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(1)

GRAINS, CANE, AND AUTOMOBILES:
TAX INCENTIVES FOR

ALTERNATIVE FUELS AND VEHICLES

THURSDAY, APRIL 19, 2007

U.S. SENATE,
COMMITTEE ON FINANCE,

Washington, DC.
The hearing was convened, pursuant to notice, at 10:07 a.m., in

room SD–215, Dirksen Senate Office Building, Hon. Max Baucus
(chairman of the committee) presiding.

Present: Senators Bingaman, Kerry, Lincoln, Stabenow, Cant-
well, Salazar, Snowe, Thomas, and Smith.

OPENING STATEMENT OF HON. MAX BAUCUS, A U.S. SENATOR
FROM MONTANA, CHAIRMAN, COMMITTEE ON FINANCE

The CHAIRMAN. The committee will come to order.
George Bissell had a hunch. He thought that what they called

‘‘rock oil’’ seeping from the western Pennsylvania earth could light
lamps. He also thought it could make him rich. George Bissell was
right.

The price of whale oil, then the major source of interior lighting
for homes, was at an all-time high. Bissell was looking for an alter-
native means of lighting American homes and businesses. Coal-
based kerosene was expensive and camphene made from turpentine
tended to explode.

So Bissell commissioned chemist Benjamin Sillman to determine
whether rock oil might work as a mass-produced illuminant. Bissell
learned that his alternative energy source would work, and today
we call it petroleum. When, in 1859, his Pennsylvania rock oil com-
pany struck oil near Titusville, PA, the modern oil industry was
born.

America dominated the oil industry early on with the likes of
John D. Rockefeller and Standard Oil leading the way. Production
rose from a few thousand barrels a year in 1860 to 60 million bar-
rels a year by 1900. America was the world’s leading rock oil pro-
ducer.

Times have changed. The world now uses 1,000 barrels of oil a
second. America is the world’s largest oil consumer. Where we once
led the world in production, America now imports two out of three
barrels of oil, often from unstable places.

From the perspectives of climate, cost, and security, our depend-
ence on foreign oil is costing us dearly. We need a new rock oil and
we need it now.
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The United States Energy Information Administration said this
week that drivers paid, on average, $2.88 for a gallon of regular
gasoline last week. Over the last 11 weeks, the national average
price of gas has surged more than 71 cents, or 33 percent. This rise
in prices hits especially hard in rural America, where distances are
longer and public transport is scarce or non-existent.

On the environment, we hear a consistent drum beat of bad
news. In Montana, I have already experienced anecdotal evidence
of climate change. We are losing glaciers that draw people to the
crown jewel of our national park system, and we are experiencing
forest fires that are more numerous and more severe. Yesterday,
we learned from an inter-governmental panel on climate change
the analysis on warming’s impact on North America. That warning
is that things stand to get far worse.

Climate change spells trouble for our way of life. The report says
that there is a 90-percent chance that current trends will cause de-
creased soil pack, more winter flooding, and reduced summer flows,
exacerbating competition for over-allocated water resources. Every-
thing from timber, to skiing, to fishing will be affected.

We also learned this week that climate change stands to have a
major and negative effect on national security. According to a re-
port from a group of distinguished retired generals, climate change
stands to spur massive migration, increased border tensions, and
conflicts over essential resources like food and water. The report
from the Center for Naval Analysis says that projected climate
change ‘‘poses a serious threat to America’s national security.’’

So we have our work cut out for us. The stakes are high, and
this committee will play a key role in tackling the problems that
we read about and see with our own eyes every day, and that in-
cludes finding a cleaner, greener means of powering our vehicles.

Fifteen years ago, this committee passed incentives for clean en-
ergy as part of the Energy Policy Act of 1992. That bill included
a goal that alternative fuels replace at least 10 percent of petro-
leum-based fuel by the year 2000, and 30 percent of petroleum-
based fuel by 2010. Today, biofuels account for only about 3 percent
of transport fuel costs, and there is no way that we will get to 30
percent in the next 3 years.

The 1992 law also included sections to promote the use of alter-
native vehicles, including a tax credit for the purchase of qualified
electric vehicles. But the use of alternative vehicles, while growing,
has not caught on in a significant way.

Americans bought about a quarter of a million hybrid cars last
year. That is a little more than 1 percent of the 17 million vehicles
sold in America in 2006. We can do better on both fronts, and we
have some distinguished individuals here to help us show the way.

The 2005 energy bill included some important steps in the right
direction. We passed billions of tax incentives to develop and
prompt the widespread use of technologies aimed at reducing our
dependence on foreign oil. We passed tax credits for the purchase
of hybrid and other alternatively powered vehicles. We passed in-
centives for the installation of alternative fuel stations, and we
passed a mandate to nearly double the use of ethanol by 2012. This
is progress. Every little bit helps.
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But we need to do more than little bits. I realize we cannot fix
this problem overnight, but part of the solution must include find-
ing new ways to power our cars and trucks. It may be a new rock
oil, maybe finding ways to make better use of the rock oil we have,
and it may be a bit of both. What is clear is that we need rock-
solid action, and I thank our witnesses for joining us today to pro-
vide that guidance to that end.

I would now like to turn to the witnesses. Our witnesses today
are, first, James Woolsey. Mr. Woolsey is a member of the National
Commission on Energy Policy. Mr. Woolsey’s distinguished public
service career includes stints in both Democratic and Republican
administrations, including CIA Director from 1993 to 1995. He also
happens to be a former classmate of mine, which I am very proud
of. Mr. Woolsey will provide perspective on energy as an issue of
national security.

Then we will hear from Vinod Khosla, a veteran in the venture
capital world and a co-founder of Sun Microsystems. Mr. Khosla is
a leading alternative energy advocate and, since 2004, has headed
up Khosla Ventures, based in Menlo Park, CA. He also went to col-
lege with Mr. Woolsey and I, although just several years later.

Next, we have Dr. Farrington. Dr. Robert Farrington is the man-
ager and principal researcher at the National Renewable Energy
Lab in Colorado. He will provide perspective on alternative vehi-
cles, including battery technology.

After Dr. Farrington, I am also pleased to welcome Jay Debertin,
executive vice president and chief operating officer for processing
and renewables at CHS, a producer-owned cooperative with a
major stake in biofuels. Mr. Debertin, thank you for coming. Thank
you for being here.

Senator STABENOW. Mr. Chairman, if I could beg your indul-
gence, I would love to introduce Dr. Dale.

The CHAIRMAN. Absolutely. I am sorry I missed that. Thank you.
Senator STABENOW. That is all right. And brag about somebody

who did not go to school with you, but is, in fact, someone from
Michigan State University where I went to school. Mr. Chairman,
I am so pleased that you invited Dr. Bruce Dale, who is professor
of chemical engineering at Michigan State, and associate director
for the Bio-Based Technologies Office at the university.

I think, most importantly, he has been involved in cellulosic
biofuel production for more than 30 years, and is one of a handful
of acknowledged leaders in the area, one of five people who was
asked to come and brief the President on this subject.

He has invented a number of breakthrough treatments and pre-
treatments. I will not explain them; I do not understand them. But
I know Dr. Dale will explain them to us. But I think what is most
important is that he is at the cutting edge of this technology and
has important work that he is doing, and we are very, very pleased
that you are with us today to share that.

The CHAIRMAN. Thank you, Dr. Dale.
Senator THOMAS. Mr. Chairman, do you have anybody from the

University of Wyoming, where I went to school? [Laughter.]
The CHAIRMAN. We can sure look for one. That would be fine.
Senator THOMAS. That is another hearing.
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The CHAIRMAN. That is right. That is right. That is the next
hearing.

All right. Mr. Woolsey, you are first.

STATEMENT OF R. JAMES WOOLSEY, MEMBER, NATIONAL
COMMISSION ON ENERGY POLICY, WASHINGTON, DC

Mr. WOOLSEY. Thank you, Mr. Chairman, members of the com-
mittee. It is an honor to be asked to be here today. I have been
asked to represent the views of the National Energy Policy Com-
mission, of which I am a member. Of course, I am also representing
my own views, and one would have to parse those, but they are
quite similar.

Because we depend on oil for 97 percent of our transportation
needs and oil provides over 40 percent of the world’s global-warm-
ing gas emissions, we have a set of problems associated with oil
use.

The problem is not that we use oil at all. The problem is that
it is a strategic commodity, somewhat the way salt actually was
until a century or so ago. It may be hard to realize now, but wars
were fought over salt. National strategies were designed around
salt because it was the only way, effectively, of preserving meat,
which is a huge share of the human food supply.

The invention of refrigeration changed that. We use salt today,
but it is just a commodity. Sometimes we use it to preserve meat.
We use it for its historic use, as well as other uses, but no country
dominates world politics any more because they have salt mines.

We should hope for, and work toward, as soon as possible, a simi-
lar demise of the strategic role of oil. Not the demise of oil itself,
but oil as something we depend on, very much the way the Chair-
man’s remarks related to whale oil in the past.

There are a number of reasons, and they are on pages 2 to 4 of
my prepared testimony, why oil dependence—because two-thirds of
the world’s proven reserves are from the Persian Gulf area—is a
serious national security problem for us.

They have to do with the potential disruption by terrorist at-
tacks; with succession crises, potentially, in Saudi Arabia; with the
fanaticism of the Iranian government leaders today; with six Sunni
Arab states now starting their own nuclear programs in order to
match that of Iran’s; and our borrowing over $300 billion a year,
nearly a billion dollars every calendar day, in order to import oil.

The economy of the United States has been weakened by the dol-
lar’s being so dependent on countries holding the debt that we gen-
erate, to the tune of a billion dollars, nearly, a day. If we are weak-
ened, think what a developing country that is heavily in debt be-
cause of its oil imports has to face.

Finally, we are funding, indirectly, the teaching of the Wahhabi
School of Islam around the world. It is, if you read the fatwas of
its imams, absolutely murderous with respect to Shiite Muslims,
Jews, homosexuals and apostates, and horribly repressive of every-
one else, including, particularly, women.

So, since that ideology is for all practical purposes the same as
the ideology of al Qaeda—al Qaeda and the Wahhabi just disagree
about who should be in charge, sort of the way the Stalinists and
Trotskyites did, not about their underlying values—because we are
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funding the dissemination over the entire world of that ideology,
this is the only war the U.S. has ever really fought in which we
pay for both sides. This is not a good strategy.

As Tom Friedman of the New York Times has put it, ‘‘The price
of oil and the path of freedom run in opposite directions.’’ This has
some demonstrable reasons we could get into if the committee
wants, but I think it is easy to look at what Mr. Ahmadinejad, Mr.
Chavez, and Mr. Putin are doing right now and understand what
leverage oil and energy can provide.

The Russians are planning, by the way, a pipeline underneath
the Bering Straits, we just learned, so that they may help do to the
United States what they are doing to western Europe with respect
to energy dependence.

Oil provides only 2 percent of the electricity that we generate,
and only about 6 or 7 percent worldwide. So, steps to replace dif-
ferent ways of producing electricity have very little to do with the
oil transportation debate.

Whether you are a fan of wind farms or nuclear power plants,
you could have one on virtually every hillside and today it would
not matter with respect to oil dependence. Oil only provides, as I
said, about 2 percent of our electricity.

There are a number of approaches toward replacing oil and oil-
based fuels for transportation that can reduce our carbon emissions
substantially. The cellulosic—and all renewable, really—feed stocks
for renewable diesel, for cellulosic ethanol, butanol, and so on are
one of those.

Another way, interestingly enough, is to move toward plug-in hy-
brid gasoline electric vehicles. Because, in the studies that are cited
in my testimony, as we move a vehicle, let us say, from having an
internal combustion engine to having a plug-in hybrid with, say, 20
to 30 miles all-electric range, on even today’s grid, which is 51 per-
cent coal, on a national average we improve our global-warming
gas emissions, reduce global-warming gas emissions, by several
tens of percents; the exact numbers are still somewhat in doubt. In
a clean grid area such as California and the West Coast, we reduce
global-warming gas emissions by 80 to 90 percent.

You do not need new power plants to power plug-in hybrids.
Since they use off-peak overnight power, according to Pacific North-
west Laboratory’s studies, you could have 85 percent of the cars in
the country be plug-in hybrids before you would need to build a
single new power plant for that purpose.

If one looks at moving toward renewable liquid fuels and toward
electricity as a portfolio approach, some of these things may work
out better than we hoped, some worse than we hoped, but, if we
stop the idea of single solutions, I think we will make a big step
in the right direction.

The first time we tried a single solution was with the Synfuels
Corporation. That was extremely expensive. After the Saudis
dropped the bottom out of the oil market in 1985, it went bankrupt
in 1986, like night follows day.

The next time was a few years ago when the Federal Govern-
ment and State governments such as California and others got very
enthusiastic about hydrogen fuel cells for family vehicles.
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The reasons are in my testimony, having to do with the cost—
the huge cost—of infrastructure, as well as other failings, but I
think I would have to say that the Federal Government’s record in
picking a single winner, whether it was the Synfuels Corporation
or hydrogen fuel cells for the family car, has been absolutely dis-
mal. What we really need to do, I believe, is focus on a portfolio
of approaches.

Finally, Mr. Chairman, let me just say that you have not asked
me to address domestic politics, and it is far from my expertise. I
seem to have a much better understanding of dictators in other
countries than I do the workings of our own political system.

