehicles in society, it is the objective
of this study to establish the foundational understanding needed to consider the potential of various
technologies and fuels, concerning the reduction environmental load, without sacrificing the convenience of
mobility.

Specifically, the investigation and compilation of various fuel production pathways for potential automotive
fuels with future technologies are taken into consideration, with incremental calculations for Well-to-Wheel
energy consumption, GHG emissions and energy efficiency for each pathway.

1.2 Scope

The lifecycle of an automobile consists of the fuel supply cycle (resource extraction to production to fuel
tank), the vehicle cycle (vehicle manufacture, running, disposal/recycling) and other related infrastructure
cycles (See Figure 1.1). Of these cycles, this study focuses mainly on the fuel supply cycle within Japan, with

Well-to-Tank calculations for energy consumption, GHG emissions and energy efficiency.
In addition, as a separate case study, reference data was caleulated for Well-to-Wheel GHG emissions relevant
to the running stage of the vehicle cycle under predetermined conditions.

¥

| Fuel Supply Infrastricture
H * X A
t“consteiwting and opetation

.
i y o

fs”?i Fuel Supply Infrastructire
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Figure 1.1 Scope of this study
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1.2.1 Fuels and fuel production pathways

To begin with, following the compilation of fuel production pathways applicable for automotive fuels in
Japan, the fuel production pathways to be considered were selected from the perspectives of (1) Already
realized, (2) High probability of realization in the future, (3) Strong repercussion effect in the event of
realization.

The fuel production paths considerad in this study are shown in Table 1.1 {{A) Petroleum Based, (B) Natural
Gas Based, (C) Coal Based, (D) Biomass Resource Related, (E) Power grid mix (Japan average), (F)
Byproduct Hydrogen).

Table 1.1 (A) Fuels and fuel production paths — Petroleum Based

| Crueoi | »  CurentDiessl .
»|  Low Sufut Dissel o }
» Sulfur Free Diesel ]
o Current gasoline i
~>{ Gasoline blended with 3% Etharol |
-@e blended with 10% Ethanol |
 Gasoline blended with ETBE |
;,; . Futurs Gosoline 1
(ons;te} CQHZ
o
= {onsite) CGH2 s
»f et | oo CG,
'(5?‘{3“9}\0632:
{ o o (Q'Pfsiie) CGHQ‘
,—% E e (;mdegssomaied gas dematm)k I
" {onsite) CGHg
»  IPGloudersinement) |
Lo mieicor, |
»| Cude/Heaw [—»  Electricity (Oilfred) |

1‘ (onsite) CGH,
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Table 1.1 (B) Fuels and fuel production paths ~ Natural Gas Based

Natural Gas i—————»{ LPG (natural gas derivative or constituent gas derfative) §

(Qnsite)~ CGH;
> ; NG ]
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NG
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— {NG pipeline) m;‘ City Gas . o
(NG pipeline) L'i (W m}
e (NG pipeline) m.«LNLHQ . J—-m»{ (offsite) CGH, | ;
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wpi Syngas }-mm

Table 1.1 {C} Fuels and fuel production paths — Coal Based
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Table 1.1 (D) Fuels and fuel production paths - Biomass Resources Related
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——{ ome ]
--—-=—->{ . Methanol l
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Table 1.1 (E) Fuels and fuel production paths — Power Grid Mix (Japan average)

N A
POWér‘gﬁd: mix {Japan awerage). ]
Lo o]

Table 1.1 (F} Fuels and fuel production paths — Byproduct Hydrogen

Lm~—+{ : L};z ‘

(ofisite) LH,

Furthermore, for this study, in order to conduct efficient data calculations, the processes forming the fuel
production pathways shown in Table 1.1 were classified into the following groups.

(1) Petroleum Based Fuel Production Pathways ~> See 2.1
(2) Natural Gas Based Fuel Production Pathways ~> See 2.2
(3) Fuel Production Pathways from Biomass Resources - See 2.3
{4) Synthetic Fuel Production Pathways = See 24
{5) LPG Production Pathways — See 2.5
(6) Electricity (Electric generation pathways) - See 2.6
(7) Hydrogen Production Pathways -~ See 2.7

The compilation procedures and calculation methods used for each unit process data are described in “2. Well-
to-Tank Data Compilation Procedures and Calculation Methods”. The results of Well-to-Tank energy
consumption, GHG emissions and energy efficiency calculations derived through the combination of this
process data and the conclusions drawn are discussed in “3. Results and conclusions™.
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1.2.2 Data categories

Within this study, issues related to the following were considered as environmental load issues.

[Energy consumption]

- Energy consumption (lower heating valse) [MJ]
= Energy efficiency (lower heating value) {%]

[Emission to air]

= GHG emissions: Carbon Dioxide (CO,), Methane (CH,), Nitrous Oxide (NO) [kg]

Furthermore, in light of the objectives of the study, only the above issues were considered, and emissions to
air, water and land other than the above were excluded from evaluation.

Additionally, regarding calculating category indicator results within climate change, referring to
Intergovernmental Panel on Climate Change (IPCC) [2001], the Global Warming Potential (GWP) 100-year
factor, frequently used as an index to show the magnitude of climate change, was used as the characterization
factor. The following reasons can be given regarding the use of the 100-year factor:

= The lifespan of CO, in the atmosphere is 120 years,
= IPCC recommends a time horizon of 100 years,

Regarding emissions other than CO, (CH,, N,0), evaluation was conducted through conversion to equivalent
CO, in accordance with the GWP 100-year factor.

GWP indicator result [kg eq-CO,] = GHG emission [kg] ¥ GWP 100-year factor [kg eq-COy/kg]

The GWP 100-year factor used in this study is shown in Table 1.2 (IPCC [2001]).

Table 1.2 Characterization factor

GHG emission GWP
Carbon Dioxide (CO,) 1
Methane (CH,) 23
Nitrous Oxide (N,O) 206
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1.2.3 Calculation procedures

This study employed the “Conventional Process-based LCA Method”, studying data per process within the
lifecycle from the production of each fuel up to supply to the vehicle.

Unless specifically stated otherwise, the data shown in Table 1.3 in relation to fossil fuel combustion and the
use of electricity, was used to calculate energy consumption and CO, emissions for each process. Therefore,
input/output in relation to fossil fuel combustion was converted to energy input/output by multiplying the
heating values given in Table 1.3, or in relation to electricity usage, by multiplying the energy consumption
values per kWh shown in Table 1.4. Subsequently, energy consumption and CO, emissions were calculated by
multiplying the heating values and CO, emission factors during combustion given in Tables 1.3 and 1.4,

In this study, energy efficiency of a pathway was calculated as the simple product of the numerator, taken as
the energy (heating vatue) of the product of each process, and the denominator, calculated as the sum of the
energy (heating value) of the resources injected into the process and the energy consumed in the process.

