Shifting from Fossil & Nuclear Fuels
To a Solar Hydrogen Economy
By Harry Braun
How Japan can help to lead the world from using oil, coal and other fossil & nuclear
fuels to a Solar Hydrogen Economy with wartime-speed (i.e., by 2020), which will
create millions of high-quality jobs that will generate trillions of dollars of wealth
each year for Japan, the USA, and other countries by producing the only fuel that is
pollution-free and inexhaustible because it is made from the sun, wind and water.
Prepared for the Honorable Naoto Kan
Prime Minister of Japan

According to Harry Braun (above left), who is Chairman and Senior Scientist of the Phoenix Project Foundation,
and who for the past 30 years has been an Advisory Board Member of the International Association for Hydrogen
Energy (IAHE.org), the exponential collapse of the Oil Age is now underway worldwide, and the National Academy
of Sciences has warned that the Earth itself is in the final stages of being made uninhabitable due to the continued
use of oil, coal, natural gas and other fossil fuels. Moreover, the highly-toxic by-products of fossil fuels have now
contaminated virtually all human and animal life on the surface of the Earth. Nuclear energy was thought to be a
solution, but it creates far more problems that it solves, given isotopes like U-238 have a half-life of 4.5 billion years.
The only fundamental answer is to shift to a solar hydrogen energy system and economy, whereby hydrogen is
made from water with electricity that is generated from the wind and other solar technologies. This is the only peerreviewed strategy that can provide “sustainable prosperity without pollution” for Japan, the USA, and the rest of
global human community with hydrogen engine conversion and OTEC and Windship solar hydrogen production
systems like those shown below, which from a technology perspective, could have been built in the 1800s.

OTEC & Windships

Phoenix Project Foundation
Rising from the Ashes
Harry Braun
Chairman & Senior Scientist

May 11, 2011
The Honorable Naoto Kan
Prime Minister of Japan
Subject: Shifting to a Solar Hydrogen Energy System & Economy by 2020 with sea-based solar hydrogen
production systems that were initially developed in the 1800s.
Dear Prime Minister Kan,
Given the ecological State of Emergency that now exists for Japan, and our planet, I want to thank you for
your no doubt difficult decision to abandon plans to build any more nuclear reactors in Japan. According to a
May 10th article in The New York Times, “Nuclear Future in the Balance,” the official government position in
Japan is that clean renewable energy is too costly and require too much land, which means Japan and the rest
of the world must continue to rely on both nuclear and fossil fuels until some “technological breakthrough”
occurs. The problem is that this assumption ignores sea-based systems that have the greatest energy
potential, and according to the National Academy of Sciences, the use of fossil fuels is rapidly making the
Earth uninhabitable. Moreover, according to medical professor John Gofman, who was the director of medical
research for the Atomic Energy Commission in the USA, the nuclear industry has already contaminated every
organ of every person and animal worldwide, and no amount of exposure to radiological poisons is safe,
including medical x-rays, which Gofman and his colleagues testified were responsible for 75% of breast
cancers in women. Gofman's testimony is available on the PhoenixProjectFoundation.US website.
Apparently the governments of Japan and the United States are essentially unaware of the Solar Hydrogen
Economy, Ocean Thermal Energy Conversion (OTEC), and Windship hydrogen production systems, in spite of
significant developmental programs that have taken place for many decades. Government officials are also
apparently unaware that solar-sourced hydrogen is the only energy option that can displace all fossil and
nuclear fuels now used worldwide, and the core technologies for making and using hydrogen were developed
in the 1800s. Indeed, the first automobile with an internal combustion engine was built in 1807 by a Swiss
engineer was not running on gasoline – but hydrogen fuel made from water with electricity, which was first
demonstrated to be possible by a British surgeon and chemist in the year 1800.
You surly must wonder why this obvious and elegant solution to the interrelated energy, economic and
environmental problems is virtually unknown by the major governments of the world. One could always
mention the exponential knowledge explosion that makes it impossible for anyone to begin to know everything
even in a well-defined field, but in my view, the real problem is the fact that the solar hydrogen technologies
have been in the public domain for nearly two centuries, and as such, their widespread use would make the
use of fossil and nuclear fuels unnecessary. Moreover, such toxic industries are only “economically viable”
because they do not have to factor in the vast and in incalculable environmental and related health care costs
of their toxic products. It is why our organization is seeking to pass a Fair Accounting Act amendment to the
U.S. Constitution that would require that such costs be factored into consumer pricing of such toxic products.
The well-documented history of hydrogen engineering underscores the fact that a Solar Hydrogen Economy
could have been in place in the 1800s were it not for the influence of lobbyists whose job is to make sure that
the dependence on fossil fuels continues, in spite of the incalculable environmental and health care costs that
stem from the fact that every organ of every individual in the U.S. has been contaminated with a mix of over
85,000 highly-toxic oil-based toxic chemicals, as well as a broad spectrum of radiological poisons. All of these
toxins are now known to directly contribute to the epidemic of cancer, autism and Alzheimer’s, and if such
medical costs were factored into the product costs, no one could afford to use gasoline, coal or uranium.
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Given the ominous financial concerns, the economic implications of shifting to a Solar Hydrogen Economy by
2020 are truly profound. In the case of the U.S., millions of real jobs would be generated to produce, install and
operate the 5 million 2 MW wind or other solar systems that would be needed to displace all fossil and nuclear
fuels now used. It will also be necessary to manufacture and install the 300 million hydrogen engine conversion
kits for every automobile, truck, ship, train, aircraft and power plant. This Solar Hydrogen Energy System in the
U.S. would then generate over $1 trillion annually by displacing fossil and nuclear fuels. Moreover, an
additional $1 trillion annually could and should be generated from exporting hydrogen to international energy
markets as the fossil fuels are rapidly phased out worldwide. Japan would have similar economic opportunities,
given that many of the most significant solar hydrogen production technologies, such as OTEC and Windships,
are sea-based systems, which are shown in more detail on the PhoenixProjectFoundation.US website.
Japan has access to vast wind and solar resources as well as significant intellectual and engineering assets,
and according to a Nov. 17, 2010 report in the Arizona Republic, “A group of international investors
responsible for over $15 trillion in assets called for the world’s nations to move decisively to combat climate
change or face economic disruptions worse than the global recession of the last two years.” The statement
was signed by 259 asset managers and owners whose holdings account for one-quarter of global
capitalization political leaders that will be attending a UN Conference on Climate Change in Cancun, Mexico.
“The financiers were also sending a warning to Washington that the economy is losing the chance to attract
new investment capital because of the gridlock on climate change.” Ethanol and Cap & Trade proposals
waste time and money, and no one in the U.S. government or private sector has proposed a practical plan for
rapidly phasing-out fossil fuels, or solving any of the other interrelated environmental and economic problems
that are also worsening exponentially.
In World War II, every major industry in the USA was retooled in less than 12 months and a similar
reindustrialization effort is now needed to prioritize the initial mix of solar energy technology options that can be
immediately mass-produced for large-scale hydrogen production, storage, distribution and end-use systems.
General Electric and other aerospace and automotive companies could easily mass-produce the solar hydrogen
technologies, and if the Hover Dam model is used, the trillions of dollars of new wealth that would be generated
each year would flow to the U.S. Treasury and State Governments, rather than to countries like Iran, Russia,
Saudi Arabia or Venezuela.
Providing Sustainable Prosperity without Pollution
for Japan and the Global Human Community
Please note that for the past 30 years I have been an Advisory Board Member of an international hydrogen
engineering professional society (IAHE.org) that has distinguished professors of engineering as members
from over 45 countries, including Japan, which hosted the 15th World Hydrogen Energy Conference in 2004
in Yokohama. As such, the problem is not in waiting for some new technology to be developed, but to simply
be aware that every photosynthetic microbe or plant on the Earth has been successfully been successfully
extracting hydrogen from water with sunlight for over 3 billion years.
Given the profoundly serious and time-sensitive problems that Japan and the USA is now confronted with,
time is indeed of the essence given the warnings of thousands of our most distinguished scientists that
humanity is now passing an exponential “tipping-point of no return” in terms of making the Earth uninhabitable.
My colleagues and I take these warnings seriously, and if you do as well, we stand ready to assist you and the
people of Japan, while there is hopefully still time to make a difference. It is important to note that in spite of
the many problems we are confronted with, humanity is also exponentially accelerating towards a
technological utopia of not just a Solar Hydrogen Economy but an era of Regenerative Medicine that is already
beginning to provide a virtual fountain of youth for humans and other animals. But such positive changes are
dependent on how quickly a Solar Hydrogen Economy can be implemented to power “lifeboat” indoor organic
agricultural systems outlined in the attached report in each community that will be able to operate regardless
of the abrupt climate change disruptions that are now inevitable from climate change, earthquakes or the
global-scale “supervolcanic” eruptions that may be inevitable at Yellowstone in the USA.
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OTEC Hydrogen Production Systems & Honda’s Home Hydrogen Refueling System