But I find it interesting that since, in the area of oil, there are
many additional benefits to moving away from oil as a way of mov-
ing away from a substance that produces 41 percent of the world’s
global-warming gas emissions, we have a different situation than
we do with coal and moving away from coal for electricity genera-
tion.

Moving away from coal for electricity generation is important,
and Vinod Khosla and others have some very good ideas about how
to do that. But that move essentially, except for improving our
global-warming gas emissions, is all cost. The question is, how
much are we willing to pay for, say, being able to sequester carbon
effectively or to move to a different type of generation system?

But oil has a number of reasons why one would want to move
away from it, in addition to reducing global-warming gas emis-
sions.

So one can be, as I put it, in favor of moving away from oil be-
cause of national security reasons, because of wanting to improve
the health of our rural economy, because of wanting to improve the
stability of developing countries, and on and on. Any one of these
reasons, as far as I am concerned, suffices. One does not need to
get into, in a sense, the vigorous back-and-forth about global-warm-
ing gas emissions in order to want to move away from oil.

I call the coalition that is beginning to build on moving away
from oil—and I mean no disrespect since I personally see merit in
all of these arguments—a coalition of the tree huggers, the do-
gooders, the sod-busters, the mom-and-pop car owners, the cheap
hawks, the venture capitalists, the utility shareholders, the
evangelicals, and Willie Nelson. [Laughter.]

Thank you, Mr. Chairman.
The CHAIRMAN. Thank you. Thank you, Mr. Woolsey. That was

very entertaining, helpful, and constructive testimony.
[The prepared statement of Mr. Woolsey appears in the appen-

dix.]
The CHAIRMAN. Mr. Khosla?

STATEMENT OF VINOD KHOSLA, FOUNDER,
KHOSLA VENTURES, MENLO PARK, CA

Mr. KHOSLA. Thank you, Mr. Chairman and honorable members
of the committee. There is a climate crisis, there is a security crisis,
and an impending oil crisis. A crisis is a terrible thing to waste,
because it is a unique opportunity.

The country that first finds the solution to these crises will be
one of the leading economic powers of the 21st century. This is an
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unprecedented economic opportunity with many beneficial side ef-
fects. However, there are many forces opposing this change. Each
$4 change in the price of oil is worth $1 trillion to Saudi Arabia,
a fraction of the population of California.

Our own Renewable Fuels Association, in my opinion, is not suf-
ficiently supportive of E85 and cellulosic ethanol because of its
closeness to the oil industry. In my Wall Street Journal editorial
in January of this year, I called on President Bush to declare a war
on oil. I believe this is a winnable war and a politically feasible
war.

For those of you who do not believe this kind of unprecedented
change is possible, I have personally seen it happen in the com-
puter business, with people like Control Data and Burroughs dis-
appearing; in the media business, where in 10 years Google is
worth more than the 10 major media companies combined; and in
the pharmaceutical business which ignored biotechnology.

And in the telecommunications business, 10 years ago major ex-
perts at AT&T laughed at me. Today, AT&T is being sold for a
song. In each area, yesterday’s ‘‘unthinkable facts’’ are today’s con-
ventional wisdom. Voice calls are free, long-distance.

This is leadership we must show the world. More importantly,
many Googles and Yahoos will be created and, with the right poli-
cies, they can be all American companies. This is the unprece-
dented opportunity before us.

Biofuels are the most important new economic phenomenon in
rural America and the most important new energy development in
decades. It could shift much of the oil portion of our GDP to rural
GDP and create millions of new jobs.

Entrepreneurs made these changes possible. At Khosla Ventures,
we are investing in these entrepreneurs and scientists and in many
different technologies. Tens of companies are popping up. We must
empower these entrepreneurs and signal to them that we are seri-
ous about winning the war on oil.

Some of the optimists in the start-up world will surely be wrong,
but when dozens of efforts all fail, could so many companies and
investors, each with difference sources of technology, all be wrong?

My own analysis shows that 39 billion gallons of biofuels produc-
tion is possible within 10 years on 19 million acres of land, and 139
billion gallons by 2027 is possible on as little as 49 million acres.
The details are in the appendix to my testimony.

One of the benefits of the switch to biomass-based liquid fuels is
the positive effect this will have on world poverty. I cannot imagine
anything as beneficial to Africa, rural India, or Latin America as
a switch to biomass-based fuels and, in fact, it will result in a more
distributed and diverse geopolitical balance on energy.

So what must we do? Very specifically, we should set a very high
Renewable Fuels Standard (RFS) with an automatic relief valve, as
the President has proposed, so all new technology developers have
an incentive to invest in R&D, knowing that, if they can produce
the products, a large market exists.

If we do not achieve our RFS goals, the relief valve mechanism
automatically protects consumers against too high an RFS and in-
creases funding for advanced biofuels. So, it will be self-funding.
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With the high RFS, consumers will be protected through this re-
lief valve, as will be livestock producers who have been in conten-
tion with some of the corn ethanol producers.

My proposals will also allow us to pay as we go in today’s con-
strained budget environment if the proceeds of the identification
number purchases that the President has proposed—and I have in-
cluded in the appendix—are put into a pool to allow for incentives
for cellulosic and advanced biofuels.

What else? We must create a producer’s credit only for cellulosic
and for all advanced biofuels, independent of the Volumetric Eth-
anol Excise Tax Credit (VEETC) which expires, today, in 2010.
There is much resistance among certain circles to this touchy topic
of tariffs.

I understand where we stand politically, but for the record I
must say, removing tariffs in the right way is good for America’s
farmers. Today we buy the cheapest Saudi Arabian oil in the world
and we have tariffs on greener, cheaper ethanol that must compete
with it.

But, if we set a separate RFS for E85 and protect American corn
ethanol producers by having a 15 billion gallon RFS for the blend
market, we will protect producers and accelerate the adoption of a
market for E85 that is 1,000-percent larger than the blend market.
Today we have the tail of the blend market wagging the dog of the
E85 market. This is not good for America’s producers.

To get long-term energy security and diversity, we need to create
a fleet of cars. We should mandate that 50 percent of all cars be
Flexible Fuel Vehicles (FFVs) by 2012, and 70 percent by 2015.
Even as a fully funded mandate, it is only a few hundred million
dollars in its peak year.

We should mandate that all pumps dispensing more than 2 mil-
lion gallons of fuel a year have at least one E85 pump by 2009.
Even fully funding this mandate is a fraction of a billion dollars.

We must encourage research in biomass feedstocks, tomorrow’s
energy crops. We must encourage E85 in other ways. One idea is
to tax-exempt it from a Federal tariff of higher fuel taxes.

Moving on to the touchy topic of coal to liquids, I personally pre-
fer not to have coal to liquids. But if we must, we must have a car-
bon sequestration fee of about 50 cents per gallon. Let me make
it clear. If coal to liquids is treated equally to cellulosic biomass,
it will permanently and forever kill cellulosic biomass.

We will be converting our biomass-based projects to coal feed-
stocks, which we have already tested in our current processes, be-
cause coal will be a cheaper feedstock. There will be no reason for
biomass and coal to liquids will hurt America’s farmers.

A few other ideas to limit the cost of the current programs in this
pay-as-you-go environment. VEETC should be capped at the total
capital cost invested in a plant. That can only happen if VEETC
is a producer’s credit. Today, VEETC is a very inefficient use of
funds.

Legislation should also make accounting rules uniform between
the oil industry and the fuel industry. A change in one clause, the
excess of percentage over cost accorded to the oil industry, could
completely fund the cellulosic incentives I am proposing, just a
change in that clause.
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Subsidies can also be reduced by making them variable. I have
talked about this much. It reduces subsidies while providing addi-
tional insurance for farmers and corn ethanol producers because it
reduces their risk in case prices are low, which is when they need
the most help.

So, finally, in conclusion, I must humbly submit a mark-up of
Senator Bingaman’s bill which he recently introduced as an appen-
dix to this testimony. With it, we move towards energy security
and greenhouse gas mitigation and faster rural economic develop-
ment while being revenue-positive, while protecting America’s corn
ethanol producers and protecting consumers from higher ethanol
prices, and protecting livestock producers from high corn prices. We
can achieve all this without any more Federal spending.

Thank you, sir.
The CHAIRMAN. Thank you, Mr. Khosla, very much.
[The prepared statement of Mr. Khosla appears in the appendix.]
The CHAIRMAN. Dr. Farrington?

STATEMENT OF ROBERT FARRINGTON, Ph.D., PRINCIPAL EN-
GINEER AND MANAGER, ADVANCED VEHICLE SYSTEMS
GROUP, NATIONAL RENEWABLE ENERGY LABORATORY,
GOLDEN, CO

Dr. FARRINGTON. Mr. Chairman, thank you for this opportunity
to discuss the next generation of alternative fuels and vehicles.

I am Rob Farrington, the manager and principal researcher of
the Advanced Vehicle Systems Group at the National Renewable
Energy Laboratory in Golden, CO, the United States Department
of Energy’s primary laboratory for research and development of re-
newable energy and energy efficiency technologies. I am honored to
be here and to speak with you today.

The committee is to be commended for its interest in finding al-
ternatives to, and reducing our Nation’s dependence on, imported
oil. NREL is dedicated to helping our Nation develop a full portfolio
of renewable energy technologies that can meet our energy needs.

As we have experts here on ethanol, I will limit my comments
to vehicle issues, of which more detail is provided in my written
testimony. My testimony today will focus on opportunities for re-
ducing imported oil used for ground transportation.

The range of viable options falls into several broad categories:
first of all, lowering miles traveled in personal vehicles, such as
through mass transit, carpooling, biking and walking; second, using
alternative fuels such as biofuels, as well as clean diesel, and in-
creasing the fuel economy of vehicles through improvements in con-
ventional vehicles, such as cylinder deactivation, 6-speed trans-
missions, advanced combustion techniques, reducing auxiliary
loads, such as air conditioning, reducing vehicle mass, aerodynamic
drag, and tire resistance; and finally through advanced power
trains, such as hybrid electric vehicles, plug-in hybrid electric vehi-
cles, fuel cell vehicles, and electric vehicles.

It would take more than 15 years to replace all the vehicles in
our light-duty fleet of 225 million vehicles with new technology if
all new vehicles sold today had that technology. The impact of any
new technology will take significant time to evolve. Therefore, our
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first priority should be to institute desired changes quickly and de-
liberately so that benefits can begin to accrue.

There is much discussion today on hybrid electric vehicles that
can be plugged into an electric outlet and driven on electricity
alone—sometimes called plug-in hybrids, or PHEVs. The fact that
we are discussing PHEVs means several things.

First, that HEVs are an accepted technology, thanks in great
measure to the sustained Congressional funding of the Hybrid
Electric Vehicle Program starting in the early 1990s. About 1.5 per-
cent of vehicles sold last year were hybrid electric vehicles.

The approximately 750,000 HEVs on the road have saved a total
of 5 million gallons of gasoline, and that continues to grow every
year. While putting HEVs on the road sounds simple, this in itself
is a series of amazing engineering accomplishments, in that we
have blended together two different power trains, including solving
the complex problem of packaging them in a vehicle.

We have developed techniques for capturing their tremendous
amount of energy in a moving vehicle that is lost to braking. We
have learned how to operate the air conditioning system without
using the engine, and we have learned to use the electric motor
and the batteries to assist in accelerating the vehicle so that we
can down-size the engine, saving both fuel and weight.

HEV technology can apply to nearly all personal vehicles and
many types of commercial vehicles. A challenge with HEVs is that
consumers generally look more at purchase price than life-cycle
costs.

Beyond HEVs are plug-in hybrid electric vehicles. These are
HEVs with the ability to drive on electricity alone, and then after-
wards operate as a traditional hybrid electric vehicle after the elec-
tric range is reached.

PHEVs offer not only substantial oil use reduction, but also im-
proved air quality. PHEVs can have lower fuel costs than HEVs,
with projected electric fuel costs at one-third to one-half of that of
gasoline per mile.

Most of the technology required for PHEVs has been developed
and, in fact, could use regular 110-volt outlets to charge them.
However, there are research issues that remain for plug-in hybrid
electric vehicles.

The most significant requirement is technology breakthroughs re-
quired to reduce costs, coming primarily from the battery storage
system, and to a lesser degree from the larger electric motor, power
electronics, and the associated cooling systems.

Research must resolve issues such as high rates of charging and
discharging of the batteries causing them to reach high tempera-
tures, which reduce battery life. The impact of combining deep cy-
cles during the all-electric mode and shallow cycles during the hy-
brid electric mode is unknown.

We also lack a U.S. supply chain to provide batteries and power
electronics to plug-in hybrids, as we do for hybrid electric vehicles.
About one-third of people put their vehicles in a garage overnight,
which means that other types of charging arrangements will need
to be developed.

Electric utilities see plug-in hybrids as a means of providing elec-
tric grid voltage stabilization and load leveling, high-value propo-
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sitions to them. Additionally, plug-in hybrids can provide emer-
gency power to homes, businesses, et cetera.

In conclusion, hybrid electric vehicles and plug-in hybrid electric
vehicles each have distinct benefits. While all people could use hy-
brid electric vehicles immediately, plug-in hybrid electric vehicles
might appeal primarily to those with existing 110-volt outlets. If all
light-duty vehicles were hybrid electric vehicles, we might save 30
percent of our gasoline use.

If all light-duty vehicles were plug-in hybrid electric vehicles, we
might save 60 percent. Additionally, plug-in hybrid electric vehicles
would use domestically produced fuel for electricity, producing a
further benefit to our economy, but plug-in hybrid electric vehicles
will cost more than hybrids to purchase.