Energy of the resources
injected infp the process
{heating wiue)

: Energy of the product
- of the process
; {heating valug)

Energy consumed in the process
{healing value}

Figure 1.2 Energy efficiency of the unit process

Energy of the product of the process (heating value)

n k-4
Energy of the resources injected into the process + Energy consumed in the process (heating value)

Regarding heating value, for general LCA purposes, higher heating value (= value which includes the
condensation heat (latent heat of vaporization) of moisture in the fuel and steam generated through
combustion in the heating value. HHV) is used. However, as the operating temperature of the combustion
engine of this study is high and latent heat recovery for steam is difficult, it was decided that lower heating
value (= value that does not include the condensation heat of stearn. LHV) would be used as the basis for
caleulations in this study, Furthermore, as the reference materials from which the CO, emission factors were
quoted used HHY, LHV was calculated from this using the conversion factor shown below (Institute of
Energy Economics, Japan (IEEJ) [1999]).

= Coal : LHV € HHV*096
- 0l LHV € HHV*093
= LNG : LHV €& HHV*09
-~ LPG : LHV ¢ HHV*092

Additionally, regarding conversion factors for petroleum based fuels, in principle, the values given in New
Energy and Industrial Technology Development Organization (NEDQ) [1995] were used and shortfalls were
covered using International Energy Agency (IEA) values given by K.K.Sekiyutsushinsha [2002]. For
reference, NEDO [1995] conversion factors were calculated to equalize Yuasa et ol {1991} CO, emission
factors and Science and Technology Agency [1992] CO, emission factors,
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Table 1.3 Heating values and CO, emission factors

ot - -Heating Vake - GO emission factar
L Rapkor . - e
: Rel. LHV Ref, ke-COL. | Ref,
Coal for coking (import) 27.7 Mi/kg k) 2.61 ke/kg 4)
Coal for general use {iraport) 25.5 Ml/kg 3 2.39ke/kg 4)
Coal for general use (domestic) 21.6 Mikg k) 1.97 kg/kg 4)
Anthracite (import) 26.1 Ml/kg 3) 245 kgkg 4)
Coke 28.9 Mirkg 3 325 kglkg 4)
Coke Oven Gas 19.0 MI/Nm? 3 0.85kg/Nm’ | 4)
Blast Fumace Gas 3.1 M¥/Nm® 3 0.37 kg/T\Im3 4)
Oxygen Steel Furnace Gas 7.6 MI/Nm® 3 091 kg/Nm® | 4)
- " N 355 MIL 264 kg/L
Crude oil 0.85%6 kg/L 3] 413 Mg 3 207 kerke 4)
. . 32.8 MI/L 240kg/L
NGL. / gas-condensate 0.7365 kg/L 1) 44.6 Mifkg 3 326 ke/ke 4)
LPG 0.5500 ke/L 2) 462 Mlkg 3) 2.94 kg/kg 4}
’ 317 MVL 222 kg/l
Naphtha 0.7274 kg/L. D 43,6 Milkg 3 3.06 ke/ke 4}
5 322 ML 2.38kg/L
as 2 kg
Gasoline 0.7532 kgL n 2.7 Mg 3 3.16 ke/kg 4)
. 34.1 MIL 246 kg/L
Jet Fuel 0.7834 kgL 2) 3.6 M¥kg 3} 314 kefke 4)
N 34.1 MI/L 251 kg/L
Kerosene 0.7990 kg/L. D 427 Mg 3 3.15 ke/ke 4)
. ) 355 MIL 2.64 kg/ll
Diesel 0.8299 kg/L. H 42.8 Mifkg 3) 3.19 ke/kg 4)
. 364 MIL 2.80kg/L
- X / 3
A-Heavy fuel oil 0.8430 kp/L 2 430 MIjkg ) 332 ke/ke 43
N 37.6 MIL 291 kgL
. o o/
B-Heavy fuel oil 0.9000 kg/L 2) 41.7 Miikg 3) 323 kefkg 4}
g . 388 M¥L 299 kg/l
C-Heavy fuel oil 0.9130 ke/L. H 425 Mikg 3 327 keke 4)
. § 374 MIL 2.89 kg/L
Laubricant 0.8800 kg/L. B 2.5 Mikg 3 320 ke'ke 4}
Asphalt & other res. oil prds 393 Mg 3)
Hydrocarbon Oil 410 MI 38.2 MI/L 5y 312 kgl 5)
Petroleum Coke 35.6 Mikg 33.1 MVkg 3) 3.31 kgikg 4)
Refinery Gas 44,5 MINm 41.8 MINm® 3) 241 kg/Nm® | 4)
Hydrocarbon ol gas 394 MENm 35.4 MI/Nm® 5) 204 kgiNm® | B
Associated gas 483 MINm® 435 MINm' | 7),8) 267kg/Nm’ | 7)
Off gas 36.6 MVL 9] 2.05 kg/L 6)
LNG 07173 kN | 1) 49.1 Mkg 3) Wikghke | 4
Natural gas {domestic) 40.9 MINm 36.8 MI/Nm® k)] 205 kg/Nm® | 4)
City Gas 13A 461 MINm' 41.4 MI/Nm® 9 236 kgNm’ | 4)
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[Source] 1) NEDO[1995]
2) K.K.Sekiyutsushinsha [2002] *IEA basis
3} ANRE{2002-1]
4) MOE [2002-1]
5)  PEC[2000]
6) PEC[2002-2]
7) Shigeta, 1. [1990]
8} PEC[1998]
9) IEEJ[1999]