A Lockheed Martin Solar OTEC Hydrogen Production System (left)
and a home hydrogen refueling system developed by Honda.
Ocean Thermal Energy Conversion (OTEC) systems are the only solar option that operates 24 hours a day, 7
days a week, regardless of weather conditions, and they can be engineered to produces vast quantities of
seafood and freshwater in the process. OTEC systems are no more difficult to build than an oil tanker, and
they could easily make enough electricity and hydrogen from solar energy to displace all fossil and nuclear
fuels used worldwide. The 100 MW system shown above was developed by Lockheed in the 1970s, but the
OTEC concept was first proposed by a French physicist in the 1800s, and details regarding Japan’s
involvement in developing this remarkable technology are provided on page 24 of the attached Solar
Hydrogen Economy document, which also provides an overview of the history of hydrogen engineering as well
as state-of-the-art of hydrogen production, storage, distribution, and end-use as a fuel and chemical feedstock.
Details on Honda’s hydrogen refuelling stations are provided on page 13.
I hope it will be possible to brief you and your technical advisors on the details of this proposal in the near
future. I apologize for not speaking Japanese, but I have always been fascinated with the Japanese history
and culture, and it would be an honor to assist the Japanese people in taking a leadership role in implementing
a Solar Hydrogen Economy for Japan, and the rest of the global human community.
Sincerely,

Harry Braun
Chairman & Senior Scientist
Phoenix Project Foundation & Political Action Committee
4160 West Wild Iris Lane, Torreon, Show Low, Arizona 85901
Telephone: 928-532-0008
Cell: 928-242-2006
Email: Chairman@PhoenixProjectFoundation.US

The Solar Hydrogen Economy

By Harry Braun
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Implementing a Solar Hydrogen Economy by 2020
By Harry Braun

Many of the most serious energy, economic and environmental problems are related to our
dependence on oil, coal, natural gas and other toxic fossil and nuclear fuels, and the Phoenix
Project Foundation, which is a 501 (c) (3) non-profit scientific and educational organization, is
focused on educating the general public about the National Academy of Sciences warnings that
the use of oil, coal and other carbon-based fossil fuels is rapidly making the earth uninhabitable,
and that the only known solution is to shift to a Solar Hydrogen Economy with wartime-speed.
American industry needs to be organized to mass-produce a mix of wind and other solar hydrogen
production, storage, distribution and end-use engine conversion systems, shown above, as well
as lifeboat food production systems that will be able to operate regardless of weather extremes.
The economic and environmental impact of the 200 million gallon BP Deep Horizon oil spill in the Gulf of Mexico is
incalculable, yet according to the National Academy of Sciences (NAS) “Oil in the Sea” report, over 1 trillion
gallons of oil are released each year not from accidents but from simply using the oil, yet up to 80% of the
American public and their elected officials continue to support more offshore drilling because they believe there
are no substitutes for the highly-toxic and rapidly diminishing oil, coal and other fossil fuel resources. Moreover,
few people are aware that according to the NAS, the continued use of fossil fuels is rapidly destabilizing the
climate and habitability of the only planet in the known universe that can sustain us and our descendants. There
are a great many “alternative” fuels and energy options that have been under consideration for the past 100 years,
but there is in fact only one option that is pollution-free, inexhaustible and can displace all of the fossil and nuclear
fuels now used worldwide forever, and that option is solar-sourced hydrogen, the only “universal” fuel that can
power any existing engine or power plant, which can be made from water with electricity that is be generated from
the wind and other solar energy technologies.
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Fundamental Problems Require Fundamental Solutions
Implementing a Solar Hydrogen Economy will not just end oil spills and climate change emissions, but many of the
other most serious energy, economic, environmental problems that according to the senior scientists at the National
Academy of Sciences are in the final stages of making the earth uninhabitable.

As the Oil Age Graph above shows, the coming exponential oil production collapse is inevitable, but even if the
oil and other fossil fuels were inexhaustible, the National Academy of Sciences has warned that their continued
use has already initiated the 6th mass-extinction event in the earth’s history, and it will soon make the earth
uninhabitable. The solution is to make pollution-free hydrogen from water with electricity generated from the
wind and other solar energy technologies that were developed in the 1800s.

