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RENEWABLE ENERGY TECHNOLOGIES—RE-
SEARCH DIRECTIONS, INVESTMENT OPPOR-
TUNITIES, AND CHALLENGES TO COMMER-
CIAL APPLICATION IN THE UNITED STATES
AND THE DEVELOPING WORLD

WEDNESDAY, AUGUST 2, 2006

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON ENERGY,
COMMITTEE ON SCIENCE,
Washington, DC.

The Subcommittee met, pursuant to call, at 12:30 p.m., in the
Council Chambers, San Jose City Hall, 200 East Santa Clara
Street, San Jose, California, Hon. Judy Biggert [Chairman of the
Subcommittee] presiding.
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FIELD HEARING CHARTER

SUBCOMMITTEE ENERGY
COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

Renewable Energy Technologies—
Research Directions, Investment
Opportunities, and Challenges to

Commercial Application in the
United States and the Developing World

WEDNESDAY, AUGUST 2, 2006
12:30 P.M.—2:30 P.M.
SAN JOSE CITY HALL
200 EAST SANTA CLARA STREET
SAN JOSE, CALIFORNIA 95113

1. Purpose

On August 2, 2006, the Subcommittee on Energy of the House Committee on
Science will hold a field hearing on renewable energy technologies.

2. Witnesses

e Dr. Steven Chu is the Director of the Lawrence Berkeley National Labora-
tory and a 1997 Nobel Prize winner in Physics. He is currently spearheading
a new Laboratory research initiative focused on solar energy.

e Dr. Arno Penzias is a Venture Partner with New Enterprise Associates in
Palo Alto, CA. While at Bell Laboratories, he won the Nobel Prize for Physics
in 1978. Today he is a venture capitalist with interests in renewable energy
technologies.

e Mr. Christian Larsen is Vice President for Generation for the Electric
Power Research Institute in Palo Alto, CA. His division provides data on cost
and performance analyses and for renewable, distributed, and hydropower en-
ergy generation technologies to the electricity industry.

e Mr. David Pearce is President and CEO of Miasolé, a Santa Clara, CA
based company that manufactures industrial-scale solar products using thin
film solar cell technology developed in Department of Energy national labora-
tories.

e Mr. Ron Swenson is co-founder of ElectroRoof, a solar equipment installa-
tion company, and EcoSage, an educational services company developing a
program to build solar-powered satellite teaching centers in remote areas of
the world in conjunction with solar education programs in schools.

3. Overarching Questions
The hearing will address the following questions:

1. What is the current state of adoption of renewable energy technologies in the
United States? What factors are limiting the rate of adoption of renewable
energy technologies?

2. What is the outlook for potential improvement in market penetration of re-
newable energy technologies? What are the main research efforts that could
improve that outlook?

3. What should the Federal Government be doing (or not doing) to encourage
the commercialization of, and demand for, new renewable energy tech-
nologies? How well aligned are the Department of Energy’s activities with
what the investment community is doing?
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4. What opportunities and challenges exist for the sale and use of renewable
energy generation in developing countries? How do these opportunities and
challenges differ from those in developed countries?

4. Brief Overview

Renewable energy could significantly reduce the environmental impact of energy
production, and in most cases it is produced domestically (although some of the re-
lated technology may be imported). The United States has only two percent of the
world’s oil reserves and three percent of the world’s natural gas reserves, while U.S.
renewable energy resources are vast and largely untapped. Renewable energy can
reduce the demand for imported energy, reducing costs and decreasing the varia-
bility of energy prices.

In addition, some renewable energy technologies have other unique advantages.
For example, solar energy, while difficult to store, generally follows the changes in
demand during the day: its peak output is in the middle of the day, about when
air conditioning and other demands also peak. Because utilities tend to use their
least efficient (and often most polluting) plants at peak load (they want to run them
as little as possible), energy market experts say that small reductions in peak de-
mand can result in very large reductions in price and emissions.

5. Background

Current State of Renewable Energy

In 2004, the United States consumed nearly four trillion kilowatt hours (KWh) of
electricity.! Of that total, 6.5 percent came from hydroelectric power plants and only
2.3 percent came from all other renewable energy resources combined, including
geothermal, solar thermal, photovoltaic, wind, ethanol and other biomass sources.
Given the large number of resources that are added to reach this value of 2.3 per-
cent, the total installation of each type is quite small. The total U.S. installation
of solar electric generation, for example, was only 340 MW peak,2 and the output
of that capacity was a negligible fraction of the total electricity consumed nation-
wide that year. (See Figure 1.)

Figure 1. U.S. Electric Power Industry Net Generation, 2004

Total = 3,971 Billion KWh
Electric Utility Plants = 63.1%
Independent Power
Nuclear Producers & Combined
Heat and Power Plants =« 36.9%
19.9%

_Other
— 02%
Coal __Hydroelectric
49.8% 6.5%
| Petroleum
L 3.0%
T —__Other Gases
0.4%
' Natural Gas
Other Renewables 17.9%
23%
Note: Conventional hydroelectric power and hydroelectric pumped storage facility production minus

energy used for pumping.

Source: Energy Information Administration, Electric Power Annual 2004 Edition

1See http:/ /www.eia.doe.gov | cneaf | electricity | epa | figes2.html

2Solar Energy Industries Association: Our Solar Power Future—The U.S. Photovoltaics Indus-
try Roadmap Through 2030 and Beyond. Peak wattage is the output of energy when sunlight
conditions are favorable; most solar devices can operate during cloudy conditions at reduced out-
put.
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Renewable energy sources also play a small role when compared to the overall
U.S. domestic energy consumption, including transportation. Energy from renewable
sources constituted six percent of all energy used in the U.S. in 2004, with biomass
and hydroelectric power making up the bulk of that total. Wind energy accounted
for two percent and solar energy accounted for just one percent of all renewable en-
ergy used that year. (See Figure 2.)

Figure 2. The Role of Renewable Energy Consumption in the Nation’s Energy Supply, 2004

Total = 100.278 Quadrillion Btu Total = 6.117 Quadrillion Btu
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23% [T 23%

-Solar 1%

o
77 -Biomass 47%
\ -~ Renewable
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Energy ™
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Source: Energy Information Administration Renewable Energy Annual 2004 Edition
http://www.eia.doe.gov/cneaf/solar.renewables/page/rea_data/rea_sum.html

Projected Growth in Total Energy Usage by 2030

According to the Energy Information Administration (EIA), total U.S. energy use
will increase by about 27 percent from 2004 to 2025, or about 1.2 percent per year.
Oil demand is projected to grow at about the same rate, by 26 percent, or around
1.1 percent per year; but natural gas use is expected to grow by only 20 percent,
or around 0.7 percent per year. Electricity demand is forecast to grow faster than
overall energy demand, by 1.6 percent per year, or a growth of 40 percent to 2025.
Broken down, electricity demand is expected to grow by 75 percent by 2030 in the
commercial sector (due to rapid growth in the service industries), by 47 percent in
the residential sector, and by 24 percent in the industrial sector. These growth rates
assume that some efficiency gains will be realized in both the residential and com-
mercial sectors as a result of new standards in the Energy Policy Act of 2005 and
higher energy prices that prompt more investment in energy-efficient equipment.3

In electricity generation, the natural gas share of total production is projected to
increase from 18 percent in 2004 to 22 percent around 2020, before falling to 17 per-
cent in 2030. The coal share is projected to decline slightly, from 50 percent in 2004
to 49 percent in 2020, before increasing to 57 percent in 2030. Nuclear electricity
is projected go grow by 10 percent over the period, or about one-half percent per
year. (Very little oil is used for electricity production.) Under this scenario, emis-
sions of carbon dioxide are projected to rise by 29 percent.

Projected growth rates for renewable energy, in contrast, are relatively high, but
because renewable energy is a small part of the mix, the high growth rates projected
still result in a relatively small contribution to the mix. Ethanol demand is projected
to rise over 300 percent, or about five percent per year; after this increase ethanol
will constitute about five percent of the total gasoline demand. Photovoltaic solar
generation is projected to rise 26 percent per year in the utility sector, and 10 per-
cent for electricity that is not sold into the grid; however, EIA projects that the per-
centage of solar photovoltaic power supplied to the grid would still be far less than
one percent of the total supply by 2025.

Potential for Renewable Energy

Renewable energy industry representatives and other advocates, unsurprisingly,
argue that the potential is much greater and the prospects much better for renew-
able energy than EIA predicts.# Critics of EIA forecasts point out that EIA is limited
by its assumptions: EIA forecasts assume no changes in current policy and a rate

3 Energy Information Administration: Annual Energy Outlook 2006

4This is true of other industries as well. The nuclear industry also believes that EIA’s fore-
casts do not reflect the prospects for nuclear. However, it is worth noting that EIA has little
choice but to assume current policy will continue.
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of technological improvement that is unaffected by the level of research and develop-
ment (R&D) investment. Critics note that changes to these assumptions would
produce different results. They also note that EIA’s models do not allow for market
penetration of technology if its output price is not competitive, even if other at-
tributes are more important in niche markets. For example, solar energy has made
inroads in applications where tying to the grid is costly, such as remote or portable
power supplies.

Given these limitations and their perspective on the current state of the tech-
nology, the Solar Energy Industries Association’s U.S. Photovoltaic Industry Road-
map projects that installed peak solar electric generation can increase to 200,000
megawatts (MW) by 2030, up from only 340 MW in 2004, with the industry install-
ing 19,000 MW of new generation per year.® In this case, solar power would be a
substantial share of U.S. peak generating capacity. (For comparison, 2004 installed
capacity for coal was about 335,000 MW; however, solar needs a larger capacity to
achieve the same total annual output of kilowatt hours, since its output is only dur-
ing the day.)

Others analysts depict the need to ramp up solar energy use as a matter of phys-
ical necessity if the U.S. is to meet overall demand. For example, Dr. Nathan Lewis,
of the California Institute of Technology, has performed an analysis of the potential
generating capacity that different renewable energy sources could supply in hopes
of meeting the worldwide demand of 28 terawatts (TW) expected by 2050 and 40
TW by the end of the century.® (A terawatt equals one billion kilowatts.) According
to his findings, hydroelectric power has a technically feasible potential of 1.5 TW,
onshore geothermal power could produce approximately 11 TW per year until the
wells “run out of steam,” (projected to be five years for the average well.) U.S. land-
based wind production could produce about 0.5 TW, and biomass may produce five
to seven TW. He concludes that solar energy, with a potential of 120,000 TW and
a practical capacity of around 600 TW worldwide, is the only renewable resource
that could single-handedly meet not just U.S. electricity needs, but could power the
entire globe. Lewis emphasizes that his analysis is an accounting of technical poten-
tial, not necessarily what is practical based on price without significant break-
throughs in technology and deployment patterns.

U.S. Actions in International Perspective

Renewable energy is a growth industry around the world. However, the United
States has not been investing as heavily as other countries, and has been losing
market share in many renewable industries, especially in the solar power industry.
Since 1996, the U.S. market share in the solar industry dropped from 44 percent
of the world market to 13 percent in 2003. In 2003, the U.S. Government spent $139
million for research, development, demonstration, and commercial application and
other incentives; in the same year Japan spent more than $200 million and Ger-
many provided more than $750 million in low-cost financing for solar photovoltaic
projects. Germany and Japan each had domestic photovoltaic industries that em-
ployed more than 10,000 people in 2003, while in the same year the United States
photovoltaics industry employed only 2,000 people.

Current Federal Activities in Energy Efficiency and Renewable Energy R&D

In the State of the Union address, the President announced the Advanced Energy
Initiative, which calls for greater federal investment in research on coal, nuclear
and renewable energy and in energy efficiency. For renewable energy, the initiative
includes increases for R&D on biomass, solar and wind energy, and batteries for en-
ergy storage (especially targeted at high-mileage plug-in hybrid electric cars). The
President also asked for large increases in hydrogen research, a fuel that must be
derived from other sources, including potentially from renewable energy sources.

House and Senate appropriations bills for fiscal year (FY07 have included most
of the requested funds for key renewable energy programs, including solar energy
and biomass. The House-passed bill includes the requested increases of 65 percent
for biomass R&D and 79 percent for solar energy R&D. The full Senate has not yet
voted on FYOQ7 appropriations, but the Senate Appropriations Committee also ap-
proved large increases for biomass (more than doubling funding to $213 million),
and solar energy (up 79 percent to $148 million). In addition, the Senate Committee
mark would preserve the geothermal R&D and hydropower R&D programs ($23 mil-
lion and $4 million, respectively), which the Administration and the House have
proposed to eliminate. The Senate mark would also sustain the wind energy pro-
gram at the FY06 funding level of $39 million. (See table below.)

50p cit., Our Solar Power Future
6 hitp:/ [ nsl.caltech.edu | energy.ppt



Federal Funding for Energy Efficiency and Renewable Energy R&D

FY07

House Senate Senate

FY 06 FYo7 FY07 V. Committee mark v.

Enacted Request | House Enacted Mark Enacted

Efficiency and Renewable R&D 530 670 730 200 994 464
- Hydrogen Technology 156 196 196 40 190 34
- Biomass and Biorefinery Sys. 91 150 150 59 213 122
- Solar Energy 83 148 148 65 148 65
- Wind Energy 39 44 44 5 39 0
- Geothermal Tech. 23 0 0 -23 23 0
- Hydropower 0 0 0 0 4 4
- Vehicle Tech. 182 166 178 -4 180 -2
- Building Tech. 69 77 93 24 95 26
- Industrial Tech. 57 46 52 -5 48 -9
- Congressional projects* 158 0 55 -103 54 -104

*The treatment of Congressional projects is not comparable from FY06 to FY07.

How Will Solar Energy Achieve Greater Adoption?

There are several barriers to the adoption of solar energy systems—primarily cost,
efficiency, and the intermittent nature of sunlight. The energy crisis of the 1970’s
saw the beginning of major interest in using solar cells for power, but prohibitive
prices (approximately 30 times current prices) made most applications unfeasible.
These prices have declined to the point where electricity from solar energy is about
double the cost of retail rates for electricity. For a number of reasons, solar prices
are expected to continue to decline. First, manufacturing efficiencies should allow
improved prices, that is, as production volume increases, cost will continue to de-
crease. This economy of scale benefit may be limited periodically by short-term
shortages of materials used in photovoltaic technologies. For example, the avail-
ability of single-crystal silicon is currently a concern to the industry. Industry pro-
jections indicate that market growth coupled with the adoption of favorable public
policies could result in electricity costs of 5.7 cents per KWh by 2015, a cost that
is lower than current retail rates for many customers.

In addition to driving down costs, advances in materials will increase the effi-
ciency of photovoltaic systems. New technologies such as plastic solar cells,
nanostructured materials, and dye-sensitized solar cells offer the potential to move
well beyond the efficiency of current materials systems, dramatically lower cost and
raise performance. The Photovoltaic Industry Roadmap projects a doubling of con-
version efficiency for individual solar cells, of modules made up of multiple cells,
and for systems as a whole by 2030.

Improvements in battery technologies for electricity storage are helping to deal
with intermittency—an ever present problem for solar energy. Early generation
solar systems were only useful during the daytime, but advanced batteries can store
electricity generated by the sun for later use, thus making photovoltaics a more reli-
able energy source.

The Role Renewable Energy Can Play in the Developing World

Much of the increased demand for energy worldwide is anticipated to come from
developing nations, as economic growth drives energy consumption toward levels in
the developed countries. EIA estimates project the developing world’s energy con-
sumption to almost double in the next 20 years, driven largely by economic growth
in China and India. Cost-effective renewable energy sources such as solar and wind
may present a cleaner way to bring electricity to the poorest regions of the world,
and meet the demands of rapid economic expansion of others. World Bank figures
indicate that approximately 1.6 billion people worldwide are “energy poor,” having
no access to electricity (70 percent of Sub-Saharan African and 59 percent of South
Asian populations are in this category), with hundreds of millions more using only
intermittent, unreliable or heavily polluting sources of energy.

Greater adoption of renewable energy technology in the developing world can ben-
efit developed countries as well. U.S. companies can reap the rewards of manufac-
turing and exporting technologies. If rapidly growing economies can offset growing
thirst for fossil fuels with renewable technologies, they will help to reduce global
competition for-and therefore prices of-fossil fuels. Furthermore, renewable tech-
nology adoption in developing countries can avoid increases in carbon dioxide emis-
sions.



6. Witness Questions
Dr. Steven Chu

1.

What are the limitations of current renewable energy technologies? Are these
limitations inherent to the kind of technologies that are being used? What
types of technologies can overcome these limitations?

What is the long-term potential for renewable energy technologies? What re-
search and development work needs to be performed to lay the groundwork
for the commercial application of a new generation of renewable energy
sources?

What is the appropriate division of labor for this work among government,
ind1‘17stry, and academia? How much money do you estimate these efforts will
cost?

What steps is your lab taking to improve its ability to move technologies
from concept through development and to the marketplace?

Dr. Arno Penzias

1.

Are companies that are developing advanced renewable energy technologies
generally viewed as good investment opportunities by the venture capital
community?

. What kinds of technologies are seen as good short-term investments and as

good long-term investments by venture investors?

. What role do you think the Federal Government can play to encourage

growth in this sector?

Mr. Christian Larsen

1.

What is the electric utility industry’s perspective on renewable energy gen-
eration? Which renewable technologies have been most widely adopted by the
industry to date?

What is the utility industry’s plan for the future adoption of renewable en-
ergy sources? Does that plan depend on any changes in current policies, per-
haps such as the regulation of greenhouse gas emissions? If it does, please
explain the policy changes you are taking into consideration in your plan-
ning.

What is the electric utility industry’s view of distributed generation, either
as a business model or as a means to provide stability to the grid and avoid
transmission bottlenecks?

Mr. David Pearce

1.

2.

What are the limitations of today’s renewable energy technologies? Are these
limitations inherent to the kind of technologies that are being used?

What types of technologies can overcome these limitations? How soon do you
expect to see the widespread commercial application of the next generation
of renewable energy technologies?

What challenges do companies like yours face in bringing a new technology
from the laboratory stage to manufacturing? Are there particular challenges
inherent in locating your manufacturing in the United States, specifically the
Bay Area?

Is there additional research and development work that should be performed
to expand the range of technology options for renewable energy sources?
What is the appropriate division of labor for this work among government,
industry, and academia? How much money do you estimate these efforts will
cost?

Mr. Ron Swenson

1.

What kinds of projects have you been involved with to deploy renewable en-
ergy in developing economies? Which renewable energy technologies did
these projects use?

. Are there challenges to widespread application of renewable energy tech-

nologies in developing economies that do not exist in the U.S.? How have
government agencies, non-governmental organizations, industry, and aca-
demia here and abroad been involved in these projects? What role do you feel
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these sectors have to play in encouraging the greater use of renewable en-
ergy sources?

. How important is education in expanding the use of renewable energy? How
do you think these efforts should be structured and undertaken?

. Does the distributed nature of renewable energy electricity technology have
any particular advantage in developing economies? What impact might this
have on the political and socioeconomic systems of those countries? How
might this affect the willingness of governments and industry to encourage
the use of renewable energy? How might this affect export opportunities?
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Chairwoman BIGGERT. The hearing of the Energy Subcommittee
of the Science Committee will come to order. I'll recognize myself
for five minutes for an opening statement.

I want to welcome everybody here to this hearing of the Energy
Subcommittee, the House Science Committee, on the status of ef-
forts to develop renewable energy technologies and expand their
use in the United States and around the world.

It’s an honor for me to be here in California, in the district of
my friend and colleague, and the Ranking Member of this sub-
committee, Mr. Honda, and I hope we make life a little easier by
bringing this hearing across the continent to you, rather than mak-
ing you come to Washington today where the temperature is ex-
pected to be 102.

There’s no better place to explore the contributions of renewable
energy research than here in the Golden State of California. Cali-
fornia has made extensive use of hydro, geothermal, solar and wind
resources, which supply over 10 percent of the state’s electricity,
compared to just two percent nationally. In other words, we still
have a long way to go. But, California is fortunate to have an abun-
dance of each of these renewable resources. I can’t say that the
same is true in my home State of Illinois. It’s too flat to make sig-
nificant use of hydro power. It has no geothermal resources, unless
you count some of the steam tunnels that run under the City of
Chicago, and the sun when it shines just doesn’t shine enough; and
while the windy city has one renewable resource that is its name-
sake only recently has technology enabled us to capture the strong
and volatile winds in Chicago and in other parts of the state.

When you say renewable energy in Illinois, most people think of
corn, and ethanol, and soy beans, and biodiesel. Renewable energy
is a growing global industry, and our international competitors are
taking renewable energy R&D very seriously. Government invest-
ments in renewable energy in Europe and Japan have meant grow-
ing market shares for the world and solar generation equipment for
those countries, while the U.S. market share is declining. As a na-
tion, we can’t afford to sit on the sidelines.

That’s why I introduced H.R. 5656, a bill that focuses federal re-
search efforts on some of the greatest challenges to expand our use
of renewable energy. Among other things, the bill directs research-
ers to focus their efforts on making solar electricity cost competitive
by 2015. In addition, the bill would establish a program to dem-
onstrate advanced solar technologies in every state. In this way, we
may actually learn to capture the power of the sun, even in places
like Illinois in the wintertime.

In addition to targeting federal research efforts at improving the
efficiency of turbines and the cost-effectiveness of wind power, the
bill also supports the development of the genetic and biological
technologies to make ethanol from feedstock other than corn.

I'm happy to say that the Science Committee approved the bill
unanimously, and it now awaits action in the Full House when we
go back in September.

As we discuss our investments in this kind of renewable energy
research, the challenge is to ensure that we not forget the demand
side of the equation. Energy use of all kinds has environmental
consequences. We should be aware of them, understand the trade-
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offs and make decisions that are fully informed by the facts. That
is why renewable energy R&D, the topic of our hearing today, is
so timely.

Americans want affordable energy and a clean and safe environ-
ment, and yet, because we’ve under valued renewable energy re-
search we act as the two are mutually exclusive. This is not true
of the witnesses we will hear from today. They understand the po-
tential of renewable energy technologies. They invested in the nec-
essary renewable energy R&D, some independently and some in
partnership with the Federal Government. But, in all cases they
have success stories. I want to thank this remarkably accomplished
panel for sharing their insights with us as we assess the challenges
and opportunities associated with the development of renewable
energy generation both domestically and in developing countries.

Before I introduce our panel, I'd like to turn to the Subcommit-
tee’s distinguished Ranking Member, Mr. Honda, for his opening
statement.

[The prepared statement of Chairman Biggert follows:]

PREPARED STATEMENT OF CHAIRMAN JUDY BIGGERT

I want to welcome everyone to this hearing of the Energy Subcommittee of the
House Science Committee on the status of efforts to develop renewable energy tech-
nologies and expand their use in the United States and around the world.

It’s an honor for me to be here in California today in the district of my friend,
colleague, and the Ranking Member of this subcommittee, Mr. Honda. I hope we
made life a little easier by bringing this hearing across the continent to you, rather
than making you come to us in Washington, where the temperature is expected to
top 102 today.

There’s no better place to explore the contributions of renewable energy research
than here in the Golden State. California has made extensive use of hydro, geo-
thermal, solar and wind resources, which supply over ten percent of the state’s elec-
tricity compared to just two percent nationally. In other words, we still have a long
way to go.

California is fortunate to have an abundance of each of these renewable resources.
I can’t say that the same is true of my home State of Illinois. It’s too flat to make
significant use of hydro power. It has no geothermal resources unless you count
some of the steam tunnels that run under the city of Chicago. And the sun, when
it shines, just doesn’t shine enough. And while the Windy City has one renewable
resource that is its namesake, only recently has technology enabled us to capture
the strong yet volatile winds in Chicago and in other parts of the State. When you
say “renewable energy” in Illinois, most people think of corn and ethanol and soy-
beans and biodiesel.

Renewable energy is a growing, global industry, and our international competitors
are taking renewable energy R&D very seriously. Government investments in re-
newable energy technologies in Europe and Japan have meant growing market
shares for wind and solar power generation equipment for those countries, while the
U.S. market share is declining. As a nation, we can’t afford to sit on the sidelines.

That’s why I introduced H.R. 5656, a bill that focuses federal research efforts on
some of the greatest challenges to expanding our use of renewable energy. Among
other things, the bill directs researchers to focus their efforts on making solar elec-
tricity cost competitive by 2015. In addition, the bill would establish a program to
demonstrate advanced solar technologies in every state. In this way, we may actu-
ally learn to capture the power of the sun even in places like Illinois in the winter-
time.

In addition to targeting federal research efforts at improving the efficiency tur-
bines and the cost competitiveness of wind power, the bill also supports the develop-
ment of the genetic and biological technologies to make ethanol from feedstocks
other than corn. I'm happy to say that the Science Committee approved the bill
unanimously, and it now awaits action in the full House.

As we discuss our investments in this kind of renewable energy research, the
challenge is to ensure that we not forget the demand side of the equation. Energy
use of all kinds has environmental consequences. We should be aware of them, un-
derstand the tradeoffs, and make decisions that are fully informed by the facts.
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That is why renewable energy R&D, the topic of our hearing today, is so timely.
If we are to be successful in addressing the threat of climate change, we have to
reduce emissions of greenhouse gases. That means not only improving energy effi-
ciency, but also greatly expanding our use of renewable and non-greenhouse gas-
emitting energy technologies such as nuclear power. And because of population
growth and economic expansion, we must expand our use of renewable energy and
energy efficiency technologies faster than the growth in our consumption of energy.
As you can see, making progress on the development of renewable energy is every
bit as important as making progress in increasing energy efficiency.

We also should keep in mind that energy efficiency improvements do not auto-
matically lead to reduced energy use. In 1900, a light bulb cost roughly $20 in to-
day’s money; today it costs 40 cents, lasts at least 10 times longer and uses a frac-
tion of the electricity to generate the same amount of candlepower.

As the price of light—that is fixtures, the bulbs and the power to operate them
dropped—over time, we have figured out ways to use more light—and more energy.
Think of just how many new sources of lights there are in the home: recess lighting,
task lighting, lighting in and under cabinets in the kitchen, lights on appliances,
lights in the yard. You should see Chicago from the top of the Sears Tower: there
are lights as far as the eye can see in every direction except Lake Michigan. Only
a century ago, the term “light pollution” would have been laughed at.

That brings us back to why we are here today. Americans want affordable energy
and a clean and safe environment, and yet, because we’ve undervalued renewable
energy research, we act as though the two are mutually exclusive. That’s not true
of the witnesses we will hear from today. They understand the potential of renew-
able energy technologies. They invested in the necessary renewable energy R&D—
some independently, and some in partnership with the Federal Government. But in
all cases, they have success stories. I want to thank this remarkably accomplished
panel for sharing their insights with us as we assess the challenges and opportuni-
ties associated with the deployment of renewable energy generation both domesti-
cally and in developing countries.

But before I introduce our panel, I'd like to turn to the Subcommittee’s distin-
guished Ranking Member, Mr. Honda, for his opening statement.