Hybrid electric vehicle technology is a success today. Plug-in hy-
brid electric vehicle technology still has some unknowns, particu-
larly with respect to battery cost, performance, and life. I believe
that we all have a sense of urgency given our current situation.

The U.S. Department of Energy is actively engaged with the
automotive and trucking industry through its FreedomCAR and
Fuel Partnership and the 21st Century Truck Partnership to de-
velop fuel-saving technologies. While there is no silver bullet, we
must act quickly on a variety of fronts to make the greatest reduc-
tion in imported oil as quickly as we can.

In closing, I would like to thank Chairman Baucus and the mem-
bers of the Senate for your attention and interest in addressing our
transportation situation.

The CHAIRMAN. Thank you, Dr. Farrington.
[The prepared statement of Dr. Farrington appears in the appen-

dix.]
The CHAIRMAN. Dr. Dale?

STATEMENT OF BRUCE DALE, Ph.D., PROFESSOR OF CHEM-
ICAL ENGINEERING, MICHIGAN STATE UNIVERSITY, EAST
LANSING, MI

Dr. DALE. Thank you, Chairman Baucus, for the invitation to tes-
tify here today.

The age of petroleum is ending. Even if we could afford to pay
a billion dollars a day indefinitely to import oil, we cannot afford
the danger our petroleum addiction poses to our economic, environ-
mental, and national security.

We have very few petroleum alternatives that can simulta-
neously provide geopolitical, environmental, and economic benefits.
Biofuels are one of this very small handful.

I have spent over 30 years thinking about and working to de-
velop biofuels, particularly cellulosic ethanol. From that back-
ground, I will briefly summarize the status of biofuels, where we
are today, what we can expect in the next 5 years or so, and the
long-term contribution biofuels can make to our liquid fuel needs.
I am going to include also some comments on the role that farmers
can, and should, play in our biofuels future.

Biofuels today means ethanol and biodiesel. Ethanol comes from
sugar, whether that sugar is derived from cane sugar, as in Brazil,
or starch from corn grain, as in the United States. We produce our
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biodiesel from soil oil. Because of price and volume considerations,
biodiesel from soil oil will never be more than a niche fuel.

Corn ethanol will grow rapidly until it reaches a limit of perhaps
18 billion gallons per year, roughly 10 percent of our gasoline con-
sumption. This is important, but it does not fundamentally change
our dependence on petroleum.

To end our petroleum addiction, we must reduce ethanol and
other biofuels from cellulosic materials. Cellulosic materials are in-
expensive, abundant residues, including crop, forest, and urban
waste, as well as crops and woody plants grown specifically for
their energy content.

We could produce cellulosic ethanol today using well-established
technology for about $2.50 per gallon. Unfortunately, that is just
not good enough yet to compete with petroleum.

But I have some good news. Over the past 30 years, I saw a rel-
atively small, but determined—you might actually call us stub-
born—group of people who worked to develop improved tech-
nologies for cellulosic ethanol. I am proud to be one of that group.

Recently, the Department of Energy announced financial incen-
tives for a truly historic project, establishing six large demonstra-
tion plants for cellulosic ethanol using some of these advanced or
new technologies.

One of Mr. Khosla’s companies is testing a seventh approach,
with financial assistance from the State of New York, so we are
doing seven experiments in parallel on large-scale cellulosic ethanol
production. I know many of these technologies in detail. In fact,
one of my inventions will be tested at a cellulosic ethanol plant in
Iowa.

In 5 years or less, we will have good evidence that some of these
technologies can produce cellulosic ethanol for around $1.20 a gal-
lon. When that happens, the next step will be to establish full-scale
commercial plants based on the most successful new technologies.
Because these technologies are new, there will inevitably be bugs
in the system that can only be worked out in the context of large-
scale plants.

Also, some cost improvements will only occur when suppliers
have big markets, for example, for the enzymes that convert cel-
lulose to sugars. So, there will still be large business risks. Con-
gress should consider providing tax credits or other incentives for
the first full-scale large commercial plants. That approach could be
limited to perhaps the first billion gallons of cellulosic ethanol to
reward the early adopters.

Cellulosic ethanol will happen, but such incentives can reduce
our dependence on foreign oil much more quickly. When these large
commercial plants become fully functional and the risks are suffi-
ciently reduced, cellulosic ethanol will take off. The industry will
grow very rapidly, limited mostly by our ability to gather enough
of the cellulosic raw material in one spot.

So what can we expect in the longer term? I testified before Sen-
ator Lugar’s Committee on Agriculture in 2001. I will repeat now
what I said then. In the longer term, we can replace all of our pe-
troleum imports, every bit of it, with cellulosic ethanol produced
domestically at much less than $1 a gallon.
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Then let us talk about biofuels and farmers. As ethanol produc-
tion technology improves, the cost of processing will become less
and less important, while the delivered cost of the cellulosic bio-
mass will become more important. In other words, the farm sector
grows in relative importance. Herein lies both danger and a great
opportunity.

The danger is that if our farmers simply supply raw materials
to others who process those raw materials, they will probably not
do very well. We need research, policy, technology, supply chains,
and business models that help farmers do two things: one, estab-
lish low-cost cellulosic biomass; and two, participate financially in
the processing, thereby capturing some of the added value. Our re-
search, energy, agricultural, environmental, and tax policies need
to be properly coordinated to achieve this. That is a tall order.

But regarding tax policy, which falls under your jurisdiction, I
believe we need incentives to encourage the collection of cellulosic
materials, for planting and development of relevant crops, and the
development of the first commercial-scale cellulosic plants. These
steps will maximize our country’s ability to produce cellulosic fuels.

If we do so, we can realistically expect a new era for our country,
an era in which our petroleum addiction is beaten, in which we are
much more secure geopolitically and environmentally, and where
prosperity is returned to our rural communities. That is a future
worth thinking about and worth achieving.

Thank you, Mr. Chairman. I look forward to questions.
The CHAIRMAN. You bet, Dr. Dale. Thank you very much.
[The prepared statement of Dr. Dale appears in the appendix.]
The CHAIRMAN. Mr. Debertin?

STATEMENT OF JAY DEBERTIN, EXECUTIVE VICE PRESIDENT
AND CHIEF OPERATING OFFICER FOR PROCESSING AND RE-
NEWABLES, CHS INC., INVER GROVE HEIGHTS, MN

Mr. DEBERTIN. Thank you, Mr. Chairman. I would echo your
opening comments around the transformation from whale oil to fos-
sil fuels that occurred earlier in the century. In fact, the last time
the words ‘‘alternative fuels’’ were used, it applied to gasoline and
diesel fuel because they were the alternative fuels for whale oil.

My name is Jay Debertin. I am with CHS. We are kind of a
unique animal here. We are actually owned by farmers. We are an
agricultural company, yet we are a petroleum refiner. We have in-
vestments in two refineries, one in Montana, one in Kansas, and
we have invested in the biofuels industry as well.

We have platforms inside the company on energy, on grains,
where we buy, sell, and handle grains across the world. We process
soybeans into soybean oil. Those oils are sold into the vegetable oil
markets, and we sell some of those oils into the biofuels market.

Our third platform is in our renewable fuels area, where we have
been blending ethanol and biodiesel into the fuels we sell for the
last 30 years. In these past few years we have actually invested in
the production of ethanol as well, in a company called U.S. Bio-
energy.

While my primary purpose here today is to present our positions
on specific policy matters related to biofuels, I would also share
just a couple of comments around our overall energy debate be-
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cause, to echo the comments made earlier, for those who think
there is a single solution and a single answer to the country’s en-
ergy needs, I think that is a dangerous spot to be in.

But let me begin with the issues related to three specific biofuels:
ethanol, biodiesel, and biomass. First, on ethanol, the tax incen-
tives for ethanol and the renewable fuel standards mandate are
what really launched the renewable fuels market, particularly in
ethanol production. We believe that the current tax incentives for
ethanol blending and production in E85 pumps are adequate.

However, we have concerns about the distribution and the infra-
structure systems for ethanol and the relative positioning of eth-
anol supply. Unless incentives are provided to encourage distribu-
tion from Midwest ethanol producers out to the coastal States and
to more States in the United States which have the demand base
and the population, we would not be surprised to see a Midwest
glut of domestic ethanol, with negative consequences for the fledg-
ling industry.

In our view, the most important steps that can be taken are
measures that would expand overall national demand. A require-
ment that all gasoline sold nationwide contain, say, a 10-percent
blend would extend the demand from its current Midwestern base
to the Nation’s population centers on both coasts.

In addition to a 10-percent national requirement, we would also
support giving States the opportunity to use up to, say, 20 percent
ethanol blend if they chose to.

Second, on biodiesel, CHS would urge caution in passing a spe-
cific biodiesel mandate. We believe the supply issues arising from
shifting vegetable oil production from food to energy must be better
understood. With these issues in mind, we believe the current bio-
diesel tax incentives are also adequate.

We are also exploring renewable diesel, a topic that has been in
the press of recent weeks. Our petroleum refineries are studying
adding bio-based feedstocks, specifically soybean oil, into our diesel
manufacturing processes.

That would mean adding soy oil before diesel is produced rather
than blending in soy oil after diesel fuel is made. The Energy Pol-
icy Act of 2005 extended the $1 per gallon agriculture biodiesel tax
credit to this new diesel, and the Treasury Department just issued
guidance permitting its use by all petroleum refiners.

But I would also say that this new technology could be very cost-
ly to implement. We do not, at this time, think the refiner industry
would adopt it en masse.

Finally, on biomass, although the viability of biomass as a feed-
stock in motor fuels remains uncertain, there is lots of work going
on on that front, as has been explained by others here at this table.

We have looked at other biomass applications as well. For exam-
ple, we are looking at co-generation opportunities at our oilseed
crushing facilities in Minnesota using corn stover and other bio
sources.

We would like to pursue this further, but we have found that
there is really little incentive to do so and that current biomass
supply is a bit unrealiable for our manufacturing facilities. But we
do think that time and investment are needed to achieve market-
able technologies for biomass.
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I have shared with you our positions on the specific tax-related
issues this committee has under consideration. I would be remiss,
though, if I failed to share some of our thoughts on the bigger pic-
ture.

The real question, it seems to us, is what is the best total ap-
proach for addressing the Nation’s long-term energy needs, as well
as critical questions around global warming and the economic
health of America. And, maybe closer to home, how can Congress
advance renewable fuels as part of this solution to the country’s en-
ergy needs?

On the first issue, we think at CHS that we need to advocate a
broad and realistic approach to our Nation’s energy future. Unlike
single-minded approaches for fossil fuels or just renewable fuels,
we do not see a single pathway, more of a four-lane approach, each
lane representing one component of the solution, but all headed in
the same direction.

A real solution will take investment in existing fossil fuels en-
ergy supply. It will also take adoption of renewable fuels. It will
take investment in emerging energy technologies and conservation,
sometimes overlooked but vitally important to the energy solutions
for the country.

In the long term, we think that this multifaceted approach will
be the solution that really solves the country’s energy problems
going forward.

On a second question of how Congress can advance the renew-
able fuels component of this total energy solution, we suggest the
following.

First, support and extend the current ethanol and biodiesel tax
incentives which appear to be working well and revisit those for
other biofuels.

Second, as I said earlier, if there is a desire to increase the use
of biofuels, we would increase our chances of success with a mini-
mal national standard for gasoline, such as E10, where almost
every gallon has a renewable element rather than establishing just
another multi-billion gallon mandate. This will lead to a stronger
renewable fuels industry that supports the goal of a diversification
away from fossil fuels.

Third is to increase promotion of a national renewables infra-
structure, which makes certain that renewable fuels are used
where the highest demand exists, and finally to focus on incentives
that try new means of advancing the cause of biofuels and biomass.

Thank you, Mr. Chairman. I will look forward to your questions.
[The prepared statement of Mr. Debertin appears in the appen-

dix.]
The CHAIRMAN. You bet. Thank you all very much. Very helpful.
I guess I will first start with you, Mr. Khosla. I am trying to get

an overall bigger picture view of all this so we do not have all of
these discrete parts which just do not add up to a good total. Some-
times the whole is greater than the sum of the parts, but some-
times you want the parts to all fit together here.

So with respect to the renewable fuels standard that the Presi-
dent has suggested—what was it, 35 billion by the year 2017—in
your judgment, is that a good overall goal for us to work toward?
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And part of that then, I want you, Mr. Khosla, to explain your
thoughts about the effect of crude prices rising and falling during
the interim. I think you have suggested maybe a variable of some
kind.

Then after that, Mr. Woolsey made a very good case for plug-ins,
and others have too, and should there be some kind of a subsidy
for plug-ins? I guess, sort of another basic question is, are we cre-
ating artificial constraints on entrepreneurial ways to develop new
energy? There are certain subsidies, credits in some cases and not
in others.

That is a lot of questions. I am just trying to get an overall sense
of the President’s renewable fuels standard. Would you modify that
in any way? Also, the effect of the variable price of crude and how
to handle that.

I am guessing that some entrepreneurs are a little nervous and
worry that crude might fall to a lower level, and it makes their in-
vestment a little shaky. I will ask Mr. Woolsey later about plug-
ins, perhaps what kind of subsidy, if any, should there be to en-
courage more plug-ins.