Table 1.4 Energy consumptions™ and CQ, emissions from fuel combustion at power generation
sector in Japan

o perBSSABSRIOCRWAT L 0 perLWh ofpower senerated
Coal (import) 1,525 1,464 | *10%) 178 L7 M (18.1%) | 0.1604 | kg-CO,
Crude Ol 296 275 {*10%) 035 032 | MJ (3.5%) | 00239 |kg-CO,
C-HFO 484 450 | * 1045 057 053 | MJ (5.8%) | 0.0405 |kg-CO,
Diesel 9 8 | *10] 0.01 001 | MJ (0.1%) | 0.0007 | kg-CO,
Naphtha 4 4 1 %1077 0.00  0.00 | MJ (0.0%) | 0.0003 |kg-CO,
NGL 2 2 1 %108y 0.00 000 | MJ (0.0%) | 0.0002 |{kg-CO,
LNG 2,107 1,896 | * 10" 246 222 MJ (25.1%) | 01251 | keg-CO,
LPG 20 18 | *10%1 0.02 002 | MI (02%) | 0.0014 |ke-CO,
Natural gas 22 20 1 *10Y) 0.03 0.02 [ MJ (0.3%) 0.0013 | kg-CO,
COG 61 55 1 *10) 0.07  0.06 | MJ (0.7%) | 0.0029 |kg-CO,
LDG/ BFG 146 131 1 *10%) 0.17 015 |MJ (1L7%) | 0.0184 | kg-CO,
Wastes 19 19 [ *10%) 0.02 002 IMI (0.2%) 07 | kg-CO,
Geothermal 29 29 1*10%) 003 003 | MJ (0.3%) 0" | kg-CO,
Hydro 787 787 | %101 092 092 | MI (9.4%) 0" | kg-CO,
Nuclear 2,892 2,892 | * 1097 338 338 [MJ | (344%) 07 | kg-CO,
Total - 8403 8051 L* 109 98277941 T M| (100.0%) 0375 | kgCO;

*1)  Actual values of FY2000 in Japan
*2)  Amount supplied from power producers to final energy consumption
*3) €O, emissions at waste power generation, geothermal power generation, hydropower generation and
muclear power generation are considered as 0.
[Source] ANRE{2002-1]
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Power generation process data based on the average electricity configuration of the relevant country was
referenced regarding electricity input into overseas processes. Energy consumption values of each country
{China, Indonesia, Malaysia, India, United Kingdom, France, Holland, European Union, Russia, United States,
Canada, Brazil, South Africa, and Australia) during power generation and CO, emission factors during fuel
combustion are shown in Table 1.5,

Table 1.5 Energy consumptions and CO, emissions from fusl combustion at power generation
sector by country {per kWh: receiving end basis, actual results of CY2001)

Ty e RIS B T :
China 1268 | 1219 | M) 1.034 kg-CO, 0.083 | IEA[2003-2]
Indonesia 1249 175 | M 0.767 kg-CO, 0.135 | IEA[2003-2]
Malaysia 948 8.62 | MI 0.492 kg-CO, 0.060 | TEA[2003-2]
India 18.42 17.68 | MJ 1490 kg-CO, 0294 | IEA[2003-2]
UK 11.10 1057 | MI 0564 kg-CO, 0.088 | IBA[2003-1]
France 11.52 1146 | MJ 0.069 kg-CO, 0.062 | IEA[2003-1]
Holland 10.88 10.06 | MJ 0.637 kg-CO, 0039 | IEA[2003-1]
EU 10.72 1037 | M1 0420 kg-CO, 0.063 | IEA[2003-2]
Russia 18.07 1687 | MI 0927 kg-CO, 0141 | IEA[2003-2]
USA 12.09 161 L M 0.712 kg-CO, 0.061 | IBA[2003-1]
Canada 743 724 | MJ 0264 kg-CO, 0.079 | IBA[2003-1]
Brazil 6.05 5.94 | MJ 0.111 kg-CO, 0.159 | IBA[2003-2]
South Africa 14.13 13.62 | MJ 1206 kg-CO, 0.001 | IBA[2003-2]
Australia 13.90 1329 | Mi 1157 kg-CO, 0.082 | IEA[2003-1]

210 -
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2. Well-to-Tank Data Compilation Procedures and Calculation Methods
2.1 Pefroleum Based Fuel Production Pathways

2.1.1 Abstract

Fuels derived from petroleum include current diesel, low sulfur diesel, ultra low sulfur diesel, current gasoline,
future gasoline, kerosene, naphtha, LPG and heavy fuel oil. Of these, concerning diesel and gasoline
(including future types), which are both currently used as fuels for motor vehicles, this study assumes that the
supply route would remain similar to that of existing routes (same applies to on-board reforming type FCVs).
Post-petroleum refining LPG is handled comprehensively in “2.5 Liquefied Petroleum Gas (LPG) Production
Pathways”. Regarding other petroleumn based products; this study assumes that such products will be supplied
to vehicles following some form of conversion.

(1) Diesel

Colorless or fluorescent russet colored petroleum products with gravity ranging from 0.805-0.850, boiling
range 180-350 degrees C, distilled afler the kerosene fraction during crude distillation. Although the main
usage is in automotive, rail and shipping industries, diese! fuel is also used in ceramic and steel industries as
well as for supplementary fuel in electricity production. The characteristics of diesel include ignitability, low
temperature fluidity (high Cetane Number), good viscosity and low sulfur content. In particular, in line with
environmental measures, sulfur content was lowered to less than 0.2 wt% from the previous content of less
than 0.5 wt% in 1992, and subsequently lowered to less than 0.05 wt% from October 1997.

Furthermore, permissible limits of sulfur content in diese! fuel will be amended to 0.005 wt% in 2005
(Ministry of the Environment (MOE) [2003-1]). Moreover, MOE [2003-2] reports that from 2007 it will be
appropriate to set 0.001 wt% as the permissible limit target value. For these reasons, this study defines diesel
with .05 wt% suifur content as “current diesel”, 0.005 wt% sulfur content as “Jow sulfur diesel” and 0.001
wit% sulfur content as “ultra low sulfur diesel”, and seeks to quantify each type.

(2) Gasoline

Gasoline refers to petroleum products obtained from crude at the lowest boiling fraction (about 30-220
degrees C), which are in liquid form at normal temperature. Variations in production technique separate
gasoline into natural gasoline, straight-run gasoline, reformed gasoline, cracked gasoline, synthetic gasoline,
and so on. In chemical terms, all these are hydrocarbon compounds ranging from carbon number 4-12.
Although gasoline is separated into industrial grade and fuel grade depending on usage, gasoline for
automotive usage falls into the latter category and is manufactured through the mixture of a variety of
gasoline components. The most important aspect of automotive gasoline is the anti-knock property, indicated
by the octane number. In Japan, the octane number for regular gasoline is approximately 90 and the octane
number for premium gasoline is approximately 100. The removal of lead from gasoline has been in practice
for regular gasoline since February 1975, and since October 1983 for premium pasoline. In addition,
conceming aromatic and olefin content, many oil companies implement self-regulation as part of their
environmental measures. Furthermore, concerning benzene, a figure of less than 5% was adopted as the

-1 -
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standard since the liberalization of manufactured imports in April 1956.