All engines and power plants can be modified to use hydrogen, the only “universal” fuel that can displace all fossil
fuels worldwide forever. All photosynthetic bacteria and plants have been making hydrogen from water with solar
energy for over 3 billion years. The Phoenix Project plan to implement a Solar Hydrogen Economy with wartimespeed would create millions of jobs to mass-produce the wind and other solar powered hydrogen production
systems, as well as modify all of the existing automobiles, trucks, ships, trains, aircraft and power plants to use
hydrogen or hydrocarbon fuels interchangeably. This reindustrialization would generate over $1 trillion annually
of new wealth for the U.S. market by permanently replacing not just imported oil -- but virtually all fossil and
nuclear fuels -- with the only fuel option that is both pollution-free and inexhaustible.
The USA now spends over $1.5 trillion annually for fossil and nuclear fuels, and assuming a 30% capacity
factor, approximately 2 million 5 MW wind or other solar technologies would displace all of the fossil and nuclear
fuels now used, and given the U.S. consumes roughly 25% of the global energy output; an additional 6 million
systems would permanently displace the use of all fossil and nuclear fuels now used worldwide. Wind systems
are similar to automobiles from a manufacturing perspective, and over 15 million new vehicles have typically been
sold annually in the U.S. In World War II, every major industry was retooled in less than 12 months because
President Franklin Roosevelt established a War Production Board to coordinate the effort with private industry.
If President Obama organized a similar Solar Hydrogen Production Board, the 2 million 5 MW hydrogen
production systems for the U.S. could easily be manufactured and installed in less than 5 years, and if the U.S.
becomes a major solar hydrogen exporter, it would then be possible to generate over $2 trillion annually.
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The International Association for Hydrogen Energy (IAHE)
The first international scientific and engineering conference on hydrogen energy, The Hydrogen Economy Miami
Energy (THEME) Conference, was organized and chaired by T. Nejat Veziroglu, a Professor of Engineering at
the University of Miami in March of 1974 in Miami Beach, Florida. On the afternoon of the second day, a small
group of distinguished engineering professors and scientists agreed to establish a professional society to help
advocate the implementation of a hydrogen energy system, and the resulting professional society became the
International Association for Hydrogen Energy (iahe.org), and its first elected president was professor Veziroglu.

Engineering Professor T. Nejat Veziroglu
Dr. Veziroglu has membership in some twenty scientific organizations, has been elected to the Grade of Fellow
in the British Institution of Mechanical Engineers, the American Society of Mechanical Engineers and the
American Association for the Advancement of Science.
Dr. Veziroglu teaches Heat Transfer, Mass Transfer, Nuclear Engineering, Solar Energy and Hydrogen Energy.
His research interests are instabilities in Boiling Water Reactors, Interstitial Heat Transfer, Renewable Energy
Sources and Hydrogen Energy System. He has published some 350 scientific reports and papers, and has
edited 200 volumes of proceedings. He is also the Editor in Chief of the monthly scientific journals International
Journal of Hydrogen Energy shown above. He has been an invited lecturer and/or consultant on energy
research and education to many countries, including Argentina, Australia, Bahrain, Brazil, Canada, China,
Columbia, Egypt, England, France, Germany, India, Italy, Japan, Kuwait, Malaysia, Nepal, Pakistan, the
Philippines, Russia, Saudi Arabia, Switzerland, Turkey, Ukraine and Venezuela, and to several universities and
research organizations in the United States.
Under Dr. Veziroglu’s leadership, the IAHE established the International Journal of Hydrogen Energy (IJHE) in
1975, in order to disseminate information related to Hydrogen Energy through publication of appropriate peerreviewed papers and articles, and in order to provide a forum for engineers and scientists interested and active in
the broad field of a Hydrogen Economy. Given Dr. Veziroglu has published some 350 scientific reports and
papers, edited 200 volumes of proceedings, he agreed to be the Editor in Chief of the International Journal of
Hydrogen Energy. Dr. Veziroglu also has membership in some twenty scientific organizations, has been elected
to the Grade of Fellow in the British Institution of Mechanical Engineers, the American Society of Mechanical
Engineers and the American Association for the Advancement of Science.
Since 1974, the IAHE has also worked with major universities to organize World Hydrogen Energy Conferences
(WHEC) every two years, which showcases developments in every aspect of hydrogen production, storage,
distribution, and end use applications. However, in spite of the extraordinary scientific and engineering progress
of producing and using hydrogen for over 200 years, most people in the U.S. still believe there is no substitute for
oil and other fossil fuels, thus what is required is some new breakthrough. But even if some new technology is
discovered, many years of field testing will be needed to determine its mean-time to failure and subsequent cost
data. Billions of dollars have been spent over 50 years on nuclear fusion, yet not one kilowatt hour of electricity
has ever been produced, whereas making hydrogen from water with electricity was proven in the year 1800.
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Hydrogen
and its Primordial Origins
Hydrogen is the most abundant element in the Universe and it was critical in the origin of both matter and life.
The hydrogen atom is the simplest and lightest element, consisting of a single proton and a single electron.
It was created in the Big Bang (below left) when the known Universe was created some 14 billion years ago.

It was gravity that caused the hydrogen to compress and fuse into helium, which begins the life of the star
(upper right) and as the supply hydrogen is exhausted, the star begins to die, converting the hydrogen into the
heavier elements of carbon and oxygen. When the larger stars end their lives in supernova explosions, the
heaviest elements are formed and then dispersed throughout the universe, where they are then able to form
into comets, asteroids and planets like the Earth.

Spaceship Earth
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Hydrogen
and the Origins of Life

Although no one yet knows how life originated, what is known that hydrogen and its offspring of heavier
elements, including carbon, oxygen and nitrogen, did evolve into the highly-complex structure of proteins (above
left), which are the molecular basis of all life on Earth. The protein based “Nanobes” are at the heart of
metabolism, and they presumably created and do operate DNA (upper right), which is a 4-digit computer code
that stores the information used to manufacture the proteins.
Proteins are so complex that no supercomputer is yet advanced enough to characterize their in their structure and
behavior, which makes them the most complex structures in the known universe. However, what is known is that
when these remarkable molecules of life come in contact with radiological poisons or pesticides, or the thousands
of other highly-toxic oil-based chlorinated hydrocarbon chemicals that are now in blood and brains of virtually all
humans and other animals worldwide, they are reduced to a sticky mass that accumulates on the neurons of
nerves and other areas of the brain and the rest of the body. This results in increasingly profound neurological
damage, which would account for the epidemics of dementia and autism, and literally trillions of dollars of
unnecessary health care costs – which does not include the incalculable costs of human pain and suffering.