Chairwoman BIGGERT. The gentleman is recognized for five min-
utes.

Mr. HONDA. Thank you, Madam Chair, and welcome to San Jose,
and also welcome back to close to the site of your alma mater,
Stanford University. And, I know that you are enjoying our won-
derful weather, and maybe we can talk a little bit more about that
as we listen to our witnesses.

I'd like to thank everyone in attendance for being here today for
this hearing about a topic that I believe is essential to the future
of our nation, our world, which is renewable energy.

Chairwoman Biggert, I thank you for traveling out to Silicon Val-
ley to join us and to hear what folks from this region have to con-
tribute to this important endeavor.

I extend my warmest thanks and welcome to Cindy Chavez, Vice
Mayor of the city of San Jose, who made it possible for us to hold
this hearing in this wonderful space today. Cindy, would you stand
up and please be recognized, and I want to thank you and your
Council for receiving us here today. It’'s a wonderful, friendly, nat-
ural lit chamber.

I also wanted to thank all the witnesses for agreeing to testify
before us today. I think that we have assembled an eminently
qualified panel that represents the spirit and breadth of expertise
and experience that makes Silicon Valley and the whole Bay area
the special place that it is.

I'm the kind of person who drives a hybrid car and wants to keep
the battery charged with a solar cell when I don’t drive it for a
while. I'm also in the process of doing some work on my house, and
my plans involve installing solar photovoltaics on the roof. Sadly,
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the rest of the Nation is not doing the same. The United States
was once leader in solar technologies. The first solar cell that pro-
duced a useful amount of electricity was invented here, but last
year only 11 percent of the photovoltaic generating capacity was
manufactured here.

Our track record at installing solar generation is equally poor. By
the end of 2004, the United States’ total installed photovoltaic gen-
erating capacity was only about equal to what a standard coal-fired
power plant produces, or approximately 400ths of one percent of
U.S. electricity produced. We have fallen behind other nations,
such as Germany and Japan, which saw solar installation increase
as a result of meaningful government incentive programs. But, all
is not lost, because nature gives us an advantage. The United
States has far greater potential for solar power than Germany, and
this means that the U.S. has tremendous growth potential for solar
energy.

Here in California, we are taking a lead with over 100
megawatts of installed grid capacity to date. It took a commitment
to get to this point; and because a typical home photovoltaic system
is not cheap to purchase and install, to succeed and advance in
solar technology cost must be reduced.

Fortunately, as more cells are manufactured, the cost has de-
creased five to seven percent per year. As more consumers install
these systems, with the help of federal and State incentives, prices
will continue to fall and the cost of power will become comparable
to other sources.

Research and development can help to increase the efficiency and
decrease the cost of renewable energy. For example, in the areas
of biofuels, research can help develop dedicated energy crops that
are cost effective, easy to sustain, and produce greater energy
yields.

In the area of photovoltaics, new fields such as nano technology
offer the opportunity to develop solar cells that can generate elec-
tricity using more wave lengths of the sun’s light and collect all
light more efficiently.

With the right resources, the global scientific and engineering
community can continue down the path to progress. It needs to be
a global effort, because developing countries don’t have the luxury
of thinking about expensive energy solutions. For the poorest coun-
tries, energy is a source of their poverty. Thirty eight of the poorest
countries are net importers of oil, and 25 of them import all of their
oil. At oil prices at over $70 per barrel, these countries are being
disproportionately impacted.

Renewable energy in its various forms has many characteristics
that make it particularly useful in the developing world, as well
here in the U.S. Using the distributed renewable resources of elec-
tricity that generate power where it is needed means that large in-
vestments in infrastructure can be avoided. In developing coun-
tries, this distributed generation is essential to rapid success, and
that’s where infrastructure links between rural communities or re-
mote settlements are not well developed.

Photovoltaics and small wind generation are well suited to the
distributed generation approach, because they can be installed sim-
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ply and unobtrusively in remote locations, and they can be scaled
to whatever the local energy needs are.

Biofuels can capitalize on agricultural strengths of developing
countries, providing a cleaner, more sustainable alternative to oil,
while improving the situation of small farmers who cannot compete
in the global market as it exists today.

Brazil is a great example of how nations can use our approach
to make energy a source of opportunity, rather than a source of op-
pression.

When I was there last year, I learned how Brazilian Government
has provided the necessary support to make ethanol, derived from
sugar cane, a common source of fuel. By the end of last year, 70
percent of new cars sold in Brazil were flexfuel vehicles, like the
ones that the Chairwoman and I saw in her field hearing in
Naperville, Illinois in June, that vehicle can use ethanol as well as
gasoline.

In our job, one of the things that we have to worry about is inter-
national relations. Both energy and climate change are pieces of
this bigger picture. Fortunately, renewable energy offers opportuni-
ties to make the big picture a little bit less complicated. When de-
veloping nations depend on other countries’ natural resources, they
are unable to invest in improvements within, leading to humani-
tarian crisis which require international responses and human suf-
fering. Using renewable energy, developing countries could instead
use their own live-in resources to power their development and en-
hance their economies.

Throughout history, wars have been fought over non-renewable
natural resources. In a world focused on using renewable energy,
these conflicts could be avoided and greater stability achieved. But,
we need to convince consumers here and in developing countries to
choose to adopt renewable energy, and to do so we need to make
renewables cost effective and improve their performance.

So, I look forward to hearing the insights our witnesses will pro-
vide today, about what the future holds for renewable energy, and
to a lively discussion following their testimony.

Thanks again to everyone who is here today, and I yield back my
time.

[The prepared statement of Mr. Honda follows:]

PREPARED STATEMENT OF REPRESENTATIVE MICHAEL M. HONDA

I'd like to everyone in attendance for being here today for this hearing about a
topic that I believe is essential to the future of our nation and our world, renewable
energy. Chairwoman Biggert, I thank you traveling out to Silicon Valley to join us
and to hear what folks from this region have to contribute to this important endeav-
or.

I extend my warmest thanks and welcome to Cindy Chavez, Vice Mayor of the
City of San Jose, who made it possible for us to hold this hearing in this wonderful
space today. Cindy, please stand up and be recognized. Thank you so much for re-
serving the Council Chambers for us.

I also want to thank all of the witnesses for agreeing to testify before us today.
I think we have assembled an eminently qualified panel that represents the spirit
and breadth of expertise and experience that makes Silicon Valley and the whole
Bay Area the special place that it is.

I'm the kind of person who drives a hybrid car and wants to keep the battery
charged with a solar cell when I don’t drive it for a while. I'm also in the process
of doing some work on my house, and my plans involve installing solar photovoltaics
on the roof. Sadly, the rest of the Nation is not doing the same. The United States
was once the leader in solar technologies. The first solar cell that produced a useful
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amount of electricity was invented here, but last year, only 11 percent of the photo-
voltaic generating capacity was manufactured here.

Our track record at installing solar generation is equally poor. By the end of 2004,
the United States installed photovoltaic generating capacity was only about equal
to what a standard coal-fired power plant produces, or approximately 0.04 percent
of U.S. electricity production. We have fallen behind other nations, such as Germany
and Japan, which saw solar installation increase as a result of meaningful incentive
programs.

But all is not lost, because nature gives us an advantage—the United States has
far greater potential for solar power than Germany. This means that the U.S. has
tremendous growth potential for solar energy. Here in California, we are taking the
lead, with over 100 megawatts of installed grid capacity to date. It has taken a com-
mitment to get to this point, because a typical home photovoltaic system is not
cheap to purchase and install.

To succeed in advancing solar technology, cost must be reduced. Fortunately, as
more cells are manufactured, the cost has decreased five to seven percent per year.
As more consumers install these systems with the help of federal and State incen-
tives, prices will continue to fall and the cost of power will become comparable to
other sources.

Research and development can help to increase the efficiency and decrease the
cost of renewable energy. For example, in the area of biofuels, research can help de-
velop dedicated energy crops that are cost-effective, easy to sustain, and produce
greater energy yields. In the area of photovoltaics, new fields such as
nanotechnology offer the opportunity to develop solar cells that can generate elec-
tricity using more wavelengths of the sun’s light and collect all light more effi-
ciently. With the right resources, the global scientific and engineering community
can continue down the path to progress.

It needs to be a global effort, because developing countries don’t have the luxury
of thinking about expensive energy solutions. For the poorest countries, energy is
a source of their poverty. Thirty-eight of the poorest countries are net importers of
oil, and 25 of them import all of their oil. At oil prices of over $70 per barrel, these
countries are being disproportionately impacted.

Renewable energy in its various forms has many characteristics that make it par-
ticularly useful in the developing world, as well as here in the U.S. Using distrib-
uted renewable sources of electricity that generate power where it is needed means
that large investments in infrastructure can be avoided. In developing nations,
where infrastructure links between rural communities or remote settlements are not
well developed, this is essential to rapid success.

Photovoltaics and small wind generation are well suited to the distributed genera-
tion approach, because they can be installed simply and unobtrusively in remote lo-
cations, and they can be scaled to whatever the local energy needs are. Biofuels can
capitalize on the agricultural strengths of developing countries, providing a cleaner,
more sustainable alternative to oil while improving the situation of small farmers
who cannot compete in the global market as it exists today.

Brazil is a great example of how nations can use agriculture to make energy a
source of opportunity rather than a source of oppression. When I was there last
year, I learned how the Brazilian government has provided the necessary support
to make ethanol derived from sugar cane a common source of fuel. By the end of
last year, 70 percent of the new cars sold in Brazil were Flex Fuel Vehicles like the
one that the Chairwoman and I saw at her field hearing in Naperville, Illinois in
June that can use ethanol as well as gasoline.

In our job, one of the things that we have to worry about is international rela-
tions. Both energy and climate change are pieces of this bigger picture. Fortunately,
renewable energy offers opportunities to make this big picture a little bit less com-
plicated. When developing nations depend on other countries’ natural resources,
they are unable to invest in improvements within, leading to humanitarian crises
which require international responses and human suffering. Using renewable en-
ergy, developing countries could instead use their own living resources to power
their development and enhance their economies.

Throughout history, wars have been fought over non-renewable natural resources.
In a world focused on using renewable energy, these conflicts could be avoided and
greater stability achieved. But we need to convince consumers here and in devel-
oping countries to choose to adopt renewable energy, and to do so, we need to make
renewables cost effective and improve their performance.

So I look forward to hearing the insights our witnesses will provide today about
what the future holds for renewable energy and to a lively discussion following the
testimony. Thanks again to everyone for being here today.
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Chairwoman BIGGERT. Thank you very much, Mr. Honda. Any
extension of remarks may be added to the record.

At this time I'd like to introduce all of our witnesses. Thank you
for coming to join us today. Let’s start with Dr. Steven Chu, who
is the Director of Lawrence Berkeley National Laboratory and a
1997 Nobel Prize winner in Physics. He is currently spearheading
a new laboratory research initiative focused on solar energy. We
have Dr. Arno Penzias, who is a Venture Partner with New Enter-
prise Associates in Palo Alto. While at Bell Laboratories, he won
the Nobel Prize for Physics in 1978. Today, he’s a venture capitalist
with interests in renewable energy technology. Mr. Christian
Larsen is Vice President for Generation for the Electric Power Re-
search Institute in Palo Alto. His division provides data on cost and
performance analyses for renewable distributed and hydro power
energy generation technologies to the electricity industry. Mr.
David Pierce is President and CEO of Miasolé, I hope I'm close, a
Santa Clara-based company that manufactures industrial scale
solar products using thin film solar cell technology developed in the
Department of Energy National Laboratories. And finally, Mr. Ron
Swenson is co-owner of ElectroRoof, a solar equipment installation
company, and EcoSage, an educational service company developing
a program to build solar-powered satellite teaching centers in re-
mote areas of the world in conjunction with solar education pro-
grams in schools.

And, with that, I would turn over to our Ranking Member, Mr.
Honda, for introductions.

Mr. HONDA. Thank you, Madam Chair.

Just very quickly I'd like to acknowledge that we have Scarlett
Li Lam; Forrest Williams, who is a Council Member for the city of
San Jose; a Council Member from Sunnyvale, Chris Moylan, who
is also a high-tech guy; and we have Bern Beecham from the Palo
Alto City Council, the home site of Stanford University; and we
have our Vice Chair, Cindy Chavez, who secured this place for us.

Thank you, Madam Chair.

Chairwoman BIGGERT. Thank you.

Spoken testimony of the witnesses will be limited to five minutes
each, after which the Members will have five minutes each to ask
questions in rotation, and we will begin with Dr. Chu.

STATEMENT OF DR. STEVEN CHU, DIRECTOR, LAWRENCE
BERKELEY NATIONAL LABORATORY; ACCOMPANIED BY DR.
ARNO PENZIAS, VENTURE PARTNER, NEW ENTERPRISE AS-
SOCIATES, PALO ALTO, CALIFORNIA

Dr. CHU. Thank you, Chairman Biggert, thank you, Member
Honda, and Members of the Committee. It’s a great pleasure that
I'm here again to testify before the House Science Committee on
this issue of critical importance. The last time I was here, I was
testifying on behalf of the National Academy of Sciences Report,
chaired by Norm Augustine that’s known as “Rising Above the
Gathering Storm,” and in that hearing I was advocating that we
consider very seriously starting an energy initiative research pro-
gram.

You should also know that, because it does have some bearing
on this hearing, that I'm also currently co-chairing an Inter-
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Academy Council study on, the title is, “Transitions to Sustainable
Energy.” The InterAcademy Council represents over 60 national
academies around the world. The other co-chair is dJose
Goldemberg, who was formerly the Secretary of Science and Tech-
nology of Brazil, and is currently now the Secretary of Environ-
ment for the State of Sao Paulo. He was a major architect in the
Brazilian cane story pertaining to the ‘85 ethanol for Brazil that is
now selling for less than commercial gasoline without any subsidy.

It is also important I should point out that that event happened
in an environmentally responsible way, so that these are really
truly long-term sustainable sugar cane plantations. They are not in
there for ten years and the soil is depleted.

In my remaining few minutes I would want to race through the
slides, and so if I could first have the second slide, oh, I have total
control, good, I'm the Director of Lawrence Berkeley Lab, which is
a national laboratory adjacent to U.C.s Berkeley Campus, and
it’s—I don’t have total control, okay, there’s a next—good enough,
it’s, okay, let me—although this isn’t about this I just wanted to
remind us why we are here. There are some dire predictions of cli-
mate change that could have very serious consequences, not only
to the health of the Nation but the health of the world. The prob-
ability that these predictions are, is it a certainty, no, is it half,
two-thirds, three-fourths, we can debate that, but the predictions
are so serious that if someone told you there is an 80 percent
chance you will die in 10 years if you didn’t stop smoking you
might think about stopping smoking. So, whether it’s an 80 per-
cent, or 90 percent, or 60 percent, these are the questions.

So, going to that, I think that a dual strategy has to be adopted
very aggressively by the United States, by both conserving and also
developing new sources of clean energy.

On the conservation side, that is energy efficiency, the Lawrence
Berkeley Lab has really led the way, starting with the movement
of a high-energy physicist named Art Rosenfeld, and in the middle
of 1970 he gave up his career in high energy physics to devote to
energy efficiency. He did a number of things that really dramati-
cally turned around, first the State of California, and the United
States, but to remind you, the State of California, since the middle
1970s, has been held constant in terms of the average amounts of
electricity used per citizen in California, while the rest of the
United States went up by six percent.

One of the things that Rosenfeld did was, he instituted refrig-
erator standards. That brown curve is the size of refrigerators that
went from 18 to 22 cubic feet. The standards marked the way of
increasing efficiencies by four and a half times. During that time,
the inflation adjusted cost of refrigerators had gone down by more
than a factor of two. How much electricity did this save? Well, if
you look at this bar, we would have used close to three billion kilo-
watts per year, and we are using about one-fourth of that. That
compares to all the conventional hydro in the United States and
about a third of the nuclear power which is 20 percent of all elec-
trical generation.

But, this is actually misleading. It’s better than that. If you con-
sider what is delivered in value to the home, the end-user, and you
look in terms of money, the dollars saved from just refrigerators
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was nearly double all of the U.S. hydro, and is now becoming com-
parable to all of U.S. nuclear, just refrigerators.

And so, efficiency remains the lowest hanging fruit. This is the
stuff we can do best and we should aggressively do this.

Now, on the supply side, I want to focus on what we at Berkeley
Lab think we can do, and it lends to our expertise, and it has to
do with harnessing solar energy in various forms. So, we started
this program called Helios, which includes several pathways, and
I'm just going to talk about two. One is plants to cellulose, and
then cellulose to chemical fuels that can replace oil. 'm going back
and talking about the management.

So, the idea here is that in the last several billion years nature
has found a way to convert sunlight, carbon dioxide, water and nu-
trients into chemical energy. When you take that closed synthetic
product, turn it into a chemical fuel and burn it, you then release
the carbon dioxide, but in principle it can be as good as 95 percent
CO2 neutral, in the sense that if you include all the energy you
need to invest in terms of distribution, transportation, the growing
of the crop, and what you then release as COy, it will be at least
90 percent, probably 95 percent, CO». So, that’s the idea.

Is there enough land in the world to do this, because, after all,
we have to feed people. So, between 1950 and 1995, the world went
from about two billion to six billion people. Had there not been any
agricultural improvements we would have followed that red line,
but instead we followed the blue line. The amount of land put
under agriculture production to increase the number—feeding the
number of people by a factor of three, was only 10 percent.

So, there are further agricultural things. We haven’t really
worked at all at raising crops to produce energy, and so there now
lies within rapidly developing science the ability to transfer a set
of genes to make plants self-fertilizing, which is very energy inten-
sive to make fertilizer, drought-resistant pest-resistant, and then
once you have those plants how do you convert it much more effi-
ciently into chemical fuels for transportation.

If you—here is an estimate, you can argue by about a factor of
two, but let’s take a certain plant, miscanthus, the record is 45
dried tons per acre in Nebraska, in a field test, so we can take 30,
you can be very conservative and take 15, 100 gallons of ethanol
per dried ton is what is commercially available today. If you take
100 million acres out of the roughly 400 to 450 million acres that
we either have under cultivation or we pay farmers not to plant,
that corresponds to 300 billion gallons of ethanol a year, which
when compared to the total U.S. gasoline consumption is actually
more than that.

So, there is the potential for replacing minimally half of the gaso-
line, and all of the gasoline imports, with biomass. And, as said,
you can be very conservative, divide by a factor of two, it’s still a
very compelling number.

Where are the great gains? Well, one of the biggest gains is that
right now the conversion of cellulose material into biofuels is very
energy intensive, and one can do much better. There is a new field
called synthetic biology, which imports a whole set of genes. One
of the poster examples, poster child examples of this synthetic biol-
ogy, was something one of our laboratory scientists did, Jay
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Keasling, he took an active ingredient of a plant, which was a mir-
acle malaria cure, and he’s taught e. coli bacteria how to make this
plant. It’s been very successful. It’s now being commercialized and
it will soon be distributed to Third World countries at a cost of .20
cents a cure.

That same technology can be used to engineer organisms to
produce ethanol, methanol, butanol, or other hydrocarbon fuels.

There are other technologies, micro interface technologies, where
you can use these to have, essentially, an accelerated directed evo-
lution for the microbes and for the genetic plants, but mostly for
thtle microbes, so again, this is a very rapidly changing area of tech-
nology.

And finally, one can think of, and we are, and others are begin-
ning to think about, algaes that naturally occur, but to engineer
them so that they grow suitable biofuels at much higher efficiency
than we think—that we know are possible today, and we think
compares by a factor of ten.

So, let me close and say that national and international concerns,
as we all know, national security ranks very high, but national se-
curity is intimately tied to energy security. There is the economic
prosperity of getting out of our dependency on foreign oil, but also
having energy that’s affordable, and finally, environmental issues,
local and global.

[The prepared statement of Dr. Chu follows:]

PREPARED STATEMENT OF STEVEN CHU

Chairman Biggert, Ranking Member Honda, and Members of the Committee,

I am Steve Chu, Director of Lawrence Berkeley National Laboratory, and it is
again my pleasure to testify before the House Science Committee on an issue of
such critical importance to the United States and to the world. The last time I ap-
peared before your committee I was privileged to represent the National Academy
of Sciences, National Academy of Engineering, and Institute of Medicine’s Com-
mittee on Prospering in the 21st Century and to discuss the recommendations of
the committee’s report Rising Above the Gathering Storm: Energizing and Employ-
ing America for a Brighter Economic Future.

Because of its direct bearing on this Hearing, I wanted to let you know that I am
currently serving as Co-Chair of the InterAcademy Council’s study panel on Transi-
tions to Sustainable Energy. The InterAcademy Council was created by the world’s
academies of sciences to bring together the best scientists and engineers worldwide
to provide high quality advice to international governmental and non-governmental
organizations. It is the charge of the Transitions to Sustainable Energy panel to pro-
vide scientific advice to policy-makers on moving toward adequately affordable, sus-
tainable and clean energy supplies. My Co-Chair is Jose Goldemberg, formerly the
Secretary of Science and Technology and the Secretary of the Environment for
Brazil, and an expert in sustainable energy technologies who helped to shepherd
Brazil’s sugar cane-based energy phenomenon. The panel has given me a broad and
varied view of the many energy challenges and opportunities facing our world. Our
final report should be completed by early 2007 and I will make sure that a copy
is transmitted to the Committee once available.

Today, I'm excited to share with you developments in science, particularly at
Berkeley Lab, that I believe hold great promise for addressing the world’s energy
and environmental challenges. My comments or written testimony are not intended
to represent the policies or positions of the Department of Energy.

The Challenge and the Opportunity

There is now general consensus that humanity faces an energy and environmental
crisis. Global energy use has grown to the point where the by-products of man’s en-
ergy consumption are significantly influencing the atmosphere and climate, with
costly and potentially disastrous consequences. Experts forecast that the ability to
locate viable sources of energy will increasingly determine the degree of economic
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and technological development. Motivated by a strong desire to provide solutions to
these problems, and encouraged by the findings of the Gathering Storm report, the
President’s American Competitiveness and Advanced Energy Initiatives, and new
research funding opportunities within the Department of Energy, concerned sci-
entists and engineers from across a diverse range of disciplines and institutions are
developing new and innovative approaches to energy research. This is what we are
also doing at Berkeley Lab.

There has been an ongoing effort for decades on the part of the scientific commu-
nity to find a solution to the renewable energy problem. So is there any reason to
believe that the problem is more amenable to solution now? The answer is yes.
Major recent advances in science and technology have dramatically improved the
prospects for finding a technical solution. The multi-billion dollar investment in the
National Nanotechnology Initiative that was so ardently proposed and supported by
Congressman Honda and this committee has led to dramatic advances in the syn-
thesis and control of materials that are crucial to the problem. Large scale advances
in genomics have led to whole genome sequencing, as well as to the new field of
synthetic biology, a new scientific discipline in which Berkeley Lab is a pioneer.

The Helios Project

Answering the call of the Congress and the Administration to discover new and
cleaner energy sources, we at Berkeley Lab are embarking on an exciting new initia-
tive called the Helios Project. Hoping to do for the supply-side of the equation what
we’ve done at Berkeley Lab on the demand-side, the objective of Helios is to accel-
erate the development of renewable and sustainable sources of energy using sun-
light. We are approaching this goal with a clear commitment, intent on developing
solutions from basic science through to practical uses.

Although there is currently no “magic bullet” to solve the energy problem, we be-
lieve that utilization of the sun holds significant untapped promise for reducing the
need for fossil fuels. Using Helios as an example, my testimony will describe excit-
ing new scientific and technological opportunities that are available to researchers
to address the fundamental barriers to developing sustainable energy alternatives.

The ultimate goal of Helios, simply stated, is to use sunlight to manufacture a
transportation fuel. Transportation fuels would be the most costly form, but the
most valuable form, of solar energy. Helios recognizes that there are several routes
to accomplish this goal, and various approaches require materials and techniques
that will have significant impact in other solar applications. For example, one ap-
proach is to use photovoltaics to capture sunlight that then can be used with photo-
electric cells to convert carbon dioxide and water into liquid fuels or hydrogen. Sci-
entists and engineers will collaborate to make more efficient and less-costly photo-
voltaic systems and electrochemical systems. Either of these new systems will have
vast implications for other clean energy routes and stand-alone processes.

A comprehensive and accelerated program of basic science and technology devel-
opment, such as Helios, can make great strides. Much like the development of the
transistor at Bell Laboratories, Helios will be managed in a way that ensures
progress toward its applied technology goals. Because of the ability to marshal re-
sources, focus scientific research and build broad teams of multi-disciplinary exper-
tise, a national laboratory is uniquely organized to attack big scientific challenges
like the present energy crisis. Berkeley Lab is well suited for this task because of
our long history in biological and chemical systems research such as photosynthesis,
as well as our world-leading and pioneering work in nanotechnology and synthetic
biology.

Even so, the scientific problems to solve and the technological barriers to over-
come are huge and other Labs and research universities, along with an engaged and
proactive commercial sector, will be required to ensure the successful translation of
science and technological achievement into the marketplace.

The Four Pathways

The overarching goal of the Helios Project is to revolutionize the means by which
we harvest the energy of sunlight, so that this source will satisfy a majority of our
energy needs. Figure 1 illustrates the four major pathways for going from sunlight
to fuel that Helios will explore: two based on living systems, and two based on artifi-
cial systems. A great advantage of the Helios Project is that all programs and re-
search pathways will be closely integrated. We have analyzed each of the four path-
ways, to determine the present status, the requirements, the major roadblocks, and
the benefits that may arise as each roadblock in each path is solved.
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Fig. 1. Helios research will break down roadblocks on four routes to solar fuels
development
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Path I: Sunlight to Fuel via Biomass

Biomass is the most abundant renewable carbon source on the planet and has
long been a major combustible fuel for mankind. While biomass has the potential
to meet most, if not all, of the transportation fuel needs, there are several difficul-
ties in using biomass for production of fuels. The first problem is that current bio-
mass crops are far from optimal for energy- and water-efficient production. The sec-
ond problem is the expense and inefficiency of the process for converting biomass
to fuels. Helios will address both problems.

Currently ethanol for transportation is produced primarily from sugar cane and
corn. Possibly we can find a way to create new plants that will “grow energy” by
incorporating genes that will make the plants self-fertilizing, and drought- and pest-
resistant. The creation of crops efficiently raised for energy will also take full advan-
tage of our great American agricultural capacity. Also, by designing microbes which
will behave in new ways, our scientists hope to convert cellulose into chemical fuel
more efficiently, so that biomass fuel can be obtained at a cost-effective price, and
to keep the overall cycle as carbon-neutral as possible.