Mr. KHOSLA. So let me try to address some of those questions.
The 35 billion gallon standard the President has proposed, I be-
lieve, is achievable by 2017. The danger of setting too high a stand-
ard goes away if a relief valve is put in place.

The relief valve the President has proposed is an automatic dol-
lar-a-gallon penalty for not meeting your quota through the use of
a mechanism called identification numbers, which are defined in
Appendix A. That is a very good mechanism because it protects
consumers against price spikes, which is the only danger of too
high an RFS. There is no other danger.

It protects producers who might over-produce or produce more
fuel than we think is possible today. I clearly believe that we can
produce far more cellulosic ethanol within the next 5 years than
anybody is planning. To give you a sense, one of our companies—

The CHAIRMAN. Driven by that high standard?
Mr. KHOSLA. Driven by that high standard. My view is, one of

our companies is planning to get close to 5 billion gallons by them-
selves in the 2015 time frame, if there is feedstock availability.
That is the only constraint. So the President’s goal is achievable.
I believe in the short run it would help to have imported ethanol.

In the long-term, I do not believe that will happen. To prevent
price manipulation by the Saudis, as happened, I believe, as docu-
mented by the Cambridge Energy Research Associates, in the early
1980s, I have suggested that the right mechanism for VEETC is to
make it a variable credit.

It goes up when producers need it most, which is when oil prices
are low and, hence, ethanol prices are low, and it goes down when
they do not need it, when oil prices are high like they are.

My estimates are that that will substantially reduce the amount
of the VEETC subsidy’s cost to the Federal Government while pro-
viding much more insurance to corn ethanol producers.

The CHAIRMAN. Now, which credit are you talking about?
Mr. KHOSLA. This is the VEETC credit that is currently part of

the Energy Act of 2005. So the variable credit provides free insur-
ance to farmers in times of low prices, and corn ethanol producers,
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and it reduces the amount of Federal subsidies. I believe both of
those are very good things, and it sends a signal to the Saudis that
price manipulation is futile.

So the 35 billion gallon goal is achievable. A variable subsidy
would provide an insurance program for this industry and reduce
the cost of subsidies, increasing economics.

Finally, to your question of subsidies for plug-ins. I am a huge
fan of plug-ins, but a plug-in in the next 10 years is likely to cost
at least $10,000 more per plug-in. That would be an under-esti-
mate, I would guess. That times, say, 50 percent of our vehicles,
8 million vehicles a year—we sell about 17 million vehicles a
year—is a humongous amount of money.

So, I personally am a huge fan of the Federal Government sup-
porting strategies that, within a few years—and I have publicly
said within 5 years—need no subsidies.

The CHAIRMAN. All right. My time is about expired. It has ex-
pired, but I will ask Mr. Woolsey. Plug-ins. Should there be some
kind of incentive for plugs-ins, do you think?

Mr. WOOLSEY. The Commission recommends, Mr. Chairman—
and it is on page 15 of my formal testimony—a 5- to 10-year tax
incentive program for manufacturers and consumers to encourage
plug-ins, hybrids, and advanced diesels.

I think that the point is that, for plug-ins today, battery costs are
in the range of $500 to $600 per kilowatt hour, and a relatively few
kilowatt hour battery, say 5, 6 kilowatt hours, can give one double
digits in driving capacity on an overnight charge.

What that would mean is, let us say the early plug-ins are 15
miles on an overnight charge. That is, in much of the country, 25,
30, 35 cents that one would be driving on for that distance. So I
think there is a substantial incentive. You are down in the ballpark
of 1, 2, 3 cents a mile compared to gasoline costs now, which are
several times that.

Now, I think there is a substantial consumer incentive to having
a plug-in, even if it only gets you, say, 10 or 15 miles. If one wants
a plug-in that goes 40 miles on a charge, it will be several more
kilowatt hours and several more thousand dollars’ worth of battery.

But these things will come down with volume production of bat-
teries. I think there is an important feature here, which is that
plug-ins can affect the flexibility of the Saudis and the willingness
of the Saudis to drive down the price of oil, as Vinod was talking
about.

I do not think the Saudis or OPEC are likely to take a look at
cellulosic fuels that are being produced, let us say in a few years,
for the equivalent of $30, $40 a barrel oil and say, all right, we are
going to drive the price down by turning on our reserve capacity
to $20 a barrel so we can bankrupt cellulosic ethanol.

I do not think they are going to do that because they cannot
drive oil prices down enough to compete successfully against 4-,
5-, 6-cent a kilowatt hour off-peak overnight electricity. Unless they
can succeed, I do not think they are going to get started.

So although I like Vinod’s notion of a variable subsidy for the liq-
uid fuels, I think plug-in hybrids help protect liquid fuels, alter-
native fuels, as well as being quite attractive to consumers.

The CHAIRMAN. Thank you. My time has expired.
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Senator Bingaman?
Senator BINGAMAN. Thank you very much for having the hear-

ing, Mr. Chairman. I think this is very useful testimony.
One sort of big picture concern that I wanted to get people’s

thoughts on, and maybe start with you, Mr. Khosla, we currently
have a renewable fuel standard and we are talking about substan-
tially dramatically increasing it.

We have credits in place for production of various of these fuels.
We have credits for end use of some of these fuels. We have credits
and loan guarantees for companies that want to establish oper-
ations to produce the fuels.

At some point it seems there ought to be some reality check on
how many pairs of suspenders and belts we want to put into this.
Which of these things are the most important and which can we
phase out or do without at some stage and still achieve the poten-
tial that is in here in biofuels?

Mr. KHOSLA. In my testimony I focused a lot on pay as you go.
I do not believe, in the end, very many subsidies at all are re-
quired. Incentives always help, but if a high enough RFS is estab-
lished, we will not need any other incentives in the long term.

Certain technologies, new technologies, will need to get started,
as I said before, I believe only for 5 to 7 years, maximum. I do not
believe any technology should be subsidized for more than 7 years
after the start, because otherwise you have these belts and sus-
penders everywhere.

So a high RFS is the single thing we need because that—and I
believe the administration believes that too—will keep the prices
high so all fuels, all competitive fuels, can compete in the market-
place.

Having said that, certain things like cellulosic ethanol plants—
and it is only the first five; it is not forever—need to establish that
the technology works before Wall Street funds them.

The bulk of the dollars for any scalable solution has to come not
from government, but from Wall Street. So, government can reduce
that risk by building demonstration plants. Other than that, I do
not believe subsidies are required.

Will incentives on hybrids help? Yes. But is that going to be a
big enough scale in the next 10, 15 years? Very unlikely. I say that,
having made investments in batteries for hybrids, which we are a
big fan of. So minimum subsidies, I am a big fan of that. High
standards of what we have to achieve, we will achieve through the
price mechanism.

Senator BINGAMAN. Let me ask about this credit, feedstock. I
think you are advocating a feedstock-neutral fuel credit, also an
end-use neutral credit. I mean, your suggestion is that we should
not be making different credits for different types of fuel or dif-
ferent types of feedstocks going into the fuel. What would we base
the credit on, a Btu basis, or a gallon basis? What is your thought
there?

Mr. KHOSLA. I am suggesting that, on a Btu basis, all renewable
feedstock-based fuels should be treated equally on a Btu basis.

Senator BINGAMAN. So whatever credit we provide, it should be
made available on the basis of the number of Btus per gallon for
whatever feedstock is being used?
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Mr. KHOSLA. Yes. Right. As long as it is a renewable feedstock.
Senator BINGAMAN. Right. Right.
Let me ask, Dr. Farrington, I notice in your comments you talk

about hybrid electric vehicles and plug-in hybrid electric vehicles,
but you do not talk about electric-powered vehicles.

We have a company that has announced plans to build a plant
in our State to produce electric vehicles, and they believe that the
technology is there to allow that to happen, to allow vehicles to
travel at least 250 miles on one charge.

What is your thought about the potential for electric vehicles? I
saw this movie about, ‘‘Who Killed the Electric Car?’’ It seemed to
make a fairly persuasive case that there is something to be pur-
sued there which we, unfortunately, have chosen not to pursue.

Dr. FARRINGTON. I think there is a great potential for electric ve-
hicles. I think in the long run, that is probably the solution. As we
are looking at plug-in hybrid electric vehicles, it really is an electric
vehicle with an additional engine. As batteries drop in cost and
gain in reliability, people begin saying, you know, I have not used
this engine for 3 or 4 months or so. Why am I paying the additional
cost for the weight of this engine? Perhaps I will get larger bat-
teries.

Some of the current limitations really are recharging time. There
are techniques available. Some of the lithium ion batteries are very
similar to a pad of paper. We can actually pull them out and re-
place them very easily with charged batteries.

Once that type of infrastructure is available, I think some of the
recharge issues will go away. Some of the recharge times that you
hear about, 5 to 10 minutes to get substantial recharge, are very
high-current rates. They create a lot of heat. That is a temperature
problem, which reduces battery life. But I think electric vehicles
have a potential. I am just not sure we are there today for that.

Senator BINGAMAN. My time is up, Mr. Chairman. Thank you
very much.

The CHAIRMAN. Thank you.
Senator Stabenow?
Senator STABENOW. Thank you, Mr. Chairman, very much. An

excellent panel. Thank you to each of you, and thank you, Mr.
Chairman, for your leadership on this.

To Dr. Dale, you have spent a lot of time in the last 30 years
focusing on various issues relating to cellulosic ethanol. Is biomass
going to really become a reality? Tell us, in your view, how that
is going to happen.

Dr. DALE. Yes, it is going to become a reality. The underlying
fundamental reason is, the plant material is less expensive—a lot
less expensive—than oil on an equal energy basis. So now that the
feedstock in terms of—it costs less per Btu for a ton of straw, or
grass, or woody material than it does for a Btu of oil. A lot less.

So what we have to do is figure out ways of converting that Btu,
that energy content of the plant material into something that sub-
stitutes for petroleum. That is the kind of thing that we are talking
about here around the table.

I worked for 30 years when oil costs were such that it was hope-
less to do that. The oil costs were low enough so that you could not
even afford to pay for the plant material. Now you can. Now you
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have three or four times the leverage that you did before. I am
fully convinced that we will do this. We are exploring a variety of
approaches, and I think at least some of them are going to work.

Senator STABENOW. In your testimony you talk a lot about tax
credits. We have certainly focused on that in the Energy Act of
2005, and so on. You talk about commercial plants.

But for this committee that focuses on tax policy, what do you
think should be the tax priorities overall for us in being able to
move a biomass agenda? I mean, are we talking about fuel pro-
ducers, retailers, auto purchasers? Where do you see the major
focus in order to move this?

Dr. DALE. Initially, to help overcome the risk of the first few of
these very large plants, some type of an incentive ought to be put
in, perhaps up to the first billion gallons of cellulosic ethanol pro-
duced, then they should go away. Because either we reduce the risk
far enough so, as Mr. Khosla says, Wall Street takes over, or we
do not and we should get out of that particular area.

I think also—and this is something that perhaps needs more at-
tention than people have given it—again, as I said in my testi-
mony, I believe that we are going to get the processing costs down
for these fuels in such a way that the cost of processing will become
low. So what happens is, the cost of the raw material, the agricul-
tural or the woody material, becomes the dominant cost.

We have to position ourselves to think, for that time when that
happens, about how we help incentivize the farmers, the collectors,
the processors, the initial stage of this. In the initial part, I do not
think the collection of it is going to be a big deal, but later on it
is going to become a very big deal, very important, so we need to
be thinking about that.

Senator STABENOW. Thank you.
Dr. Farrington, you talked in your discussion about plug-ins and

batteries, and I could not agree more—in fact, with the whole
panel—that we need to have a wide variety of alternatives and put
good American ingenuity to work in a variety of different ways.

But right now we are creating the science, the chemistry, then
we see other countries that are taking that and putting major in-
vestments into development, for instance, of advanced battery tech-
nology, the lithium ion battery, which I know is so critical for a
number of the vehicles that the auto industry is looking at right
now.

In your testimony you talked about the lack of a U.S. supply
chain. Now, one of my concerns is that we have the science and
that it is being taken by somebody else, and the battery technology
ends up not being manufactured here, which is critically important
for us in terms of jobs, as well as really developing this industry.

Japan has made a major commitment, China has made a major
5-year commitment. South Korea has made a 5-year commitment
to focus on development. Who gets there first will have a major ef-
fect on what happens to jobs and the industry here. So I wondered
if you might just speak a little bit more about that.

Dr. FARRINGTON. Gladly. That is a critical issue. In my perspec-
tive, we would be foolish to be trading our situation of imported oil
for imported batteries and power electrics. That is the current situ-
ation we are in. Ford Motor Company has already said that they
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were limited in production of hybrid electric vehicles because of
batteries from Japan. That is a bad situation to be in.

Senator Bingaman and Senator Domenici have already sub-
mitted, I guess, a proposal, an act to fund substantially develop-
ment of advanced manufacturing and research centers, working
with industry. There must be a collaboration.

If you look at Japan, Toyota has partnered with Panasonic bat-
teries to develop lithium ion batteries. Nissan has partnered with
NEC batteries to develop batteries. The auto companies are work-
ing hand-in-hand with battery companies.

If we look at motivations here, we do not want to have programs
where we develop batteries in isolation from the vehicles or vehi-
cles in isolation from the batteries. They must be done in partner-
ship with the intent of manufacturing here.