Making Hydrogen from Water with Sunlight
The nanobes eventually created the bacteria and other microbes, which initially obtained the hydrogen they
needed for metabolism from the non-renewable hydrocarbon molecules that were in the primordial soup.
But after some 500 million years, the hydrocarbon resources were being rapidly exhausted by the exponentially
expanding Nanobe and microbial populations, just like the oil and other fossil fuels worldwide are now being
depleted by an exponentially expanding human population. The nanobes were faced with extinction, but they
were masters of molecular chemistry, and they were able to solve their problem by developing a remarkablycomplex molecule called Chlorophyll, which allows hydrogen to be extracted from water with sunlight. This
breakthrough process was much less efficient than the traditional method of extracting the hydrogen from
carbon, but by making the hydrogen from water with solar energy, it was a completely renewable and pollutionfree process. Sustainability was far more important than efficiency, which is why this photosynthetic process has
been used successfully by life on the Earth for over 3 billion years.
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Electrolysis:
Making Hydrogen From Water with Electricity
Benjamin Franklin was one of the early and passionate investigators of electricity, and in June 1752 he
attached a metal key to the bottom of a dampened kite string and proceeded to fly the kite in an electrical
thunderstorm. A succession of sparks jumped from the key to show that lightning was indeed electrical in
nature, but producing and using electricity was a difficult process, and it was not until the year 1800 that an
Italian scientist, Alessandro Volta, demonstrated that it is possible to predictably produce an electrical current
by soaking paper in salt water, with zinc and copper electrodes on opposite sides of the paper so the current
could flow from the chemical reaction. With this predictable source of electricity, it only took a few weeks
before Sir Anthony Carlisle, an English surgeon and his colleague William Nicholson, a renowned English
chemist, discovered that when the electrical current was passed through water, a process now called
electrolysis, the water molecules (H2O) are separated into hydrogen (H2) and oxygen (O).

The Electrolysis of Water
The hydrogen appears at the cathode (the negatively charged electrode, where electrons enter the water), and
oxygen will appear at the anode (the positively charged electrode). By the end of the Civil War, the electrolysis of
water became a common and cost-effective method for the production of hydrogen. Electrolysis is about 75%
efficient, which means it takes more energy to separate the water into hydrogen and oxygen, than is produced
when the atoms are recombined as fuel, at which point water is again formed, thus nothing is used up in the
process. As such, if the hydrogen is to be produced on a scale to displace fossil and nuclear fuels worldwide,
the electricity needs to come from sources like the wind and other solar energy resources.
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Gulf Oil Hydrogen Advertisement

Gasoline is made from crude oil by adding significant quantities of water and hydrogen, which is why it is
referred to as a hydrocarbon fuel. Virtually all of the hydrogen now comes from natural gas, which is also a
non-renewable fossil fuel that has significant environmental problems. As the Gulf Oil Ad shown above
documents, oil companies are very aware how to make hydrogen from water with electricity, but it has simply
been less expensive to use natural gas. About 18 gallons of water are needed to make a gallon of gasoline
from oil, whereas only 2.3 gallons of water are needed to make an equivalent gallon of gasoline (EGG) with
electricity. Corn-based ethanol requires about 12,000 gallons of water per EGG.
The Gulf ad assumes the electricity will be made from non-renewable fossil and nuclear fuels, which are rapidly
diminishing and highly-polluting. Coal is the most abundant fossil fuel that currently supplies about 50% of the
electricity in the U.S., but the 250-year supply would be exhausted in less than 20 years if it was stripmined and
used on a scale to make hydrogen fuel for all of the vehicles in the transportation sector and energy industries,
and the environmental impact of such use would be devastating. Coal plants emit vast amounts of toxic wastes,
including lead, arsenic, radioactive isotopes and mercury, a potent neurotoxin that is a primary cause of the
epidemic of autism. Even if scrubbers are used in the smokestacks of coal plants, the toxins are simply
transferred from the air to the water, which underscores why hydrogen is only a solution to the existing energy,
economic and environmental problems if it’s made from water with electricity that is generated from the wind
and other solar energy technologies and resources that are pollution-free and inexhaustible.
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A Brief History
of Hydrogen-Fuelled Automobiles

In 1807 Francois Isaac de Rivaz of Switzerland designed the first internal combustion engine that ran inside the
first automobile (upper left), which was fueled by hydrogen, not gasoline. In 1860, Etienne Lenoir of France
invented the 1-cylinder, 2-stroke vehicle (upper right) that received its fuel by electrolyzing water and running the
hydrogen through the small horizontal engine.

In 1966, as part of a high school science project, Roger Billings modified his father’s Model A Ford (upper left)
to run on hydrogen, and is shown drinking the pure water exhaust from his hydrogen fueled vehicles. In the
1970s, he developed a Hydrogen Homestead shown on page 9, which had all of the appliances, including a
Coleman stove as well as a Jacobson tractor and Cadillac Seville (upper right) modified to use hydrogen fuel.

In the 1970s, a1979 Buick (upper left) was modified by investigators at Los Alamos National Laboratory to use
liquid hydrogen (LH2) fuel with a self-service LH2 pump and storage Dewar, and BMW was the first major
automobile manufacturer to modify a wide-range of the most sophisticated LH2 fueled vehicles in the world (upper
right) over the next three decades, which could use gasoline or hydrogen fuel interchangeably.
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Solar Hydrogen Homes

Governor George Romney (upper left), Professor Nejat Veziroglu (center) and Roger Billings (right) commemorate the
Solar Hydrogen Home developed by Roger Billings in Provo, Utah in the 1970s.

Roger Billings first modified his family's lawnmower to use hydrogen fuel in Provo, Utah when he was still in
high school, and in 1966, he proceeded to modify his father's Model A Ford (shown on page 8)) for his high
school science project, and as an undergraduate at Brigham Young University, he lead a team that modified a
Volkswagen to operate on hydrogen. After graduating with a degree in mechanical and chemical engineering,
he later modified the engine and appliances in a Winnebago Mobile Home. In 1977, Roger modified a
hydrogen-powered Cadillac Seville (upper right), as part of a Hydrogen Home project he developed in Provo
(upper left), which had all of the vehicles and appliances, including the water heater, Tappan gas range, BBQ
and even a small Coleman camping stove shown above was modified to use hydrogen fuel. The Cadillac for
the Hydrogen Home was included as part of President Jimmy Carter's inaugural parade, and the exhaust could
be condensed and used to make coffee.
However, according to an ABC News report in 1991 by Peter Jennings, one of the first Solar Hydrogen Homes
ever built in the U.S. was started in the 1930s by John Lorenzen (shown above next to the Coleman stove) a
Midwest farmer who only had a 6th grade education because his father died and he had to quit school to help
his mother on the farm. But he built his own wind powered electrical generators from spare parts in his
barnyard workshop, and he then used the electricity to make the hydrogen from a wooden barrel of
water. Lorenzen then modified his pick up truck to use the hydrogen as well as gasoline. While hydrogen is the
ultimate rocket fuel, John Lorenzen demonstrated that one does not need to be a rocket scientist in order to
make and use it as very safe renewable fuel at home.
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BMW Hydrogen Fueled Vehicles