Path II: Microbial synthesis of biofuels using photosynthesis

Another approach is to skip production of the intermediate biomass and produce
the fuels directly from sunlight using photosynthetic microorganisms. This model
will use nature’s mechanism as the refinery. While there are microbes and plants
that utilize sunlight directly to produce oils and alcohols, they are not efficient
enough to supply a significant fraction of U.S. energy need. They need to be opti-
mized for their fuel production role. Berkeley Lab’s strengths in photosynthesis
since the early discoveries by Nobel Laureate Chemist Melvin Calvin will be put to
use to increase photosynthetic efficiencies. DOE’s Joint Genome Institute (JGI) and
the Berkeley Lab Genomics Division will also play integral roles in this endeavor.

Path III: Sunlight to Electricity: Nanotechnology enabled solar cells

There are many possible routes to achieve solar energy utilization. However, all
known potential routes are limited now by two types of serious roadblocks: one is
the need for fundamentally new and optimized materials for use in solar collectors,
efficient processing steps, and energy handling. The other is that because of daily,
seasonal, and other variations, the use of solar energy must involve the development
of efficient storage strategies. The Helios Project is devoted to developing the basic
science needed to overcome these roadblocks.

Because the elementary steps of conversion of sunlight to electricity in either bio-
logical or non-biological pathways takes place on the nanometer scale, the advent
of new methods to control and pattern matter on the nanoscale has created tremen-
dous new opportunities for solar cell design. Two broad areas of activity will be pur-
sued: with new nanotechnology based solar cells, it is possible to explore concepts
for how to dramatically increase the power efficiency of solar cells; second, low cost
high volume solar cell fabrication techniques will be enabled. By controlling the size,
shape, dimensions, and connectivity of nanoscale building blocks, it is possible to
control the basic energy levels of a system, allowing for the design a new type of
solar cell.
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Path IV: Dir('}ct Photochemical or Photoelectrochemical Solar to Fuel Con-
version

Finally, nature’s photosynthetic machinery constitutes proof of principle that solar
fuels can be generated by direct chemical conversion in a single device. However,
there are energy costs in the production and handling of huge amounts of biomass.
The goal of this research is to develop single devices that mimic the pathways of
natural plants in producing fuel from water and sunlight but which are stable and
have significantly greater efficiency. The recent progress in the understanding of the
design principles of natural photosynthesis coupled with the rapid emergence of new
nanostructured inorganic, organic and biological/non-biological hybrid materials has
opened up opportunities to develop engineered solar to fuel systems that will meet
the efficiency and durability requirements of a practical system. In many ways this
path may hold the greatest long term promise, but is consequently probably the
most difficult research objective.

Cross-Cutting Areas

In addition to the four pathways, we have identified cross-cutting areas of funda-
mental science and engineering which will be further developed for the Helios
Project to succeed. Breakthroughs in these crosscutting areas will have a positive
impact on more than one of the four paths. The cross-cutting areas are: Catalysis,
Separations, Theory, Synthetic Biology, and Manufacturing.

As an example, synthetic biology is an emerging field that will play a tremendous
role in the success of the Helios Project and other alternative fuel research initia-
tives. In July 2003, Berkeley Lab established the world’s first Synthetic Biology De-
partment, which seeks to understand and design biological systems and their com-
ponents to address a host of problems that cannot be solved using naturally-occur-
ring entities. University of California at Berkeley Professor and Lab Scientist Jay
Keasling heads this department and is one of the pioneers of synthetic biology. He
is also one of the leaders of the Helios Project.

The overarching role of the cross-cutting synthetic biology component of Helios is
to create biological components that can be used across the whole spectrum of Helios
activities. For example, this approach will enable us to rapidly and reproducibly en-
gineer cells to convert renewable resources (sunlight, cellulose, starch, and lignin)
into fuels.

The discipline’s specific aims are 1) to develop the foundational understanding
and standard, interchangeable, biological components (parts, devices, and chassis)
that will allow us to routinely build large numbers of useful biological systems; 2)
to develop mathematical models and computing methods to organize and analyze
data, predict the behavior of biological components, and design new biological com-
ponents and large integrated systems; and 3) to utilize state-of-the-art molecular
profiling technologies to better understand biological systems and to optimize their
function.

When will the Helios Project produce results?

Helios is focused on revolutionary research to accomplish significant advances.
The risk for any individual project is substantial, but with all approaches taken to-
gether the probability of making significant advances in the overall goal of devel-
oping sustainable energy alternatives is high. We cannot know in advance which ap-
proach or research area will be most valuable, and which will pay off earliest. So
we have given great thought to our management plan, and have built in the flexi-
bility to respond to new results and the freedom to veer toward something new,
away from the current approach, if that seems to be the more promising route.

We realize that timeliness is essential. To ensure the timely success of the Helios
Project, we have adopted an active management strategy. The technical require-
ments for each path have been clearly defined, as are the known major bottlenecks.
These will be re-examined twice yearly. Helios investigators will be required to de-
velop core research areas but also to directly contribute to advancing at least one
of the four paths. As the project advances, it will be necessary to focus the effort
into those directions that appear most promising. With a tightly managed program,
the Helios Project will produce a range of advances in specific sectors (like improved
photovoltaics or a better way to break down cellulose) within five years, with the
goal of a major breakthrough within ten years.

Conclusion

The mission of the Department of Energy is to advance basic science and to ex-
plore energy solutions and promote environmental stewardship. Because of in-
creased funding scheduled for basic sciences and energy research at DOE and with
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the public’s growing awareness of the energy crisis and the environmental con-
sequences of inaction, we believe that now is the right time for Helios.

Over the past three decades, Berkeley Lab has been a leader in developing energy
efficient technologies, standards and practices that have a significant impact on the
demand side of the energy equation. Technologies developed at Berkeley Lab have
saved the U.S. economy tens of billions of dollars in energy costs—these technologies
include the development of dual-paned, gas-filled energy-efficient windows; the now
ubiquitous energy-efficient electronic ballasts for lighting; software tools for better
building design; and the development of appliance standards to save energy and
water.

I strongly believe that the most immediate and substantive gains in addressing
the energy challenge are available through energy efficiency and conservation.

However, addressing the demand side alone will not fully provide the solutions
necessary to address the energy and environmental crisis we face today. You must
also address the supply side.

It has been my pleasure to describe our initiative to you today, and I look forward
to keeping you updated as we work to build a systematic and well-focused program
of transformational energy technologies development.

Chairman Biggert, Ranking Member Honda, and Members of the Committee,
thank you for the opportunity to provide testimony on this critical topic.

I would be glad to respond to any questions.

BIOGRAPHY FOR STEVEN CHU

Steve Chu, 57, became Berkeley Lab’s sixth Director on August 1, 2004. A Nobel
Prizewinning scholar and international expert in atomic physics, laser spectroscopy,
biophysics and polymer physics, Dr. Chu oversees the oldest and most varied of the
Department of Energy’s multi-program research laboratories. Berkeley Lab has an
annual budget of more than $520 million and a workforce of about 4,000.

His distinguished career in laboratory research began as a postdoctoral fellow in
physics at the University of California’s Berkeley campus from 1976-78, during
which time he also utilized the facilities of Berkeley Lab. His first career appoint-
ment was as a member of the technical staff at AT&T Bell Laboratories in Murray
Hill, N.J. where, from 1978-87, his achievements with laser spectroscopy and quan-
tum physics became widely recognized. During the last four years there he was
Head of the Quantum Electronics Research Department, during which time he
began his ground-breaking work in cooling and trapping atoms by using laser light.
In 1987, he became a Professor in the Physics and Applied Physics Departments at
Stanford University, where he continued his laser cooling and trapping work.

This work eventually led to the Nobel Prize in Physics in 1997, an honor he
shared with Claude Cohen-Tannoudji of France and United States colleague William
D. Phillips. Their discoveries, focusing on the so-called “optical tweezers” laser trap,
were instrumental in the study of fundamental phenomena and in measuring impor-
tant physical quantities with unprecedented precision.

At the time, Dr. Chu was the Theodore and Francis Geballe Professor of Physics
and Applied Physics at Stanford University, where he remained for 17 years as
highly decorated scientist, teacher and administrator. While at Stanford, he chaired
the Physics Department from 1990-93 and from 1999-2001.

He is a member of the National Academy of Sciences, American Philosophical So-
ciety, American Academy of Arts and Sciences, Academia Sinica, and Honorary Life-
time member, Optical Society of America. He is also a foreign member of the Chi-
nese Academy of Sciences and the Korean Academy of Sciences and Technology.

Dr. Chu has won dozens of awards in addition to the Nobel Prize, including the
Science for Art Prize, Herbert Broida Prize for Spectroscopy, Richtmeyer Memorial
Prize Lecturer, King Faisal International Prize for Science, Arthur Schawlow Prize
for Laser Science, and William Meggers Award for Laser Spectroscopy. He was a
glumboldt Senior Scientist and a Guggenheim Fellow and has received six honorary

egrees.

Born in St. Louis and raised in New York, Dr. Chu earned an A.B. in mathe-
matics and a B.S. in physics at the University of Rochester, and a Ph.D in physics
at UC-Berkeley. He maintains a vigorous research program and directly supervises
a team of graduate students and postdoctoral fellows. He is author or co-author of
more than 160 articles and professional papers, and over two dozen former members
of his group are now professors at leading research universities around the world.

Chairwoman BIGGERT. Thank you very much.
Dr. Penzias, you are recognized for five minutes.
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DR. ARNO A. PENZIAS, VENTURE PARTNER, NEW ENTERPRISE
ASSOCIATES, PALO ALTO, CALIFORNIA

Dr. PENzIAS. Thank you for allowing me to speak today. Again,
I'm going to leap on the side of shortness, so I keep in the five min-
utes, and then it can be added into the stuff I gave you.

I framed my testimony in response to the questions that were
sent the witnesses. The first question, what is the current state of
adoption of renewable energy in the United States? And, what’s
limiting that rate of adoption?

Right now, I think it’s high cost and limited supply. High cost,
and to me dollars—this is why I have mixed feelings about sub-
sidies, they were right as an interim step, but dollars are probably
the best test of whether something works or not. And so, you don’t
have to do any calculations to know that there’s less energy going
into the ethanol in Brazil, because it costs less. You know that no-
body is wasting energy there, there’s no subsidy, so it’s a great
thing. We don’t always want to do that, but that’s what happens
in that case.

And, I think right now it’s fair to say that that really is the prob-
lem. But, what’s the outlook, and what research or innovation
could prove that outlook? For me, I think the outlook is extraor-
dinarily positive. I have been an alternative energy skeptic for dec-
ades. I started in alternative energy some 30 years ago, about the
same time as that same little hook with the first Arab oil boycott
in the early 1970s. That’s just about 30 years ago. And, during that
time, that period, I was frustrated by the lack of progress, and not
for want of resource, not for want of will, not for want of bright
people, it just takes time, the surprises come, in my experience,
from other areas. It isn’t the people that are looking at alternative
energy.

The thing I will show you later is made from an automobile
headlight, and nobody would have thought that that was going to
be a way of cutting the price of silicon, not by five or seven percent,
but by 70 percent. That’s dramatic, and that’s the kind of thing
that happens when creative people get together. It’s what we do
here in Silicon Valley wonderfully; and this is, you know, I'm a zeal
of a convert. I worked for the largest corporation in the world, and
the world’s best research laboratory for 37 years, and when I got
out here, one reason I came was because I knew too many things
flhat didn’t work. And, boy, have I been surprised since I've been

ere.

Now, so let me move on to some examples of where I think these
opportunities are. Silicon was the one I spoke about, silicon I just
mentioned, and here by the way is the automobile headlight. This
is one piece of a much larger solar concentrator. At the back of it,
and we can look at that later, at the back of it there is a very
small, very efficient, extremely expensive, solar cell, smaller than
the tip of my finger. On an area basis, there would be no way of
using it. This thing, for a tiny area you have to pay $6. But, be-
cause you are able to use this automobile headlight shaped glass
technology, you get a 500 to one improvement. So, it looks to the
sun as if it’s 500 times bigger.

So, it’s private enterprise together with the folks that built this,
which by the way was a government laboratory, NREL, this triple



25

junction solar cell, which is by the way fueling a whole new genera-
tion of solar concentrators, not just the company.

And then, there is a research component as well, as I find in al-
most every company, which comes from the university, Professor
Roland Winston at the University of California at Merced, who in-
vented something called non-imaging optics. As a physicist, I was
shocked that you really can fool Mother Nature into collecting more
light than I would have expected as an astronomer. You can have
both broad field of view and enormous magnification, as long as
you don’t have to see what’s there. The solar cell doesn’t care what
it sees, it doesn’t matter where the light is coming from, it still con-
verts it. So, this thing here by the way has only eight parts, which
is only one more than the .89 cent nail clippers you can buy on a
key chain at WalMart.

So, the cost would be $6 on here, which works out to about .50
cents a watt, is the biggest single cost, and I need hardly remind
you, silicon is like $4 or $5 a watt, if you can get it. So, this is a
big advance, this is a big advance, and it’s coming, just a simple
example at Silicon Valley. There are lots of other examples, I can
give you examples in fuel cells, you know about some of those and
others, but I thought that was one example, we are not talking
about details here today.

So finally, what should the government do? First and foremost
in my judgment, and I can’t mention this strongly enough, and that
is to continue the tradition of supporting our country’s research
universities. I'm old enough to have benefitted from the Korean
War GI Bill, and that started the whole post war boom, from which
the United States had an acceleration which has kept us way
ahead of the rest of the world. The universities are at the heart of
all this, and just as mentioned, Stanford, they mention Berkeley as
well, everybody wants a Silicon Valley, and every Silicon Valley,
wherever they are in the world, has a great university at heart.

Another thing, the subsidies, there’s a wide variety of them. I
really like variety. Some come from the states, some come from all
sorts of other places. They spur demand. They get people inter-
ested, but the interesting thing, while some people think that is
needless duplication, what it does is it encourages exactly the kind
of exploration and opportunistic advances that have made our
country’s venture a buzzword, you know, essentially, the un-
matched model for progress in the entire world.

I've gone to many countries. Everybody says, how do we get our
own Silicon Valley, or how do we make ours like the one there?
And, one size fits all buzzwords are great, because they lead people
into the future, but you don’t want to lead people too fast unless
you really know where you are going, things like hydrogen economy
for example, you know, I think we ought to be moving past some
of those things, and I think we are.

Now, another thing, there’s the vast and diverse needs of the
Federal Government, those triple junction solar cells were spurred
by the high prices of them. They are used for aerospace, for de-
fense, other purposes, they weren’t ready for commercialization,
but they are available now, because all this stuff from the Federal
Government that comes, those needs generate a very important de-
mand. And, some of that demand is going to renewable energy, for
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more efficient, lighter weight, lower consumption, even for diverse
sources of diesel oil for the U.S. Navy through, perhaps, biodiesel—
all sorts of things that are moving this ahead.

And then, so it’s great that federally-funded sales sometimes
showcase energetic products as well.

And so, the last thing is the partnering between the federal labs
and the private industry. I think in some cases it’s very good. One
of my companies, for example, has a very nice CRADA, and I now
understand what Cooperative Research and Development Agree-
ment, you know, what it stands for, with the National Renewable
Energy Laboratory; and that’s worked wonderfully to get this com-
pany jump started. So, that’s a nice thing.

And finally, you mentioned the developing countries, there are
opportunities and challenges there, and for me the opportunities in
developing countries for us to sell to them, we have the inter-com-
pany partnering. We have local manufacturing, local distribution,
local support, and as those—and as unit costs drop, because they
can’t afford subsidies for that stuff, that will continue.

But, it isn’t just colonialism, it is the other side of that. Because
other countries have lower levels of infrastructure, it may not be
that the centralized manufacturing and distribution models, I
mean, Dr. Chu showed this fantastic ethanol plant, you know, cel-
lulosic ethanol plant, in other places you may want to go with
something which is more labor intensive and could be done locally.

By example, in a country like India, the southern half, which has
heavy rainfall, would be very good to produce ethanol through
sugar cane. You don’t need a microbe, you just have local people
cut it up, because ethanol can be made very quickly from sugar in
local areas, transportation costs are saved, and there is labor for
the farmers who then make their own fuel on the spot. And so,
there’s a lot of opportunity there. The transportation cost is terrible
in some of these remote areas, so, it helps.

In the northern area, you probably would go with Jatropha, one
of the species in the Genus Jatropha, which makes an inedible nut,
which can be squeezed and used directly as biodiesel, and so you
would find on that end the local—just a simple calculation that
shows that a farmer, an unusable acre can give a farmer about
$1,000 a year of cash income in a Third World area for a part-time
job, just harvesting nuts, hiring somebody in a pick-up truck to
take them to the local little processing plant, which doesn’t have
to be much bigger than something that can be fit in a container.
So, that kind of thing is wonderful in the Third World, not some-
thing we are going to use here, but we can export that technology
and folks in India are really moving very fast with it anyway, we
don’t have to teach—they have places like IIT, you don’t have to
worry that they understand those things.

Chairwoman BIGGERT. Doctor, would you sum up, please?

Dr. PENZIAS. I'm done. Thank you.

[The prepared statement of Dr. Penzias follows:]

PREPARED STATEMENT OF ARNO A. PENZIAS

Thank you for allowing me to contribute to this important hearing. I have framed
my prepared testimony to respond to the four questions posed in the Charter for
this hearing.
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1. What is the current state of adoption of renewable energy sources in the
United States? What factors are limiting the rate of adoption of renew-
able energy technologies?

Right now, I think it’s fair to say that relatively high cost and current supply con-
straints associated with currently-available renewable energy technologies are lim-
iting adoption.

2. What is the outlook for potential improvement in market penetration of
renewable energy technologies? What are the main research efforts that
could improve that outlook?

Based upon what is currently happening in this technology area, I see the outlook
for dramatic improvements in market penetration as being very positive. As an ac-
tive venture investor and advisor for the past ten years, I can recall few investment
areas which have engendered a degree of investment interest comparable to what
we now see in the renewable energy arena. Speaking personally, I very much share
this point of view, so much so, that I now devote the major portion of my efforts
to investments in this area.

I have been concerned about energy issues for some thirty years, and have worked
to seek and perfect alternatives to our country’s dependence upon fossil fuels, but
felt frustrated by the lack of viable alternative approaches to this vexing problem.
It wasn’t a question of resources or interest. Even given the best intentions, talent
and resources, program after program yielded little in the way of concrete results.
In the last few years, however, this situation has taken a dramatic turn for the bet-
ter, thanks to a growing array of novel ways is which advances in a wide variety
of seemingly-unrelated technology areas—as well as in several areas of applied
science—are being employed to overcome my earlier concerns about conventional ap-
proaches to green energy.

Silicon solar cells, for example, work well but cost too much to produce and in-
stall. Despite some incremental progress in silicon device costs, I see other photo-
voltaic technologies poised to grow far more rapidly—notably large-area PV modules
based upon thin crystalline films and organic materials, as well as novel approaches
to even higher efficiencies through a combination of emerging advances in sunlight
concentration, with small but extremely efficient multi-junction devices.

I can illustrate this last point in detail, by citing three key elements of a solar
concentrator recently completed by SolFocus—our firm’s most recent energy invest-
ment. These innovations should give you the flavor of what went into their design.
First: the use of an innovative imaging geometry called non-imaging optics (created
and perfected by Professor Roland Winston of the University of California, Merced)
allows each module to capture more solar energy per square inch of area than the
most perfect conventional magnifier one can buy. Second: the precision optics nec-
essary to implement this minor miracle can be formed and assembled out of a total
of only eight parts per module, including the detector, at a manufacturing cost com-
parable to that achieved by the makers of today’s sealed automotive headlights (the
enabling technology in this instance). Third: The concentrated light is converted into
electricity with unsurpassed efficiency by a unique triple-junction solar cell invented
at the National Renewable Energy Laboratory (far more expensive per unit area
than other types of solar cells, a tiny device serves a surface area some five hundred
times larger).

3. What should the Federal Government be doing (or not doing) to encour-
age the commercialization of, and demand for, new renewable energy
technologies? How well aligned are the Department of Energy’s activi-
ties with what the investment community is doing?

First and most important, in my judgment, the Federal Government can encour-
age the commercialization of new renewable technologies through continued support
for our country’s universities, the source of America’s innovation edge, a tradition
of support that traces back to the land grant colleges of the 19th century and the
GI Bill that fueled our country’s emergence as the world’s unquestioned leader in
science and technology. There is hardly a place on the face of this Earth that doesn’t
hope to have its own “Silicon Valley,” rooted in the presence of a great university.
With the demise of vertical integration as the economic base for corporately sup-
ported long-term applied research, the task of fueling continued innovation has fall-
en upon our university system.

The wide variety of mandates, subsidies and other incentives for the creation and
use of alternative energy, enacted at the federal and State level, serve to spur de-
mand for new technologies of various kinds, thereby spurring innovation, invest-
ment, market testing and further innovation, in virtuous circles. The great virtue
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of what some might see as needless duplication encourages exactly the kind of ex-
ploration and opportunistic advances that has made our country’s venture capital
system the unmatched model for progress in the global economy. One-size-fits-all
buzzwords, such as “hydrogen economy” can help focus attention, as long as they
don’t constrain behavior.

The vast and diverse needs of federal agencies and suppliers frequently offer ideal
early test beds for new solutions to under-solved problems. Given the necessarily
complex nature of federal procurement regulations, I'm pleased that federally-fund-
ed sales of innovative products have often proven to be an early means of show-cas-
ing new alternative-energy ideas and products.

At Bell Labs, I encouraged active partnerships between efforts in my research or-
ganization with those business-oriented organizations, by making sure that both
sides had skin in each game. In the same way, I now see successful examples of
alignment between DOE Labs and the investment community, in the increasing use
of CRADA’s, particularly at NREL.

4. What opportunities and challenges exist for the sale and use of renew-
able energy generation in developing countries? How do these opportu-
nities and challenges differ from those in developed countries?

Opportunities include inter-company partnering, particularly in the case of local
manufacture, distribution and support, for energy technology developed in the U.S.
These opportunities should grow dramatically as unit costs drop to more attractive
levels Challenges include difficulty in applying common business practices and the
protection of intellectual property.

Given the lower levels of infrastructure in the developing world, the centralized
manufacture and distribution models favored in our country may not apply as uni-
versally. On the other hand, labor intensive installation costs ought to prove less
of a barrier to adoption in developing economies.

In biofuels, for example, short term opportunities in the U.S. would include using
existing feed stocks—such as corn for ethanol, and waste grease and edible seed oils
for biodiesel, possibly followed later by cellulosic ethanol. In the developing world,
we are more likely to see special plants (especially Jatropha) in arid areas such as
northern India, and sugar cane in areas of abundant rainfall. These crops appear
especially useful in the developing world, where transportation favors local proc-
essing on small scales, with the work of harvesting done by local farmers as an ad-
ditional source of income.

BIOGRAPHY FOR ARNO A. PENZIAS

Arno Penzias is a Venture Partner at New Enterprise Associates. In this role, he
prowls Silicon Valley and similar places, seeking out promising technology futures
and catalyzing their applications. His present Board memberships include Glacier
Bay, Ion America, and Konarka. In addition to helping NEA portfolio companies on
an as-needed basis, in areas such as technology, strategy, and intellectual property,
Arno serves on—and frequently chairs—Technical Advisory Boards for a number of
NEA companies such as Alien Technology, Heliovolt, Hillcrest Labs, Luxtera, Mo-
tion Computing, SolFocus, Spreadtrum Communications, Telegent Systems, and
Teneros. A long-time skeptic on the commercial viability of “alternative energy”
technologies, he now finds his earlier conclusions outdated by the advances made
in number of seemingly-unrelated technologies, and their exploitation by a rel-
atively-small handful of entrepreneurs. Having found a few already, he earnestly
hopes to find—and help finance—more of them.

Dr. Penzias began his scientific career in 1961 when he joined Bell Laboratories
as a Member of Technical Staff. He conducted research in radio communication and
took part in the pioneering Echo and Telstar® communications satellite experi-
ments. As a scientist, he is best known for his work in radio astronomy—most nota-
bly, the discovery of Cosmic Background Radiation, which earned him the Nobel
Prize for Physics, in 1978, together with Robert Wilson—as well as his pioneering
work in the detection and study of a rich variety interstellar molecules, thought to
be a possible basis for the development of life.

He left Bell Laboratories in 1998, having led its world famous research organiza-
tion, and then serving as its Chief Scientist.

The author of over one hundred scientific and technical papers, he is also a
sought-after speaker on emerging trends, and has written a number of articles on
information technology, especially its impact on business and society. His highly ac-
claimed book on the subject, “Ideas and Information” was published by W.W. Nor-
ton. A second book, entitled “Digital Harmony: Business, Technology, and Life After
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Paperwork” published by Harper Collins, charts the course of the Information Revo-
lution and its demands for higher levels of system integration.

A member of both The National Academy of Sciences, and The National Academy
of Engineering, Dr. Penzias received a Bachelor of Science degree from the City Col-
lege of New York, after serving in the U.S. Army Signal Corps he attended Colum-
bia University where he received his Master’s and doctorate degrees. He has also
received a number of honorary degrees, as well as other awards for his contributions
to science, R&D management, and public service.

Chairwoman BIGGERT. Okay, thank you.
Mr. Larsen, you are recognized.

STATEMENT OF MR. CHRISTIAN B. LARSEN, VICE PRESIDENT
FOR GENERATION, ELECTRIC POWER RESEARCH INSTI-
TUTE, PALO ALTO, CALIFORNIA

Mr. LARSEN. Chairman Biggert, Mr. Honda, I represent the Elec-
tric Power Research Institute, which is a non-profit collaborative
R&D organization conducting electricity-related research in the
public interest. Our public and private members account for about
90 percent of the kilowatt-hours sold in the U.S., and we now serve
over 1000 electricity and governmental organizations worldwide, in
about 40 countries.

EPRI appreciates the opportunity to address the future prospects
for renewable energy, and I really appreciate the invite.

I'd like to make several key points. The U.S. must keep all of its
energy options open to meet the uncertainties of the future. For
electricity, this means improving the economics, the integration
and utilization of renewables and energy efficiency as well as build-
ing and sustaining a robust portfolio of affordable generating op-
tions for the future, and this means also ensuring the continued
use of coal, nuclear and natural gas.

EPRI believes that prudent investment decisions for power
plants in the future need to include considerations associated with
generating power in a carbon constrained future. Whether decision-
makers assume the future cost of CO2 to be zero as it is today in
the U.S., or $30/ton, or $50/ton, this all dramatically changes the
relative cost of the various supply options. A carbon-constrained fu-
ture could and would make renewable energy more economically
competitive and more important.

Currently renewable generation, excluding large hydro, contrib-
utes less than two percent of the Nation’s electricity supply. Until
recently, the expected future role of renewable energy in the U.S.,
based on projections from the Energy Information Agency using the
NEMS model and other models, has not been significant. Long-
term estimates for contribution of renewables to total electric en-
ergy remain around two percent.