As with diesel, from 2005 the permissible limit of sulfur content in gasoline will be amended from 0.01 wt%
to 0.005 wt% (MOE [2003-11). For these reasons, this study defines gasoline with 0.01 wt% sulfur content as
“current gasoline” and 0.005 wt% sulfur content as “future gasoline”, and seeks to quantify each type.

(3) Kerosene

The name “kerosene” predates the invention of the automobile and can be said to be a legacy of a time when
diversification of petroleum products had not occurred and kerosene, as a source of light, was the only
petroleum product in use. The kerosene fraction has a gravity ranging from 0.78-0.83, and a boiling range of
145-300 degrees C. Specifically, during crude distillation, the distillation of the kerosene fraction takes place
between the distillation of gasoline and diesel, with sulfur content and other impurity removal and refining
mainly conducted through hydro-treatment, producing a colorless or citrine transparent product with a
petroleum odor. The carbon-hydrogen ratio (C/H Ratio) within kerosene constituents is 6-7, specifically 86-88
wt% carbon to 12-14 wi% hydrogen. Kerosene is not used directly as a fuel for automobiles and in this
study, kerosene is considered as a resource for hydrogen production through steam reforming.

(4) Naphtha

In many cases, the term “naphtha”, as used in United States, refers to heavy gasoline, whereas in Japan the
term is largely used in reference to unrefined gasoline (semi-product gasoline). The boiling range is about 30-
200 degrees C. The main use of naphtha, when shipped as naphtha, is petrochemical, specifically as a
resource for thermal cracking in the production of ethylene, propyiene, butadiene, and so on. As with
kerosene, naphtha is considered in this study mainly as a resource for hydrogen production through steam
reforming.

(5) LPG

LPG is a hydrocarbon with carbon number 3 or 4, specifically propane, propylene, butane, butylene, or other
petroleum products with these as the main constituents. Aithough LPG is a gas under normal temperature and
pressure conditions, it can easily be converted to liquid form at relatively low pressures and moderate cooling,
Colorless and odorless, with a liquid gravity of 0.50-0.58, and gas gravity at 1.5-2.0 in relation to air at 1.0,
LPG accumulates in low places in the event of leakage. In Japan, as a fuel for automobiles, LPG is mainly
used in taxis.

(6) Heavy Fuel Oil

Heavy fuel oils are used for internal combustion in diesel engines and gas turbines, and for external
combuystion in boilers and all types of industrial furnaces, as a mineral oil with snitable qualities, with types
and quality standards set forth in the Japanese Industrial Standards (JIS). Heavy fuel oil products are produced
through the mixture of high viscosity oils such as topper residue, vacuum residue and solvent deasphalting
residue with low viscosity oils such as straight-run diesel and cracked diesel, in accordance with the desired
properties, such as viscosity, sulfur content, pour point, flash point and carbon residue content. In this study,
heavy fuel oils are considered as fuels for power generation.

L12-
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Above content is drawn from Japan National Oil Corporation (JNOC) {1986], Taki {1997}, Japan Petroleum
Institute (JPT) [1998],

2.1.2 Procedures for data collection of unit process

The fuel production pathway flow for petroleum based fuels examined in this study are shown in Figure 2.1.1:
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Figure 2.1.1 Pathway flow for petroleum based fuels

Regarding the refining process of petroleum products overseas and processes related to the import of such
products, in relation to diesel and gasoline currently used as automobile fuel, as the amount refined overseas
is small in comparison to the amount refined domestically (less than 3%), the omission of these processes is
considered appropriate. On the other hand, while it is also a petroleum product, in relation to naphtha, which
is mainly for petrochemical purposes, the amount refined and imported from overseas is greater than the
amount refined domestically (see Table 2.1.1). Accordingly, when considering naphtha as an intermediary
product in the production pathway of automobile fuels, the consideration of overseas petroleum refining
processes and naphtha import processes (transportation via sea) may become necessary, However, as the
information necessary for the creation of inventory data regarding overseas refining processes was
unobtainable, for this study, these processes have been treated as beyond the system boundary.

Table 2.1.1  Amount of domestic and imported production of petroleum products [Unit: 10° kL]

Diesel Gasoline Naphtha Kerosene A-heavy fuel | C-heavy fuel
Domestic 41,530 58,216 18,501 27,366 28,166 32,332
” (97.0%) (98.0%) {39.7%) {93.1%) (96.7%) (97.6%)
Tmorted 1,306 1,218 28,129 2,030 973 780
po (3.0%) (2.0%) (60.3%) (6.9%) (3.3%) (2.4%)

{Source] METI[2002]
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(1) Crude Extraction

<i> Existing Study

As gas production generally accompanies crude extraction, the majority of oil fields use this associated gas as
the energy source for the operation of the extraction facilities. The amount of associated gas required for the
extraction of crude, based only on information from the Arabian Oil Co., Ltd., as shown in Institute of
Applied Energy (IAE) {1990] (p.118), stands at 23 SCF/B!, while Petroleum Energy Center (PEC) [1998]
(p.17) gives a figure of 50-60 SCF/B based on the results of a hearing survey conducted with oil fields in the
UAE and Saudi Arabia, both major suppliers of crude to Japan (60 SCF/B is used for calculation purposes). In
addition, following on from PEC [1998], PEC [2002-2] (p.18) also uses 60 SCF/B for calculation purposes.

<ii> This Study

60 SCF/B, used both in PEC {1998] and PEC [2002-2}, is also used in this study. For the composition of
associated gas, the composition given in IAE [1990], used by both PEC [1998] and Shigeta [1990], was
adopted. This is the weighted average derived from the composition of associated gases of Middle East oil
fields. From this composition and the higher heating value set out for each gas in PEC [1998], it is possible to
calculate the heating values for associated gases and CO, emission factors during combustion.

(2) Flare Combustion

<i> Existing Study

Associated gas excess to the requirements of the crude extraction process is bumt off at the flare stack.
Shigeta [1990] and PEC [1998] (p.20) calculate flare stack energy expenditure and CO, emissions. Shigeta
[1990] sets out the associated gas oil ratio (Gas Oil Ratio, GOR) for Middle East light crude oil fields, Middle
East heavy crude oil fields, Southeast Asia and China (source unknown). On the other hand, PEC [1998]
reasons that the Middle East and Indonesia account for the majority of crude imports to Japan and sets out
GOR for each country. Where available, information from the Information Center for Petroleum Exploration
and Production (ICEP) database was used, and unknown values were estimated from API gravity and location.
Calculations in either report are based on flare ratio figures (proportion of associated gases burnt off at the
flare stack) given in Organization of the Petroleum Exporting Countries (OPEC) Annual Reports (1987
Report used by Shigeta {1990], 1995 Report used by PEC {1998]). In addition, while PEC {2002-2] (p.19)
follows the calculation method used in PEC [1998], flare ratio settings have been updated using data from the
1999 OPEC Annual Statistical Bulletin.