The engineers at BMW have been developing liquid hydrogen fueled automobiles with conventional internal
combustion engines since the 1970s because liquid hydrogen most closely resembles gasoline in terms of a
vehicle’s weight, performance and range. Extensive tests by BMW have shown liquid hydrogen to be much safer
than gasoline in the event of accidents, and because solar-sourced hydrogen is completely renewable and
pollution-free, BMW believes it is the ideal future fuel. All of the hydrogen-fueled BMW’s still have a gasoline tank,
which allows the engine to use either fuel interchangeably.
Ford Motor Company
Ford Motor Company has been working on hydrogen-fueled vehicle technology since the early 1990s, and is
the world's first automobile manufacturer to deliver commercial vehicles powered by hydrogen-fueled internal
combustion engines (H2ICEs), which use the same basic technology as gasoline-powered engines except the
engines are engineered to also run on hydrogen fuel.
Ford and BMW both view this H2ICE as an important bridge technology to hydrogen-powered fuel cells, because
it is less expensive than fuel cells and uses existing engine manufacturing capability, but when it comes to pure
performance, Ford’s hydrogen fuel cell Fusion 999, shown below, has now set the new world’s land speed
record. On August 16th 2009, a Ford Fusion 999 hydrogen powered fuel cell car achieved over 207 mph at the
Bonneville Salt Flats in Utah, establishing a new world speed record for a hydrogen-powered vehicle. The goal
of Ford’s high-performance hydrogen racing effort is to demonstrate that hydrogen propulsion is safe, viable and
scaleable, meaning that the tanks, systems, motors and vehicle can all be made smaller, lighter and more
compact, which Ford believes is the formula for hydrogen-fueled zero-emission production cars.

The Ford Hydrogen Fusion 999 (left) and Ford’s more conventional Focus FCV (Fuel Cell Vehicle).
The Ford Focus FCV (Fuel Cell Vehicle shown above (upper right) is a more practical fuel cell vehicle that Ford
built in 2006. The car is powered by a Ballard 902 fuel cell, which compresses hydrogen in its 5,000 psi tank
and creates electricity once the hydrogen is separated into protons and electrons. The car itself is powered by
two sources: one source is from the fuel cell itself and the second is from the car's battery pack. As such, it is
considered a hybrid because it is powered by two different sources. The car's only byproduct is water which is
made when the hydrogen from the fuel cell reacts with oxygen in the process of combustion.
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The Ford “Hydrogen” Super Chief

The Ford Super Chief can run on hydrogen, gasoline or ethanol with the flip of a switch.
The Ford Super Chief designers introduced a new supercharged V-10 engine with a tri-flex fueling system that allows
users to enjoy a choice of using hydrogen, gasoline, or E85 ethanol as fuel. Because the Super Chief offers these
choices drivers have the comfort of knowing they can still find fuel as the ethanol and hydrogen infrastructures are
developing, and the tri-flex fueling system documents that internal combustion engines can be optimized to use any of
these fueling options using the same engine with only the flip of a switch while the vehicle is running. The hydrogen
based fuel alternative is approximately 12-percent more efficient compared to either of the hydrocarbon fueling
options. While the tri-flex system is a new concept at Ford, the automaker has been committed to providing
customers with a flex-fueling system in their F-150 models for 2005 and 2006 that allows either unleaded or E85 to be
used in the same tank. The tri-flex system is a bold proclamation by Ford that hydrogen may be the next readily
available fuel supply for the world and they are “ready to roll with the roll out.”
Ford currently has a fleet of 30 E-450 H2ICE shuttle buses on the road in North America. These E-450 shuttle buses
use a 6.8-liter supercharged Triton V-10 engine with a compressed hydrogen storage system equivalent to 29 gallons
of gasoline. Ten of the H2ICE shuttles with the Canadian government in Vancouver, Prince Edward Island, Ottawa
and Toronto in support of their vision for a hydrogen-based economy, and as of April 2008, Ford’s hydrogen ICE fleet
has successfully logged over 100,000 miles in operation. According to Susan Cischke, who is Ford’s group vice
president for Sustainability, Environment and Safety Engineering, “the H2ICE project and our fleet partners continue
to help demonstrate the potential of using hydrogen as a clean alternative to fossil fuels.” Ford’s support of hydrogen
fuel technologies helps to provide hands-on experience with hydrogen-powered vehicles that are both clean and safe,
and such efforts showcase government and industry progress while addressing the next steps towards
commercialization, including the need for having convenient hydrogen pumps at service stations -- as well as homebased hydrogen production and refueling systems.
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Hydrogen Fuel Cell Vehicles
Hydrogen fuel cells are another hydrogen energy technology that was developed in the 1800’s by Sir William
Groves, who in 1839 reversed the process of electrolysis by combining hydrogen and oxygen with platinum
electrodes and a sulphuric acid (H2SO4) electrolyte in order to produce electricity and water. NASA refined
the use of fuel cells in spacecraft, and over the past decades, most major automobile manufacturers,
including BMW, General Motors, Ford, Mercedes Benz, Toyota, Honda and Hyundai are integrating fuel cell
systems in both conventional and advanced vehicle designs, some of which are shown below.

Mercedes Benz

Ford

Hyundai

General Motors

Toyota

Honda

The Solar Hydrogen Fleet anticipates including fuel cells as well as conventional internal combustion (IC)
engines that use hydrogen fuel. Fuel cells, however, are not yet cost effective for most vehicular applications.
Given that there are approximately 250 million vehicles now in the USA, it would be far quicker and much less
expensive to simply modify all of the existing to use hydrogen or hydrocarbon fuels interchangeably. Assuming
a conversion cost of $3000 per vehicle, $750 billion would be required. If new fuel cell vehicles at $75,000
each were used, over $18 trillion would be required.
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Hydrogen Refueling Stations

Hydrogen can be stored as a solid, liquid or gas, but liquid hydrogen (above left) most closely resembles
gasoline in terms of weight, volume and refuelling time. Since hydrogen can be made from a relatively small
amount of water and electricity, every gas station as well as every home could have a hydrogen storage and
refuelling pump. Honda has not only developed conventional hydrogen refuelling stations (above left), but in
2008, Honda also developed a hydrogen refuelling systems that can be safely used at home.
Honda’s Home Hydrogen
Refueling Station

While it would be virtually impossible to manufacture toxic gasoline
or other hydrocarbon fuels at home, in the case of hydrogen, all one needs
is water and electricity, which is also found at every gasoline station or office building.
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Hydrogen-Fueled Aircraft

The first U.S. aircraft to use hydrogen fuel was an Air Force B-57 bomber, which was modified in 1957.