Senator STABENOW. Thank you very much.
Thank you, Mr. Chairman.
The CHAIRMAN. Thank you very much.
Senator Thomas?
Senator THOMAS. Thank you.
Thank you, gentlemen, for your testimony. Mr. Woolsey, could

you expand on your views on the stability of clean coal-fired electric
generation and the electric plug-in for hybrids?

Mr. WOOLSEY. Yes, Senator. I think that we are capable now of
producing, with integrated gassification combined cycle coal plants,
a system whereby carbon dioxide can readily be captured.

The problem is the cost of sequestering it. One can perhaps use
it. It is being used now in abandoned or old oil and gas wells where
one wants tertiary recovery, but there is only a limited amount of
capability to do that.

To store it for the long term, one is probably going to have to put
the carbon dioxide down a mile or two underground in deep saline,
deep salt water aquifers, which are around much of the world.

At those depths, carbon dioxide is liquid and it dissolves in the
salt water. And although most people who have looked at it believe
that would be a very secure long-term way to sequester carbon, it
is still not certain. There are still experiments being done on it.
The cost is unclear.

If we can sequester carbon from coal-fired generation in that sort
of fashion, and it will be a few years before we know for sure, then
I think coal could have a very substantial long-term role in this
country and other countries for electricity generation.

I would not suggest gassified coal via the Fischer-Tropsch process
for producing diesel fuel, because, even if one sequesters the carbon
in that process as much as one can, one ends up with coal only
being about as bad as oil in terms of generating global-warming
gas emissions.

So I think with sequestration from electricity generation and
using electricity generation in part from coal, which is cheap, for
plug-in hybrids, as well as our other electricity needs, there is real
promise, but the jury is still out.

Senator THOMAS. All right. Thank you.
Mr. Khosla, I represent a State that is often referred to as the

Saudi Arabia of coal. If coal-to-liquids is more efficient and in de-
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mand in the market, why should we ignore the abundance of fossil
fuels in favor of biofuels?

Mr. KHOSLA. Sir, in the testimony I submitted I suggested that
coal-to-liquids would be a possibility if a 50-cent-a-gallon cost was
added to coal to account for the carbon emission damage and poten-
tial sequestration costs of that carbon dioxide.

So what I would submit is that this is not only just an energy
crisis, but a climate crisis, and we should be doing everything to
meet our energy security needs, but not make the climate situation
worse.

Senator THOMAS. I understand. The fact that we are faced with,
of course, is the demand. Some of these things we are talking about
are quite a ways down the road, and we are going to have a de-
mand that we need to fulfill in the meantime.

Dr. Farrington, what is the period of time that is going to be nec-
essary before the type that you talk about can be produced to meet
demands?

Dr. FARRINGTON. In terms of plug-in hybrids?
Senator Thomas. Yes.
Dr. FARRINGTON. We currently have plug-in hybrid demonstra-

tion vehicles available. We take a hybrid, we add a battery pack
and it acts as a plug-in hybrid. The technology is there. The hard
part was going from conventional to hybrid.

Technically speaking, going from a hybrid to plug-in is very sim-
ple. It really will depend upon the cost of the energy storage sys-
tem, and that really is the only barrier. There are a number of ini-
tiatives to try to bring down that cost and improve manufacturing,
improve lifetime. So, it is difficult to predict at this point, but I
would imagine at least another 2 years or so before those costs
come down substantially.

Senator THOMAS. Yes. Well, some of these things are going to
take much longer than that. I think that is really the issue we
have to talk about, that some of these things are going to be fine
15 years from now, but in the meantime we need to use those
things that we have.

I guess I am pretty prejudiced to where we can make clean coal
available, whether it is electricity or fluids, particularly electricity.
So I think we need to make sure that we understand what the de-
mands are and that some of these things are a little ways away.

Very quickly, Dr. Dale, you mentioned the production of cellulose
was eventually at $1 a gallon. That sounds great when we are
faced with $3. However, the efficiency versus how many miles per
gallon is an issue. How many miles per gallon do you expect out
of cellulosic ethanol?

Dr. DALE. My friends at GM and Ford tell me that when we have
enough ethanol in the fuel mixture—and they estimate about 15 to
20 billion gallons total—they will start designing vehicles to take
advantage of ethanol’s higher octane. Ethanol has a much, much
higher octane than gas. It is about 110 octane. That means that
you can burn the ethanol at a higher pressure, therefore you can
get more efficiency.

It is not just how much energy the fuel has, but how efficiently
you can get the energy out. They expect equal mileage. A gallon of
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ethanol will give you the same mileage as we are getting for gaso-
line.

Senator THOMAS. That is a ways down the road. You say you
supply more than half of the fuel for farmers in the Nation in two
small plants in Montana and Kansas? I do not understand that.

Dr. DALE. I am sorry. I did not—
Senator THOMAS. Your statement says—
Mr. DEBERTIN. No. Excuse me, Senator. That was in my state-

ment.
Senator THOMAS. Oh, your statement. Yes.
Mr. DEBERTIN. Yes. Not just out of our two plants, but in all the

diesel fuel and all the gasoline we sell, we will touch half the farm-
ers in the Nation.

Senator THOMAS. Oh. Just by co-ops, other people producing.
Mr. DEBERTIN. Right.
Senator THOMAS. You do not produce it.
Mr. DEBERTIN. Yes.
Senator THOMAS. All right. I misunderstood that a little. Thank

you.
The CHAIRMAN. Thank you.
Senator Snowe, you are next.
Senator SNOWE. Thank you, Mr. Chairman.
Mr. Woolsey, in testimony before the committee in the House of

Representatives, the Government Reform Subcommittee on Energy,
in discussing our National security interests with respect to our en-
ergy policy, in describing the National Commission on Energy Pol-
icy’s recommendations, you mentioned that tax incentives needed
to be in place to avoid the political stalemate in achieving improved
fuel efficiency.

Can you give us an assessment in this committee of the extent
to which the tax incentives that we provided, for example, for hy-
brids, were successful in encouraging Americans to purchase hy-
brids? And more importantly, how encouraging of an incentive was
it for the domestic manufacturers to develop hybrids?

Mr. WOOLSEY. I believe it helped substantially, Senator Snowe.
This is not a field I am an expert on, the effectiveness of tax incen-
tives. But as a broad matter, a few thousand dollars, when hybrids
first came in, $2,000 or $3,000 or so dealt with substantially the
difference in price between a hybrid gasoline-electric, and just a
straight, let us say, Prius-sized car.

Probably something in the range of another $3,000 or so of cred-
its for a consumer would deal with the added cost for a plug-in hy-
brid if it is, as I said, just a few kilowatt hours battery, say, 5, 6,
7 kilowatt hours.

The credits are, I think, important at the beginning, because al-
though it is impressive to a driver to come in and realize that he
can drive on 25 to 50 cents for a 25-mile drive with electricity and
gasoline is going to cost him several times that, people tend to not
do the long-run calculations of payback periods and the like.

I think a consumer incentive along the lines of making up for the
bulk of the difference in cost for a plug-in would be most important,
as it was for moving from regular vehicles to hybrids. If I could just
add one point. The amount of added cost depends entirely on the
size of the battery.
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The difference between a plug-in hybrid and an all-electric vehi-
cle is principally in the battery, particularly if one has a series hy-
brid of the sort General Motors has announced with the Volt. So
the Tessla Corporation in California has 55 kilowatt hours in its
batteries. That is $30,000, $40,000 worth of battery. It can go 250
miles on an overnight charge.

If one has 10 percent of that, a 5- to 6-kilowatt hour battery and
one can go with that 10, 15 miles on an overnight charge, the
added cost in the car will be a few thousand dollars.

So you are in the same range with moving from hybrids to plug-
in hybrids that you are in moving from regular internal combustion
engines to hybrids. I think the incentives that Congress has gen-
erated so far have been definitely helpful.

Senator SNOWE. Well, how would you describe the success of the
domestic manufacturer with respect to hybrids? I mean, the foreign
manufacturers have obviously reached their cap with respect to the
tax credits.

Mr. WOOLSEY. They led the way. But domestic production is get-
ting going and increasing, and generally with larger vehicles in this
country than the Japanese producers who have gone with the
smaller vehicles. But I think a very major decision was made by
General Motors in January when they announced the Chevrolet
Volt.

If this vehicle comes into dealers’ showrooms within, say, a cou-
ple, 3 years, it will be one of the most important developments in
automobile transportation in decades because they are discussing
a 40-mile charge for a battery, and it is a relatively simple and rel-
atively small vehicle and it is a series hybrid, which means that
it is essentially an electric vehicle with just a little one-liter gaso-
line engine, or ethanol engine on the back that charges the battery
when the battery gets down to a certain percentage. So, it is essen-
tially an electric car, plus a bit of an insurance policy.

That, in turn, means they may be able to manufacture it without
a lot of the cost of building a whole separate drive train the way
we have with parallel hybrids such as the Prius. So, it is too early
to tell for sure.

The rest of Detroit may follow and may come along in similar di-
rections; we just do not know yet. But that announcement of Gen-
eral Motors in January was a big step for the domestic automobile
industry and for the move to plug-in hybrids in general.

Senator SNOWE. Thank you.
Thank you, Mr. Chairman.
The CHAIRMAN. Senator Cantwell?
Senator CANTWELL. Thank you, Mr. Chairman.
Mr. Debertin, you mentioned that your petroleum refineries are

studying adding bio-based feedstock into your process, and that ob-
viously there is cost, technology costs in that. Could you walk me
through that? I mean, what is the difference between adding—if we
are talking about adding renewable diesel, blending in soy before
versus after, what is the significant cost differential there?

Mr. DEBERTIN. An issue is that most refiners have just begun to
look at this after this recent ruling. The issue is that every petro-
leum refinery takes in raw material feedstocks to process in the
plant. Today it is petroleum crude oil.
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All of these crude oils have certain characteristics about them,
and the metallurgy inside the plant and the processes inside the
plant have been manufactured and designed to handle those prop-
erties, as incoming crude oil has.

The issue here is that vegetable oil will also have its own prop-
erties and its own characteristics coming into the plant. What has
to be studied is, what are those characteristics, how does any petro-
leum refinery handle them? And each refinery will not be the same.
Some will be able to treat it easier than others, but each plant will
have to look at it and understand what effect it will have on things
such as catalysts inside of the refinery, metallurgy inside the refin-
ery, and be able to process it.

From there they will decide how much cost goes to adapting the
refinery to handle it. In some cases it may be higher, in some cases
it may be lower, but that is, I think, the process most plants are
just beginning.

Senator CANTWELL. And are those huge costs?
Mr. DEBERTIN. Senator, I could not speak for every refinery and

what impact that would be. What is big to someone might not be
big to someone else. To a refiner our size——

Senator CANTWELL. Mr. Khosla, you are shaking your head. So
you do not think those are huge costs?

Mr. KHOSLA. It is a minor cost, as I understand it. In fact, many
people have not paid attention to the fact that cellulosic materials
can be converted into a bio-crude that can go into an existing refin-
ery structure. It may, in fact, be a very, very competitive use of bio-
mass, and we should allow all these options to co-exist.

Senator Bingaman’s bill defines advanced biofuels in a particular
way. My mark-up of it generalized it beyond ethanol into advanced
biofuels based on cellulosic feedstocks, because bio-crude could be
a very important product for U.S. oil companies to get on board
this bandwagon.

Senator CANTWELL. Yes. I am not disputing that it is not inter-
esting.

Mr. KHOSLA. And the costs may not be that significant.
Senator CANTWELL. But I do not know that chicken fat is going

to produce the energy supply of the future. I think the tax credit
that we apply to renewable biodiesel was intended to incent people
to get into refinery production. Obviously we were saying, if you
could easily produce this, we were not going to give you a tax in-
centive and credit for it.

What we wanted to do was get large-scale refineries online. So
now what we are seeing is large-scale refineries investing $40 or
$50 million into facilities with stock that they are basically squeez-
ing oil out of.

And I am not saying that you cannot have fuel from another
process besides squeezing oil out of a bean, but it is frustrating to
incent these companies basically who are making a $40- or $50-mil-
lion investment and then have some people go around the back
door to the White House, to Treasury to interpret the language—
if that is in fact what has happened, and we will see if that is in
fact what happened—to give petroleum companies a dollar credit.
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I think we are going to have the adverse effect of discouraging
the true refineries that are being built, so I think we need to un-
derstand how to best do this.

Mr. KHOSLA. So, Senator, I want to make a very important point.
You bring up a very important issue. Waste, animal fat, is not the
right product. It will not solve our problem. You can produce fuel
with it, but it will not solve our problem at any scale that is mate-
rial here.

Frankly, neither will vegetable oil. But cellulosic biomass can be
converted into a bio-crude, and there are companies—not ours, but
others—doing it that could feed into existing refineries.

So I have proposed in my written testimony that the Federal
Government not fund or incentivize any product that is not scal-
able feedstock. If it yields less than 15,000 gallons per acre of land,
the Federal Government should not be supporting it with any
money because that is money wasted into small niches that will not
amount to much.

Professor Dale is exactly right. Biomass is one of the few large
enough feedstocks, as well as some renewable waste materials, like
municipal sewage, that are large enough in scale to make a mate-
rial dent in our oil needs. If we have a plug-in hybrid subsidy, it
should be based on gallons of petroleum avoided or the reduction
in petroleum miles, which I have also proposed previously, because,
frankly, as much as we invest in plug-in hybrid batteries, I hope
a year from now to walk in here with a 100-mile-per-gallon diesel
car that is substantially an unmodified standard four-passenger
sedan, because there are companies working on it. Why? Because
you can get diesel engines at 100 miles per gallon efficiency for a
Volkswagen Jetta by just changing fuel injectors.