<ii> This Study

This study follows the calculation methods used in PEC [1998]. Regarding crude import volume, from the
relationship with data gathered in relation to domestic petroleum refining, although the data is slightly dated,
actual values from 1997 given in Ministry of International Trade and Industry (MITI) [1998] were used. In

!'1 SCF (standard cubic feet) = 0.0263 Nm’, 1B (barrel) = 158.9873 litre
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addition, GOR values set out for each country in PEC [1998] were used. Flare ratios for each country were
calculated from total production and flare amount figures of the natural gas production volume breakdown
given in OPEC [2001]. In addition, regarding Middle East countries for which flare related information was
not available, weighted average values calculated using values from Middle East countries with clear flare
ratios and import volumes were used.

(3) Associated CO,

<i> Existing Study

Regarding CO, content of associated gas {emissions into the atmosphere) other than from in-house
consumption or flared; IAE [1990] and Shigeta [1990] calculate values based on the associated gas
composition.

<ii> This Study

According to [AE [1990], as the percentage of CO, in associated gas is 5.8%, associated CO, volume was
cafculated by multiplying the desired associated gas volume by this percentage.

(4) CH, Vent

<i> Existing Study

Regarding CH, vent during crude extraction, the carbon equivalent is given in Central Research Institute of
Electric Power Industry (CRIEPI) [1992] (p.32) and IEEJ [1999] (p.23). Of these, the basis for the figure
given in CRIEPI [1992] is unclear. In addition, IEEJ [1990] assumes that there is no CH, vent during crude
extraction and that leakage occurs only during associated gas production, and a theoretical calculation is used
to calculate the value.

<iji> This Study

Calculations in this study are based on values given in IEEJ [1999). Furthermore, although the heating value
given in this literature is HHV and CO, emissions are given as the carbon equivalent when the
characterization factor for CH, global warming is set at 21, this study conducts calculation into CO,
equivalent using the value 23, shown in Table 1.2. In addition, this study has also taken energy loss through
CH, vent into consideration.

(5) Overseas Transportation (Sea)

<i> Existing Study

Large ocean tankers are used to transport crude oil from crude producing countries to Japan. While IAE
[1990] (p.38) states that Southeast Asia and China use 100,000 1 tankers and the Middle East/other regions
use 250,000 t tankers, PEC [1998] (p.33) states 80,000 t tankers for China, 100,000 t tankers for North
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America and Oceania, and 250,000 ¢ tankers for the Middle East and other regions, with both calculating fuel
consumption factor per region from the fuel consumption of each ocean tanker.

Regarding calculations, while JAE [1990] considered only the passage, PEC {1998] (p.34) also takes fuel
consumption while moored and for cargo heating for high viscosity crude into consideration. Regarding
calculation method, PEC [1998] sought the weighted average of shipping distance based on import volume
for each region and used this figure to calculate fuel consumption for one voyage. IAE {1990] gives no details
concerning calculation method.

PEC [2002-2] follows the calculation methods used in PEC [1998].

<ii> This Study

In this study, using the ocean tanker sizes specified in PEC [1998], energy consumption and GHG emissions
are calculated inclusive of fuel consumption while moored and for cargo heating.

This study specifies ocean tanker size and shipping distance for each crude producing country and ascertains
fuel consumption per voyage per country, and uses the weighted average value relative to import volume in
order to calculate fuel consumption per kg of crude. Furthermore, fuel consumption per kg crude for external
transportation (sea) was calculated separately for refining or electricity generation depending on intended
usage.

Regarding crude import volume, from the relationship with data gathered in relation to domestic petroleum
refining, although the data is slightly dated, actual values from 1997 given in MITI {1998] were used. In
addition, the marine shipping distance was calculated as the distance from the port of shipment of the crude
producing country to the Yokohama Port. Furthermore, regarding Brunei, Irag, Equatorial Guinea and Congo,
as data concerning the distance of crude produced in these countries from the port of shipment was not
available, data from relatively nearby countries and regions was substituted.

(6) Refining in Japan

<i> Existing Study

In Shigeta [1990] and PEC [1997] (p.52), energy consumption and environmental burden per unit quantity of
petroleum product is calculated from the material balance in the petroleum product producing industry {gross
production volume of petroleum products, and input of raw materials/ingredients).

PEC [2000] conducts further subdivision of the refining process of petroleum products and constructs a
process flow diagram (PFD). Although energy consumption per product calculations are made based on this
diagram, material balance data is cited for product yield settings (p.33-34). CO, emissions were calculated
from energy consumption during refining per product, derived from material balance data and the PFD, under
the assumption that CO, emissions are proportionate to energy consumption, as it was considered impossible
to gather detailed and accurate data representative of all refineries in Japan for each subdivided refining
process and fuel input for each (p.40).

PEC [2002-2] (p.30) also subdivides the refining process and configures a PFD, and calculates energy
consumption for each product (current gasoline, future gasoline, current diesel, fow sulfur diesel, naphtha)
during the refining process, citing JPI [1998] and others, as the calculation basis for heat efficiency. This
literature also uses material balance data for CO, emissions calculations, multiplying the weighted average
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value derived from annual total emissions per fuel type in relation to the CO, emissions index for the heating
value of each fuel type used, by energy consumption per product within the refining process.

All reports source material balance data from the “Yearbook of Production, Supply and Demand of Petroleum,
Coal and Coke”. Shigeta [1990] from the 1987 edition, PEC [1997] from the 1995 edition, PEC [2000] from
the 1997 edition and PEC [2002-2] from the 2000 edition.

<ii> This Study

This study adopted the calculation method used in PEC [2000] to calculate energy consumption and GHG
emissions. Although this selection was based on the need to calculate data regarding kerosene, heavy fuel oils
and LPG pot covered in PEC [2002-2}, as the calculations of both these reports are based on the same
reasoning, it was inferred that the difference between these reference materials would have little effect on
calculation results.

The “Yearbook of Production, Supply and Demand of Petroleum, Coal and Coke” edition used here is the
1997 edition (MITI [1998]). Furthermore, although PEC [2000] uses only actual performance data of refiners,
as actual values per refiner given in MITI {1998] were insufficient, general data (inclusive of refiners,
lubricant manufacturers, other related industries) was used.