Detailed studies by Lockheed found that liquid hydrogen-fueled aircraft would be much safer, lighter, quieter,
require smaller wing areas, shorter runways, and greatly reduced pollution. They would also use less fuel per
flight mile, and because of their substantial weight reduction with hydrogen, their range could be roughly doubled.
The conventional aircraft imaged on the left is being refueled with liquid hydrogen, while the advanced Lockheed
design on the right takes full advantage of using hydrogen as an aircraft fuel.

In the 1970s, Lockheed engineers determined that liquid hydrogen (LH2) was the safest and most practical
alternative fuel that could be used as a replacement for conventional hydrocarbon fuels, and they demonstrated
in the illustration above that shows how to modify existing commercial aircraft to use LH2, which would be
stored in the two shaded areas of the fuselage. With this design, it would be virtually impossible for the aircraft
to be high-jacked from the passenger compartment, and the structural integrity of the fuselage was significantly
improved in the event of a crash landing.
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Hydrogen-Fueled Spacecraft

The liquid hydrogen-fueled Saturn V Moon Rocket & Space Shuttle.
The Saturn V moon rockets all used hydrogen to fuel the second and third stages. In the case of the Space
Shuttle (upper right) note the smoke-free, almost invisible light-blue hydrogen flame that is emitted from the three
hydrogen-fueled engines mounted on the tail of the Space Shuttle. This is in contrast to the highly-toxic
emissions that are generated from the powered aluminum fuel used in the two solid rocket boosters that are
mounted on the sides of the Shuttle.
Because liquid hydrogen has the greatest energy per weight of fuel, the U.S. Army and Air Force began
investigating using liquid hydrogen and oxygen as a rocket fuel in 1943 in cooperation with investigators at Ohio
State University. As a result of this ongoing effort, liquid hydrogen was eventually used to fuel the second and
third stages of all of the Apollo moon rockets as well as the current fleet of Space Shuttles, whose three main
rocket motors mounted on its tail are fueled at launch by the large primary orange fuel storage tank that contains
the liquid hydrogen and oxygen. NASA engineers initially wanted the launch vehicle to be reusable. It would also
be fueled with liquid hydrogen and have a crew of its own to fly the vehicle back after it had launched the Shuttle.
Budget considerations, however, resulted in using the SRBs instead. It is worth noting that when the Challenger
exploded, it was not due to the hydrogen that caused the mishap, but the failure of the O-rings in one of the two
solid rocket boosters.
Paul M. Ordin, a research analyst working for NASA, reviewed 96 accidents or incidents involving hydrogen.
NASA had transported more than 16 million gallons of liquid hydrogen for the Apollo-Saturn program alone, and
while most mishaps were of a highly specialized nature, there were five serious highway accidents that involved
extensive damage to the liquid hydrogen truck transport vehicles. These accidents were such that if conventional
gasoline or aviation kerosene had been involved, a spectacular explosion and blaze would have occurred and
burned for hours, causing considerable collateral damage. But due to the physical characteristics hydrogen,
none of the accidents resulted in either an explosion or fire. This data underscores that hydrogen is much safer
than gasoline or other hydrocarbon fuels in the event of leaks or accidents.

Implementing a Solar Hydrogen Economy by 2020

Page 16 of 28

Hydrogen Distribution Systems

Hydrogen is typically transported as a cryogenic liquid in tanker trucks, pipelines or tankers.

The cryogenic tanker on the left was built in the U.S. by General Dynamics in the 1980s, and the advanced
hydrogen tanker on the right was designed by Kawasaki Heavy Industries in Japan. Since hydrogen is nontoxic, and pollution-free, spills from accidents will not contaminate water or ecological habitats

The liquid hydrogen (LH2) “Supergrid” system pictured above is being developed by the Electric Power
Research Institute (EPRI), a highly-respected nation wide utility research group, and it will be able to carry both
gaseous and liquid hydrogen, and because of the cryogenic temperature of LH2, electricity can also be
transported underground, along with a high-speed magnetically levitated mass-transit system.
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Hydrogen Safety Considerations

The hydrogen bomb uses a nuclear fusion reaction that occurs in stars (where no one lives), whereas making
hydrogen from water with electricity, or using hydrogen as fuel uses a simple chemical reaction that only involves
electrons, which is how plants use sunlight to split water into hydrogen and oxygen. In the spectacular
Hindenburg accident, few people have actually read the accident report, and as such, they are not aware that
two-thirds of the passengers and crew (62 people) survived the incident, and of the 35 people who died in the
accident, 33 were killed when they panicked and jumped from the airship, and they died from the fall. Two
people were burned to death, but it was not from the immense amounts of hydrogen onboard that was used as a
lifting gas, which rapidly dispersed up and away from the accident, but from the diesel fuel that was used to
power the Hindenburg’s Mercedes Benz Diesel engines.

In a carefully controlled test funded by the U.S. Department of Energy, two identical vehicles were configured
with similar fuel leaks that were then ignited. Note that the hydrogen-fueled vehicle on the left suffered no
temperature increase or physical damage to the vehicle or passenger compartment, whereas the gasoline-fueled
vehicle on the right was totally consumed in flames in less than three minutes. While most people assume that
hydrogen is especially dangerous in the event of leaks or accidents, the insights and images shown above
document that hydrogen-fueled vehicles would in fact be much safer than their gasoline or diesel-fueled
counterparts. Indeed, even the Hindenburg accident is a classic case study that shows how safe hydrogen is,
even in a worse-case accident.
This has been confirmed by NASA, which has used hydrogen fuel in all of the Saturn V moon rockets, as well as
all of the Space Shuttles. The primary reason hydrogen is such a safe fuel is because hydrogen is the lightest
element in the universe, and as such, it travels up and away from a leak or accident in a matter of seconds.
However, when the hydrogen atoms are chemically bonded to carbon atoms, which are relatively heavy, the
resulting hydrocarbon fuel will easily form explosive mixtures, and rather than moving up and away from the
passengers, it will literally wick and stick to their clothes and skin, which typically cause severe burns, which often
prove to be fatal. It is why it is hard to imagine a scenario where gasoline or other hydrocarbon fuels would cause
less damage to property or people. It is why hydrogen is much safer than gasoline or other hydrocarbon fuels.