Recently, some new EPRI modeling shows that the role of renew-
ables, as well as other low and non-emitting resources, could be ex-
pected to increase substantially. In one base case scenario in an
EPRI model, the estimates showed the contribution for renewables
by 2050 in the range of five to six percent. Now, this represents
700 to 800 percent increase over today’s megawatt hours, and this
should be noted that this was not taken into account in the intro-
duction of a disruptive technology that could significantly decrease
the cost of these renewables.
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Various distributed generation technologies, which include re-
newable energy sources, such as roof-top solar, are being developed
and they will enhance the current distribution system. These will
add power system flexibility, increase end-use efficiency. Distrib-
uted generation and central station generation are not either/or al-
ternatives; EPRI believes that they will have to complement each
other in the future power delivery system.

There also needs to be recognition that future renewable tech-
nologies as solar, wind and, eventually, ocean energy are not
dispatchable, i.e., controllable, resources and that there will be a
cost associated with the integration of these resources into the sys-
tem. This cost is small today, when the significant portion of avail-
able generation, such as nuclear hydro or gas turbines, is
dispatchable. However, as the percentage of renewable generation
increases, so will the cost of grid integration.

Finally, technology breakthroughs will undoubtedly enable re-
newable energy to meet the electricity demand in new and better
ways. Economic roof-top solar, clean fuels from biomass, effective
energy storage with hydrogen, or advanced batteries, would help
diversify U.S. energy resources and bring new opportunities to the
electricity industry.

In summary, given the expected growth and demand for elec-
tricity and the many uncertainties in our energy future, we believe
that developing diversity in electric generation is critical as an ob-
jective for the country, also striving for cleaner and more sustain-
able resources will bring more renewable energy into the mix, and
future breakthroughs in cleaner fuels, photovoltaics, and energy
storage will change the nature of the electric grid. These will not
replace the need for the electric grid, but they will increase its
flexibility and value to the country.

Thank you for the opportunity to speak today.

[The prepared statement of Mr. Larsen follows:]

PREPARED STATEMENT OF CHRISTIAN B. LARSEN

Chairman Biggert and Members of the Committee:

I represent the Electric Power Research Institute, which is a non-profit collabo-
rative R&D organization conducting electricity-related research in the public inter-
est. EPRI has been supported voluntarily by the electricity industry since our found-
ing in 1973. Our public and private members account for more than 90 percent of
the kilowatt-hours sold in the U.S., and we now serve more than 1,000 energy and
governmental organizations in more than 40 countries.

EPRI appreciates the opportunity to address the future prospects for renewable
energy. I would like to make several key points in my testimony.

Key Points

1. The U.S. must keep all of its energy options open to meet the uncertainties
of the future. For electricity, this means improving the economics, integra-
tion and utilization of renewables and energy efficiency as well as building
and sustaining a robust portfolio of clean, affordable generating options for
the future—ensuring the continued use of coal, nuclear and natural gas.

2. EPRI believes that prudent investment decisions for power plants in the fu-
ture need to include considerations of the economies associated with gener-
ating power in a carbon constrained future. Whether decision makers assume
the future cost of CO> to be zero as it is today in the U.S., or $30/ton, or
$50/ton, dramatically changes the relative cost of the various supply options.
A carbon-constrained future could make renewable energy more economically
competitive and more important.
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3. Currently renewable generation, excluding large hydropower, contributes
less than two percent to the Nation’s electricity supply. In 2005 the majority
of global renewable installed capacity (excluding hydropower) came from
wind, biomass combustion, and photovoltaic solar. The remainder of the glob-
al renewable installed capacity includes some biomass gasification, thermal
solar and ocean energy demonstrations. Until recently the expected future
role of renewable energy in the U.S.—based on projections from Energy In-
formation Agency (EIA), the National Energy Modeling System (NEMS), and
other models—has not been significant. Long-term estimates for the con-
tribution of renewables to total electric energy have remained around two
percent. Even when the current renewable portfolio standards adopted in 23
states are applied through 2017, the contribution of renewable resources
would not likely exceed three percent of the total electric energy that will
be needed in 2017.

Source’ EPRE Renewable Eneigy Tachnical Assessinerd Guide: TAGRE 2005{1010407, 12/05)

N Fecmology status installed MW Issues
Wind Commercial 52,100 Integration at large
scale
Solar PV Commercial 3,900 Converiogoiﬁdency
Solar Thermal Demo & Pre. 370 High Capital Cost
ciomass | Commercial 20,000 High Fuel Cost

Biomass Gasification Pilot & Demo <20 Hot Gas Cleanup

Ocean Energy Pilot & Demo <20 Cost and Reliability

Figure 1. 2005 Global Installed Renewable Capacity

4. However, recent EPRI modeling shows that the role of renewable, as well as
all other low and non-emitting resources, could be expected to increase sub-
stantially. New renewable energy resources, primarily wind, solar and bio-
mass, are expected to exceed the current portfolio standard requirements. In
a base case scenario EPRI estimates renewable contribution to electric en-
ergy by 2050 in the range of five to six percent. This represents a 700-800
percent increase over today’s contribution of 100 MMW-Hs, reaching roughly
750 MMW-Hs by 2050.

5. Various distributed generation technologies which include renewable energy
sources, such as roof-top solar, are being developed that will enhance the cur-
rent distribution system. These will add power system flexibility, increase
end-use efficiency with technologies such as combined heat and power, and
reduce power delivery losses. Distributed generation and central station gen-
eration are not either/or alternatives; EPRI believes they will complement
one another in the future power delivery system.

6. There needs to be recognition that future renewable technologies as solar,
wind and, eventually, ocean energy are not dispatchable resources and that
there will be a cost to integrate these resources into the electricity system.
The cost is for the supporting generation that will be needed to match supply
and demand instantaneously, to follow energy demand ramping, and to pro-
vide the reserves required to maintain grid reliability. This cost is small
when a significant portion of available generation resources are dispatchable,
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such as hydro and gas turbines. However, as the percentage of renewable
generation increases so will the cost of grid integration.

7. Technology breakthroughs will undoubtedly enable renewable energy to meet
electricity demand in new and better ways. For example, economic roof top
solar, clean fuels from biomass, effective energy storage with hydrogen, or
advanced batteries, would help diversify U.S. energy resources and bring
new opportunities to the electric industry.

Summary

Given expected growth in the demand for electricity and the many uncertainties
in our energy future, we believe that developing diversity in electric generation is
a critical objective for the country. Also, striving for cleaner and more sustainable
resources will bring more renewable energy into the mix. Future breakthroughs in
cleaner fuels, photovoltaics, and energy storage will change the nature of the electric
grid. These will not replace the need for the electric grid but will increase its flexi-
bility and value to the country.

Thank you for the opportunity to provide these comments to the Subcommittee.
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Appendix — Role of Renewable Energy in Future Electricity Supply
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Renewable Energy Technology Overview
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Geothermal, Hydropower and Solar Thermal-
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The Supply Effect of RPS
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Comparative Costs of 2020 Generating Options
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Technology Status and EPRI Program Direction
with Solar, Geothermal & Ocean Energy
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Chris Larsen is Vice President of Generation at the Electric Power Research Insti-
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Chairwoman BIGGERT. Thank you very much.
Mr. Pearce, you are recognized for five minutes.

STATEMENT OF DAVID PEARCE, PRESIDENT AND CEO,
MIASOLE, SANTA CLARA, CALIFORNIA

Mr. PEARCE. Thank you for the opportunity to present here
today. Madam Chair, you did get the name correct, it’s Miasolé,
which loosely translates into my sun.

I'm here to talk about solar electricity. If I could have the next
slide, please, but just a quick overview on Miasolé, we are a Santa
Clara-based California manufacturer of thin-film solar cells, a bit
unique in that we are trying to bring manufacturing jobs back to
the Silicon Valley, with an 80,000 square foot facility. We expect
to be in volume commercial production later this year.

Myself and my team have a very long history of high volume
thin-film component manufacturing, going back to the ‘80s where
we made the hard disk drives for data storage applications, more
recently, optical components for fiber optic communication, seeing
the same core technology to produce thin-film solar cells.

We are backed by several leading venture capitalists, the most
significant of which are Kleiner Perkins and VantagePoint Venture
Partners.

Next slide, please.

So, a little background on the solar industry. One, the industry
has been experiencing a 43 percent compounded growth rate for
the last five years, so it’s caught a lot of attention of the invest-
ment community, and is certainly making great strides. There is
increasing adoption worldwide of incentives and subsidies to sup-
port the growth of the solar industry. Just last week, the country
of France introduced some major incentives, very close to those
being implemented right now by Germany. And certainly, the State
of California leads in the U.S., in terms of the size of its total elec-
tric program.

The very high demand, though, for solar has created shortages
for one of the key feedstocks, the basic silicon material that is used
to make the dominant form of solar cells, this is based on crys-
talline silicon technology. This is a 50-year-old technology that
today represents 94 percent of the market.

We believe at Miasolé, and as do many of our competitive start-
ups, that there is an emerging class of thin films that hold tremen-
dous potential to dramatically lower the cost of solar. In particular,
the thin-film technology allows the capability of building flexible
solar cells, flexible modules, opens up the opportunity for a great
number of new applications, easing of installation processes, and,
basically, opportunities to attack the entire value of solar.

Miasolé’s thin-film technology, we believe, will be capable of sup-
porting a 60 to 70 percent reduction in the price of solar, and gen-
erating a reasonable profit margin for the company in the process.
At that point, solar is competitive with grid generated electricity
from conventional sources, in the range of .8 to .10 cents a kilowatt
hour, and we believe this goal will be reached well within the time
frame of the U.S. Department of Energy’s Solar American Initia-
tive, which has set a goal to achieve price parity by 2015.
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And, I mentioned we are not alone, we have several, you know,
very strong venture-backed entrepreneurial companies that have
also entered this market. We think the entire industry is on the
cusp of some major changes, and it’s exciting to see the investment
coming in, it’s exciting to see the attraction of very senior manage-
ment that bring with them a breadth of manufacturing and high-
volume experience. So, I think the stage is very much ripe for dis-
ruptive change.

So, I'll speak a minute now about thin films. Thin films represent
a class of semiconductor material that by its very name it’s very
thin film, of approximately 1/100th the thickness of standard sil-
icon solar cells. There’s no dependence from the silicon feedstock
that are currently in limited supply.

In our case, it’s a continued deposition process. We literally take
a meter-wide coil of stainless steel, about two miles in length, and
continuously coat all the solar films on it, at a rate of two linear
feet a minute. We are currently building two of these very high-vol-
ume roll coaters in Santa Clara, and expect to populate our factory
with eight of the systems by the end of 2007. If we achieve those
ambitious goals, it would make Miasolé the largest producer of thin
film solar cells in the world.

Laboratory efficiencies for the material we are working with,
which is, the acronym is CIG, of the elements in the semiconductor,
very high efficiency, 194 percent achieved in the government lab,
very close to that of a polycrystalline silicon. The issue has been
while the laboratories have done tremendous research work, it
hasn’t really translated in a significant way into the commercial
marketplace. What the commercial market has lacked is high-vol-
ume manufacturing technology, and that’s what is starting to hap-
pen with companies like Miasolé and some of our competitors. We
are all taking slightly different angles, but we are trying to lever-
age other industries to bring high-volume manufacturing tech-
nologies to what’s been proven in the government lab, and that is
a tremendous stepping stone to have all that fundamental research
done and behind us.

The flexible solar cell in our case from this very thin stainless
coil allows for flexible modules, again, easy to install, lower the cost
throughout this valued thing, and I think the most important thing
that is going to happen to solar over the next five years is, we are
going to see a major move to improve building integrated
photovoltaics, where PV becomes the ubiquitous with the installa-
tion of a new roof on a new home or a new commercial building.
Right now, the vast majority of the market is retrofit, and we need
to have a paradigm shift there.

And, here’s the final slide, what can Congress do to help? Well,
I think already some big steps are being made. There is currently
out for solicitation the Solar America Initiative, which is virtually
a doubling in funding for solar research, about $148 million a year.
A major portion of that would be granted to the most promising
private companies to accelerate research activities.

I believe there’s an opportunity with the Department of Energy’s
Building Program. This is a program that to a large extent is fo-
cused on efficiency and zero energy homes, with a goal of achieving
by 2020 a zero energy new residential construction.
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Well, with the shift in population in the U.S., to the south, the
west, and the desert southwest, they have tremendous new resi-
dential developments. I visited one just a month go in Albu-
querque, that’s proposing 37,000 new homes. That’s a tremendous
opportunity to put solar on every one of those roofs, and if we miss
that opportunity it’s 20 years before we get another shot at it, be-
cause that roof is not going to be replaced for 20 years.

So, I think maybe a closer look at the Building Program and how
we could marry that up closer with the Solar American Initiative.

Last year, the Energy Bill included a provision for 30 percent in-
vestment tax credit for solar installation. It was capped at $2,000
for residential. First, it’s very impressive that we got that level of
investment tax credit through, but I'd like to see it expanded
through 2015 as presently proposed, and also an expansion of the
residential credit, because $2,000 is insufficient to cover the typical
electrical needs of residential homes.

And finally, at the commercial building level, I think there’s op-
portunities for a federal loan guarantee program. We have such fa-
cilities for large power plants, but if we could down size that and
make it available to commercial buildings to large-scale distributed
solar generation I think there’s a significant opportunity.

Right now, as a business owner, and I look at opportunities to
spend my capital budget, I, like most of my brethren, look at a two
or three-year payback. You just can’t get that with solar, because
you are really buying an asset that generates free electricity for 25
years. So, if there was some financial facility that made it possible
for the commercial building owner, be it the big-box retailer, or the
big warehouse, to put solar on in a mechanism to kind of get that
off their balance sheet so they could justify the financial invest-
ment. I think that would go a long way to making commercial in-
stallation much bigger.

Thank you.

[The prepared statement of Mr. Pearce follows:]

PREPARED STATEMENT OF DAVID PEARCE

Thank you for the opportunity to testify before the distinguished Committee on
Science. By way of background I am the CEO of Miasolé, a Santa Clara, California
based manufacturer of thin-film solar cells. Miasolé has been in operation since late
2001 and exclusively focused on thin-film solar cells since early 2003. Miasolé occu-
pies an 80,000 square foot manufacturing facility in Santa Clara and expects to
commence high volume commercial production in the forth quarter of this year. The
company’s employment has grown from 16 employees this time last year to 58 in
Santa Clara today. We expect to have over 100 local employees by year-end.

Miasolé is backed by several leading Bay Area venture capital firms including
Kleiner Perkins Caulfield and Byers and VantagePoint Venture Partners, both of
whom have a significant focus on alternative energy investments. Floyd Kvamme,
a Kleiner partner, serves as co-Chairman of the Presidents Counsel of Advisors for
Science and Technology. I have had the honor of speaking before this distinguished
group regarding the potential for thin-film solar and have also met with Samuel
Bodman, Secretary of Energy and Under Secretary, David Garman. There is wide
spread support for Miasole’s activities and for the potential for thin-film tech-
nologies to significantly reduce the cost of solar generated electricity.

Miasolé’s technology is highly disruptive and is expected to result in a 60-70 per-
cent reduction in the cost of installed PV systems within five years, thus allowing
PV to be competitive with conventional fossil fuel sources of electricity without the
continuing need for subsidies. Our technology is based on thin-film solar cells incor-
porating 1/100th the amount of expensive semiconductor material used in conven-
tional crystalline silicon solar cells. Miasolé’s PV modules will be made of flexible
laminates, eliminating heavy glass encasements and frames required for today’s sil-
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icon technology. We expect to integrate electronic functions into the PV module, fur-
ther reducing costs and simplifying installation. Finally the form factor for Miasolé’s
solar material is highly flexible enabling truly building integrated photovoltaics
ranging from residential roofing shingles that have the appearance of composition
shingles to membrane roofing systems for commercial applications.

Solar Industry Background

The Department of Energy has funded solar research for more than 30 years with
a total investment approaching $3 billion. Unfortunately the U.S. does not have
much to show for its investment. After discovering the photovoltaic effect at Bell
Labs 51 years ago, the U.S. enjoys only limited market penetration and a small
share of global production. Last year Japan represented approximately half of all
global production and Germany more than half of all PV installations.

The U.S. has the potential to regain manufacturing and market leadership with
a new class of photoactive materials characterized as “thin-films.” Thin-films have
been well researched and have been widely viewed as having the potential for dra-
matic reductions in costs. What the industry has lacked is high volume manufac-
turing technology to leverage the achievements of government funded research.
Miasolé believes the age of thin-films has arrived and that the industry is on the
verge of major disruptive changes. Miasolé is one of several venture capital funded
startups that are bringing high volume manufacturing technologies to bear on this
market opportunity.

The early days of photovoltaics served primarily off-grid applications. In recent
years the on-grid market has dominated driven by high subsidies and favorable leg-
islation such as net metering which provides a credit mechanism for excess elec-
tricity fed back into the grid. The on-grid market is dominated by the retrofit mar-
ket where PV systems are installed on existing roofs. For truly cost effective solar
technology PV needs to become ubiquitous with new construction. This will elimi-
nate retrofit labor and materials and a labyrinth of distributor markups while pro-
ducing an aesthetically pleasing product that can be more easily financed.

Cost effective building integrated photovoltaics (BIPV) is a challenge with conven-
tional crystalline silicon based solar cells since they must be encapsulated with tem-
pered glass to protect the fragile silicon wafer. The resulting PV modules are heavy
and therefore limited in size. Thin-films can be manufacturing on thin flexible sub-
strates and encapsulated with flexible materials. Form factors can be easily adapted
to different building requirements with the substantially lighter weight allowing for
larger modules and simplified installation.

Ninety-four percent (94 percent) of the photovoltaics market is based on crys-
talline silicon technology, a fifty year old technology. Another five percent is based
on amorphous silicon technology, a more than thirty-year-old thin-film technology
that suffers from inherently low efficiency. Two emerging classes of thin-film tech-
nologies have demonstrated high conversion efficiencies in government labs ap-
proaching that of polycrystalline silicon. These are cadmium-telluride and copper-
indium-gallium-selenide (CIGS). Of these two technologies CIGS is the most effi-
cient and is the technology of choice for most new entrepreneurial startups.

Compounded PV system growth rates exceeding 40 percent per year for the last
five years have resulted in a significant shortage of polysilicon, the basic feedstock
for crystalline silicon solar cells. This shortage has resulted in a doubling in feed-
stock prices and price increases at the PV module level of approximately 50 percent.
Subsidies which were intended to stimulate the market by allowing economies of
scale are having the opposite effect. The Senate recently requested a study of the
impacts of supply constraints in the polysilicon feedstock industry with the under-
standing that polysilicon availability posed both a limitation to the growth of the
PV industry and a floor to how low prices could go. There is growing concern that
crystalline silicon based PV technologies will not be able to achieve the Department
of Energy’s goal for solar generated electricity achieving price parity with the grid
by 2015. A disruptive change is required with both the Senate and DOE providing
indications that they view thin films as a very strong solution to the polysilicon
shortage.

The solar industry has recently attracted substantial private financing. Venture
capitalists have been very active financing new management teams and the public
financial markets have been quite receptive to initial public offerings and follow-on
offerings. Equally important the opportunities in alternative energy and solar in
particular are attracting a new class of highly experience management teams, some
of which are steeped in high volume, low cost manufacturing. Most of these new en-
trants are focusing on thin-film technology. With the accomplishments of federally
funded thin-film research, significant inflows of private capital and the attraction
of experienced management teams, the stage is set for disruptive change.
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It is important to note that most major technical innovations or disruptive busi-
ness models have not come from venerable established corporations, but from entre-
preneurial startups. Examples of industry changing startups that displaced mature
organizations include Google, Cisco Systems, Apple, Genentech and Southwest Air-
lines, to name a few.

What can Congress do?

Congress should support the Solar America Initiative by fully funding the request
of the Department of Energy. The current request for solar research, including fund-
ing national laboratories is $148 million per year, a substantial increase from prior
funding levels. Awards should be granted to the most promising cost effective high
volume technologies. A byproduct of this is expected to be strong support for disrup-
tive thin-film technologies and a favoring of entrepreneurial companies over mature
industry incumbents focused on 50-year-old crystalline silicon technology.

Congress should reevaluate the funding level of the Department of Energy’s
Building Program currently slated to receive $19.7 million of funding in fiscal 2007.
This program focuses on energy efficiency with a goal of providing energy and tech-
nology programs needed to achieve “Zero Energy Homes” (ZEH) by 2020. With a
shift in population to the south, west and desert southwest where solar irradiance
is high there is a tremendous opportunity to adapt BIPV in new residential con-
struction, however, there appears to be a disconnect between the technology goals
of the Solar America Initiative and the level of emphasis in the Building Program.
Every new major residential development without PV represents a lost opportunity
as it will be twenty years before a roof replacement is needed. PV retrofits are not
nearly as cost effective as new construction. Congress should consider a step in-
crease in the Building Program with the incremental funds dedicated to BIPV appli-
cations for new large scale residential development.

Congress should approve the extension of the investment tax credit for PV sys-
tems and lift the cap on the size of residential systems which at the current two
KW limit is insufficient to meet the electrical needs of most residential housing.
Congress should consider a more aggressive funding level in support of solar instal-
lations on new residential buildings, perhaps a direct buy down of the builder’s cost
of PV systems in new construction.

There is a tremendous opportunity to install PV systems on commercial roofs, par-
ticularly with new thin-film technology that allows PV modules to be built into
membrane roofing systems. Membrane roofs represent a $10 billion a year industry
in the U.S. The challenge with commercial roofs is capital. For example consider a
big box retailer with acres of roof space. Senior executives of these companies often
have a myriad of capital projects and make funding decisions only for projects with
two to three years payback. Solar is akin to buying a new car and prepaying the
gas for the next ten years even with cost parity to the grid. The PV system goes
on to produce essentially free electricity for twenty-five years or more but virtually
the entire cost must be paid up front. Businesses would have far more incentive to
install PV systems if additional financing options were available such as third party
financing backed by federal loan guarantees. The Federal Government already pro-
vides loan guarantees for large scale utility plant construction. Congress should give
consideration to a financing program that encourages smaller scale distributed PV
systems on commercial rooftops. Consideration should also be given to a funding
mechanism for manufacturing assets for PV manufacturers that operate in the U.S.
This would allow the U.S. to compete for PV manufacturing jobs that are now going
to Europe and Asia due to very large capital grants and/or heavily subsidized in-
come tax rates.

Thank you for the opportunity to voice my opinions on behalf of Miasolé and the
solar industry.
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Addendum

Additional Detail on the Solar Industry
and Emerging Thin-film Technologies

The crystalline silicon PV industry

The photovoltaics industry has grown in excess of 40 percent per year for the past
five years, largely stimulated by government incentives. These subsidies were ex-
pected to lead to an increase in the rate of market adoption which in turn would
lead to economies of scale and lower installed system prices. Unfortunately high de-
mand has had the opposite effect of increasing costs and increasing industry profit
margins. During the past two years a significant shortage of polysilicon feedstock,
the basic material for making a silicon solar cell, has emerged causing a major run-
up in the price of the feedstock, silicon wafers, solar cells and PV modules. A signifi-
cant reduction in the cost of installed PV systems is required to realize the potential
of solar technology and to make significant inroads in reducing our dependence on
fossil fuel sources for electricity generation.

Silicon PV suppliers are trying to bring down their costs through several means
which include greater economies of scale (plants are already of significant size), re-
duced wafer thickness to lessen the use of expensive polysilicon feedstock (with in-
creased manufacturing complexity and higher losses due to breakage), improved
photovoltaic conversion efficiencies (a relatively mature 50-year-old technology) and
more efficient manufacturing processes, offshore manufacturing, etc. Compounding
the problem is that the polysilicon feedstock industry, which supports both solar and
semiconductor industries, is demanding and getting higher prices while also requir-
ing long term commitments to insure supply. Polysilicon feedstock costs have more
than doubled in the last three years and represent a significant portion of the cost
of a completed silicon PV module. Polysilicon feedstock shortages are expected to be
address by 2008/9 but high costs are being locked in for five years or longer under
long-term supply agreements.

Before the advent of the polysilicon feedstock shortage, the solar industry histori-
cally realized four to five percent per year price declines. In order for PV systems
to be competitive with conventional sources of electricity without subsidies PV mod-
ules prices need to decline from the prevailing rate of approximately $4.00 per peak
Watt to the range of $1.00-$1.50 per peak Watt. The goal of the Solar America Ini-
tiative is to achieve price parity with the grid by 2015. This will require a com-
pounded price decrease of more than 10 percent per year for the next nine years.
Many doubt that crystalline silicon technology can reach this goal.

Besides the expense of making crystalline silicon cells there is considerable added
expense associated with silicon technology. First, silicon based PV manufacturing
plants are staggeringly capital intensive, on the order of $2-$3 million for each
megawatt of annual capacity with factories needing several hundred million dollars
of fixed assets to achieve scale. Second, the rigid and fragile silicon wafer must be
protected with a tempered sheet of glass. This requirement limits module size due
to weight considerations, requires aluminum frames for mounting, bulky mounting
hardware, poor aesthetics and high installation costs. Thin-films offer a disruptive
path to significantly lower manufacturing costs, simplified and light weight module
packaging, ease of installation and the potential for truly “building integrated”
photovoltaics (BIPV) where solar becomes ubiquitous with installing a roof during
new construction.

To summarize:

e Crystalline silicon solar cells are a 50-year-old technology representing 94
percent of solar industry sales

e Crystalline silicon manufacturing processes are relatively mature; significant
economies of scale have already been achieved

e Manufacturing costs have been rising due to polysilicon feedstock shortages;
new supply is coming on line in two to three years but at high contracted
long-term prices

o Market based subsidies have created high demand which in turn have caused
escalating costs and have enabled expanding margins

e Crystalline silicon costs aren’t likely to decline fast enough to meet the goals
of the Solar America Initiative. . .i.e. price parity with the grid by 2015.
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Thin-film photovoltaics

Thin-film photovoltaics involves the deposition of a thin film of photoactive semi-
conductor material on a low cost substrate. The amount of semiconductor material
in a thin-film solar cell is approximately 1/100th that of a crystalline silicon cell.
In addition, thin-film solar cells can be manufactured over large areas, including
roll-to-roll continuous deposition processes. To put this in perspective, crystalline sil-
icon cells are nominally six inches by six inches in size and are manufactured in
discrete, batch oriented processes. Contrast this to Miasolé’s process which continu-
ously deposits thin films on meter wide rolls of stainless steel foil two miles or
longer in length moving at two feet per minute.

Thin-film solar materials have been researched for more than 30 years and have
been in modest volume production for the past ten years for both commercial and
residential use. The most mature thin-film technology is amorphous silicon. The
first significant markets for amorphous silicon were hand-held calculators. Today
amorphous silicon represents about five percent of the rooftop solar market. The
principal draw back to amorphous silicon is its inherently low conversion efficiency
equal to about half that of crystalline silicon. Amorphous silicon deposited on thin
flexible metal substrates and encapsulated with flexible laminates yields a PV mod-
ule that is light weight, flexible and easy to install. It is this unique flexible module
capability that has generated most of the demand for amorphous silicon rooftop ap-
plications.