Mr. WOOLSEY. Senator Cantwell? Excuse me.
Senator CANTWELL. Yes?
Mr. WOOLSEY. There is a very important point directly related to

what you just said, if I might. I have advised for years a company
that is involved in the waste-to-renewable diesel technology. What
has recently happened that you described is, as I understand it,
Treasury has effectively given the same credit for the utilization of
substances like fat and soy that have food uses or other legitimate
uses and are not really waste. The process works with respect to
animal manure, used tires, municipal sewage, turkey carcasses in
Carthage, MO at a large facility, and so on. Because the same cred-
it is being given now to substances that would go into a regular re-
finery that are just, let us say, soy or animal fat, the companies
that are involved in using waste are likely to migrate to Europe,
where the tipping fees are huge.

Since Europeans do not feed ground-up animals back to animals
the way we do, you get $100 a ton, roughly, tax credit, or tipping
fee, in Europe for disposing of things like animal carcasses.

Well, the companies that can now make a good deal more money
in Europe because they process waste will migrate there, I think,
as a result of this recent Treasury ruling that essentially treats
them the same way as using other substances that are not really
waste are treated.

Senator CANTWELL. Well, I guarantee you, in Washington State
we are doing all sorts of different, innovative things. But I think,
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Mr. Chairman, it does deserve some reexamination of this issue,
because I think that we are trying to get to the scalable level.

I think when we were thinking about that language, we were
really thinking about, how do we incent large-scale refining capac-
ity? And that is not to say that we should not be productive all
across the board, but I think we have to look at this and look at
the interpretation.

I know my time has expired, Mr. Chairman. I have gone over.
I thank the witnesses for their fervor in answering.

The CHAIRMAN. Senator Salazar?
Senator SALAZAR. Thank you very much, Chairman Baucus, for

your leadership on this issue. I also want to commend Senator
Bingaman for his leadership on the Energy Committee.

I am very hopeful that, with the combined attention from the Fi-
nance Committee, the Energy Committee, and the Agriculture
Committee, we are going to have a very robust energy package that
will help make some of the visions possible that you have here.

I want to just thank Dr. Farrington for your great work at the
National Renewable Energy Lab. It remains a crown jewel within
our system. I actually hope to invite both Chairman Baucus and
Senator Bingaman back there again to take a look at what you are
doing there at NREL.

Mr. Khosla, congratulations on range fields and what you are
doing on cellulosic ethanol. We are proud of the company’s efforts.

Mr. Woolsey, I appreciate the leadership that you have brought
to the Set America Free Coalition and the bipartisan group that
has really put together many of the ideas that we have imple-
mented since the 2005 act. Hopefully, this year we are going to see
a lot more activity with respect to implementation of those bills.

I want to just say a couple of things. There is a group of us in
the Set America Free Coalition, some 25 Senators, conservatives,
Republicans and Democrats together, that moved forward with the
introduction of the DRIVE Act. It includes many of the issues: hy-
drogen vehicle prices; the advanced technology motor vehicles man-
ufacturing credit; the consumer incentive to purchase plug-in hy-
brid electric vehicles; tax incentives for private fleets; reducing the
incentives for the gas guzzlers; biofuels; tax credits; and production
incentives for cellulosic biofuels. We obviously will be hopefully
moving forward with a package that includes much of that as we
move forward.

I have a couple of questions. I know we do not have a lot of time,
so let me just ask these questions. I would appreciate, like, a 30-
second response.

Mr. Woolsey, in terms of the costs of the plug-in hybrids, it is an
enormous problem. What is the best way that we can get around
that? Think about the answer. You have about 10, 15 seconds to
respond.

To you, Mr. Khosla, my question is in terms of cellulosic ethanol.
There is lots of debate here about how fast and how far we can go.
The 35 billion gallons by the year 2017, that would only displace
10 percent of the oil that we currently consume. Can we go further?
Is that too timid a vision? Do we need more of a Manhattan-type
of project here?
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Dr. Farrington, you said 60 percent of our oil could be replaced
with hybrid plug-ins if we moved forward with that technology.
How can we get there, and how soon can we get there? What is it
this committee can do to help us get there more quickly?

Dr. Dale, the same question to you in terms of the RFSs. Are we
being too timid today? Should we be bolder?

And to Mr. Debertin, the same question with respect to the RFS
of where we are going here, is it high enough? So if we can quickly
come through. I know I have about a minute and 40 seconds left,
so we will just walk this way through the table.

Mr. WOOLSEY. Senator, I think a 5- to 10-year program of credits
continuing a few thousand dollars for a hybrid, a few thousand dol-
lars for the plug-in feature, I do not think it needs to be close to
$10,000 total, but something in that range, that gets manufactur-
ers up on the step with their battery suppliers and moving along
decisively.

I think some type of incentive to promote rapid turnover. If you
go to Japan, all the cars look new. The reason is, the cars are new.
The reason is, they have various incentives to turn over their fleet
more quickly than we do. We should look into doing that.

Senator SALAZAR. So a $10,000 tax credit for hybrid plug-ins is
your answer.

Mr. WOOLSEY. I do not think it has to be that much. I think a
few thousand for each. I think it could be several thousand dollars
short of $10,000 total.

Senator SALAZAR. All right.
Mr. Khosla?
Mr. KHOSLA. In answer to your question on cellulosic ethanol, we

can do—as I have said in Appendix C, I provide details of both the
number of cars on the roads and the amount of cellulosic ethanol
we can produce based on the number of acres and biomass yields
per acre. That detail is in Appendix C. But we can reach not only
39 billion gallons by 2017, we can reach 139 billion gallons by
2027, and by 2017 have dollar-a-gallon cellulosic ethanol.

Senator SALAZAR. So, Mr. Khosla, should our renewable fuel
standard this year be 199 billion gallons by the year 2027, and
could we do that?

Mr. KHOSLA. I do not think that will be needed. I am sort of a
free market kind of person and would like the least amount of sub-
sidies and mandates. Some are absolutely essential and I have pro-
posed those. But I do believe, once we reach some number like 50
billion gallons, it will take off on its own because it will be cheaper
than petroleum.

Senator SALAZAR. As a goal, though, whether we get there with
an RFS or some other way, you believe that by 2027 we can get
to 139 billion gallons of production?

Mr. KHOSLA. Yes.
Senator SALAZAR. All right.
Dr. Farrington?
Mr. KHOSLA. Senator, can I make one comment on hybrid vehi-

cles? If we have an incentive, it should be based on petroleum mile-
age. Whether it is a plug-in electric or some other form of fuel, we
should reduce petroleum mileage, because that is a key goal.
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Senator SALAZAR. So we have to have a formula that ties it back
down to petroleum consumption reduction.

Dr. Farrington?
Dr. FARRINGTON. Yes. In terms of, how can we accelerate the

adoption of plug-in hybrids and when they might be available,
number one, of course, is reducing battery cost. Number two is, es-
tablishing a U.S. manufacturing base for those suppliers is essen-
tial.

We will need to have convenient charging, because not everyone
has access to 110 volts for charging. The technology is available
today, except for battery replacement costs. Because they are ex-
pensive, we need a 15-year life, and we are working on that.

One thing to remember with respect to fuel consumption is, if we
have a 15-mile-per-gallon vehicle, it consumes 800 gallons per year.
Converting that to a plug-in hybrid could save two-thirds of that,
60 percent of that cost.

If we have a 50-mile-per-gallon vehicle, we are only consuming
240 gallons a year, and so the opportunity to save costs reduces.
So the big opportunities are really with the larger vehicles that we
have today.

Senator SALAZAR. Thank you very much.
Mr. Chairman, my time is up. Could I have 1 more minute to

give each of the witnesses remaining 30 seconds to respond to the
questions I asked?

The CHAIRMAN. Yes. Absolutely.
Senator SALAZAR. Thank you, Mr. Chairman.
Dr. DALE. Yes, we are being too timid. Yes, we could have a high-

er standard. Yes, we will get there to cheap cellulosic ethanol much
more quickly than people believe. I think the limit will be, and
probably not for long now, how much of this material can we get
together?

We are focusing on the processing technology right now, but
there is the whole supply chain, how you get enough biomass to-
gether. I believe that could become more of a limiting factor in the
future. You just start thinking about how to incent that.

Senator SALAZAR. Thank you, Dr. Dale.
Mr. Debertin?
Mr. DEBERTIN. We are an investor in ethanol. We are making it

every day right now. When this new technology that these gentle-
men are speaking to can come to our offices and show us how this
is a better solution right now in the market, we will be all for it.
Then I think our standard is too timid. But up until that point,
right now we have only essentially one horse to run with right now,
and it is corn, and there is a limit on that.

Senator SALAZAR. All right. Thank you very much.
Thank you, Mr. Chairman.
The CHAIRMAN. Thank you.
I would just like to ask a general question of all five of you, if

you could. That is, if the goal is energy security, reaching toward
inexpensive energy, and with a nod to climate change, what cur-
rent subsidies, credits, mandates, whatever that occur today do you
think are good? Which ones would you change? Which ones would
you add? The goal being, let 1,000 flowers bloom, but all these new
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technologies are pretty much on a competitive basis. But some need
help to scale, some need help to commercialize, and so forth.

I am going to ask each of you, given the whole panoply of credits
and deductions and all the incentives in law today that favor one
energy supply over another—say corn ethanol—which would you
continue, which would you modify, which would you delete, and
what new ones might we consider? I will start with you, Mr. Wool-
sey.

Mr. WOOLSEY. Mr. Chairman, I think that the key one is the in-
centive that the Commission has proposed for plug-in hybrids and
hybrids to get production up on step. In addition, the government
itself could order such vehicles to increase the volume when it is
adding to its vehicle fleet.

I believe Vinod has a very good idea about the restructuring of
the incentives for renewable fuels, neutral with respect to the type,
as long as it is on a Btu basis. And as I have said, I think moving
toward plug-ins would be a big assist to these other liquid fuels be-
cause I think it would help block the Saudis from dropping the bot-
tom out of the market.

I guess I would say the most important thing overall is removing
the barriers to competition from other fuels. We need to have flexi-
ble fueled vehicles, multiflex, methanol as well as ethanol, butanol.
We need to have vehicles that can use any of these fuels, and we
need to have the pumps for them at stations.

I think these relatively minor infrastructure changes will open
up the market to competition from these alternative liquid fuels, as
well as to electricity. That is the key thing. Today we are locked
into oil because of rigidities in the infrastructure that have been
put there over time.

I guess the last thing I would say, Mr. Chairman, is to call the
committee’s attention to a fascinating article a year ago in the
Texas Review of Law and Politics by Boyden Gray, currently our
ambassador to the EU, about subsidies to oil under the current tax
law and how it works. It is a very substantial figure, indeed. It
might be something worth looking at.

The CHAIRMAN. Thank you very much.
Mr. Khosla?
Mr. KHOSLA. As I have said, a high RFS with the idea of identi-

fication numbers to protect consumers and other producers of food
products is the single most important issue. Number two most im-
portant is a flex fuel car mandate. And by the way, my definition
of flex fuel cars includes plug-in electrics, as I detail in the testi-
mony.

A flex fuel mandate and a pump mandate are absolutely essen-
tial because a car fleet takes 15 years to change over. The VEETC
today is very, very inefficient. Half of it is wasted because it is a
blender’s credit, not a producer’s credit. That would double the util-
ity of every dollar we spent for America’s corn ethanol producers,
and making it variable will provide them insurance against low oil
prices and low ethanol prices. So, that is third.

Fourth is this focus on advanced biofuels that are made from cel-
lulosic or renewable waste materials. That is the only additional
producer’s credit, I believe, that is needed, and only for the short
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run. This should, as I propose, pay off completely by 2020. Starting
in 2015, it should start to decline.

The last thing I would suggest is that we use our valuable dol-
lars to fund anything that cannot achieve the scale of 20, 30, 40
billion gallons of oil replacement. If it is not scalable, it is not ma-
terial. There are lots of proposals from the environmental commu-
nity that are not scalable because they are too expensive or they
are very nichy, like animal fat and others. So, we fund scalable
products to solve the real problem.

The CHAIRMAN. Thank you.
Dr. Farrington?
Dr. FARRINGTON. Yes. I am not a tax incentive expert, I am a re-

searcher. But for what that is worth, our goal, I think, is to encour-
age less fuel consumption. There are multiple solutions to that, as
I have mentioned.

Mass transit, having our fleet average move from 20 miles per
gallon, which is what it is today, which is 600 gallons a year, to
40 miles per gallon, which is 300 gallons, would cut our fuel con-
sumption for light-duty vehicles in half. We have the technology
today to do that.

Then certainly with every vehicle type we have, hybrids, plug-in
hybrids, and conventional vehicles should be flex fuel vehicles.

The CHAIRMAN. Thank you.
Dr. Dale?
Dr. DALE. Most of what I would like to say has already been

said. I would just add that incentives are needed, or policies for the
first generation of the cellulosic ethanol plants to reward the early
adopters, perhaps up to a billion gallons, and then cut off the sub-
sidies. Let them be rewarded for that. Let the risks be taken out,
and away we go.

I would also add, though, as I said several times here, I think
we need to figure out maybe some incentives to establish the sup-
ply chains for cellulosic biomass. The input for one full-scale cel-
lulosic plant will require output from about 3,000 farms. It is going
to take some work to figure out how to put those supply chains to-
gether. I think that is a valuable area for some incentives.