Implementing a Solar Hydrogen Economy by 2020

Page 18 of 28

The Hydrogen Tree

The Hydrogen Tree documents that hydrogen is not just a “universal fuel” that can power all of the existing
automobiles, aircraft, spacecraft and power plants, but it is also a primary industrial chemical feedstock that is
needed to make a wide-range of products, including, plastics, semiconductors, fertilizers, paint, soap and
gasoline. Indeed, gasoline is mostly hydrogen that is chemically bonded to carbon, forming hydrocarbon
molecules. At present, virtually all of the hydrogen that is used in industry comes from natural gas, which is
another non-renewable and rapidly diminishing fossil fuel. Moreover, while natural gas is the cleanest burning
fossil fuel (because it’s mostly hydrogen), the production of natural gas, including the recent focus on extracting
natural gas from shale, has many environmental problems, including the contamination of vast amounts of fresh
water in underground aquifers. The solution is to extract hydrogen from water with electricity generated from the
wind and other solar energy resources. The Hydrogen Tree image shown above was provided courtesy of Air
Products & Chemicals, the largest producer of hydrogen in the U.S.A.
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Hydrogen Production Considerations
While hydrogen can be made from water with any source of electricity, it is only pollution-free and inexhaustible
if the electricity used to separate the hydrogen from water is made from the wind and other solar energy
resources. Wind systems now produce electricity for less cost than any other solar technology option and they
are very similar to an automobile or aircraft from a manufacturing perspective, which means they can be rapidly
mass-produced. Given that approximately 2 million 5 MW wind powered hydrogen production systems
operating with a capacity factor of 30% would generate enough electricity and hydrogen to displace all of the
fossil and nuclear fuels now used in the U.S., which cost over $1.5 trillion annually, assuming $1,000 per kW,
the capital costs for 2 million units would be $10 trillion, which would be recovered in about 7 years of operation,
and the equipment will then continue to generate a renewable rate of return on the investment for many
decades with a resource and fuel that is inexhaustible.
To put these numbers in perspective, according to a May 5th, 2008 article published in the Oil & Gas Journal,
Matthew Simmons, a highly respected analyst and CEO, stated that the oil and gas industry will need to invest
50 to100 trillion dollars to rebuild its ageing infrastructure within the next 7 years in order to avoid a serious drop
in oil and gas production. While it takes 18 gallons of water to make a gallon of gasoline from oil, only 2.3
gallons of water are needed to make an equivalent energy content of hydrogen. To put these numbers into
perspective, it is important to note that wind systems are similar to an automobile from a manufacturing
perspective, and prior the recent economic downturn, over 17 million new automotive vehicles were sold in the
U.S. each year. In World War II, President Franklin Roosevelt organized the War Production Board, which was
made up of all of the major energy, automotive, aircraft, and shipbuilding industries, that were able to retool
American industry in less than one year, which underscores that the 8 million 5 MW solar hydrogen production
systems could be in place by 2020.
Wind Electric Systems

A 5 MW GE Wind Turbine
Wind systems have been providing mechanical power for humans for over 1,000 years and a state-of-the-art 5
MW wind turbine system built by General Electric (GE) is pictured above. Wind systems are anticipated to be the
backbone of the solar hydrogen production mix because they could continue to operate in an abrupt climate
change environment, and they presently generate electricity for less cost than any other solar technology. This is
important because the cost of the electricity directly impacts the cost of the hydrogen. Wind systems can be
mass-produced without strategic materials, and rather than using oil for lubrication, even higher quality lubricants
can and should be made from green algae and Jojoba bean plants, which do not require pesticides and are not
only non-toxic, they are in fact nutritious.
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GE’s Next Generation Wind Turbine

A Cutaway of GE’s Advanced Power Conversion Unit
GE is now the largest wind turbine manufacturer in the world, and a cutaway of its next generation 4 MW wind turbine
is shown above. The 176-foot long blades are attached to a much smaller drivetrain that eliminates most of the moving
parts, including the gearbox and conventional generator, with a direct-drive power conversion system that uses
permanent magnets rather than conventional electromagnets that require starter brushes, coils, and power from the
grid before they can operate. The system is expected to capture 25 percent more wind power than conventional
models and have significantly reduced capital and operational costs.

The Silver Bullet
Fossil fuel and nuclear advocates have often incorrectly stated that there is no "silver bullet" answer to
humanities increasing dependence on oil, coal and other fossil and nuclear fuels that are rapidly diminishing and
highly polluting. Thus all energy options must be developed, including more offshore oil drilling, and the
increased use of coal, oil and natural gas from shale, tar sands and nuclear power, in spite of the fact that such
non-renewable and highly polluting energy options can never make the U.S. energy independent. The only
energy option that can not only make the U.S. independent -- but energy independent of all fossil fuels by 2020 -is to mass-produce wind and other solar powered electrolytic hydrogen production systems that from a
manufacturing perspective, are similar to automobiles and aircraft.
Other solar technologies being developed, such as nanosolar-scale photovoltaic systems and ocean thermal
energy conversion (OTEC) systems, will increasingly be part of an evolving renewable hydrogen production “mix”
as they are able to become economically competitive. But wind systems alone are the only “silver bullet” that
can permanently displace all fossil and nuclear fuels now used -- not just in the U.S. -- but worldwide by 2020,
with technologies that could have been mass-produced in the 1920s.
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Offshore Wind-Powered
Electricity Production Systems

A State-of-the-Art
Norsk Hydro Windship Design
Unlike conventional sea-based wind turbines, which are firmly attached to the seabed floor, the Norsk Hydro
design pictured above is a floating structure, like a large buoy where the weight is below the water for stability in
high winds, and the system is then is anchored to the seabed floor. Note the weights that are located at the
base of the unit. This design approach allows the system to be deployed far out at sea on the continental
shelves, which means it will not be visible from the shore.
While sea based wind systems are typically twice as expensive as the land-based systems rated at the same
power, the winds at sea are typically twice as intense as they are on land, and because wind systems operate
with the Law of the Cube, that means if the wind speed doubles, the electrical power output of the wind turbine
is increased by a factor of eight, which more than compensates for the higher capital costs. The electricity can
then be transferred to shore with an underground cable, where it can be used directly, or the electricity can be
passed though water for hydrogen production.
However, as the two following images show, it is also possible to increase the size of the submerged hulls to
allow for a crew and the electrolyzers that would use the electricity to convert the seawater into hydrogen and
oxygen directly at sea. Sea-based solar hydrogen production systems are complete non-toxic and pollution-free
and will work in harmony with the earth’s biological life support systems.
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Heronemus “Windship” Hydrogen Production System Cutaway

The Windship system pictured above was developed by naval architect and engineering professor William
Heronemus, which provides a cutaway view of the submerged spherical hulls where the crew will live and work,
and where the electrolytic hydrogen production equipment will be located. The hydrogen pipeline on the
seabed floor brings the hydrogen fuel ashore, or to a central hydrogen storage system that will deliver fuel to an
international fleet of liquid hydrogen tankers. Unlike oil and gasoline, hydrogen is completely non-toxic and
pollution-free, thus no environmental contamination will take place when accidental spills or leaks occur.
Indeed, all of the equipment located below the water provides a vast sanctuary for the remaining fish and ocean
ecosystems that are being driven into extinction from over-fishing and trawling. Unlike conventional wind
systems that use a single large turbine, multi-array systems use a larger number of smaller turbines that can
handle the higher wind speeds and would be much less expensive to manufacture, service and replace.
While sea-based Windship systems would have two or three times the capital costs of similar systems built on
land, these costs would be substantially offset because the winds at sea are typically twice as intense as those
on land, because wind systems operate with the law of a cube, if the wind speed doubles, the power output of a
wind turbine will be increased by a factor of eight.
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Deep Sea Windships

Deploying fleets of Windships can make America energy independent by making hydrogen from the
wind and seawater, while providing a sanctuary for the remaining ocean ecosystems,
which are in the final stages of being driven into extinction from overfishing.