There are two other classes of thin-film technologies currently in commercial scale
production which together represent about one percent of the world market: Cad-
mium-Telluride and Copper Indium-Gallium di-Selenide (CIGS). The U.S. has long
led the world in thin-film solar research holding the world records for high efficiency
cad-telluride and CIGS solar cells. What the market has lacked is a high volume
manufacturing process to leverage the progress made at the laboratory level for
these technologies. Entrepreneurs have seized the opportunity in the past several
years with the formation of several new startups funded by the venture capital in-
dustry all with the intent of pursuing high volume, low cost manufacturing tech-
nologies. The majority of these startups are pursuing CIGS solar cell technology
since CIGS has demonstrated the highest conversion efficiencies of any thin-film
technology, very close to that of polycrystalline silicon (19.5 percent for CIGS vs.
20.3 percent for polycrystalline silicon).

Production processes for cadmium-telluride and CIGS thin-films remain relatively
immature. This situation is expected to change rapidly as volumes increase and
manufacturing learning curves improve product performance, production yields and
lower costs. Equally important, thin-film processes typically require dramatically
lower fixed asset expenditures for a given level of production.

Unisolar, a division of Energy Conversion Devises, is the world leader in amor-
phous silicon and First Solar is the world leader in Cadmium-Telluride. Miasolé be-
lieves it will quickly become the world leader in high volume, low cost CIGS produc-
tion.

Thin-films represent the opportunity for the U.S. to regain the lead in solar tech-
nology, cost competitiveness, volume production and market penetration. With these
goals achieved, widespread market adoption becomes possible without the need for
continued subsidies.

To summarize:

e Thin-film solar technologies have been widely researched and have achieved
laboratory conversion efficiencies closely matching polycrystalline silicon tech-
nology

e The industry has lacked a high volume manufacturing platform to leverage
the discoveries made in a laboratory environment

e Entrepreneurs and investors are aggressively pursing the high volume manu-
facturer of thin-film solar with CIGS based solar cells the technology of choice
amongst most startups

e Thin-films offer the potential for substantially lower costs per peak Watt, up
to a 70 percent cost reduction from crystalline silicon for installed systems.

Challenges to commercializing thin-film technologies

Challenges associated with scaling laboratory technology demonstrations:

Most government and university thin-film research has focused on optimizing the
efficiency of thin-film solar cells and improving the understanding and characteriza-
tion of these films. Unfortunately most of the laboratory processes are not easily
scaled. Little effort has gone into researching large scale production platforms.
Miasolé is leveraging the core experience developed by NREL but is using a dif-
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ferent vacuum deposition process known as “sputtering.” Sputtering is widely used
in the architectural glass industry (sheets of glass 12’ x 20’ in size) and the data
storage industry for making hard disks. In Miasolé’s case a significant portion of
the Company’s technical team came from the data storage industry augmented with
engineers from the glass coating industry and engineers and scientist with specific
CIGS experience.

One of the challenges to the high volume production of thin film solar cells is that
commercial production equipment does not exist. The industry is similar to the early
days of the semiconductor industry where companies developed their own manufac-
turing tools. Today there is a discrete and separate semiconductor capital equipment
industry. Fortunately Miasolé has years of experience designing and manufacturing
high volume vacuum deposition systems with several core patents covering major
elements of its technology.

Challenges associated with the time to develop high volume processes:

A second challenge is that each high volume process has its unique properties
that are different than laboratory processes. It frequently takes several years to de-
velop a production tool and an equal amount of time to perfect a production process.
Government funded research offers an excellent platform for getting started, but
substantial additional process and system development is required. Historically
most of the solar startups were founded by scientist out of government and univer-
sity research programs. While these scientists had a core understanding of the tech-
nology, they lacked volume manufacturing and general business experience. Venture
capitalists tend to back experienced management teams and had difficultly backing
early scientist turned entrepreneurs. All of this is changing with the advent of a
large scale solar industry and more plentiful investment dollars. The industry is
now attracting experienced management teams, several of which have deep domain
experience in high volume manufacturing, and significant private equity.

Challenges to locating manufacturing in the U.S.:

There are challenges to locating factories in the U.S. and California in particular.
Silicon based PV cells and modules are relatively labor intensive favoring overseas
production in low labor cost countries. Thin-film processes, if properly executed, are
less people intensive but labor costs remain an issue in a highly cost sensitive mar-
ketplace. Many countries offer significant financial incentives for establishing PV
manufacturing plants. Several European countries offer capital grants equal to 50
percent of the cost of a factory. With large scale PV factories costing hundreds of
millions of dollars, these subsidies are very substantial from both a unit cost stand-
point and the amount of capital required. Asian countries favor tax holidays with
some countries offering five year income tax holidays, another five years at 7.5 per-
cent tax rates and permanent long-term income tax rates of 15 percent. Often coun-
tries that subsidize factories also offer some of the highest market incentives and
thus represent large domestic outlets for production.

At the state level, California not only has inherently high labor, facility and util-
ity costs, but it also is one of only eight states in the U.S. to tax manufacturing
assets. Miasolé anticipates spending approximately $30 million for fixed assets next
year for installation at its Santa Clara facility plus an additional $2.5 million for
use tax that the Company would not incur if operating in most other states. Cali-
fornia talks about wanting high paying manufacturing jobs but does little to encour-
age industry to expand, particularly those that are fixed asset intensive. On the plus
side, California’s PV market incentives are among the best in the country.
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BIOGRAPHY FOR DAVID PEARCE

Mr. Pearce serves as President and Chief Executive Officer of Miasolé, a Santa
Clara, California venture backed solar photovoltaics company he founded in 2001.
Mr. Pearce has served at the President/CEO level of both private and public high-
technology companies for the past 20 years. He is a serial entrepreneur, having
founded four venture-backed companies and accomplished two IPOs.

Mr. Pearce’s accomplishments include major breakthroughs in the production of
hard disks for the data storage industry, low cost optical filters for fiber optic com-
munications and now, thin-film solar cells that dramatically lower the cost of solar
generated electricity. Mr. Pearce holds a BS in Industrial Management from Georgia
Tech and an MBA from the University of Texas.

Mr. Pearce’s employment history over the past twenty years is as follows:
2001-present—Founder, President & CEO of Miasolé

1999-2001—Founder, President & CEO of OptCom, an optical components manufac-
turer of thin-film filters for fiber optic communications

1997-2001—Founder, President & CEO of SciVac, a manufacturer of precision thin-
film vacuum deposition equipment

1994-1997—President, Exclusive Design Corporation, a manufacturer of capital
equipment serving the hard disk industry

1992-1994—Founder and President of JTS Corporation, a manufacturer of hard
disk drives

1990-1992—President & CEO, Kalok Corporation, a manufacturer of hard disk
drives

1985-1990—President & CEO, Domain Technology, a manufacturer of thin-film
media for the data storage industry

Chairwoman BIGGERT. Thank you very much.
Mr. Swenson.

STATEMENT OF MR. RON SWENSON, CO-FOUNDER,
ELECTROROOF

Mr. SWENSON. Thank you very much. I appreciate the oppor-
tunity to speak today about international renewable energy edu-
cation, and I especially appreciate the thoughtful questions that
were raised by yourselves and the staff.

It’s appropriate that we are holding this meeting in California.
Since the ‘49ers gold rush mystique spread far and wide, California
has changed the world several times. Hollywood and Silicon Valley
symbolize these dramatic changes. And, Dr. Rosenfeld, as Dr. Chu
showed, is leading in that direction still.

Now, Silicon Valley is rising to a new challenge to save the world
from global warming produced by carbon energy to global sustain-
ability produced by silicon energy.

Since 1992, I've been involved in renewable energy education
projects, primarily applications of solar electricity, in Mexico,
Uganda, Bolivia, South Africa, Ecuador, Butan in the Himalayas
and Peru.

Coincidentally, just yesterday in Quito, Ecuador, the United Na-
tions Development Programme announced that SolarQuest, which
is our non-profit arm, has been given responsibility for planning a
Renewable Energy Applications Laboratory in the Galapagos Is-
lands. We call this the “REAL-Lab” by the acronym. Since 2002,
we've been providing human capacity building, that is to say, train-
ing with young people and the staff of the electric utility there, in
renewable energy, installing wireless internet first of all, then as-
sessing energy conservation options for the community, installing
solar with hands-on training, and monitoring the performance of
the solar and the diesel generators which were in place before we



57

arrived. Young people there have jumped on board enthusiastically
and intelligently, and we call what we do “productivity-centered
service learning,” learning by doing in simpler terms.

In the next phase of our work, we are integrating these inter-
national initiatives to transform energy in the islands to renew-
ables, in order to reduce the risk of oil spills that would threaten
the endemic wildlife there. With guidance from the UNDP, Ecua-
dor’s Ministry of Energy, and industry sponsors, we are teaming up
with American universities as capacity partners. Each university
here in the States brings unique skill-sets to bear on renewable en-
ergy research and renewable energy education, and they will in
turn partner with the universities in Ecuador, and when we open
the lab to broader membership, other nations will also enjoy these
benefits.

Renewables face many of the same obstacles in developing coun-
tries as we do, but there are some differences. In developing coun-
tries, the market is eager but capital is more scarce. In remote
parts of the world, modern skills are lacking, and you can’t just
jump from the three Rs immediately to science and physics.

Another thing is that fossil fuel subsidies penalize the economics
of renewable energy there as it does here. In the Galapagos Is-
lands, a National Fairness Doctrine means that electricity is the
same price as on the Mainland, and yet, the electricity costs twice
as much to produce from diesel there. According to the Inter-
national Energy Agency, energy subsidies add up to about $200 bil-
lion worldwide each year. What if we were to invest that money to
build lasting solutions instead of propping up the fossil fuel infra-
structure which is failing us?

You've also asked how we structure our renewable energy edu-
cation programs. I've already hinted at it, but to say a little bit
more, just the same way that Apple Computer developed a loyal
following by supporting computers in schools, so we are matching
up universities in the U.S. with universities in the REAL-Lab coun-
tries. Taking this one step further, consider what it might be like
if we looked at the 100,000 schools in Latin America that still have
no electricity. The U.S. Government could sponsor solar systems in-
stalled in every one of these schools. Even $100 million for a small
solar system on each of these impoverished schools would be a
huge improvement.

Government Industry Education Partnership would bring huge
benefits to the U.S. economy and our political welfare.

Renewable energy for developing economies has the advantage of
being bite size, ubiquitous and grid independent. Solar can be
started on a small scale and grown as resources become available.
Coal or nuclear power requires a huge investment, but one family
or a village can start with solar on a very modest scale. For exam-
ple, we installed a two kilowatt system in a village school in Bo-
livia, only four watts per capita, that’s less than a night light per
capita, and yet, it made a huge difference in that community.

The political and economic implications for renewable energy in
the international arena are enormous. Renewables are carbon neu-
tral, and they are nuclear free. The threats of developing nations
from nuclear-based energy are as foreboding as climate change.
The day may come when all political regimes are sufficiently or-
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derly and stable to control weapons-grade nuclear materials, but
humanity has not mastered this talent yet. Small nations use valid
concerns for their energy future to justify the nuclear alternative,
and they get persistent encouragement from the ambitious nuclear
power industry, and if not from the United States, then from Rus-
sia, France, or others.

If the U.S. and its responsible G8 partners were to offer these
nations a large-scale and lasting renewable energy solution, the en-
ergy efficiency argument for nuclear power would fall aside and the
world would be a far safer place.

In light of all these concerns, renewable energy is the unique,
unifying principle for rational energy export. We have a mandate
ourselves to repower the Galapagos with renewables. Through edu-
cation, we are exploiting bridges of understanding packaged with
U.S. energy solutions.

So, imagine a $100 million scholarship from the National Science
Foundation to train foreign students in solar energy at U.S. univer-
sities. We would create partners in development, not just consumer
markets.

Renewable energies are mature. Coal and nuclear power may be
valid as measures of last resort, but they are just temporary meas-
ures. The sun is delivering 120,000 Terawatts for us as we speak
to meet our existing 13 Terrawatts of demand. We have a lot of
margin to work with.

So, I would invite you to join us in the Galapagos Islands to see
the REAL-Lab and our productivity centered service learning, and
I would say further that if people want to look at more detail of
some of my comments, you can go to SiliconEnergy.org, where I
posted some other remarks.

[The prepared statement of Mr. Swenson follows:]

PREPARED STATEMENT OF RON SWENSON

I appreciate the opportunity to speak today about international renewable energy
education. I especially appreciate the thoughtful questions which have been raised
by yourselves and your staff.

1. My Renewable Energy Projects in Developing Countries

Since 1992, I have been involved in renewable energy education projects, pri-
marily applications of solar electricity, in Mexico, Uganda, Bolivia, Ecuador, Bhutan
and Peru. (I am providing a list as Attachment 1.) Coincidentally, just yesterday in
Quito, Ecuador, the United Nations Development Programme announced that
SolarQuest® (our non-profit arm) has been given responsibility for planning a Re-
newable Energy Applications Laboratory in the Galapagos Islands. We call it the
“REAL-Lab.” Since 2002 we have been providing human capacity building for re-
newable energy in the Islands—installing wireless Internet, working with secondary
school students to assess energy conservation, install solar with hands-on training,
and monitor the performance of solar and diesel generators there.

In the next phase of our work, we are integrating international initiatives to
transform energy in the islands to renewables, reducing the risk of oil spills that
threaten the unique endemic wildlife there. With guidance from the UNDP, Ecua-
dor’s Ministry of Energy, the Galapagos National Institute, and the e8 Network, we
are teaming with universities in the U.S. to serve as our capacity partners. Each
university will bring unique skill-sets in renewable energy research and education
into partnership with universities in Ecuador. When we open the lab to broader
membership, other nations will also enjoy these benefits.
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2. Unique Challenges for Renewable Energy in Developing Countries Re-

newables face many of the same obstacles in developing countries
as in the USA and other OECD countries. Some differences come
into play:

Money: In the USA there is capital but the market has been slow to embrace
the technology. In developing countries the market is eager but capital is
scarce. Ironies persist in our complex world!

Skills: In all large cities around the world, it is possible to find skilled techni-
cians, engineers and scientists. Cities can’t work without commercial forms of
energy and personnel trained in the field. Throughout the remote parts of the
world, however, understandably there are few people with significant edu-
cation in modern science or engineering.

Nor can core competencies (e.g., the three R’s) be taken for granted. En route
to building capacity in solar energy, a student can’t leap from reading simple
hand-me-down texts to understanding physics and engineering concepts.

Blending education in core competencies with specific skill-sets applicable to
renewables, our students excel. Not surprisingly, when offered access to tools
and tangible opportunities to serve their communities, young people respond
intelligently and enthusiastically to our initiatives. We call this productivity
centered service learning.

Subsidies: Fossil fuel subsidies penalize the economics of renewable energy.
In the Galapagos Islands, a national fairness doctrine makes electricity the
same price as on the mainland, even though diesel-electric costs twice as
much. According to the International Energy Agency, energy subsidies add up
to $200 billion per year. What if we invested that much to build lasting solu-
tions instead of propping up the failing fossil fuel infrastructure?

3. Renewable Energy Education in Developing Economies

As warnings of global warming are increasingly validated by catastrophic events,
human capacity building in the energy sector is becoming essential for the rapid
substitution from carbon-based energy to carbon-neutral sources. If banks, industry
and governments continue to favor carbon-based energy over carbon-neutral solu-
tions, it may ultimately fall upon youth to educate their elders. It’s like, if your com-
puter isn’t working, get your teenager to fix it for you!

How to Structure Renewable Energy Education in Developing Economies

Structuring renewable energy education in developing countries could make a cru-
cial impact on international relationships for the USA Government.

Markets Lost: The potential for USA industry to capture renewable energy
markets worldwide is enormous. But time is against us: even though most re-
newable technology has been developed in the USA, our advantage has been
lost. Europe and Japan took the lead by encouraging commercialization in
their own domestic markets, and that prepared them for dominance in the
international markets.

Creating Market Potential: Just as Apple Computer developed a loyal fol-
lowing by supporting computers in schools, we are matching up universities
in the USA with universities in the REAL-Lab member countries. The mem-
ber nations joining our Renewable Energy Applications Laboratory will des-
ignate their own universities to partner with our U.S. university capacity
partners. Markets for U.S. solar energy products will accelerate when ten uni-
versities in the USA are matched with ten universities in ten member coun-
tries. Their intellectual strengths will be coupled with American strengths to
develop robust human capacity.

Hands-on: In the USA, because of liability issues, it has been very difficult
for us to provide opportunities for young people to learn by doing. On the
other hand, in developing countries we have been able to bring together
teams of young people with little experience and teach them the basics of
electricity, solar energy, satellites and computers in short order. Hands-on ex-
perience has been the key to motivation and knowledge retention.

Large-Scale: Taking this one step further, consider the 100,000 schools in
Latin America with no electricity. The U.S. Government could sponsor solar
systems to be installed on every one of those schools. Even $100 million for
a small solar system on each of these impoverished schools would be a huge
improvement over nothing. We would motivate future scientists and engi-
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neers who appreciate Americans when we combine this hardware investment
with curriculum delivered by our University capacity partners. A government-
industry-education partnership would bring huge benefits to the U.S. econ-
omy and our political welfare.

4, Advantages of Distributed Renewable Energy in Developing Economies

¢ Bite-Sized and Ubiquitous: Solar can be started on a small scale and
grown as resources become available. Coal or nuclear power requires a huge
investment, but one family or village can start with solar on a very modest
scale. We installed two kW at a village school in Bolivia—only four watts per
capita for 500 people. It made a huge difference. Anywhere in the world, a
family with one solar panel can have basic communications and lighting.

¢ Grid Independent: Renewable energy can be installed where no grid exists.
In the USA and other developed economies, copper was mined and laid out
in wires across the entire landscape many decades ago. In less developed na-
tions the electricity grid is far weaker—where it even exists. The grid is non-
existent for roughly a third of the human population. With more pressing pri-
orities and limited buying power, less developed nations are unlikely to be
able to mimic our sophisticated grid infrastructure in the foreseeable future.

Political and Economic Impacts

Political and economic implications for renewable energy in the international
arena are enormous.

e Solar facilitates fairness; Oil breeds conflict: Coal, oil and natural gas
are unevenly distributed but solar energy can be distributed equitably to the
entire human population.

e Carbon Neutral: As demand for electricity and transport grows around the
world, the threats to developing nations from carbon-based energy sources are
unfathomable. My flight to Bhutan in 2002 landed in Dhaka, the capital of
Bangladesh. I was shocked to find myself in a Water World. Already surviving
on a thin margin between land and ocean, Bangladesh and many other coun-
tries will suffer massive dislocations if the pace of global warming isn’t
stopped soon. While the USA has so far suffered the highest profile losses
from global warming, there are numerous developing countries that have suf-
fered as well. Hurricane Mitch devastated Honduras when the role of global
warming was less obvious. Ironically, Chinese and Indian energy policies
threaten their own highly developed low-lying coastal regions as they engage
in the madness of coal-fired economic growth.

o Nuclear Free: The threats to developing nations from nuclear-based energy
are as foreboding as climate change. The day may come when political re-
gimes are sufficiently orderly and stable to control weapons-grade nuclear
materials, but humanity has not mastered this talent yet. Small nations use
valid concern for their energy future to justify nuclear, and they get per-
sistent encouragement from the ambitious nuclear power industry (if not from
the U.S., then from Russia, France and others). If the USA and its respon-
sible G8 partners were to offer these nations a large-scale and lasting renew-
able energy solution, the energy deficiency argument for nuclear would fail
and the world would be a far safer place.

Government and Industry Willingness to Encourage Renewables

We hear talk of energy independence, and of course people are increasingly con-
cerned about the high price of gasoline. But there are serious implications if re-
sponses to these concerns ignore other concurrent challenges.

e Peak Oil and Carbon Intensive Responses: Do rising oil prices derive
from political instability and economic challenges or do they represent early
signs of reaching the intrinsic limits to physical oil supplies? There are omi-
nous signs that natural limits are contributing to the challenge to find more
oil. Extraction is declining rapidly from the North Sea and from Cantarell,
Mexico’s largest field. Indonesia recently became a net importer of oil. New
discoveries replace only a fraction of annual consumption. While it is a laud-
able goal, the quest for energy independence so far has led to policies that
encourage carbon-intensive forms of energy, including coal-to-liquids, tar
sands, oil shale, corn ethanol and nuclear power. (Some of these energy forms
are erroneously represented as carbon-neutral, which further complicates the
debate. www.energycrisis.com [ nuclear)
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e Global Warming: There are credible warnings that glaciers in Greenland
and the Antarctic will continue melting, leading to a significant rise in sea
level, even if we act quickly. In the face of this and other climate catas-
trophes, we can only hope to minimize impacts by immediately exploiting al-
ternatives to carbon-based energy sources. We also need to understand the
potential costs and environmental impacts that such catastrophic events may
impose on the global economy and to compare those costs against profound
investments in carbon-neutral renewable technologies.

The challenge is acute in China, where coal-fired power plants are coming on-
line at an alarming rate and renewable energy, especially solar water heaters
and solar electricity, are also growing rapidly.

Export Opportunities

e Exporting bridges of understanding: In light of all these concerns, renewable
energy is the unique unifying principle for rational energy exports. We have
a mandate to re-power the Galapagos with renewables. Through education,
we are exporting bridges of understanding, packaged with energy solutions.

e Linked to Energy Efficiency: An integrated approach to energy is a key
strategy to differentiate U.S. solar initiatives from those of competing inter-
ests. With low energy appliances—skipping light bulbs altogether in villages
getting electricity for the first time and going directly to LEDs, for example—
literally could make all the difference. Electricity alone doesn’t do the job; it’s
the foundation for services that need to be integrated from the start. We can
point to all kinds of failures—tractors that can’t be repaired for lack of parts
inventories, refrigerators delivered to places with no electricity. Electricity in
combination with efficiency can build strong markets for a broad array of
American products.

e Rapid Deployment: We need rapid deployment of renewables to meet the
environmental challenges we face. We need to stimulate the renewable energy
business in every sector, from finance to manufacturing to operations and
maintenance, to intensive capacity building.

My team has a mandate to re-power the Galapagos with renewables. What
if the National Science Foundation were to invest $100 million in education
to re-power developing nations worldwide? The USA would get an enormous
return.

* Renewables are mature: Coal and nuclear power may be valid as measures
of last resort but they are at best temporary measures with potentially dire
consequences. The sun is delivering 120,000 Terawatts for us to meet 13
Terawatts of demand. We have a lot of margin to work with.

I invite you to join us in the Galapagos Islands to see the REAL-Lab and produc-
tivity centered service learning in action.
For additional information, visit my website at h¢tp:/ /www.SiliconEnergy.org/us/
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Attachment 1

Renewable Energy Projects in Developing Economies

R B Swenson

Country Date | Affiliates, Sponsors Technologies
Mexico 1992- MX | Universidad Nacional Autonoma de Solar race car
1996 Mexico (photovoltaics)
US | USDOE EERE
AU | SA Development Authority
Uganda 1999 US | White House Millenium Councit 100 small thin film
photovoitaic systems
UG | Office of First Lady
Bolivia 2000- | US | White House Millenium Council Crystaliine Photovoltaics,
2001 Solar-powering satellite-
based internet and
US | American Eilectric Power computer lab, Distance
Learning
US | New Mexico State University
UK | British Petroleum
BO | Fundacion Amigos de la Naturaleza
‘Bhutan 2002 US| American Electric Power Micro-Hydro, Micro-Solar
JP | Kansai Electric (Kyoto)
BT | Ministry of Energy
Peru 2004- US | Private Donor Thin film Photovoltaics,
2006 PE | Plan Puyhuan (NGO) E:Ja%wenng micro- computer
Eecuador 2002- US | US Universities Crystalline Photovoltaics,
Sateliite remote_ mo_nitoring
US | American Electric Power, Global 3 E, Of. climate, hybrid diesel,
N wind and solar
UN Foundation
EC | Ministry of Energy and Mines,
Galapagos National Institute (“Ingaia”)
Inti | UN Development Programme
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DAWN OF THE SOLAR ERA

A WAKE-UP
CALL

The sun is the only energy source
that can meet the oil depletion
challenge. But solar energy ramp-up

must be large-scale and immediate.

By Francis de Winter and
Ronald B. Swenson

his issue of SOLAR TODAY focuses on the Global

Hubbert Peak, the point in time when petroleum

(and natural gas) will 2o into unavoidable decline.

Here we explore the options available in light of

dwindling fossil fuel resources, and we speculate

on the scale of solar energy development that will

be needed to overcome the expected oil and natural gas shortfall.
Peak oil is an emerging reality. With production already declin-
ing in all but a few major oil regions, an energy shortfall is
inevitable. As demand for oil continues to grow, this shortfall can
only mean disappointment for those around the world who
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aspire to live more like Americans, consuming their body weight
in oil every week (150 pounds on average). Never mind price. Even
if price is no object, production will begin to drop and shortages
will become increasingly acute. There will be great temptation to
exploit high-carbon, non-conventional fossil fuels that could
accelerate global warming. To avoid disaster, solar energy must rise,
and rapidly, to meet the challenge of oil depletion.

A Coming Crisis

In 1994 we established contact with leading geologists who
were studying oil depletion and created a website,
www.oilcrisis.com. Much earlier, one prominent petroleum
geophysicist spoke out about the future of oil. In 1956, the late
Dr. M. King Hubbert predicted correctly that oil production in
the United States would peak around 1970, after which produc-
tion would decline forever. In the 1960s and 1970s, he predict-
ed that the worldwide “Hubbert Peak” would be reached around
the year 2000. The world Hubbert Peak has been postponed a bit
because the 1970s energy crisis made us more frugal, but experts
agree that it remains imminent. Dr. Farrington Daniels, the
founder of our International Solar Energy Society, was associat-
ed with Hubbert when he first introduced his peak oil analysis.
(See sidebar, “A Solar Future Long Anticipated.”) Dr. Colin J. Camp-
bell, the most prominent successor of Hubbert, expects the
Hubbert Peak in the very near future (see “The Second Half of the
Age of Oil Dawns,” page 20).
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A Wake-Up Call

Estimated Net Energy Yield

of Conventional and Renewable Sourcesin the U.S.
Oil (Tar) Sands
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Peak oil is an emerging reality. To avoid disaster, solar energy mustrise to meet the oil depletion challenge.
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Since the beginning of our short oil era around 1860,
world lation has increased d ically. This lati
growth has been fueled substantially by oil. In the United
States, food travels more than 1,000 miles on average, requir-
ing over 10 times the petroleum energy to produce than its
solar energy food value (calories). As a practical matter, we
are eating mostly petroleum.

Many societies throughout history have faced resource
depletion. History tells us that Plato deplored the deforesta-
tion in Greece, and that the Greeks started using passive
solar orientation in their settlements when they ran out of
firewood. Archeologists have found many societies that dis-
integrated because they depleted their resources with no
concern for the future. Some simply abandoned their settle-
ments and moved to fertile land. Others, like the people on
Easter [sland, could no longer move. They had cut down all
their trees and couldn’t even make crude boats to fish.