To begin, energy consumption for petroleum refining was calculated. For calculation purposes figures given
in MITI [1998] for fuel consumption (p. 50-53), input and yield (p. 68-71), and electricity usage (p.150) were
used. Energy consumption (LHV) associated with the consumption of these fuels was 511,514 T)/year, and
CO, emissions 31,859*10° +-CO,/year. Furthermore, on top of this energy consumption, PEC [2000] (p. 40-
41} includes in-house consumption of catalytic coke and CO gas, and subsequently, this study also includes
these factors (LHV/HHYV ratio 0.93 for coke, 0.9 for CO gas).

To follow, these were then allocated to each petroleumn product using energy consumption per product ratios
calculated in PEC [2000] (p.33-34) using the PFD. That is to say, allocation was conducted using the ratio
between energy consumption for each product given in PEC [2000] (p.33-34) and their average values (67 L-
FOE/L).

Regarding low-sulfur diesel, according to the trial calculations in PEC [2000] (p.45), the installation of ultra
deep hydrodesulfurization unit will increase energy consumption by almost 1.5 times from 42 to 61 L-
FOE/KL-Diesel, and increase the overall average for petroleum products from 68 to 71 L-FOE/KL-product.
On the other hand, a report referenced by PEC [2002-2] (p.31) states that hydrogen consumption necessary
for the desulfurization of 50ppm sulfur content would be 1.3 to 1.5 times greater than for 500ppm. Therefore,
for this study, calculations for the required energy consumption for the production of low-sulfur diesel were
made based on the trial calculation results of PEC {2000].

In addition, as no information regarding energy consumption for ultra low sulfur diesel and future gasoline
was obtainable, calculations were based on the assumption that the ratio in relation to the average would be 2
times that of current diesel for ultra low sulfur diesel at approximately 1.2, and 2.0 for future gasoline.
Furthermore, regarding the process yield of the petroleum refining process (ratio of petroleum products in
relation to processed crude volume), the ratio of total petroleum product volume (weight) in relation to
processed crude volume (weight) was used.
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(7) Domestic Transportation (Sea/Land)

<i> Existing Study

Shigeta [1990] cites CO, emissions during domestic transportation at a uniform 10% of CO, emissions during
marine shipping. In addition, in PEC [1998] (p.43-51) based on the actual transportation status of petroleurmn
products and fuel usage data gathered by the Petroleum Association of Japan (PAJ) in order to formulate the
“Oil Industry Voluntary Action Plan for Globa! Environment Conservation”, environmental burden was
calculated specifying three transportation types (tanker lorries, coastal tankers, tanker truck). Environmental
load calculations in PEC [2002-2] {p. 48-50) are based on PAJ {2000].

<ii> This Study

This study cites data used in PEC [2002-2]. Specifically, energy consumption and GHG emissions during
transportation of "white oil" (gasoline, diesel oil, kerosene, naphtha, LPG) and "black oil" (heavey fuel oil)
were calculated using the data given on p.49 of the report regarding the domestic overland transportation
process of petroleum products, and data given on p.50 regarding coastal transportation. Regarding fuel
consumed, diesel was considered as the fuel for the domestic overland transportation process, while for the
coastal transportation process, fuel consumption was split into 90% C-heavy fuel oil while under way and
10% A-heavy fuel oil for port entry/exit, based on information provided in PEC [1998] (p.45). In addition, for
final resuits, energy consumption and GHG emissions were calculated based on values obtained through the
distribution of fuel consumption over transportation volume, for both domestic overland and coastal
transportation.

(8) Fueling to Vehicles

No particular consideration has been given in either this or prior studies concerning energy consumption and
GHG emissions during the fueling to vehicles with diesel or gasoline. In addition, this study set the value of
such at zero following confirmation through hearing surveys that levels were practically insignificant.

- 18-
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Regarding the production pathways of petroleum based fuels, the results of calculations for energy

consumption, GHG emissions and energy efficiency during production of 1 MJ petroleum products are shown
in Table 2.1.2 {energy consumption), Table 2.1.3 (GHG emissions) and Table 2.1.4 (energy efficiency).

Table 2.1.2 WTT energy consumption of petroleum based fuel production pathways [MJ/MJ]
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2.2 Natural Gas Based Fuel Production Pathways

2.2.1 Abstract

Natural gas has low energy density and incurs high shipping costs. In order to reduce this shipping cost, it will
be necessary to physically or chemically improve the energy density of natural gas. Physical methods of
improvement include liquefaction through cooling to produce liquefied natural gas (ILNG), compression to
produce compressed natural gas (CNQ), and hydration for transportation of natural gas in hydrated form.

On the other hand, chemical improvement involves conversion into different substances through chemical
processes applied at the welthead, and mainly involves the conversion of gas into 2 liguid fuel, hence the
technology is called Gas-to-Liquid (GTL). This section concentrates on LNG (physical improvement) and
products derived from LNG (e.g. city gas). GTL is covered in “2.4 Synthetic Fuel Production Pathways™.

(1)LNG

Natural gas, composed mainly of CH,, is chilled to ultra low temperatures and liquefied following the
removal of impurities such as moisture, sulfur compounds and CO, to produce LNG. Natural gas liquefies at
approximately -160 degrees C, and is reduced in volume to one six-hundredth that of gas through liquefaction,
facilitating convenience of transportation and storage. Accordingly, conversion to LNG for temporary storage
is used as a method of peak shaving for natural gas, and LNG conversion of natural gas for transportation is
used in cases of transoceanic transportation where natural gas transportation via pipeline is not possible.

The main uses of LNG are for electricity and city gas.

(2) City Gas

City gas refers to “gaseous fuels supplied to gas appliances within buildings through gas pipelines from the
gas production facilities of licensed gas industry companies {e.g. Tokyo Gas, Osaka Gas) in accordance with
the Gas Utility Industry Law”. City gas is adjusted to comply with heating values stipulated in supply
regulations through refining and mixing feedstock such as LPG coal, coke, naphtha, heavy fuel oils and
natural gas.

Currently, there are seven types of city gas in use throughout Japan, with different feedstock, production
methods and heating values (See Table 2.2.1).

Table 2.2.1 Standard heating values of city gas by gas group

Gas group Standard heating values
13A 10,000 - 15,000 keal/m®
124 9,070 - 11,000 keal/m®
6A 5,800 - 7,000 keal/m®
5C 4,500 - 5,000 keal/m®
L1 4,500 - 5,000 keal/m®
12 4,500 - 5,000 keal/m®
L3 3,600 - 4,500 keal/m®

[Source] Japan Gas Association website
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Of these, the composition of city gas type 13A, the most commonly used type in within Japan, is shown in

Table 2.2.2.