The CHAIRMAN. All right. Thank you. Very interesting.
Mr. Debertin?
Mr. DEBERTIN. Mr. Chairman, one comment I would absolutely

agree with is not investing, not providing tax incentives to those
opportunities that are not scalable. I think that is not a road that
we should go down.

Right now, as we sit here today with alternative fuels that are
being produced, it is on ethanol and it is on the biodiesel side. For
you to attract capital into those industries, and we are investing
in those industries, it is a knowledge of how that future looks that
will attract that capital. So I would say that the tax breaks are suf-
ficient.

I would just look for kind of knowledge. Are they going to stay
in place? If you say they are not going to stay in place, that is fine.
I can choose to invest my capital where I think it has a better
home. But I look more for stability in the future as far out as I can
see, and I am fine with whatever you agree to. It is just that it is
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going to drive capital, and I will invest the capital where it needs
to go.

The CHAIRMAN. What are some of the nichy ideas that are not
scalable? What are some, do you think?

Mr. DEBERTIN. Personally, sir, I think one of the points of why
I do not agree with the NCHS, which is in favor of a biodiesel man-
date today, is because we just do not see, with soybean oil right
now being essentially the only significant property for biodiesel, we
think it is going to run into some food versus fuel issues very
quickly.

The CHAIRMAN. Thank you. I am going to have to run. Senator
Bingaman is going to take over.

Senator BINGAMAN. Senator Kerry has not had a chance to ask
questions. Why don’t you go ahead?

Senator KERRY. Well, I apologize for being tardy. I was chairing
a Commerce Committee hearing on competitiveness, and we actu-
ally were talking about some of the same issues with the folks from
NIST and NSF. It was very interesting. So to just sort of pick up,
I do apologize for that. I am very grateful to all of you for being
here today. This is obviously an enormously important topic.

Let me begin. A number of us had different bills that we have
introduced. I have a bill on global climate change, which seeks a
trading system and, among other things, a serious group of incen-
tives for activity that you have just described.

My bill actually doubles the credit amount for fuel cell vehicles,
and I wonder what your reactions are to going from, currently, it
is $4,000 up to $40,000 on fuel cells, and we go from $8,000 to
$80,000. We double the credit amount for new advanced lean burn
technology vehicles.

Currently, the range is $400 to $2,400. We go from $800 to
$4,800. We also extend the credit for hybrids, et cetera, through
2014 and make it longer and provide a special plug-in credit, et
cetera. What is your reaction to those levels? Do those meet the
standards that you have been articulating here or not? Anyone.
Yes, Mr. Woolsey?

Mr. WOOLSEY. Senator, I think all of them sound to me to be rea-
sonable, with the exception of the hydrogen vehicles. Hydrogen has
two problems. One is, I think to get it in the family car one is going
to have to increase the efficiency of the fuel cells by something like
a factor of 40 or 50. That may be the easiest step.

The other is, even though central station refueling by hydrogen
for vehicles like buses may have some advantages, to have the
neighborhood filling station have a hydrogen reformer, pump, and
storage in it, one former Secretary of Energy estimated to me the
other day was going to cost something on the order of $1 trillion
for infrastructure change.

If you reform natural gas into hydrogen and then turn the hydro-
gen into electricity, you lose about one-third of the energy. It seems
interesting—more interesting—to put the natural gas in the vehicle
in the first place because that is entirely plausible.

If you change electricity into hydrogen and then back into elec-
tricity, you would lose about three-quarters of the energy, and with
battery improvements and technology, it would seem to me to be
more wise to put the electricity in the car in the first place.
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So I think we have spent a good deal more on hydrogen than
really is justified, given its limited use for transportation. It has a
lot of uses, fuel cells for space, for fixed fuel cells and the like. But
I think, with that exception, it sounds to me like that is a very rea-
sonable pattern of incentives for a reasonable set of possibilities.

Senator KERRY. Mr. Khosla?
Mr. KHOSLA. Senator, let me give you an example before I an-

swer your question. I hope, a year from now, to drive here in a die-
sel, substantially unmodified four-passenger car that delivers 100
miles per gallon—no hybrids, no batteries, just engine efficiency.

Now, I could be wrong, but if I am right, should it have the same
incentive as a car that runs on hybrids or plug-ins? I will tell you,
as I mentioned earlier, we are also investing in hybrid batteries,
so I do not have one particular axe or another.

I am suggesting, if we do have an incentive, it be based on petro-
leum mileage, because our goal is reduction in petroleum mileage,
whether it happens through a plug-in electric or higher efficiency
or some other mechanism. I personally am a big fan of plug-in elec-
trics too, but I do believe it will be many, many years before they
reach the average person in Mississippi. That is my standard glob-
al warming test.

Senator KERRY. Why do you believe that? The other day I saw,
right out here—and I am going to do something with this—we have
a company in Massachusetts, A–123 in Watertown, and they have
developed a lithium battery.

It is in the back of a Prius, which a friend of mine is driving
around this city now. He plays this game with himself every week
to see if he can beat his record of getting 150 miles to the gallon.
He is doing it now.

Mr. KHOSLA. Absolutely, the custom batteries can be done. The
question is, at what cost? How many consumers will buy that car?

Senator KERRY. Well, it is a $3,500 cost additional for the com-
plete installation. Now, I want to to give a $4,000 credit to some-
body to go out and buy that car. So in effect, that is an incentive
that covers the cost, is it not?

Mr. KHOSLA. I am very familiar with the A–123 battery. I am
very, very excited about it. It is a significant breakthrough. We
have seen lots of other technologies that are even bigger break-
throughs, some of which we are trying to invest in. So, I am a fan
of making all that progress happen.

But if our goal is petroleum reduction, then that is what we
should incentivize, because there are five different ways to get
there. As I said, we should be able to get there by just changing
the fuel injector in a traditional car, millions of which have been
produced, get to 100 miles per gallon, that is a very cost-effective
strategy.

There are other people in various labs around the world, or this
country, trying other techniques. We have seen at least a dozen
new engine design start-ups in the last 3 months, none of which
we have funded, but we have seen them.

Some of them are likely going to be successful. If they reduce pe-
troleum consumption they should be incented equally, so I suggest
we have some standard, like petroleum mileage, whether it is a
plug-in or some other mechanism to get there.
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For example, we found very attractive plans for air hybrids,
which, instead of using a battery for storing energy, use com-
pressed air to store energy. In high-compression engines, that
comes for free because the engine is already compressing air.

International Harvester has a completely different mechanism
for trucks that might also be useful. So, there are many different
ways to achieve petroleum mileage reduction, and any incentive
should be dollars per MPG improvement on petroleum use.

Senator KERRY. I like that standard. I think that is an inter-
esting thing for us to think about here.

Also, as people are rushing to these alternatives, you were talk-
ing about losing energy a moment ago and how much we lose in
the process. There seems to be a rush here by some people to em-
brace liquified coal as an alternative, and that just seems to me to
be absolutely crazy in terms of this lost energy versus, also, use of
energy, because it uses a lot more energy and also uses dirty en-
ergy in the production. Am I wrong?

Mr. KHOSLA. You are absolutely right. As I said earlier, if we
allow coal to liquids on the same basis as cellulosic, we will forever
kill biomass-based fuels. Senator Salazar is not here. We have a
company in Denver that uses biomass to produce ethanol and,
hopefully a year from now, it will be in commercial production, con-
trary to everything else you have.

I will tell you, we have tested that process, both on biomass and
coal as feedstock, because it is a gassification process, and pro-
ducing that ethanol with coal will be cheaper.

So unless there is a disincentive, the economic decision I will
have to make is to stop producing it based on biomass and produce
it based on coal. That is why I proposed a 50-cent-a-gallon penalty
for coal to liquids because it serves our National energy security
purpose, but not our environmental purpose.

I propose that that penalty of 50 cents a gallon exist as long as
its carbon emissions—life cycle carbon emissions—per mile driven
are any worse than petroleum. It should be at least as good as pe-
troleum, or better, for it not to have a penalty, which creates an
incentive for the coal to liquids community to clean up their act
and invest in things like sequestration and others. Then they are
as good as Saudi oil, as far as I am concerned.

Senator KERRY. Well, I have gone over my time here. I will wait
for the next round. But I will just say very quickly, I am glad to
hear you say that. I think it is really important that a lot of people
start sounding the alarm bells on that because it seems to be gain-
ing an inappropriate foothold. I think it is completely contrary to
both the security interests and the environmental interests that we
have, so we need to sound that. I will come back afterwards.

Thanks, Mr. Chairman.
Senator BINGAMAN. Thank you.
Let me just ask a couple of questions, and then I will have to

go. But in your statement, Mr. Khosla, where you talk about what
we need to do, in the first bullet there you talk about how we need
this relief valve mechanism installed, and then you indicate that
you are going to explain that more.
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Could you give us a brief description of how that would work as
a way to protect consumers if we did increase substantially the
RFS?

Mr. KHOSLA. Yes. This is the mechanism the President proposed
in his legislation, and I believe it is a very good mechanism. The
idea is, you set an RFS that is extremely high. The problem with
that is, if you cannot reach that, then prices start spiking. Last
year we saw ethanol prices reach over $4 a gallon. That is a prob-
lem for consumers. It is also a problem for livestock farmers who
are worried about corn prices going up with it.

So what the President has proposed is, you can get out of your
obligation to meet the RFS obligation by buying an identification
number for a dollar a gallon. It effectively says, for any blender,
any time the price of ethanol spikes $1 above the price of gasoline,
they will buy these identification numbers and get out of their obli-
gation.

Ethanol will stabilize at no more than $1 above the price of gaso-
line. That is a good thing because it protects consumers while cre-
ating an attractive market for both corn ethanol producers and cel-
lulosic producers. But, more importantly, if we are not meeting our
RFS target, it generates additional funds that can be used to
incentivize ethanol in the future in subsequent years.

Senator BINGAMAN. Mr. Debertin says in his testimony here, as
I read it, over on page 2 that he is concerned that unless we have
incentives to encourage distribution of ethanol from Midwest eth-
anol producers to coastal States where the demand is, we could
wind up with a Midwest glut in domestic ethanol with very nega-
tive consequences on the industry.

I would ask any of the rest of you, Mr. Khosla, did you agree that
that is a possibility? I mean, on the one hand we are trying to
guard against the price of ethanol going too high because there is
a shortage. On the other hand, we are trying to guard against the
price of ethanol going too low because there is a glut.

Mr. KHOSLA. I would have to disagree, for the following reason.
First, the companies that we have invested in are building about
10 corn ethanol plants, so please take me sincerely when I say I
am not a fan of big subsidies. We have an interest in more sub-
sidies; we would benefit from them. But we are building our plants
as destination plants in California, in Dallas, in New York, in the
northeast, and it can be done cost-effectively.

Two, we have seen Midwestern producers and market-based ef-
forts take care of it. I met recently with Fagan, which is one of the
key voices in the Midwest for corn ethanol. They are building, or
considering building, a terminal in Stockton, CA. So, the market
will take care of that issue. I do not believe the Federal Govern-
ment has to spend its valuable money doing it.

Senator BINGAMAN. So you think there is no real threat of a glut?
Mr. KHOSLA. Look, temporary dislocations happen in most mar-

kets, but I believe they will be very temporary. If there is a high
enough RFS and the blenders are obligated to sell that much eth-
anol, the markets will take care of it.

Senator BINGAMAN. Mr. Woolsey?
Mr. WOOLSEY. Senator Bingaman, I think as we move to cel-

lulosic ethanol this problem will take care of itself because
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switchgrass or most of the other potential feedstocks of biomass
grow in lots of places, not just in the Midwest.

So, over the short run, one does have dislocations. One has a
problem that ethanol does not work well in pipelines and it picks
up water and so forth. But in time, I think one would look to seeing
cellulosic ethanol, perhaps butanol plants, perhaps renewable die-
sel plants, near where the population is.

The increase in yield of things like switchgrass by genetic engi-
neering should make it possible to have relatively small fuel plants
located where there is relatively dense growth of biomass, and then
one does not have to either cut the biomass and ship it long dis-
tances or produce the ethanol and ship it long distances. You could
have distributed generation, in a sense, of ethanol in the same way
we are moving in some circumstances toward distributed genera-
tion of electricity.

Senator BINGAMAN. All right. I need to leave. Thank you again
for your excellent testimony. Maria, I know, is next, then Senator
Kerry. You folks can go back and forth as long as you would like.

Senator KERRY. Great.
Senator CANTWELL. Thank you.
I want to just go to one other question area. Thank you, Mr.

Khosla, and others, for being so specific. I know that, Mr. Khosla,
in your business you drill down on a lot of numbers and you have
obviously put money investment behind those numbers, so thank
you for sharing some of those experiences with us.

But part of our challenge as a committee, and I am glad that the
Finance Committee has taken on a focus with the Energy Sub-
committee, is to look at these tax incentives.

Obviously we want them to be technology-neutral to the greatest
degree possible and not pick the winners and losers, but I also
think that we have to look at this issue and be very open and have
a discussion about it, and that is the length of the tax credits.

Now, Vinod, you mentioned you thought nothing beyond 7 years.
When you start really penciling this out, 7 years is even very ex-
pensive if we are talking about the credits to ethanol. There are big
impacts on our budget.

Now, that does not mean that we should immediately turn away
from them, but I guess my question is, what should we be thinking
about in comparing 5 years to 7 years, per se, in the focus of the
generation of job creation and U.S. technology?