Developed and developing countries alike are addicted to
cheap oil. For the United States, depletion is going to be espe-
cially difficult. Americans use oil as if it will never run out.
The country is designed and built around cars using cheap
gasoline. With fossil fuel resources becoming scarce, we
have to learn to make do with what we have peacefully or
we will have war, depleting humanity’s collective resources
even further.

‘What mightbe the possible early reactions to peak oil?
Conservation: Whenever natural disasters or political
distuptions shed light on our ener-
gy vulnerability, earnest appeals for
conservation can be heard. Conser-
vation can be voluntary: I can
choose to buy a Toyota Prius and
still go to the beach on the week-
end. I will use less oil, but my
lifestyle will be preserved.
Deprivation: As oil supplies
continue to dwindle, energy conser-
vation will cease to be voluntary.
That may lead to rationing if we
make a reasoned response. But if
depletion is not managed effective-
ly, deprivation will overwhelm
efforts to conserve rationally. As
shortages impact the industrialized
world, trips to the beach will be
sparse. Lifestyles will change.
Conflict: With oil as an essential
foundation of productive modern
agriculture and starvation already
intense in certain regions, it can be
argued that the poor of the world are
already deprived, involuntary par-
ticipants in energy conservation.
Energy inequities will continue to
grow between the haves and the
have-nots, and the struggle over the
remaining oil reserves will intensify.

www.solartoday.org  SOLAR TODAY
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Some say the conflictin Iraq is a grab for oil. Whether true or not,
how might we avoid conflicts over energy resources?

Substitution: We will inevitably have to find other energy
sources, substituting new energy for oil and what oil does. Are
there solutions close at hand?

No Answers in Non-Conventional Oil, Nuclear

One place where the peak oil message is being heard is at the
margins of the oil, gas and coal industries. As energy prices rise
@ ially, hers are ing to exploit catbon-ints
sive, non-conventional fossil fuels to replace transportation fuels.
Massive investments have been made to extract tar sands in
Alberta; research is ramping up to find a way to convert oil shale
in Wyoming and Colorado; and improved technologies are being
developed to convert coal to liquids, using the same process that
fueled Hitler’s desperate army.

But such attempts have produced inadequate amounts of net
energy. For heat to extract oil from tar sands, natural gas equiv-
alent to one-third of a barrel is used per barrel. This natural gas
is in addition to the liquid fuels and electricity needed for min-
ing, refining and i 1 diati rising
natural gas prices, advocates are even suggesting nuclear power
to replace natural gas for heat in the extraction process.

Nuclear power is also being examined for the extraction of oil
shale. This misnamed substance (neither shale nor oil but marl-
stone and kerogen, an immature hydrocarbon) must be heated
under pressure to convert it to oil. One proponent in Colorado

How Will We Fill the
Fossil Fuel Gap?

Solar energy far exceeds afl other possible forms
of substitution, with none of nuclear energy’s safety
and waste-disposal challenges.
The Energy Chalfenge
13 terawatts (TW) continuous world energy consumption in 2005
30 TW projected demand in 2050
Projected shortfali = 17 to 20 TW*

ALTERNITY POWER

The Atlantic County Utilities Authority dedicated the Jersey-
Atlantic Wind Farm, supported by solar power, in Atlantic City,
N.J., in December.
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envisions a nuclear facility generating more power to heat oil shale
n siti than all electricity now consumed statewide. Water require-
ments and environmental impacts could be huge.

As the informed public becomes aware of the impact of green-
house gases, nuclear power is being promoted again, this time as
a carbon-free energy source. But the popular notion that nuclear
is carbon-neutral is faulty. High-grade uranium ores have already
been exploited, and the mining and refining of lower-grade ura-
nium ores are increasingly fossil-fuel intensive.

If all bets are placed on marginal fossil fuels and nuclear
power, the consequences for society will be dire. Perpetuating the
automotive fleet, for example, may seem laudable. But propping
up the fleet with low-grade fuels could be more dangerous than
doing nothing because, as U.S. Rep. Roscoe G. Bartlett suggests in
his article (page 27), these marginal sources too will run out, and
humanity will be left high and dry.

Only Solar Energy Can Fill the Gap

N hil ble ener; hnol are being brushed
aside by some peak oil “experts” as too intermittent or diffuse to
merit serious attention. Let’s examine a few of these objections
to a full-scale transformation to renewables.

“Solar energy, plant biomass and other renewable forms of energy
are diffuse forms of energy.”

Direct sunlight is indeed diffuse, but thin collectors are a
perfect match to diffuse. Mirrored surfaces on solar concentrators

NONCARBON RESOURCES

Hydropower Nuclear

4.6 TW global theoretical 10 TW, based on construc-
potential tion of a new 1-gigawatt

0.7 TW technically feasible nuclear fission plant per day

0.5 TW installed capacity for the next 50 years
Tides/Ocean Currents Solar

<2 TW cumulative energy 120,000 TW global theoreti-
globally cal potential
Blomass 600 TW available incident

solar power

7 to 10 TW global theoretical
potential
Geothermal

12 TW globally, of which only
a small fraction could be
practically extracted
Wind

50 TW global theoretical
potential

2 to 4 TW economically feasi-
ble land usage, plus additional
offshore potential

60 TW technically feasible
generated power based on
10 per cent conversion
efficiency

20 TW based on usage of
just 0.16 percent of global
land area and 10 percent
conversion efficiency
*1 TW equals 1 million megawatts
(MW). For context, If a large electric
power plant generates 1,000 MW of
power, It would require 1,000 such
power plants to produce 1 TW.

Sources: Energy and Transportaticn: Challenges for the Chemical Sciences in the 215t Century
(National Acadernies Press, 2003) and fasic Research Needs for Solar Energy Utization (2005,
Us. Department of Energy Office of Basic Energy Sciences).
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A Solar Future Long Anticipated

When Hubbert predicted global peak oif, Farrington Danijefs
focused on the sofution.

he afterncon of Sept. 15, 1948, was an important date for

solar energy, the petroleum industry and the International
Solar Energy Society (ISES). The American Association for the
Advancement of Science (AAAS) was 100 years old, and AAAS
President Edmund Sinnott, Ph.D., invited three prominent
speakers for a Symposium on Sources of Energy at the Centenni-
al Celebration in Washington, D.C.:
= Dr. M. King Hubbert, a geologist working for Shell Oil,
addressed off depletion, as the “Golden Century of Oil” was
getting under way.
= Dr. Farrington Daniels, a physical chemist who had been in
charge of the Chicago branch of the Manhattan Project and
later started the organization that would become ISES,
addressed the future of sofar energy, while solar energy was still
a dream.
= Dr. Eugene P. Wigner of Princeton, who would receive
the 1963 Nobel Prize in Physics and who had worked on the
Manhattan Project for Daniels, addressed the future of atomic
energy, about eight years before there were any commerdal
power reactors.

At this symposium, Hubbert presented his first paper on
what would become known as the “Hubbert Curve,” the brief
period in human history during which petroleum was discov-
ered; adopted by society as its principal energy source; extracted
in ever greater quantities; burned with no serious concern for
the future; fostered affluence, wars and pollution; became ever
harder to find and “produce”; and was destined to decline
inexorably — leaving us no choice but to switch to sustainable
energy sources.

Getting to know Hubbert made Daniels
aware of oil depletion and the energy deficiencies
that solar energy would have to address.

Even in this first paper, Hubbert warned that the post-oil
transition process would be extremely difficult. Neither Daniels
nor Wigner had much to offer except hope; solar and atomic
energy technologies were still primitive. Despite Daniels’ experi-
ence in the Manhattan Project (or perhaps because of it), he
decided to concentrate on solar energy, forming the society now
known as ISES and creating a solar energy program at the Uni-
versity of Wisconsin-Madison that remains famous.

Getting to know Hubbert made Daniels aware of oil depletion
and the energy deficiencies that solar energy would have to
address. In 1964 Daniels wrote that U.S. oil “production” would
peak about five years later, as Hubbert had predicted accurately in
1956, and that worl dwide oil scarcity would begin shortly after
2010. As humanity now encounters the Hubbert Peak, the man
who established ISES to meet the challenge of ol depletion will
inspire members of the solar community in the decades ahead.
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are thin. Solar cells are thin, and thin-film cells are even thinner.
Furthermore, sunlight is far more evenly distributed around the
globe than is oil.

“Photovoltaic electricity is expensive.”

The profitability test is often the result of accumulated politi-
cal dedisions favoring special interests. In economics it is formal-
ly assumed that oil and other natural resources have no value until
they are “produced” (i.e., extracted), and then the only value
assigned to the resources is the cost of extracting them. They are
free for the taking, and so we have been paying nothing for the
inherent value of oil. Lobbying efforts have provided large sub-
sidies for oil. Externalities are not charged at the gas pump. Pref-
erential tax treatments, highway construction and defense budg-
ets underpin the oil economy.

Humanity’s “primary energy
production,” including all fossil
fuels, nuclear power, hydroelectric
and renewables, is 13 terawatts.
Solar energy has 600 terawatts
of terrestrial potential.

Renewable energy subsidies are beginning to level the playing
field. As fossil fuel costs increase, the economics of renewable ener-
gy will transform the market. (See January/February SOLAR TODAY
for features on the theme, “Solar Energy Cost Breakthrough Ahead?”)

“The EROI (energy return on investment, o vet yield) for fossil fuels
tends to be large, while that for solar tends to be low.”

A hundred years ago, oil gushers yielded high net-energy recov-
ery rates, but today solar, hydroelectric and wind power have net
energy yields higher than conventional fuels such as oil, gas and
coal, and an order of magnitude better than non-conventional fos-
sil fuels. With their inh 1y high net- yields, bl
can be ramped up rapidly. (Sez table, “Estimated Net Energy Yield of
Conventional and Revewable Sources in the U.S.,” page 16.)

“Neither solar nor wind power is an immediate, large-scale solution
to the energy problem. ... Plants, on average, capture only about 0.1
percent of the solar energy reaching the Earth.”

Humanity's “primary energy production,” including all fossil
fuels, nuclear power, hydroelectric and renewables, is 13 terawatts
(equivalent to 13,000 large power plants), less than 1/100 of 1 per-
centof the 170,000 terawatts continuously delivered to the earth
as sunlight. With 600 terawatts of terrestrial potential, solar ener-
gy far exceeds all other possible forms of substitution. (See side-
bar, “How Will We Fill the Fossil Fuel Gap?” page 17.)

Transportation in a post-cheap-oil world poses special chal-
lenges. If non-conventional fossil fuels are untenable and

wwwi.solartoday.org  SOLAR TODAY
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As energy prices rise, researchers attempt to exploit
non-conventional fossil fuels to replace transportation fuels.
But such attempts have produced inadequate amounts of net energy.

transportation is powered almost exclusively by liquid fuels,
it is tempting to propose biomass as a substitute for oil. In the

vehicles. A battery with three times the energy density of
lead-acid and a charging time under two minutes is scheduled

United States, 1 billion tons of biomass are d each
year. To meet all our energy needs, 7 billion tons more would
be required. Obviously, electric airplanes or cargo ships are
impractical, so biomass will play an important role in our
energy future. But liquid fuels exclusively from plant materi-
al will be possible for transport at only about one-tenth the
present level worldwide. Something has to give.

Considering society’s huge investment in the vehicle fleet
and these limitations of biofuels, itis difficult to imagine the trans-
formation of transportation to renewable energy sources. To
make the shift, the premise that solar energy must be converted

As Oil Supplies Decline,
Photovoltaic Capacity Grows

e Increasing Unmet Global Demand
m Shortfall
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Source: Ronald B. Swenson

into fuel has to be challenged. A direct path from sunlight to
electricity can be 10 times as efficient as photosynthesis. Solar
energy can’t be touched or put into a bottle. Solar is radiant
energy, not a solid, liquid or gas.
Electricity from renewables is ideally suited for urban trans-
Itis ing and well-suited for fixed guide rail
and automated routing of traffic, and an electric vehicle is at
least twice as efficient as a gasoline vehicle. We are ready for
a good reason to get rid of the internal combustion engine in
dense urban areas, where it is about as practical as a campfire
in the kitchen. Efficiency in the face of oil depletion is that
compelling reason.
Solar technologies continue to improve, and so do electric
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for int: in 2007 or 2008. Shanghai has an electromag-
netic propulsion maglev train that travels at 270 miles per hour.

Getting Up to Speed: Think Terawatts

According to Campbell and other leading peak oil experts, per-
manent oil decline will begin during this decade and will likely
proceed initially at 2 to 8 percent per year. If oil declines at 4 per-
cent and photovoltaic manufacturing grows at 40 percent per year
until 2020, PV would meet less than 20 percent of the oil short-
fall without meeting any demand growth. If the PV industry sus-
tains growth averaging SO percent or more per year, it will con-
tribute significantly. Though such growth is an aggressive goal, it
is realistic under a scenario slightly more ambitious than the
two-year doubling time projection that Ron Larson presents in this
issue’s “Chair’s Corner” (page 4). As nonsilicon-based solar prod-
ucts quickly become commercialized, this goal is even more fea-
sible. (See graphic, “As Oil Supplies Decline, Photovoltaic Capacity
Grows,” left.) Developing similar growth rates for all renewables,
it will be possible for sustainable solutions to realize their poten-
tial for oil, gas and coal substitution. The sidebar, “Making the
Transition,” (page 29), samples some industry proposals.

France converted from zero to nearly 100 percent nuclear
power in less than 20 years. Renewable energy technologies have
higher net-energy yield than nuclear by far and are faster to
install, so it will be possible to ramp up in even less time. If
others continue to insist that nuclear power, tar sands or coal-to-
liquids are options, the move to renewables will be even more
critical as the only pathway that avoids potential nuclear terror-
ism and curbs global warming.

‘We must recognize the limits of our fossil fuel reserves and
begin to push for rapid growth in solar energy. For the first time
in history, all of humanity will share the same problem. This com-
mon challenge can help unify us, to recognize the futility of war
and to make governments more responsive to our needs. We will
need large national and international programs, similar in ambi-
tion and spirit to the Apollo “Man on the Moon” program, to
reduce our oil consumption and to create alternative energy
sources. This transition will provide many good local jobs that
cannot possibly be outsourced, and we will need a significant
grassroots effort.

If we get it right, we will be able to share a future of clean air
and fresh water, viable oceans, thriving forests and peaceful coex-
istence. We must get it right, and be proud that we are members
of the generation entrusted with the task. @

Francis de Winter, principal of Frandis de Winter & Associates,

gl the “heat. factor,” used ide in solar water
heating. He served during four years as chair of the American Solar
Energy Society. An ASES fellow, he has received the Charles Greeley
Abbot Award and many other honors. Contact de Winter at fdw@
ecotopia.com. Ronald B. Swenson is cofounder of ElectroRoof, SolarQuest
and Solarevolution, and publisher of OilCrisis.com. A former ASES board
‘member representing the Solar Fuels and Transportation Division, he
has published manerous peer-reviewed articles in this field. Contact
Swenson at rbs@solarquest.com.
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DAWN OF THE SOLAR ERA

THE SECOND HALF OF
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THE AGE OF OIL
DAWNS

The question is not when
the world will run out of oil
and natural gas,

but how we will prepare today.
By C.J. Campbell, M.A., D.Phil.

oaring oil prices have raised concern about the rel-
ative supply and demand of the world’s premier
fuels, having a central place in the modem econo-
my. It has led people to ask, “Are we runming out of
0il?” A sensible short response would be, “Yes, we
started doing that when we procuced the first barrel.” The
world is not about to run out of oil, but what it does face is the end
of the First Half of the Age of Oil. That opened 150 years ago when
wells were drilled for oil on the shores of the Caspian and in
P ia. The cheap, co and abundant energy it
supplied, led to the growth of industry, transport, trade and agri-
culture. This growth was accompanied by the creation of huge
amounts of financial capital, as banks lent more than they had on

Facing page, A BP Solar array of 5,880 panels in Paulsboro, N.J., provides
an adaptive reuse of a former petroleum and specialty chemical
storage and distribution facility. The solar field produces 350,000 kilo-
watt-hours of electricity per year.
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deposit, confident that tornorrow’s economic expansion was ade-
quate collateral for today’s debt. Many people came to think that
itwas money that made the world go round, when in reality it was
an abundant supply of cheap energy, much derived from oil.
Petroleum geology has made great advances in recent years,
such that the conditions under which oil and gas were formed in
nature are now well understood. In fact, it transpires that the bulk
of the world’s current production comes from deposits formed in two
brief epochs of extreme global warming 90 million and 150 million
years ago. Algae proliferated in the warm sunlit waters, providing
the raw material that eventually became oil. It was preserved and
trapped in places having the right combination of geological con-
ditions. A glance at the oil map shows that oilfields are clustered in
such exceptional places, which are separated by vast barren tracts.
Natural gas was formed in a similar way, save that it was derived
from vegetal remains as found in the deltas of tropical rivers. Ordi-
nary oil also broke down into gas if overheated by excessive burial.
Oil and natural gas are clearly finite resources, formed in the
geological past, which in turn means that they are subject to deple-
tion. That is not a difficult process to understand, as every beer-
drinker knows. The glass starts full and ends empty; the quicker
he drinks it, the sooner itis gone; and every bar has a closing time.
So, how far along the oil and gas depletion curves are we? The first
step in answering this question is to ask how much has been found
so far and when it was found, because production has to mirror
discovery after a time-lapse.
They sound like simple questions, being just a matter of look-
ing up the data, but as we dig into the details, we find a minefield
of confusion, obfuscation and disinformation.

Assessing the Remaining Reserves
In the past, the word depletion was not one the oil companies
liked to mention, fearing thatitsmacked of a dwindling asset that

1 3
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The Second Half of the Age of Oil Dawns

did not sit well with the stock market, but
now some of them do begin to be more
forthright. An example is Chevron, whose

Figure 1

70

The Growing Gap

Regular Conventional Ol

CEO deserves great credit for his frank pres-
entation (see www.willyou
joinus.com). The official institutions, for
their part, tend to continue to publish
bland scenarios and half-truths, recogniz-
ing that their governments are not yet
ready to face bald reality.

In most contexts, the term reserves
means something sure, but that is not the
case for oil. Estimating the size of an oilfield
early in its life poses no particular scientif-
ic or technical problem. The difficulty lies
in the reporting. Oil in the ground is a
financial asset to its owners, against which
money can be borrowed. Accordingly, the
Securities and Exchange Commission
(SEC), very properly moved in the early days of U.S. oil produc-
tion to introduce strict reporting rules. The SEC recognized two
main classes: proved producing reserves for the expected future pro-
duction of current wells; and proved undeveloped reserves for the
expected production of yet-to-be-drilled infill wells.

The rules were designed to prevent fraudulent exaggeration,
but smiled on underreporting as laudable prudence. In practice,
the major international oil companies reported just as much as
they needed to report in order to deliver satisfactory financial
results, building up for themselves a useful stock of unreported
reserves to tide them over lean discovery years and cover any tem-
porary setback around the world. As a result, they were able to pro-
gressively revise their reported reserves upwards, giving a comfort-
ing but very misleading impression of steady growth, which was
commonly attributed to technology, when in fact it was mainly
an artifact of reporting practice. But the luxury of underreport-
ing is fading fast, forcing the major companies to merge and, in
some cases, revise downward their reported reserves. In part, this
situation reflects the aging of the giant fields holding most of the
world’s oil — it being clearly easier to underreport a large field than
a small one. In any event, the revisions have to be backdated to
the original discovery to obtain a valid discovery trend.

The Organization of Petroleun Exporting Countries, for its part,
announced enormous overnight reserve increases in the 1980s. At first,
these increases seemed to be a correction of the underreporting inher-
ited from the foreign companies before they were nationalized. But it
now transpires that they may have started reporting the total found,
not the remaining reserves, explaining why the official numbers have
barely changed since, despite massive subsequent production. At all
events, the dataset is grossly unreliable, with as much as 300 Gb (bil-
lion barrels) being in doubt.

Compounding the problem is confusion over what was meas-
ured. There are many different categories of oil, each with its own
costs, characteristics and, above all, its own depletion profile.
Producing oil from a free-flowing Middle East well is not the
same as digging up a tar sand in Canada with a shovel, albeit a
big one. Some types are cheap, easy and fast to produce, where-
as others are the precise opposite. It is, therefore, useful to iden-
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on ExxonMobil (2002).
Revisions backdated

1970 1990 2010 2030 2050

tify regular conventional oil, defining it to exclude oil from coal and
shale, bitumen and heavy oil, deepwater and polar oil, as well as
the liquids that are extracted from gasfields in specialized plants.
Regular conventional oil has supplied most to-date and will dom-
inate all supply far into the future,

Unraveling all of these confusions, so far as is possible,
suggests that the status of depletion for regular conventional is
as follows (to be generously rounded):

Produced to-date (end 2005) ... 968 Gb
Future Production e 882 Gb

From known fields 760 Gb

From new finds 122 Gb
Total ... 1,850 Gb

Figure 1 shows the discovery record, using properly backdated
industry data published by ExxonMobil (Longwell, H., “The Future
of the Oil and Gas Industry: Past Approaches, New Challenges,” World
Energy, 5:3 2002: 100-104). World discovery has evidently been in
decline since 1964, despite a worldwide search always aimed at the
biggest and best prospects; despite all the many advances in tech-
nology and geological knowledge; and despite a favorable econom-
ic regime whereby most of the cost of exploration was offset
against taxable income. It means that there is no good reason to
expect the downward trend to change direction. The world start-
ed using more than it found in 1981, and last year found only
about one barrel of regular conventional oil for every five or six con-
sumed. Oil has to be found before it can be produced, which
means that production in any country, region and eventually the
world as a whole has to mirror discovery after a time lapse.

Although the skills of a detective are needed to collect the evi-
dence and analyze it properly, we may be confident that the
depletion profile in figure 2 represents a realistic general assess-
ment sufficient for planning purposes.

In short, the Second Half of the Age of Oil now dawns. It will be
‘marked by the decline of oil and all that depends upon it. Gas, which
has a rather different depletion profile, will also in due course head
into steep decline.
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There is an irony about depleting a finite resource:
The better you are at doing the job, the sooner it ends.

Figure 2
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These are serious questions, and there is certainly no solution
in terms of finding enough new oil and gas to prolong the past
epoch. But there certainly are responses by which to plan and pre-
pare. It is not difficult to formulate some useful steps:

1) Evaluate the Real Resource Situation. In this way, we can
avoid being misled by erroneous forecasts promulgated by inter-
national organizations that are under political pressures.

2) Educate Users. Undertake a massive program of public
education, so that everyone may become more energy-conscious
and find ways to be less wasteful. Eventually, an efficiency factor
could be incorporated into utility and fuel charges to penalize the
wasteful and encourage the efficient. The transport system, in par-
ticular, demands urgent attention.

3) Ramp Up Renewable Energy. Encourage the rapid devel-
opment of renewable energies from tide, wave, solar, wind and
other sources, including the growing of energy crops.

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Note: Regular oil excludes ol from coal, shale, bitumen,
heavy, deepwater, polar and gasfield natural gas liquids (NGL).

Preparing for Declining Supply

Much study and debate has been dedicated to determining the
date of peak production, but that really misses the point. Itis not
an isolated or high peak, but merely the maximum value on a gen-
tle curve. What matters, and matters gravely, is the vision of the
long, remorseless and relentless decline that comes into sight on
the other side of the peak.

That said, the peak does represent an unprecedented turning-
point of magnitude marking the shift from growth to decline. It
is very difficult for classical economists to accept this, as the
notion that the market must always deliver is deeply entrenched
in their thinking. They rightly remind us that the Stone Age did
not end for want of stones as man found bronze, iron and steel
as better materials for tools and weapons. But the decline of oil
arises from natural depletion not from the entry of better substi-
tutes. Many people try to reassure themselves in the belief that
new technology or new investment will keep the oil and gas
flowing, but there is an irony about depleting a finite resource: The
better you are at doing the job, the sooner it ends.

The transition to decline threatens to be a time of great interna-
tional tension. The major consuming countries will vie with each
other for access to supply, most of which lies in just five countries bor-
dering the Persian Gulf, one of which has already been invaded.

The conditions that will unfold during the Second Half of the
Age of Oil appear dire, and for that very reason deserve serious
attention (see Campbell’s 2005 book, Oil Crisis, Multi-Science Pub-
lishing, ISBN 0906522-39-0, for further discussion). It 1ooks as if vir-
tually all companies quoted on the stock exchange are overval-
ued insofar as their accounts tacitly assume a business-as-usual
supply of energy, which is no longer justified. Does this point to
a second Great Depression, perhaps accompanied by rampant
inflation to remove excess financial capital as debt loses its oil-
based collateral? Does it mark the end of economics as present-
Iy understood? The world’s population expanded six-fold exact-
ly in parallel with oil, posing the awful question of how many
people the planet can support without oil.
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4 ider Nuclear Energy. Reevaluate the nuclear option,
provided that it can be made safe and the waste-disposal issue can
be resolved.

5) Reduce Imports to Match Depletion Rates. Arrange for
importers to cut their oil imports to match world depletion rates,
namely annual production as a percent of what is left, currently
standing at 2 to 3 percent.

Of these, perhaps the last item deserves most attention. Such a pol-
icy would have the effect of reducing world oil prices by putting
demand into balance with supply. The poor countries of the world
would be able to afford their minimal needs, and profiteering from
shortage would be avoided. The cost of producing oil has not changed
‘materially, so the high prices reflect profiting from shortage, especial-
ly by Middle East governments. That in turn gives rise to massive

ilizing financial flows th ing an already fragile system.

Above all, it would force the consumers to face the limits
imposed by nature. There are several options for practical imple-
mentation, but some form of rationing would seem to be the
fairest (e.g., David Fleming’s proposed system for tradable energy
quotas, described at www.teqs.net). Energy might even develop into
aform of currency. Whereas the Kyoto Protocol on climate change
requires universal acceptance to work, an Oil Depletion Protocol
would not be so dependent, because the countries that adopted its
measures would soon find themselves having an enormous com-
petitive advantage over those that continue to live in the past.

Despite the challenges, we may hope at the end of the day that
a new benign age will unfold, as people again come to live in com-
‘munities with a better respect for thernselves, their neighbors and the
environment in which nature has ordained them to live. Leading hap-
pier and simpler lives, mainly in rural circumnstances, they may look
back and realize that oil, and the excessive free energy it released from
fossil sunshine, had been more of a curse than a blessing. ®

C.J. Campbell is the chairman and founder of the Association for
the Study of Peak Oil and Gas (ASPO), which is expanding through-
out the world. He started his career in the oil industry as an exploration
geologist, ending up as an executive vice-president. His career took
him to many countries, giving him a breadth of experience on which
his views are based. He is the author of five books on oil depletion as
well as many scientific and other publications, being now in demand
for radio and TV. Contact him at aspotwo@eircom.net.
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DAWN OF THE SOLAR ERA

IMAGINE

Picture a world where peace, health and prosperity reign.