Table 2.2.2 The composition of city gas type 13A

Composition Content [wt%]
Methane CH, 70 - 80
Ethane CHg <10
Propane C,Hy 10-20
Butane CHyy <10

[Source] Japan Gas Association website

In this study, concerning supply pathways, other than cases where processing and liquefaction take place at

overseas production sites prior to importation as LNG, cases of direct overseas transportation via pipeline
{from Sakhalin) were also considered. In addition, for methods fueling to automobiles, other than cases of
compressed city gas (CNG vehicles), the direct fueling of LNG (LNG vehicles), which may become popular

in the future, was also considered,

2.2.2 Procedures for data collection of unit process

The fuel production pathway flow for natural gas based fuels examined in this study are shown in Figure
2.2.1:

ANGhisis

Figure 2.2.1 Pathway flow for natural gas based fuels production

(1) Natural Gas Extraction

<i> Existing Study

Shigeta {1990] calculates CO, emissions from extraction and production (liquefaction) processes based on

volume of raw natural gas as feedstock, obtained through the consideration of raw natural gas composition for

each producing region and the 1987 import volume ratio.

NEDO [1996] (p.101) adopts the input volumes of A-heavy fuel oil as fuel used during exploration /
extraction of natural gas based on data from the Bontang gas fields, Indonesia.
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Tamura ef al. {1999] conducted fields surveys in five source countries/regions of LNG for city gas (Alaska,
Indonesia, Malaysia, Brunei, Australia), and calculated the weighted average value through the import volume
ratio (1997) for CO, emissions based on data obtained from four of these source countries/regions excluding
Alaska. Calculations using similar calculation methods and based on similar data are conducted in IEEJ
{1999] (p.24). For co-produced LPG, condensate, and so on, both give distributed values on a calorific basis.
In addition, apart from the Japan average, IEEJ {1999] also conducts calculations regarding LNG for city gas
based on import volume ratio.

PEC [2002-2] calculates energy efficiency based on IEEJ [1999]. In addition, Okamura et al. [2004] gives
data calculated after the addition of survey details related to the Middle East Project (Qatar, Oman) to the
survey results of IEEJ [1999].

<ii> This Study

This study cites Okamura et al. [2004]. However, regarding energy consumption, calculations are made from
heating value based fuel ratio data using the entrance to liquefaction facilities as the reference point, obtained
from a hearing survey conducted with the Japan Gas Association (JGA) in relation to the content of Okarnura
et al. [2004].

(2) Processing and Liquefaction

<i> Existing Study

IAE [1990] {p.121) provides data for LNG import volumes, raw natural gas composition, raw natural gas
processing volumes, natural gas consumption and CO, emissions for each country of origin (actual values for
1987). Ogawa et al. [1998] calculates fuel ratios from this data and estimates CO, emissions from ILNG
import volumes per gas producing country for 1996. In addition, Hondo ez al. {1999] also includes Australia
as a gas producing country, and uses similar methods to determine the natural gas volumes required for
liquefaction, The fuel efficiency determined from the results of these reports is approximately 88 %.

NEDQ [1996] gives encrgy consumption during liquefaction as 9 vol% of natural gas produced, and states
that 6 vol% of natural gas produced is associated gas (mainly CO,). According to these values, fuel efficiency
during liquefaction, excluding associated gas, is approximately 90 %.

Although Tamura ef al. [1999] and IEEJ [1999] (p.24) both calculated the weighted average value through the
import volume ratio (1997) for CO, emissions based on data obtained from fieids surveys conducted in five
source countries/regions of LNG for city gas, there are slight discrepancies in the results. Both reports give
distributed values on a calorific basis for co-produced LPG, condensate, and so on.

PEC [2002-2] (p.53) calculates fuel efficiency based on IEEY [1999], with a given result of 92 %.

In addition, Okamura ef al. [2004] gives data calculated after the addition of survey details related to the
Middle East Project (Qatar, Oman) to the survey results of IEEJ [1999].

<ii> This Study

As with the natural gas production (extraction) process, this study cites Okamura et al. [2004]. However,
regarding energy consumption, calculations are made from heating value based fuel ratio data using the
entrance to liquefaction facilities as the reference point, obtained from a hearing survey conducted with the

.
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JGA in relation to the content of Okamura et al. [2004].

(3) Flare Combustion

<i> Existing Study

Shigeta [1990] does not conduct calculations for flared gas as the liquefaction facilities and the gas wells of
the Japan LNG project are interlinked, and in comparison to the amount of gas consumed in the liquefaction
process, the amount flared is practically insignificant. Ogawa et al. [1998] gives 4 % as the worldwide
average flare combustion ratio in relation to natural gas production for 1996, while also stating that for
modern LNG production facilities, the flare combustion ratio is 1 % as the amount of natural gas burnt during
production is lower.

Tamura et al. [1999] and IEEJ [1999] (p.24) handle flare combustion during extraction and during
liquefaction separately, calculating the weighted average value through the import volume ratio (1997) for
CO, emissions based on data from the previously mentioned fields surveys conducted in five source
countries/regions of LNG for city gas, but there are slight discrepancies in the results. Both reports give
distributed values on a calorific basis for co-produced LPG, condensate, and so on.

PEC [2002-2] (p.53) calculates fuel efficiency based on IEEJ [1999].

In addition, Okamura er al. [2004] gives data calculated after the addition of survey details related to the
Middle East Project (Qatar, Oman) to the survey results of IEEJ [1999].

<ii> This Study

As with the other processes, this study cites Okamura et al. [2004]. However, regarding energy consumption,
calculations are made from heating value based fuel ratio data using the entrance to liquefaction facilities as
the reference point, obtained from a hearing survey conducted with the JGA in relation to the content of
Okamura ef al. {2004].

(4) Associated CO,

<i> Existing Study

TAE [1990] multiplies the raw natural gas input to liquefaction plants given per gas producing country by the
CO, content percentage of raw natural gas, and calculates associated CO, by obtaining the weighted average
through the import volume ratio of 1987, Based on this, Ogawa et al. [1998] conducts similar calculations
using import data for 1996.

Tamura et al. [1999] gives the weighted average value of weltheads for CO, content.

Other than the previously mentioned fields surveys conducted in five source countries/regions of LNG for city
gas, IEEJ [1999] (p.24) also applies and reflects data for Arun, Qatar and Abu Dhabi, taken from 1996 survey
materials from the JNOC, and gives the results of calculations for emissions by heating value (distributed
values on a calorific basis for co-produced LPG, condensate, and so on).

In addition, Okamura et af. [2004] gives data calculated after the addition of survey details related to the
Middle East Project (Qatar, Oman) to the survey results of TEEJ [1999].