That is not only obviously weaning the U.S. off of foreign oil, but
is there a demarcation here, is there a line here in helping the U.S.
economy be an energy leader?

Now, I will just add to this that I have sent a letter to the Presi-
dent, signed by several members of this committee, including Sen-
ator Kerry, a bipartisan letter asking for a U.S.-China bilateral en-
ergy agreement.

If they are spending $50 to $70 billion a year on energy con-
sumption, the United States ought to have a goal of trying to sup-
ply that. We already sell them airplanes and software and coffee
in the northwest, so we would like to sell them some energy tech-
nology.

But in looking at that particular issue as well, both our domestic
production and an opportunity for us to be exporters, how should
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we look at this 5-year, 7-year tax credit, knowing that the numbers
are very big for us and we obviously have very huge fiscal con-
straints?

Mr. KHOSLA. Yes. I am extremely sensitive to the fiscal con-
straint, and I proposed probably five or six different mechanisms
to fully fund all this. Let me be clear. If a high enough RFS is set,
I do not believe we need corn ethanol subsidies. The VEETC is ex-
pected to expire, today, for law, in 2010.

I would suggest we let it expire. This is from somebody who is
investing in two companies that are building 10 corn ethanol
plants. If the RFS exists, then I think the markets will take care
of the rest. I know many of my brethren hate to hear me say that.
That is important.

If we do not have it expire, we can make it variable, counter-
cyclical with the price of oil, which will substantially reduce the
cost of subsidies because oil prices are expected to stay high for the
EI forecast, which would say the subsidies would go down substan-
tially. That is mechanism number two.

The third thing. Cellulosic ethanol incentives only need to exist
when volumes are low. I have suggested that they discontinue
within the sort of 7-year time frame—I ramped them down—or
when we reach 5 billion gallons of cellulosic production. So there
is an absolute cap on the cost of these programs.

I am suggesting that once we are at 5 billion gallons, we do not
need more cellulosic subsidies because we will have honed the tech-
nologies and the ecosystem enough to be cost competitive.

Let me suggest a couple of other ways. This one clause in oil ac-
counting legislation, excess of percentage over cost method, has ac-
counted for $80 billion in subsidies to the oil business, that one
clause. Revoking that one clause could pay for 100 percent of the
ethanol subsidy and cellulosic incentives I have talked about, that
one clause.

The use of identification numbers, together with this high RFS,
would pay for not only cellulosic, but fully fund the pumps man-
date, the flex-fuel car mandate, and have lots of money left over,
in my view. So there are lots of mechanisms. Most of these are de-
tailed in my testimony. I am extremely sensitive to fiscal discipline.

Senator CANTWELL. But less than 5 years you would be con-
cerned about?

Mr. KHOSLA. I think it takes 5 to 7 years for a new technology
to get its footing. The most important issue in cellulosic today is
not the cellulosic technology. That, I believe, will be mature within
3 years. I expect to be cost-competitive a year from now.

The question is, is there enough feedstock available? So for the
next 5 to 7 years, we will be forced to build very small plants or
ship biomass more than 30 or 50 miles, which makes biomass ship-
ments uneconomic. So, we have to build it up.

I have proposed in my written testimony that we incent biomass
production and we dedicate 2 million acres in 20 States, 100,000
acres in each of 20 States, to assessing our biomass capability, see-
ing what yields we get, how we handle logistics, studying biomass.

Because if we are going to solve this problem in a scalable way,
biomass will be the most significant constraint, and I believe it will
take 5 to 7 years to get to an economic point.
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Senator CANTWELL. Thank you.
Mr. Woolsey? I know I am over my time, but if Senator Kerry

will allow Mr. Woolsey to answer, then I will turn it back to you
for the rest of the hearing.

Mr. WOOLSEY. Thank you. Senator Cantwell, just two points.
First of all, I know that the accounting up here has to be precise
and one cannot spend the public’s money excessively. But one of
the problems we have had in the renewables area is relatively brief
periods for tax credits. That is what happened in wind. People just
get into the business of producing the turbines and then the credit
goes away. So you see wind turbine production look like the Grand
Tetons. It is continually a problem.

If we look at the other side of this, since we borrow over $300
billion a year to import oil, nearly a billion dollars a day, every
day’s worth of oil imports is somewhere in the neighborhood of
10,000 or more American jobs if we substitute domestic production
of fuel for the imported oil.

If we replace about a quarter of our imports, just our imports,
with domestic production, we are in the range of $80 billion, which
was net farm income last year in the United States.

So by replacing a quarter of our imports, not all of that money
would go to rural America. Chunks of it would go to the rest. But
we are talking about doubling, in effect, the amount of net farm in-
come.

Finally, the one thing to explore by way of incentives for vehicle
purchases that reduce oil use or petroleum product use is the con-
cept of the ‘‘feebate,’’ which is revenue neutral as far as the govern-
ment is concerned, but essentially adds to the cost within a given,
say, size of vehicle, adds to the cost to the consumer of the ineffi-
cient vehicles and reduces the cost of the efficient ones. That would
presumably, if done right, not add dollars to public expenditures.

Senator CANTWELL. Thank you.
Senator KERRY. Thank you, Senator Cantwell.
I just might comment that I think one has to be a little bit flexi-

ble in thinking about the length of time and not certainly be arbi-
trary, because the experience in the 1970s when we committed to
alternatives and renewables we began to become the world’s lead-
ers in photovoltaics, et cetera.

Then when Reagan came in and they pulled the guts out from
under those subsidies, all of a sudden our technology that we devel-
oped went to Germany and Japan, and they have developed it and
we probably lost 200,000 jobs in the doing of that, and they are still
the leaders.

Likewise, if you look at the price of solar today, about 35, 40
cents per kilowatt hour, versus wind at 8 cents, 6 cents, and then
fuels, less, you need to create the market. I mean, you have to cre-
ate some certainty, it seems to me, in the marketplace that this is
really there and it is going to be there.

You also have to think about, if you put a cap in place, if you
get carbon priced, that is going to alter a lot of your thinking, I
would assume, about how long and how much. Is that not right
that that will affect the marketplace in such a significant way that
that will affect the length of time, et cetera? Anybody want to com-
ment?
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Mr. WOOLSEY. It will, Senator Kerry, for electricity generation.
But dollars of carbon dioxide price translate to pennies of cost for,
say, gasoline. So if one wants to reduce, as I definitely think we
should, the use of petroleum and its products for transportation,
one needs to go beyond these types of incentives that have been
discussed here by all of the panelists today. One needs to go beyond
the carbon tax or carbon capture and sequestration because that
will mainly have an influence over power plants and coal.

Senator KERRY. Absolutely. Understood. I understand that com-
pletely.

Which brings me, Dr. Farrington, to your comment about, we
have the technology, and this whole issue. Senator McCain and I
brought the CAFE standards issue to the floor a number of years
ago, and we got 35 votes. I would suspect we would have a better
vote today, but still contentious.

When you say we have the technology, let me ask you this first
question. You said in your testimony that—no, I guess that was Dr.
Dale’s testimony on the $2.50 per gallon. But what do you know
that Detroit does not know, or why is Detroit unwilling to accept
what you are saying?

Dr. FARRINGTON. Well, we work very closely with Detroit on a va-
riety of projects, including vehicle projects and the like. The big
step is going from conventional vehicles to hybrid electric vehicles.
We are building those. That is a known technology. The next step
in technology, going from hybrids to plug-in hybrids, is a very sim-
ple step compared with the earlier step.

Senator KERRY. But when you say we have the technology, is
that the technology you were referring to?

Dr. FARRINGTON. It is.
Senator KERRY. But that technology is leased from Toyota.
Dr. FARRINGTON. A great deal of it is. But GM has a two-mode

technology, for example. They have introduced the Chevrolet Volt
as a series plug-in hybrid, which I think has some exciting possi-
bilities as well.

Senator KERRY. Let me understand that. But you are saying that
we have the ability to go, obviously, to a plug-in. We all understand
that we get much better mileage there. Is there anything else? I
mean, Mr. Khosla was talking a little earlier about diesel and the
ability, through a more efficient diesel, to be able to do that. Plus,
through clean diesel fuel, et cetera, I would assume we have op-
tions.

Do you want to speak to that, Mr. Khosla? Are there technologies
beyond just the plug-in hybrid, which in effect is using an alter-
native to the fuel?

Mr. KHOSLA. Yes, there are. There are plug-in hybrids. There are
various types of plug-in hybrids, serial and parallel. There are air
hybrids that I talked about a bit earlier where you store the energy
in compressed air that are promising for certain classes of engines,
high compression ratio engines, which also happen to have the
highest mileage.

I have talked about engine efficiency ideas. We have one invest-
ment in an area in a car that would, by changing just the fuel in-
jection, achieve 100 miles per gallon on a standard four-passenger
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car. And, more importantly, it would be run on diesel, ethanol, or
gasoline, or any mix of those without changing.

Senator KERRY. And how far away do you believe we are from
that?

Mr. KHOSLA. I am hoping I can drive here next year, about a
year from now, in this car.

Senator KERRY. And how long would it take—
Mr. KHOSLA. Because they are standard, pretty much unmodified

production cars.
Senator KERRY. How long would it take major auto manufactur-

ers to retool and produce?
Mr. KHOSLA. A high CAFE standard would incent them to move

very quickly, a low CAFE standard would sort of be business as
usual. I think CAFE standards and carbon prices make a big dif-
ference. In a $20 ton of carbon, I believe a gallon of gasoline incurs
about a 20-cent-a-gallon penalty for carbon.

Senator KERRY. Dr. Dale, you talked about the $2.50-per-gallon
cellulosic ethanol. Why do you think that is not good enough yet
to compete with petroleum?

Dr. DALE. That is cost to produce. That is what you make it for
from the plant gate.

Senator KERRY. Oh, I see.
Dr. DALE. Yes. It is cost to produce.
Senator KERRY. All right. Got you.
Dr. DALE. I would like to add just one other thing, if I may, Sen-

ator.
Senator KERRY. Sure.
Dr. DALE. Let us keep our eye on the petroleum ball. In the

1970s—I was around then—people thought we had an energy prob-
lem. We did not have an energy problem then, we do not have an
energy problem now. What we have is a petroleum problem. That
is why it is so important to make sure that whatever we do reduces
the use of petroleum. That is the key issue.

Senator KERRY. Understood.
Well, I regret, I would like to continue this conversation, but I,

unfortunately, have another meeting. I am sure all of you have
pressing engagements. So, we are very grateful to you, from the
committee. Thank you very, very much for being here today. We
look forward to following up on this. Take care. Thank you.

We stand adjourned.
[Whereupon, at 12:20 p.m., the hearing was concluded.]

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00044 Fmt 6633 Sfmt 6633 43517.000 SFIN1 PsN: SFIN1



(41)

A P P E N D I X

ADDITIONAL MATERIAL SUBMITTED FOR THE RECORD

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00045 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



42

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00046 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



43

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00047 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



44

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00048 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



45

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00049 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



46

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00050 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



47

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00051 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



48

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00052 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



49

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00053 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



50

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00054 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



51

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00055 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



52

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00056 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



53

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00057 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



54

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00058 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



55

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00059 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



56

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00060 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



57

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00061 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



58

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00062 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



59

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00063 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



60

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00064 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



61

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00065 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



62

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00066 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



63

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00067 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



64

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00068 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



65

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00069 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



66

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00070 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



67

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00071 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



68

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00072 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



69

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00073 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



70

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00074 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



71

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00075 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



72

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00076 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



73

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00077 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



74

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00078 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



75

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00079 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



76

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00080 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



77

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00081 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



78

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00082 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



79

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00083 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



80

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00084 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



81

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00085 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



82

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00086 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



83

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00087 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



84

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00088 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



85

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00089 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



86

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00090 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



87

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00091 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



88

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00092 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



89

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00093 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



90

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00094 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



91

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00095 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



92

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00096 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



93

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00097 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



94

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00098 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



95

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00099 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



96

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00100 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



97

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00101 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



98

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00102 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



99

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00103 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



100

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00104 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



101

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00105 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



102

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00106 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



103

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00107 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



104

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00108 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



105

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00109 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



106

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00110 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



107

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00111 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



108

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00112 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



109

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00113 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



110

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00114 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



111

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00115 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



112

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00116 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



113

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00117 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



114

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00118 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



115

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00119 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



116

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00120 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



117

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00121 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



118

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00122 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



119

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00123 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



120

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00124 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



121

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00125 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



122

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00126 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



123

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00127 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



124

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00128 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



125

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00129 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



126

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00130 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



127

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00131 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



128

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00132 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



129

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00133 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



130

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00134 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



131

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00135 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



132

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00136 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



133

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00137 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



134

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00138 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



135

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00139 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



136

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00140 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



137

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00141 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



138

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00142 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



139

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00143 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00144 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



(141)

COMMUNICATIONS

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00145 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



142

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00146 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



143

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00147 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



144

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00148 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



145

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00149 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



146

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00150 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



147

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00151 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



148

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00152 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



149

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00153 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



150

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00154 Fmt 6601 Sfmt 6621 43517.000 SFIN1 PsN: SFIN1



151

Æ

VerDate 11-MAY-2000 14:54 Aug 11, 2009 Jkt 000000 PO 00000 Frm 00155 Fmt 6601 Sfmt 5011 43517.000 SFIN1 PsN: SFIN1