It's no utopian vision, but one built on renewable energy.

By Thomas J. Starrs

magine the United States a century from now, as a society

that produces virtually all of its energy from clean, domes-

tic, renewable energy resources. What does it look like, and
how is it different from the one we live in today?

In 2106, there are those who bemoan the loss of cheap

oil, who long for the days when a gallon of gasoline cost less

than a gallon of milk. But access to cheap oil came at a steep price:

the price of dependence on countries that were politically unre-

liable and economically unstable; the price of climate disruption

and its economic and environmental costs; perhaps even the

renewable electricity.

It is more secure. The stranglehold that the Middle East and for-
mer Soviet states had on the industrial economies of the world
during the late 20th and early 21st century is broken. The dramat-
ic growth in energy efficiency and renewable energy that started
late in the 20th century was sustained for decades. The countries
that had been highly d denton oil and gas imports — includ-
ing the United States, the European Union and much of Asia —
can promote political ideals without the hypocrisy of having to
prop up tyrannical, antidemocratic governments simply because

price of our principles, as we spoke of i hile
proppingup tyrannical monarchies and other oppressive regimes.

For those of us with no stake in a continued reliance on fossil
fuels, however, the 22nd century holds enormous promise for
world economies, national security and the personal health and
economic well-being of our children and children’s children.

The stark contrast between this new century and the last is
apparent in many aspects of our lives.

Exchanging Resource Conflicts
for Security, Jobs and Health

It is more econorically stable. The incredible volatility associat-
ed with the Oil Era— particularly with its waning years— is now
a thing of the past. Energy prices are predictable and stable,
because the energy is derived from the natural flows of the sun,
wind and rain. Even transportation — the sector of the economy
that found it hardest to wean itself from the petroleum diet — has
made the transition. Pedestrian-friendly cities and economies
built around locally produced products have drastically reduced
reliance on transportation, but what public transportation and
shipping fleets remain are powered by liquid fuels derived from
dedicated biomass feedstocks and by hydrogen derived from

they lled access to strategic energy resources. For the world's
military powers, it has meant huge reductions in spending, as the
Oil Wars of the early 21st century gave way to the peaceful and
profitable transfer of new energy technologies. Progress toward
demilitarization was threatened briefly by proposals to increase
reliance on nuclear energy, but the inherent risk of nuclear
weapons proliferation resulted in the adoption of a global ban on
nuclear power by mid-century. In short, conflict has given way to
collaboration and competition, and the big winners are the coun-
tries that focused on research, innovation and manufacturing to
support the new energy paradigm.

It is more democratic and egalitarian. The means of production
for this new, sustainable energy era are quite evenly distributed
across the world, both in terms of available resources and the tech-
nologies used to harness those resources. Of coutse, some of the
world’s renewable resources are geographically concentrated,
such as the geothermal energy reserves around the Pacific Rim's
Ring of Fire. But others are virtually ubiquitous — particularly solar
energy, which is dispersed with logical oy across
the earth’s surface. The universal availability and affordability of
renewable energy resources has brought greater economic parity
within and among societies, drastically reducing world poverty

| 4

wwwi.solartoday.org  SOLAR TODAY

NREL



73

A future based on
renewable energy -’,

holds enormous promise

for world economies, /

national security and

the personal health

and economic well-being
of our children and

children’s children.

March/April 2006




Imagine

74

The effect of the transition on communities and commerce
will be dramatic.

and hunger. Solar water pumping and solar-powered disinfection
alone have added substantially to life expectancies in what had
been called the developing world; and universal access to cyber-
space — the distributed information and communication net-
wotks that superseded the Internet — has eliminated disparities
in access to education, research and other knowledge.

The big change in the new century, however, is that the U.S.
and other governments have developed trade alliances based on
the transfer of energy technologies used to harness local energy
resources, rather than the shi of the t .
as was the nearly universal practice during the Oil Era. Instead of
importing oil, countries now import the blueprints for improved
photovoltaic manufacturing facilities or design specifications for
awind turbine blade that is optimized for local wind conditions.
One implication of this profound shift: The manufacturing of the
equipment and the deployment of the products uses much more
local labor than the import of energy commodities ever did.

First of all, the intervening years — during which the tran-
sition was made — were painful, even devastating. Global
warming's early victims included the low-lying Pacific Island
nations and the Florida Keys, both of which were inundated by
mid-century as rising sea levels took their toll. The Floridians
lost their homes; the Pacific Islanders lost their countries. The
United States, last among the industrialized countries to aban-
don the Oil Era, paid the price for having the most energy-inten-
sive economy among countries in the Organization for Econom-
ic Cooperation and Development: Its economy shuddered, and
nearly collapsed, as rising energy prices made its products
uncompetitive and obsolete, since global markets rewarded
the countries that had made the transition early, squeezing the
most out of each unit of energy they used. And then there were

the Oil Wars. ...
Second, although the transition to renewable fuels has been
completed and energy is abundant, some fuels are much more
. The effect on and has been

It is more affluent. The nations that were largely d dent on
oil imports have stopped hemorrhaging money overseas. The
United States alone was sending about a quarter of a friltion dol-
lars abroad every year to pay for oil imports eatly in the 21st cen-
tury. Now those dollars stay at home and get recirculated in the
national economy. And because the energy economy is now tied
to locally available bl jobs in those industri
are hard to outsource. The agricultural sector has been rejuvenat-
ed, with farming communities busily tending to rows of wind tur-
bines as well as rows of corn.

It is cleaner, healthier and more environmentally benign. In the
prior century, electricity generation was the world’s largest source
of industrial pollution. Now, most electricity generation is emis-
sions-free. The remainder, based on biofuels, uses advanced cat-
alytic controls to eliminate virtually all pollutants and requires
reforestation or replanting to ensure carbon-neutrality. The build-
ing sector’s heating and cooling loads have been radically reduced
through improvements in design, materials and orientation.
Homes use virtually no external energy, since on-site solar ener-
gy supplies all necessary daylighting, hot water, space heating and
electricity. Even the transportation sector has virtually eliminat-
ed air pollution, through the shift to biofuels and hydrogen. The

i of most h technologies the level
of carbon dioxide, one of the principal greenhouse gases, by
mid-century. The level has been dropping slowly in the decades
since. The health benefits of this transition have astonished the
medical community, as the incidence of respiratory diseases such
asasthma and emphysema has plummeted. The term “smog” has
become archaic, since the air quality in most cities rivals that of
the surrounding countryside. And speaking of the countryside, for-
est and stream health has improved, and wildlife populations are
rebounding from early-century lows.

Transitioning from Ruin to Renaissance
Perhaps this description makes the 22nd century seem idyllic
and utopian. But some harsh realities underlie this transition.

26

dramatic. Cities have reorganized around their urban centers,
with dense communities surrounded by greenbelts used for agri-
cultural production. Subutbs, which lost their attraction as the cost
of commuting skyrocketed, have become the new slums. Air
travel is expensive and exotic, available only to the most affluent.
The result is that families tend to be less mobile, and businesses
focus on building relationships with materials suppliers and cus-
tomers closer to home. At the same time, communications net-
works have expanded, further enabling the flow of information
globally, even as the flow of people and materials has slowed.

This communications revolution has reinforced perhaps the
most fundamental shift in the global economy, which is that the
greater exchange of information and ideas more than offsets the
reductions in exchange of resources and other materials. No
longer is it common for goods manufactured in China to be sold
in the United States, but ideas and technologies developed in
China are marketed to the United States — and vice versa. The
result hasbeen a renaissance of ideas, with global affluence root-
ed in entrepreneurship and innovation, rather than in the own-
ership and control of natural resources. With this renaissance has
come world peace and prosperity, based on equitable resource allo-
cation, abundant supplies of food and water, and record improve-
ments in health and mortality.

This new digm has also d the US.
which lagged behind the rest of the industrialized world in
weaning itself from fossil fuel resources, but which rose like the
Phoenix from the ashes of the Oil Era and emerged as a leading
global innovator and developer of new energy technologies and
systems. For 22nd-century Americans, life has never been better
or more hopeful. @

Thomas J. Starrs is the immediate past chair of the American Solar
Energy Society board and is vice president for marketing and sales at
the Bormeville Environmental Foundation. He can be reached by e-mail
at tomstarrs@b-e-f.org.
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DAWN OF THE SOLAR ERA

TRANSITIONING

TO A

NEW

PARADIGM

Now is the time to establish a strategic plan to address

the inevitable end of cheap oil.

By Roscoe G. Bartlett

il runs our economy. Ol runs our military.
Oil makes and transports the food that
we eat. That's why it makes no sense for
our country to wait for global peak oil to
impose a radical and permanent end of
cheap oil.

Oil production reached a maximum, or peak, in the United
States in 1970. It has declined every year since. Oil production has
also peaked in 33 of 48 major oil-producing countries. Many
experts predict that global peak oil is imminent. Chinese govern-
ment officials have projected global peak oil in 2012. The Depart-
ment of Energy’s Energy Information Administration estimates
global peak oil won’t occur until 2037. Only the timing of
global peak oil is in dispute among energy experts, but the year
‘won't be known until after it has occurred. Energy advisor Robert
L. Hirsch in his recent World Oil article cautions that peak oil was
not apparent in the 48 continental United States, Great Britain or
Norway one year in advance (see http://worldoil.com/magazine/
MAGAZINE_DETAIL.asp? ART_ID=2696&MONTH_YEAR=Oct-2005). A
1999 National Petroleum Coundil report failed to predict the
apparent 2005 peak in North American natural gas production.

From 2003 to 2004, the average increase in oil consumption
in Belarus, Kuwait, China and Singapore was 15.9 percent. With

E
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worldwide demand increasing, what effect would a decline in oil
supply from global peak oil have on oil prices? The National
Commission on Energy Policy and Securing America’s Future
Energy issued a report on Sept. 6 titled, “Oil Shockwave” (access
the report at www.ene ission.org). The ission estimat-
ed a 4 percent sustained shortfall in global oil supply would raise
the price of oil above $160 per barrel.

Our Spiraling Energy Appetite

Our country is much like a young couple whose grandparents
died and left them a big inheritance. They have established
alifestyle where 85 percent of all the money they spend comes from
their grandparents' inheritance, and only 15 percent comes from
their eamings. They realize at the rate they are spending
the inheritance it will run out long before they retire. Obviously, they
are going to have to spend less money, earn more money o do both.

That is a good analogy for energy use in our country. Eighty-
five percent of the energy we use comes from natural gas, oil and
coal. Only 15 percent comes from other sources. A bit more than
half of that 15 percent, 8 petcent, comes from nuclear. Global peak
oil will impose a transition from today’s 85/15 ratio to generat-
ing a major proportion of our energy from renewable sources such
as solar, wind and agricultural sources.
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Transitioning to a New Paradigm

These renewable sources contribute trifling amounts of current
U.S. energy use. Since the year 2000, solar and wind power have
increased approximately 30 percent per year. At that rate, solar
doubles in about two-and-a-half years. It is four times bigger in
five years. So, how much has solar grown in five years? In 2000,
it was 0.07 percent of total U.S. energy use. That is less than one-
tenth of 1 percent of the energy Americans consume. In five
years, solar has grown to 0.28 percent. It is now a little over one-

According to a recent report,

a 4 percent sustained shortfall

in global oil supply would raise

the price of oil above $160 per barrel.

fourth of 1 percent. If solar and wind continue to grow at the same
rate, they would increase four times, to more than 1 percent of
our energy use by around 2009.

Agricultural sources currently contribute 1 percent of total
U.S. energy use. How much more can they contribute? When the
ol era began about 100 years ago, world population was 1 billion.
Now, it is nearly 7 billion. We’re barely able to feed the world. If
we use food crops like corn or sugarcane for energy, how will we
feed the world? If we take other organic material considered
waste such as beet pulp, corn stover, soybean stalks or switch grass
to make energy, we will take away the organic material that cre-
ates topsoil. How will we maintain the topsoil to grow the crops
to feed the world? The U.S. population is increasing by nearly 30
million persons every decade. These are all limitations to expand-
ing energy production from agricultural sources.

It Takes Energy to Make Energy

How much energy does it take to get 1 barrel of 0il? You have
got to discover it. You have to pump it out. You have to transport
it and refine it. You have to transport the refined products to gas
stations or customers. These processes consume an average of 0.23
Btu (British thermal units) of fossil energy inputs to produce one
net Btu of refined product.

Almost half of the energy input to make a bushel of corn
comes from nitrogen fertilizer. Essentially the only source of
nitrogen fertilizer today is natural gas. When natural gas is gone,
we are going to have to find another big energy source to produce
nitrogen fertilizer. In a real sense, the food we eat is gas and oil.

Register Your Support

Your voice matters. Contact your elected representatives and
urge them to support efforts for vast improvements in ener-
gy productivity to enable transition to domestically available,
pollution-free renewable energy. Access Project Vote Smart to
search by zip code for your elected representatives in the U.S.
House, U.S. Senate, and state house, senate, and executive
offices: www.vote-smart.org.
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The energy density in 1 barrel of oil is the equivalent of 12 peo-
ple working full time for one year. A barrel of oil yields 42 gallons
(159 liters) of gasoline. Think about how far 1 gallon (3.8 liters)
of gas takes your car. How long would it take you to pull your car
that far? That is an example of energy density. It also demonstrates.
that global peak oil poses the greatest threat to the transportation
sector. There are no ready liquid fuels substitutes of comparable
quantity and energy density to oil for use in transportation.

A Call for a New Paradigm

Until now most of the focus has been on how to “fill the
gap.” That is, how can we find enough other energy sources to
continue to meet growing demand? The Department of Energy’s
February 2005 commissioned report, “Peaking of World Oil Pro-
duction: Impacts, Mitigation and Risk Management,” concluded
that a crash program to manufacture current available liquid fuel
alternatives at the maximum rate would have to be initiated 20
years before global peak oil to avoid significant supply short-
falls. (Access www.energybulletin.net/4638.html.)

It might seem possible to “fill the gap” in the short term.
However, in the long term, it will be impossible. For one thing,
doing so will hasten the exhaustion of other finite resources.
That will make the inevitable transition to renewable sources
more difficult and more painful.

For instance, there are 250 years of coal in the United States
under current use rates. If that consumption rate is increased by
2 percent per year, coal reserves are reduced to 85 years. If coal is
converted to a liquid fuel for transportation, the reserves are
reduced to 50 years.

That is why I propose a new paradigm. We need to recognize
that “filling the gap” is futile. We will have competing demands
for limited resources of time, capital and energy. The challenge
we face is a transition to an economy in which we have reduced
our energy needs to a level that can easily and affordably be met
with sustainable energy resources.

First, and most urgently, we must raise awareness about the
impending crisis from global peak oil. Congressman Tom Udall
(D-N.M.) and I have formed a Peak Oil Caucus and introduced
H. Res. 507, a bill that states that “the United States, in collabo-
ration with other international allies, should establish an energy
project with the magnitude, creativity, and sense of urgency that
was incorporated in the ‘Man on the Moon’ project to address
the inevitable challenges of ‘Peak Oil.”” Congressman Udall and
1 testified at the first hearing about peak ol held by the Subcom-
mittee on Energy and Air Quality of the House Energy and
Commerce Committee on Dec. 7.

‘With sound information, proactive planning and preparation
‘we can overcome the challenges of peak oil. If we do not prepare,
we will still transition to other sources as oil and other fossil fuel
reserves are exhausted. However, if we wait for global peak oil to
force the transition, we face a really bumpy ride.

Congressman Roscoe Bartlett is a seven-term representative of the
Sixth District of Maryland. He has discussed peak oil extensively in a
series of 14 special order speeches and hosted an energy conference on
Sept. 26. Transcripts, including charts, are posted on Congressman
Bartlett’s website at www.bartlett.house.gov.

www.solartoday.org  SOLAR TODAY
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Common Sense: Making the Transition

Policy Statement | to @ Sustainable Energy Economy
o seme: | American Solar Energy Society

= www.ases.org/print_catalog/ases_reports/PS_
Common_Sense.pdf

“What ASES is proposing is possible and could
be implemented by [Congress] over the next two
years. Many of the recommendations, such as a national Renewable
Energy Standard (RES) and a Renewable Fuel Standard (RFS), reflect
proposed legislation that has been debated but not acted on for near-
ly a decade. ... ASES’ principal recommendation, however, is that the
political leadership of the country at federal, state and local levels act
now to begin the transition to a clean domestic energy standard.”

Renewable Energy in America: The Policies for Phase Il
American Council On Renewable Energy
www.acore.org/download/phasell_forum_summary.pdf

“Public policy leadership in Phase II [must] come from state and
local governments, but also, there must be federal leadership to facil-
itate the spectrum of strategies, policies, and programs. Indeed, the shift
fiom Phase I — a clean and neat funding of RD&D through tradition-
al government funding mechanisms — to Phase II, where policy must

the breadth of diff across a huge nation, will be
a great challenge, and worth our best efforts.”

Our Solar Power Future: The U.S.
Photovoltaics Industry Roadmap Through
2030 and Beyond

Solar Energy Industries Association
www.seia.org/roadmap. pdf

“[W]e propose a roadmap that tailors R&D pro-

grams to create market solutions, enhances pollu-

tion p ipproaches to focus on clean al ives, ensures cus-

tomer choice, and provides targeted incentives that seed the market

without destroying it. Based on experience in the United States, Japan,

and Europe, the actions we propose represent the best and most effec-
tive options to achieve these targets.”

Clean Energy Blueprint:

A Smarter National Energy Policy

for Today and the Future

Union of Concerned Scientists with the American Council for an
Energy-Efficient Economy and the Tellus Institute
www.ucsusa.org/clean_energy/renewable
energy/page.cim?pagelD=44

“UCS and its co-authors analyzed a set of poli-
cies that includes standards and incentives to
increase investment in clean energy by consumers
and the electricity sector and to help overcomne exist-
ing market barriers that currently slow investment.
... The analysis reported here examines the follow-
ing 10 renewable energy and energy efficiency poli-
cies [including] renewable portfolio standard; pub-
lic benefits fund; net metering; production tax credit; increased R&D
finding; [and] improved efficiency standards.”

March/April 2006

\ang the Tra”S/'z‘/'

W 2

A sampling of excerpts from
proposed roadmaps
for getting to a
sustainable energy paradigm.

Compiled By SOLAR TODAY Staff

Partners for Change

A sample of U.S. organizations whose mission
is to address the peak oil challenge.

The Community Solution
www.communitysolution.org

Post Carbon Institute
www.postcarbon.org

Association for the Study of Peak Oil & Gas — USA
WWW.aspo-usa.org

Access a more complete listing of organizations
focused on creating a sustainable energy future at
wwwi.solartoday.org/2006/mar_apr06/roadmaps.htm.

Transitioning to a Renewable Energy Future
International Solar Energy Society
www.whitepaper.ises.org

“Governments need to set, assure and achieve
goals to accomplish simultaneously aggressive
efficiency and renewable energy objectives. The
implementation mechanisms for achieving these
goals must be a packaged set of mutually supportive and self-
consistent policies. The best policy is a mix of policies, combining
long term renewable energy and electricity standards and goals with
direct incentive and energy production payments, loan assistance, tax
credits, development of tradable market instruments, removal of exist-
ing barriers, government leadership by example, and user education.”

A Responsible Energy Plan for America
Natural Resources Defense Council
www.nrdc.org/air/energy/rep/rep.pdf

“The cornerstone of NRDC’s plan to secure America’s energy future
is increased energy efficiency. Not only is energy efficiency free of
environmental impacts, but it is also by far the cheapest way of meet-
ing our energy needs. The efficiency improvements we recommend do
not rely on pie-in-the-sky, undeveloped ies, but on readily
available and cost-effective processes that allow us to gain more
productivity out of less energy.” @
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DiscussioN

Chairwoman BIGGERT. Thank you very much. Maybe we can or-
ganize a science trip to go and see what you are doing down there.

Mr. HONDA. I'm there.

Mr. SWENSON. Love to have you.

Mr. HoNDA. Madam Chair, you may want to also notify the audi-
ence and our witnesses that we have a very tight schedule.

Chairwoman BIGGERT. Yes.

Mr. HONDA. We need to leave at 2:30 sharp.

Chairwoman BIGGERT. We'll proceed now with the questions, and
we will each take five minutes and then rotate. So, if we can have
short questions and short answers that would help to get through
all that we have.

This past year, we had a—there was a demonstration on the
Mall in Washington of solar houses that were built under a com-
petition from DOE and sponsored by numerous corporations. And,
the university students participated, and they came and put up
850-foot houses, and put them all together to demonstrate how you
could have an all solar powered house.

Now, they happened to pick a week in Washington that it rained
the whole week, absolutely the whole week. Now, that reminded
me, you know, and I live outside of Chicago, in the wintertime, par-
ticularly, I think January and February, we seem to be able to go
for weeks and weeks without ever seeing the sun.

So, and being here in this beautiful California all the time, is
there—is it practical to use solar energy in the higher latitudes
with more diverse climates, like in Chicago, or where you have a
lot of rain?

Mr. Pearce?

Mr. PEARCE. Yes. The world’s biggest market for solar is Ger-
many, that was 57 percent of all installations last year worldwide,
and they have a climate that is as bad, if not worse, than Chicago.

Chairwoman BIGGERT. Yes.

Mr. PEARCE. So, even in the rain solar systems are going to be
producing electricity. Obviously, it’s going to be not as much like
the sun shining brightly, but definitely it may drop there.

Chairwoman BIGGERT. Thank you.

Then, Mr. Larsen, you say that EPRI has different projections for
the market for renewable energy than the Energy Information Ad-
ministration. This Subcommittee sponsored a forum on energy
modeling last year, and talked about how important assumptions
are to the modeling results.

Why do you think your models and those assumptions differ from
EIA?

Mr. LARSEN. I believe part of the answer is that, well, the basis
for the model that we created was the NEMS model, so we took the
output from that model and then introduced regional differences,
the renewable portfolio standards, and other economic inputs into
our model to try and shape an output for a 2050 outcome.

So, really, we took in regional differences across the country,
across the states, to really start drilling down into what was dif-
ferent with various RPS inputs and assumptions, as well as various
assumptions on the cost of electricity.
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And again, there was no assumption on a dramatic change in the
technology or any disruptive input that would significantly reduce
that cost.

Chairwoman BIGGERT. Do you see anything adding to that, with
the changed technology that we seem to be moving forward on so
many of these things that we haven’t in the past?

Mr. LARSEN. Oh, absolutely. It’s a—for us, when we create a
model, it’s difficult for us to take a good snapshot, since often times
the technology is moving so quickly, as it is today.

The model that we generated was based on 2005 data, and, I
mean, six months ago, that’s a long time ago with respect to what’s
happening in the industry and what we are seeing at the Valley
today, with respect to solar technology development.

Chairwoman BIGGERT. Well, if we say an over supply of only one
to two percent of the oil demand if sustained can cause prices to
drop dramatically, like in the late 1990s, what happens to all of
those renewable energy investments if the price of conventional en-
ergy drops in two or three years, whether or not this is a deliberate
OPEC tactic?

Would anybody like to answer that? Doctor?

Mr. SWENSON. Yes, I can speak to that.

Dr. PENZIAS. I thought

Mr. SWENSON. Oh, excuse me, go ahead.

Chairwoman BIGGERT. You both can, first Dr. Penzias.

Dr. PENzIAS. The simple answer is price. The price of coal is a
price in human lives, in railroads, you can’t just drop the price of
coal, and coal is what generates our electricity in this country.
There isn’t, natural gas is not controlled by—if we talk about elec-
tricity only, then that isn’t the problem. But, the issue is still price,
and a dramatic change in the cost of electricity generation will
make a huge difference. And so, I think it’s beyond on that side.

On the petroleum side, that’s a somewhat different story, and we
can get into that, but if we talk about just electricity generation,
I think it’s almost—I think it’s, essentially, independent of demand,
because there’s almost no petroleum used to generate electricity, if
I remember from the chart.

Chairwoman BIGGERT. Mr. Swenson.

Mr. SWENSON. Yes. The largest oil field in Mexico, Cantarell, is
on the verge of dropping dramatically to maybe a quarter of what
it was doing before within the next couple of years. The North Sea
is declining, and I believe that there could easily be a reversal
where the price of oil could go down for a short period of time, but
we are seeing an inextricable change in the availability of oil, and
it’s not yet hit other than with price, but we are close to that point
where the rubber band is stretched very tight, and a little pertur-
bation could mean gas lines again and serious disruption.

So, while there may be some temporary reversals, the trend is
distinctly for higher prices in oil.

Chairwoman BIGGERT. Thank you.

Dr. Chu.

Dr. CHU. Yes, going specifically to your question, we have an ex-
ample in Europe, Danes actually were very successful in encour-
aging a wind power development, and the way they were able to
do that is, they would guarantee some return on investment, so
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they would stabilize things. So, just in case the bottom does drop
out, they would have a floor that said, okay, you can make a cer-
tain amount of money.

A similar thing has to be done, if and when we ever go to let’s
say a carbon tax trade, if the price of carbon trading goes too far
down that could snuff out a lot of investments, and so there should
be concern about a minimum floor, otherwise because many of the
things that you have heard you are talking about a three, five,
even ten year investment. So, you have to be very conscious about
guaranteeing some sort of investment over a stable period of time.

Chairwoman BIGGERT. Thank you. I think that’s what concerns
me, I think we really have to move ahead, and we have in all kinds
of renewable technology right. We really have the opportunity to do
it, because people are concerned about not having enough of the
conventional fuels that we have, and we have to move ahead, you
know, the long-term to nuclear, the long-term to hydrogen, and eth-
anol and all those things in between, and solar can be a long-
term—the development that needs to take place, but we have to be
moving now to make sure of that. I think, people understand that
it is a process that takes a while.

Mr. Honda.

Mr. HONDA. Thank you, Madam Chair, and before I start my
question I would just like to recognize four gentlemen up there in
the red tee shirts, they are the Santa Clara University solar de-
cathlon team, and we want to welcome you. This is not only solar
energy we tap into, it’s youth energy, too. So, welcome, thank you
for being here.

Mr. Larsen, could you discuss further the issue of grid integra-
tion of renewables and how they arrive at the projection that costs
will go up, could you integrate us as to the percentage or the num-
bers of renewables in Brazil? I think I heard you say that, and I
was curious about what they are thinking.

Mr. LARSEN. Yes, Mr. Honda. The issue with renewables in the
state of the technology today is one related to dispatching and con-
trolling that resource. So, for instance, we have wind or solar,
which the wind blows certain times of day, the sun is out certain
times of day, and we still have not fundamentally solved the bulk
of large energy or electricity storage count from a technology stand-
point.

So, for instance, if you look at the peak coincidence, so the peak
load versus peak demand, if you compare demand versus what we
are dispatching with wind, the peak coincidence is probably in the
single digit percentage points. So, when we have peak demand dur-
ing our hot days or hot times, such as we did in the state a week
or two ago, the wind may not be blowing at all times for us to be
able to dispatch that wind power to support that demand.