_23-
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<ii> This Study
Okamura et al. [2004] is also cited here.

(5) CH, Vent

<i> Existing Study

As with flare combustion, Ogawa et al. {1998] estimates CH, vent ratio at approximately 1 % in relation to
natural gas production volume. Although the basis is unclear, CRIEPI {1992] (p.32) gives amounts for CH,
vent during extraction and liquefaction.

Tamura er al. [1999] and IEEJ [1999] (p.24) both separate the source of leakage into each
production/liquefaction process, and calculate CH, vent by obtaining the weighted average value from import
volume (1997) based on data from the previously mentioned field surveys conducted in five source
countries/regions of LNG for city gas, but there are slight discrepancies in the results. Both reports give
distributed values on a calorific basis for co-produced LPG condensate, and so on.

In addition, Okamura er al. [2004] gives data calculated after the addition of survey details related to the
Middle East Project (Qatar, Oman) to the survey results of IEEJ [1999].

<ji> This Study

As with the other processes, this study cites Okamura er al. [2004]. However, regarding energy consumption,
calculations are made from heating value based fuel ratio data using the entrance to liquefaction facilities as
the reference point, obtained from a hearing survey conducted with the JGA in relation to the content of
Okamura et al. [2004].

In addition, regarding the characterization factor for global warming, conversions back into CO, equivalent
are conducted using the value used in this study (see Table 1.2).

(6) Overseas Transportation (Sea)

<i> Existing Study

IAE [1990] (p.125) calculates CO, emissions per unit weight of LNG from the fuel consumption during
passage of 125,000 m* class LNG vessels (return trip, boil off gas (BOG) and petroleum fuel usage), and the
import volumes and distance from each gas producing country.

NEDO [1996] (p.105) calculates the amount of A-heavy fuel oil required for transportation of the annual
LNG requirement for 2 LNG combined cycle plant (513,000 tons), using a 125,000 m® capacity (53,750 t)
vessel with a mileage of 63 kg-A-heavy fuel oil/km over a distance of 5,000km, taking the return trip into
consideration.

Hondo ef al. [1999] asserts that the fuel during passage is the BOG of LNG and calculates the environmental
burden of transportation per unit weight of LNG from the boil off ratio of a 125,000 m? class LNG vessel,
import volume and distance from each gas producing country, and fuel consumption while moored (LNG
usage).

Tamura er al. [1999] calculates the CO, emission factors for t-km from the actual records (1997) of LNG
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transportations from the Bontang gas fields in Indonesia, and then calculates CO, emissions per unit heat of
LNG during overseas transportation using the weighted average of shipping distance from each country and
import volume (1997). Furthermore, the fuels used are BOG and C-heavy fuel oil.

IEEJ [1999] (p.25) calculates CO, emissions of LNG during overseas transportation by using the weighted
average of import volume ratio (1997) and actual data for 1997 gathered from 44 of the 65 LNG shipping
vessels that carry LNG to Japan, in relation to BOG and C-heavy fuel oil consumption, LNG load, and
shipping distance.

In addition, Okamura et al. [2004] gives data calculated after the addition of survey details related to the
Middle East Project {Qatar, Oman) to the survey results of [EEJ [1999].

<ii> This Study

This study cites Okamura ef al. [2004]. However, regarding energy consumption, calculations are made from
data pertaining to LNG vessel fuel consumption, LNG load, weighted average values for transportation
distances one-way, obtained from a hearing survey conducted with the JGA in relation to the content of
Okamura et al. [2004]. Furthermore, separate calculations were conducted for overall LNG and LNG for city
gas.

(7) Overseas Transportation via Pipelines

<i> Existing Study

Regarding the transportation of natural gas via pipelines, as a report focusing on supply within Japan, the
Economic Research Center, Fujitsu Research Institute (FRI-ERC){2000] report calculates CO, emissions, and
states that for a shipping distance of less than 16,000 km, transportation via pipeline is better than LNG
transportation.

<ii> This Study

In this study, energy consumption and GHG emissions are calculated from data related to pipeline
transportation obtained through hearing surveys (approximately 50 kW per km pipeline for 880 MCF/day
natural gas output). Furthermore, the power generating efficiency of natural gas output energy (assuming
generation through natural gas) is 15 %.

Regarding transportation distance, the pipeline transportation distance considered in this study (2,000 km) is
the distance from Sakhalin to Japan, given in Koide [2000] as the distance from Korsakov to Niigata (approx
1,400 km) plus the distance from Niigata to Fukui (approx 600 km).

In addition, regarding the heating value and CO, emission factors for natural gas produced in Sakhalin,
calculations were made using global natural gas composition data given in the Agency for Natural Resources
and Energy (ANRE)[1992] (p.110) for natural gas produced in the former Soviet Union.

.25,
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(8) City Gas Production and Distribution

<i> Existing Study

Although Tamura et al. [1999] and IEEJ [1999] (p.25) both calculate CO, emissions based on actual energy
consumption figures (1996) for processes such as re-gasification of LNG and heating value adjustment for the
domestic LNG facilities of three gas companies, there are slight discrepancies in the results. Both reports
consider environmental burden from the upstream process for LPG input for heating value adjustment, and
also considers CO, reductions from the cold usage of LNG Regarding the distribution process, as the energy
from the pump that pressurizes LNG before re-gasification is used, this is already included in the city gas
production process.

Based on values given in [EEJ [1999}], PEC {2002-2] {p.60) calculates fuel efficiency to be 99.8 %.

In addition, Okamura et al. [2004] gives data calculated after the addition of survey details related to the
Middle East Project (Qatar, Oman) to the survey results of IEEJ [1999]. As with IEEJ [1999], LPG for heating
value adjustment and cold usage of NG are also considered.

<ii> This Study

The environmental burden of the city gas production process itself can be calculated using statistics given in
ANRE [2002-2]. However, it is difficult to calculate the environmental burden for in-house consumption of
LNG, city gas, and so on, from this information alone. Therefore, calculations in this study are based on the
hearing survey conducted with the JGA in relation to the content of Okamura et al. [2004].

Although Okamura ef al. {2004] considers the CO, emissions reduction effect of cold usage, this study does
not consider aspects that are not directly related to the production process of automotive fuels.

(9) Fueling to Vehicles

<i> Existing Study

PEC [2002-2] gives 95 % as the energy efficiency of the compression/fueling process for CNG vehicles at
service stations, the default value of the model developed at the U.S. Argonne National Laboratory (ANL) for
the evaluation of environmental effect of automotive fuels “GREET 1.6” (ANL [2001]). From the assumption
that t