So, that presents a significant integration challenge to the grid.
So if we don’t have—if we are relying solely on a non-controllable
resource, then we are going to have to get that energy somewhere
else, and with today’s state that would come from, in the State of
California, most likely natural gas, or combusted turbines, or other
dispatchable assets.

The other issue with respect to wind would be just the ramp
rates that we are seeing when the wind does blow, and when we
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are able to dispatch that energy. The ramp rate or the increase
from zero to 100 percent on a lot of these wind farms is significant,
that’s a significant integration count to the grid.

So, where we are today with two percent across the country, or
less than two percent of renewable as a part of our generating port-
folio, we have the capacity to make up for a situation where we
can’t dispatch wind, or we don’t have that resource available. If
that percentage increases significantly, then we will have to either
achieve that gap, close that gap that we are going to have by end-
use efficiency or other storage means in order to make up that lost
demand or demand that we can’t meet.

Mr. HONDA. So, it’s really a juggling of the different sources, and
I g(liless in terms of what you can control immediately with your
grid.

Mr. LARSEN. Absolutely.

Mr. HONDA. That sounds like the back-up, so your peaks would
reverse probably from a management perspective.

Dr. CHU. Well, most of the grid decisions are made, we don’t
transfer electricity very far distances. If you look at how it is gen-
erated and where it’s used, there is very little research being done
in the United States on very high voltage DC transmission. The
cost of DC transmission is very—is high. It’s scaled $1 million a
mile, but once you can think about transmitting electricity over
2,000 miles, a lot of the issues that you just heard about are great-
ly diminished.

And so, one of the things is that renewables, wind, you know, it
blows somewhere in the United States quite often, and so once you
have very efficient long distance transmission this opens up so that
renewables can be a larger part of the portfolio of our energy. This
is something that’s rarely discussed.

Mr. HoNDA. Okay.

Dr. PENzIAS. The northeast blackout, the way the present grid
transits energy from one place to another is that everything has to
stay 60 cycles, and that—when something gets a little out of
whack, and one cycle is going up the other one down, all of a sud-
dfzn the northeast United States becomes the darkest spot on the
planet.

So, a national security issue could be to separate pieces of the
grid, even if you don’t get the DC across the country, if you just
put DC in the next area, instead of having all DC—all AC connect
others, there is technology there and, perhaps, EPRI can talk about
that, but we don’t stabilize the present grid because of the private
enterprise, and they can’t afford it.

But, it may be, if you folks want to look into the possibility of
making our grid more secure, and then also when it is more secure
that also allows it, it can respond to the loss of energy in some way,
and also respond to the loss of renewables. So, you get both at the
same time, national security and the robustness display as well.
That’s another possibility.

Mr. HONDA. Thank you.

Mr. Pearce, you said that the government labs did good funda-
mental research, but that the problem has been scaling it up to
manufacturing scale. Do you think that DOE could work differently
to address these areas, and then because DOE does not focus on
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this how does industry really look at the Department of Energy as
compared to relying on internal labs or universities?

Mr. PEARCE. Well, I think DOE is starting to make some
changes. In the last few weeks, there was a new major laboratory
opened at the National Renewable Energy Lab, specifically de-
signed for manufacturers to bring in their equipment, place it in
the facility, and operate it there with NREL personnel. And,
Miasolé intends to put a system in that facility, just for the pur-
poses of accelerating our process development for high-volume
manufacturing technology.

You know, so I think the DOE and, particularly, the NREL team
is absolutely on the right track to make that happen.

Mr. HoNDA. Mr. Pearce, on a personal basis, I'm thinking of
doing my roof all over again, I heard you say that, you better do
it when you are doing it then, so how do thin-film photovoltaics
perform compared to silicon, and in terms of durability, long-term
efficiency, average daily energy outputs and so on?

Mr. PEARCE. Well, right now most of the thin films are less effi-
cient than the crystalline silicon, but, you know, you are comparing
50 years of technology maturity versus relatively new.

The thin films are reported to do better in low light conditions,
early in the morning.

Mr. HONDA. I see.

Mr. PEARCE. Late in the evening. So, some of that washes out.
In most applications, you are not constrained by the amount of roof
space. In fact, an area of about 400 square feet, about the size of
a two-car garage roof, would be adequate to power the needs of
most residential applications, even at 10 percent efficiency.

I myself am holding out for Miasolé solar panels on my roof. I
hope you can hold out also.

Mr. HoNDA. Well, I need my roof before the rainy season, and
this is not the Gulf State.

Dr. Chu, the Helios Project is a dramatic example of potential
revolutionary technology advances in energy, and it may help to
have a better understanding of the time frame of true market pene-
tration of such revolutionary disruptive technology. So, do you have
any idea what that is, five, ten, 15 years?

Dr. CHU. Well, we are hoping for something on the scale of ten
years. If you think of, look at the Brazil experience of how it had
to scale up its ethanol production using the existing technology, it
still took more than a decade.

Mr. HONDA. Yes.

Dr. CHU. So, I think one would think that right now most of our
ethanol production in the United States is via corn, although in the
long run that is not sensible. It can be viewed as a means of transi-
tion, so you get ethanol in the pipeline, you get it in the service
stations, you get all that infrastructure going, in the meantime you
develop very aggressively better plants and better means of con-
verting that feedstock, bio feedstock, into fuel, which ethanol again
is only a temporary stop measure.

Dupont and DP are partnering saying butanol is much more de-
sirable than ethanol. But you get it going. When it becomes a 20,
30, 50 percent replacement for gasoline, this is of scale which will
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literally take a decade, maybe a decade and a half, even if it’s ag-
gressively pushed. If it’s not aggressively pushed, it takes longer.

Mr. HONDA. One of the things that I'm concerned about is: I hear
all the time the concern about other countries graduating 300,000
engineers and scientists. My sense is that they are not all in the
area of technology that we are discussing right now, it’s probably
more in the infrastructure science for the developing countries.

But, the way I think that we can stay ahead is the way we teach,
and looking at those who are creative and innovative in the indus-
tries; and you look at each company, you look at their employees,
a handful have, if you did a bar thing you’d see maybe a handful
i)f engineers and scientists having a lot of patents and the rest are
ess.

Looking at these folks, and trying to understand how they think
and how they perceive things, my question to you is, do you think
that it’s possible to look at these individuals and extract from them
the skill-sets and be able to do that and teach those skill-sets from
pre-kindergarten to post-graduate?

I'll just start with Mr. Swenson.

Mr. SWENSON. Are you saying here in the United States, or are
you thinking in terms of the international, or both?

Mr. HoNDA. Whomever that we would identify as, you know,
folks that we’d like to study in terms of looking at those skill-sets.

Mr. SWENSON. Well, in the developing world, the people have
maybe the ability to do basic reading, and they have hand-me-down
tech and so forth. So, there’s a huge gap to raise up the level where
you have the background in math and so forth, to be able to start
getting into science and technology.

There are others here who could speak more effectively to the do-
mestic circumstance, but I think that, as I said earlier, if there
were some opportunity for the U.S. to encourage education in other
countries, and to bring people here, send people there, that what
would happen for the students here in this country is, they would
be stimulated because you learn by teaching and you learn by
doing, and I think that could make a big difference.

Mr. HONDA. T'll come back to that question again, if the Chair
would like to go through another round.

Chairwoman BIGGERT. Okay, thank you.

Mr. Swenson, do you think it’s possible that some developing na-
tions will just leap frog the U.S. and other developed countries in
using fossil fuels and go straight to economies based on renewable
energy? If they could do that, why do we see, you know, China and
I}rlldia? turning to fossil fuels and really having such a need for
those?

Mr. SWENSON. Well, I hope that we can turn that situation
around very quickly. I think that the debate is pretty well over
about whether the use of coal is creating a hazard that is unten-
able.

And so, to the extent that we can set an example here in this
country, by doing an about face and ramping up in a big way our
renewable technology, that will become possible in other countries.
And, our experience is that these technologies are embraced, and
when you consider that there’s about two billion people who have
no electricity at all, and the rural environments in which they live
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are very hard to provide infrastructure. I think that a small
amount of solar could be a huge benefit. And as I mentioned it’s
ubiquitous; it can be put anywhere on the face of the Earth and
you are ready to go.

So, I think that it may be true that China is heading in that di-
rection and India to some extent, but my hope is that their political
leadership will join with ours in recognizing that we have to start
protecting our atmosphere and ramp this up.

And, I guess the other question is, can renewables be ramped up?
And, my answer is very distinctly yes. It can be ramped up, and
it has to be ramped up, I feel, at something in excess of 50 percent
a year. We did that in the .com era, we pushed very hard and
growth rates were enormous. I think we can do the same thing,
particularly, with thin film PV as Mr. Pearce has suggested.

Chairwoman BIGGERT. Well, we certainly, I think we are a very
competitive country, and with the super computers, when Japan
moved ahead with the largest computer or simulator I think then,
that Microsoft came in and brought it back to the country as hav-
ing the biggest computers. So, I'm sure we don’t want to let any-
body get ahead of us in the renewable energy either.

I'd like to go back to wind just for a minute. Illinois has put on
hold the windmills that they were planning on doing, talking
about, it was going to affect the radar and the air flight over that
area. Has California had any trouble with that, have they had to
change patterns or anything?

Mr. LARSEN. I'll try first with the answer. I'm not aware of any
issues like that in the State of California. I do think that there
were issues or concerns about avian migration paths, but I'm not
aware about that issue in the State of California.

Dr. CHU. I had a discussion with John Roe, who is the CEO of
Exxon, which does that, he actually—I heard a different story from
him, and he said that the regulatory would not allow him to raise
the rates by a quarter or less than a cent per kilowatt hour. They
see themselves as consumer advocates.

Chairwoman BIGGERT. I see.

Dr. CHU. So, it was really people who set the rates and said “no,
let’s increase the cost.”

Chairwoman BIGGERT. Maybe that was an excuse then. I must
say that I have an article that was written in May about putting
rooftop turbines on city hall in Chicago, to generate wind power,
and they say that already installed was one atop a hill in a mu-
seum courtyard in San Francisco, one in the Chicago suburb of
Round Lake and one in Taos, New Mexico, and in East Troy, Wis-
consin, I haven’t heard much about them, but they said that safety
was the big issue. The Aerotech Customer Relations Director said,
“The most important thing is to ensure that the turbines don’t
come loose and fly off,” especially when you are in a downtown city,
but I wondered if you’d heard anything about those turbines. I've
not seen them in the cities, so I don’t think that’s there yet.

While we are introducing people, I would like to note that Dr.
Percy Drell, the Director of Research at the Stanford Linear Accel-
erator Center, is here, and her group from SLAC. We'd like to wel-
come all of you.
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Mr. Pearce mentioned some very specific policy options, including
incremental funding for building integrated solar third-party fi-
nancing, loan guarantees, federal purchase requirements, et cetera.
If we had $10 billion to spend on these kind of policies, and I don’t
mean to imply that we do, I'm only an authorizer, not an appropri-
ator, how do you think we should divide the spending up among
the options? Which is likely to get us the most for our investment
and why? Maybe we could do that, I'll start with you, Dr. Chu.

Dr. CHU. That’s actually a tough one, because I mean you, for ex-
ample, heard today discussions about solar, and there were three
approaches to solar, and so I would go back on the basic philosophy
I and many others advocate, it’s don’t really pick one winner, but
adjust the boundary conditions to spur the investment of industry.
I'll go back to the, you know, have a guaranteed stabilization of
what long-term investments will be.

And again, it comes back to starting to put in the real costs of
emitting carbon, and once you do something like that, then all sorts
of things will build, and then industry, coupled with science, with
national labs, with all the rest, will develop winners, and they’ll
find their way.

Chairwoman BIGGERT. Good answer, thank you.

Doctor?

Dr. PENZIAS. Thank you. Again, I would echo what he said, and
again, with the idea of creating a climate rather than picking any
one thing. And so, the climate in which it is possible to put wind
power, but wind power, to answer your earlier question, is most ef-
fective the larger the windmill becomes. And so, right now, the big-
gest windmill, the rotor size is now getting to be the size of a foot-
ball field for a single machine. But, this is probably the best solar
energy that your state can get, because after all wind is a way of
converting solar energy into mechanical energy for you there.

So, it’s that general climate of not subsidies, but encouragement,
so that we level this playing field in things like these other alter-
natives. It isn’t just solar, there are a number of others, but again,
and please continue your fine efforts on this.

Chairwoman BIGGERT. Mr. Larsen.

Mr. LARSEN. We at EPRI firmly believe in investing in R&D, and
we also firmly believe that we need to work to keep our options
open. There are uncertainty in both the cost of the various fuels,
there is uncertainty for the electricity industry today in carbon leg-
islation, so keeping technology options open to generate economic
power is important. So, picking a winner might constrain us or
limit our ability to address an alternate future.

That having been said, I think there is obviously investments
that need to be made into the various renewable technologies, but
we also can’t lose sight of the grid issues and the integration into
the grid of those technologies, because a lot of these do change the
make-up and the operations of the system.

Chairwoman BIGGERT. Thank you.

Mr. Pearce.

Mr. PEARCE. Well, I would say ultimately, you know, the funding
will come out of private enterprise, that the focus of government
programs should be to stimulate the market conditions, to stimu-
late the early research, but there’s nothing that is going to compare
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to the success of a very healthy alternative energy market as far
as generating research dollars from private industry.

Chairwoman BIGGERT. Thank you.

Mr. Swenson.

Mr. SWENSON. Well, as I travel through the developing countries,
I bump into Germans all the time, and then I was doing a project
here in Salinas, a solar project, and one of the American companies
told me, well, we have to consult our engineers in Germany to fig-
ure out how to do this, because I presented them with a tough
issue.

So, I think that what that shows you is that the subsidizing, I
know Dr. Penzias is objecting to the subsidies, but the fact of the
matter is round the world we have huge subsidies. In Egypt elec-
tricity is practically given away, in Venezuela, you know, gasoline
is practically given away, and so when you compare these existing
conditions, and then see what one country, Germany, has done
with a lousy solar resource to augment the market, it wasn’t about
the cost of putting electricity together for Germany that in the final
analysis mattered. What matters is that they have the high ground
now in the market. Because they pushed it so aggressively domesti-
cally, now they have the expertise to go around, and theyve got
solar companies here in the United States. They are treating the
United States as a Third World country, because we do not have
the expertise that they do anymore. It’s incredible how quickly it’s
happening.

And, Mr. Pearce and his colleagues in this field of thin film have
the potential for a huge leap, and if we gave them a boost it would
gi\lre us a chance to get back, recapture that lead we once had in
solar.

But, the Germans are offering him and his people in the same
business huge opportunities: discounts, and free space, and here,
“Come to our place and we’ll put up a factory for you, and, you
know, give you five years free rent, no taxes,” and we are just not
doing that.

So, I think that the opportunity here exists. If we cover our do-
mestic need, we will begin to have the ability to export again.

Chairwoman BIGGERT. Thank you very much, point well taken.

Mr. Honda.

Mr. HONDA. Thank you, Madam Chair.

Starting out with Dr. Penzias, and then others, the idea that no
area of this country felt the impact of the .com boom and the bust
more than Silicon Valley, and there’s a similar market frenzy de-
veloping around renewables, especially ethanol.

How do lessons learned in the .com era apply to energy tech, and
are we heading down that path already, and if we are, how do we
avoid this phenomena we have experienced at that time?

Dr. PENZIAS. I think there are two ways, two things to avoiding
it. One is, again, this idea of not picking winners. I think in the
.com bubble there was a focus on certain things, like consumer be-
havior which didn’t happen, in a number of other cases the, what
was it called, the deregulation of telephone companies is going to
change the world, all kinds of stuff like that.

So, here we have a huge market, which is not going to go away.
There is a huge market in energy. It almost, the sun never shines
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in Denmark, and they are getting almost, they are getting 20 per-
cent of their electricity today from solar in the form of wind. And,
the solar that they are putting in today is the machines which are
being put in today, talking about these football fields, they are get-
ting bigger than that.

The technology of something as old fashioned as a windmill has
gone at an unbelievable pace in the last ten years. Look at all the
dead stuff in Altamont Pass, it doesn’t work, but today, this huge
change in technology has made these things happen.

So, I see this power of technology, plus the huge need for energy.
I don’t think the people in China are waiting for a cue from the
United States, they desperately understand, they can’t breath in
Beijing. Sometimes their factories are turned off, they don’t have
enough electricity. They would use solar if it worked, and it will
work, but not yet, and that’s where we are going. So, stay tuned
on solar, a number of other areas, there are enormous opportuni-
ties also in conservation, which we didn’t mention. I can speak to
some of those later, fuel cells, there are a great number of others.
We have kept our eye on solar today, but the story is a march of
technology coming to America, the diversity, and, oh, yes, in one of
my solar companies we do partner with the Germans, for instance,
but the innovation edge is still in the United States, and I think
we are moving there.

The only—and I think we are doing a lot of the right things, and
we will learn from mistakes.

Mr. HONDA. Thank you.

Dr. Chu.

Dr. CHU. I think if you over subsidize you can do a real danger,
just as if you don’t do any subsidies in order to get it started.

The idea of a subsidy, in whatever form, is to give long-term sta-
bility and encouragement, but where a plan is in sight. So, take
wind in California, in the “70s and ‘80s it was, quite frankly, it
might have been over subsidized, and so a lot of inappropriate tech-
nology was just stuck up there, because you are going to get money
even if you stick up something that doesn’t work.

So, Denmark did it right in the long term, and then that sus-
tained the technological improvement that’s leading to these huge
windmills that are extraordinarily efficient.

So, I think that’s a very good question, you can’t just do a huge
subsidy, because that will possibly lead to a boom bust.

Mr. SWENSON. Well, I could speak to this a little further. I think
that because of the subsidies that are now in place, that we have
already picked ethanol as the winner, and the truth be known, be-
cause of the way it’s produced it has high carbon content, that is
to say that the power plants that run the mill use coal, that a lot
of natural gas is used in the heating process, and so pretty much
80 to 90 percent of ethanol is fossil fuel, the way it’s currently
being fabricated.

So, I think that therein lies the danger, and if we look at the ex-
ample of ethanol in Brazil, if truth be known there, only if this
were happening in the United States, it would be equal to about
four percent of the energy that we use here, because they use vehi-
cles about 10 percent as much as we do. Their transportation per
capita is about 10 percent of ours.
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So, these lessons don’t necessarily translate just by multiplying
their success with ours, because our circumstances are very dif-
ferent.

And, I'm quite concerned about the over emphasis on ethanol. If
you put solar over every square foot of paved land in the United
States, you could produce five times as much as you could from all
of the cultivated lands of the United States, because, after all, it
has something to do with our being able to eat. So, you have to bal-
ance food with fuel.

Mr. HONDA. Thank you.

Let me get back to that question of innovation, teach innovation,
unless, Mr. Larsen, you have another comment to the last question.

Mr. LARSEN. Just a quick comment on the pitfalls of the boom
bust, and avoiding making past mistakes. I think we need to keep
the options open, but we also need to focus on the cost of gener-
ating electricity on a cents per kilowatt hour, in comparison to
where we are today, and also in the future and to keep that in
mind in evaluating all renewable technologies as we move forward,
with the goal in mind to develop technology that is cost effective,
economic and competitive with other technologies.

Mr. PEARCE. With respect to your question on education, I think
Miasolé’s experience is pretty typical here of Silicon Valley. We
have 58 people, a significant portion of those are engineers and sci-
entists, and I would guess 40 to 50 percent of them were born in
some other country and trained here in the U.S.

I think the whole education issue really goes back to middle
school. We have to get more boys and girls interested in science
and math, because if we lose them there we lose them in high
school, and they don’t go on to engineering programs.

Mr. HONDA. What I was driving at was taking the phenomena
of being innovative and creative that’s embodied in a person who
is creative and innovative, and being able to extract that—what is
it about that person that makes that person innovative and cre-
ative—and be able to extract that and teach those skills to chil-
dren, from preschool to post-graduate. The idea of being able to
teach that skill, so that it doesn’t matter whether they go into
science, or math, that they have different insights and different
ways of looking at things that are equal to music, or to performing
arts, or to social studies, that it’s a different way of thinking and
looking. And, I was just curious whether you thought that those
are teachable, that’s possible, number one, and, number two, teach-
able.

Mr. PEARCE. Well, I think that is possible, and I think, in fact,
the U.S. does a pretty good job in that area. I mean, particularly,
our institutions on higher learning, we generate a lot of people that
are, you know, creative, and you don’t get that to the same extent
in other countries.

Mr. HONDA. But, is it a conscious process of teaching innovation
and creativity?

Mr. SWENSON. In our case in the Galapagos Islands, we gave stu-
dents meters to measure the performance of the refrigerators in
their homes, and students showed their electricity bill next to the
graph that showed the performance of their refrigerator. They were
quickly galvanized and motivated because one kid’s family had



89

twice the electricity bill as the other, and that was like 10 percent
of their income, you know, living a different lifestyle than we have.
It was a lot of money for them.

So, there was a motivation, and I think that service learning,
which is productive, so I go back to that term productivity-centered
service learning, that galvanizes young people into being aware
that they can make an impact in their community.

The Ministry of Energy came from the Mainland and interviewed
our students, because they had a conservation program that wasn’t
working, and they wanted to see how our kids did it. And, it all
had to do with the fact that we gave them something productive,
something meaningful in their community, to work with.

Mr. HONDA. Yes, Dr. Penzias.

Dr. PENzIAS. T have two ways for innovation. One of them would
work here in the United States very well, I think, which is diver-
sity. I wasn’t born in the United States, a lot of other people
weren’t, but I think the fact that having a mix of ages, I mean, one
of the nice things about Silicon Valley is, it’s not youth oriented,
age agnostic. I mean, many of the CEOs I work with could date my
granddaughter and nobody would know it, but they don’t care be-
cause it’s age agnostic. So, if we can go age agnostic, race agnostic,
ethnicity agnostic, that’s one good thing.

The thing about school, I would say, which is quite the opposite,
I'm sorry to be a grouchy old guy in this, I think we have to get
the school out of the way of undermining creativity. Kids, we have,
I'm blessed with 12 grandchildren, they drive you nuts with their
questions until they get to school and learn to stop asking ques-
tions.

We are, and there’s a very simple thing, and I think we really
ought to encourage teachers. We are, I think, the only country in
the world that spends more money on bureaucrats in the education
budget than the people actually going to the classroom.

And then, we decide, okay, let’s put in, and let’s fix that by put-
ting in a testing program which gets yet another level of con-
formity. So, you know, if we could somehow get all these folks out
of the way of teachers, I think by itself that would be—it would
make a difference, and the better teachers, and, in fact, one of the
things we’ve learned is, of course, and I've seen studies on this, the
classes, any school, whether it’s inner city, large, rural, urban, bet-
ter teachers make for better kids. I don’t think we have to impose
anything on them, I think we can get rid of this upper structure.

Now, as far as taxes, maybe you could put a tax on bureaucrats,
any educational—stop encouraging, stop subsidizing the adminis-
trators and put the money into the classroom and out of that.
Change that balance to where it is in other countries.

Mr. HoNDA. Right.

I know Dr. Chu’s family is full of innovative, creative thinkers.
What goes on in there?

Dr. CHuU. Well, I was born into a family, and me and my siblings
always questioned authority, but in sort of taking where Arno
Penzias left off, I think the United States in higher education does
it better than any other country, but I would agree with him that
when you look at kids preschool, they are full of curiosity, and even
in science class that’s stamped out of them. Other countries do it
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much worse, or much better, they are much more effective at
stamping out of this natural curiosity.

The greatest thing in the United States school system, because
I get asked this question when I go to Asia all the time, why
doesn’t China have home grown Nobel Prize winners? Or, Japan
has some, but, you know, Taiwan, you know, and think about it,
I think it’s because teachers in those countries aren’t questioned by
their students. It’s considered disrespectful, they are punished for
it, but you can question your teacher in a very respectful way, and
that’s the way it should be.

So, the United States is actually quite good at it, what is it that
we have done better? In science it actually goes back to when we
were in first, second, third grade, when we were asked to give book
reports, and it was a different thing. What do you think about
what you just read—very different than in many European coun-
tries, and certainly Asian countries. You are not asked what you
think. So, we have to encourage more of that.

Chairwoman BIGGERT. Would you like to say a few words in clos-
ing, Mr. Honda?

Mr. HONDA. I have a list here that I want to comment on, let me
find my notes.

Chairwoman BIGGERT. Let me just say we could spend a whole
hearing talking about education in the science field, and I agree
with you, I go out to the schools, and, particularly, middle school,
and I find particularly the young girls say, boys do math and
science, girls don’t, and that’s a real shame, and I try to encourage
them that this is a field wide open to them.

Mr. HONDA. Thank you, Madam Chair.

Before we close, in this area we put together a group called the
Blue Ribbon Task Force on Nanotechnology, and there are some of
the folks that helped us move that whole effort forward, Delilah
Brambot is here, Carry Yang, Bell Wade, she left already, Bern
Beecham, he’s left, was introduced earlier, and our selection com-
mittee, I just wanted them to be recognized and thanked for their
efforts in making the Silicon Valley the kind of place that it is.

And, T guess I would close with this thought, that the Federal
Government has been a major player in innovation and technology,
and moving technology forward. I guess my question in terms of,
and the thought that I want to leave with people is that, we still
have to impact more people and individuals, citizens and con-
sumers if you will, and I guess we might want to also look at, what
is the role of city government, county government, in changing
some of our attitudes and creating some demand on alternative en-
ergy? Because cities and counties, and states if you will, also bear
the brunt of that burden in many different ways.

So, I would beseech all of us to start thinking about another way
of moving this agenda forward in terms of promoting alternative
energy and having us think outside the box in a new paradigm.

And, to the witnesses, thank you, I thank the Chair for her will-
ingness to bring the Committee out here, having this great dis-
cipline.

Thank you.

Chairwoman BIGGERT. Well, thank you, Mr. Honda, and I want
to thank you for your participation, and he’s a great Member of the
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Science Committee and really knows his stuff, and we are happy
to have you on that committee.

I would like to thank all of you. I hope that we will have a suc-
cessful transformation of our energy system in time to avoid the
harmful effects of global climate change, and we will be having a
hearing on global climate change in the near future when we go
back in September. So, I would like to thank both of our staffs, the
Majority staff and the Minority staff, for all their hard work in put-
ting this hearing together, it takes a lot of work, and you did a
great job.

And, I want to thank our panelists for testifying before the Sub-
committee today. If there’s no objection the record will remain open
for Members to add any follow-up questions that the Subcommittee
may ask of the panelists. Without objection, so ordered.

This hearing is now adjourned.

Mr. HoNDA. Thank you, Madam Chair, and to the audience, you
have an evaluation form, please turn them in. If you parked in the
garage here, we will validate your parking.

Chairwoman BIGGERT. All right, thank you.

[Whereupon, the Subcommittee was adjourned at 2:26 p.m.]
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