The Heronemus Windship image pictured above was published in National Geographic magazine in 1975.
Windships, which could have been built in the 1800s, are similar to sailing ships, except the sails are replaced
by rows of wind turbines that use the electricity to generate hydrogen in the spherical hulls that are located
below the water for stability. Note the tugboat delivering a crew that will live and work in the systems, which are
placed far enough out at sea so they will not be visible from the shore. In addition, the remaining fish and other
marine organisms are so contaminated with mercury from coal plants that they are unfit to eat. Scientific
studies published in Nature (5/15/03) have documented that over 90 percent of the fish in the global oceans
have already been lost from chemical pollution, overfishing and trawling, and the large-scale deployment of
Windships may be the only action that will save the remaining genetic “seed corn” of the marine organisms so
that the ocean’s global ecosystems may eventually be allowed to recover.
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Solar Ocean Thermal Energy Conversion (OTEC)
Ocean Thermal Energy Conversion (OTEC) systems are the only solar option that can operate 24 hours a
day, 7 days a week, regardless of weather conditions, and they can be engineered to produces vast quantities
of seafood and freshwater in the process. OTEC systems are no more difficult to build than an oil tanker, and
they alone could easily make enough electricity and hydrogen from solar energy to displace all fossil and
nuclear fuels used worldwide. The OTEC concept was first proposed by a French physicist in the 1800s.

Lockheed led the engineering effort during the Carter administration for the commercial scale 100 MW OTEC system
shown above, and although the OTEC Research & Development effort was cancelled by the Reagan administration,
Lockheed Martin has continued to develop commercial scale OTEC systems. For an update, please refer to the
Lockheed Martin Website and click on the OTEC video summary.
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OTEC Pilot Plants

Prototype OTEC systems were developed in the U.S. by Lockheed in the 1970s (upper left) and in 2000, Saga
University in Japan and NIOT in India jointly developed a one MW OTEC that is shown on the upper right.
OTEC Developments in Japan and India
The country of Japan has been a major contributor to the development of OTEC technology since the 1970s when it
launched the Sunshine Project, although Japan’s OTEC focus was primarily for export to other countries. In the
1970s, the Tokyo Electric Power Company built a 100 kW closed-cycle OTEC plant on the island of Nauru. The plant
became operational in 1981 and produced about 120 kW of electricity (90 kW was used to power the plant, and the
remaining electricity was used to power a school and several other facilities in Nauru). This set a world record for
power output from an OTEC system where the power was sent to a real power grid. In 2000 Saga University of
Japan and NIOT of India, announced they agreed to a joint development of OTEC in India, a country with a large
access to an abundant OTEC resource that faces a dramatic increase in population and in (clean) energy demand
for the future. A one MW OTEC floating plant has been built, and the success of this co-operation will certainly be an
important milestone in the development of OTEC industry.
An OTEC, Windship and PV Solar Hydrogen Production Island

The artist's concept above shows a technological solar hydrogen production island with three OTEC power
modules, and an array of wind turbines and solar photovoltaic cells.

Implementing a Solar Hydrogen Economy by 2020

Page 26 of 28

A New Age of Extinction is Evolving

Professor James Hanson, NASA’s chief climate scientist and the other senior scientists at the National Academy
of Sciences (NAS), have warned that the combustion of oil, coal, natural gas and other fossil fuels must be
dramatically reduced because humanity is passing a "tipping point" of no return, which means drastic and
immediate change is now needed to avoid destroying the life-support systems of the only planet in the universe
that can sustain us and our descendents. It’s like a car accelerating towards a cliff. After a certain point, it will not
matter what the driver does. Even if the brakes are slammed on, the momentum will still propel the car over the
cliff. Ships have much more momentum than cars, and global ecosystems have much more momentum than
ships, which underscores the sense of urgency.
The icecaps, Arctic tundra and methane ice crystals in the Arctic ocean are now melting far faster than had
previously been predicted, which could release up to 100 times more carbon into the atmosphere than is now
generated from the burning of fossil fuels. The global fish populations are already over 90% dead; major forest
ecosystems in the Rocky Mountains and Cascades are dying from the droughts and warmer temperatures, and
the bees, which are critical food pollinators, are disappearing, along with the bats, which consume tons of insects
daily, and millions of other species.
As the April 13, 2009 Time Magazine cover story documented (above right), there have been 5 mass-extinction
events in the earth's history, but this 6th Age of Extinction that is now underway is not being caused by natural
events, but by humanity's reckless actions, including its continued reliance on fossil fuels. Yet in spite of the vast
amounts of data that has been compiled by literally thousands of scientists from around the world, the Members of
Congress, who have little or no technical training in these issues, have repeatedly refused to take the warnings
seriously. The Phoenix Project plan to shift to a Solar Hydrogen Economy with wartime-speed complies with the
warnings of Professor Hansen and his NAS colleagues by mass-producing 5 million 2 MW wind-powered
hydrogen production systems and the roughly 250 million engine conversion kits and hydrogen fuel storage
systems that will allow all of the existing vehicles to use the hydrogen made from the sun, wind and water.
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The Yellowstone Caldera

While there are a number of profoundly serious problems that have been addressed in this document, the
Yellowstone Caldera is in a class all of its own. Scientists at the United States Geologic Survey (USGS) have
been carefully monitoring what has been referred to as a “Supervolcano” in Yellowstone National Park for many
decades, which has a history of erupting every 600,000 years. This is how long it takes for Yellowstone’s
massive “Caldera” of lava, which is a holding vessel that is over 450 miles deep, to fill up, at which point it erupts
in a truly Titanic explosion that will have a worldwide impact for years. While most volcano’s have a crater that is
approximately one mile wide, in the past Yellowstone eruptions, the craters have been 50 miles wide, and the
ash they emitted into the atmosphere created winter all year long for 8 to 10 years, thereby destroying existing
food production systems. Earthquakes in the Yellowstone area have been exponentially increasing in recent
years, the earth itself is now rising by several inches, and the forests are dying because the roots of the trees are
being cooked by the lava below. These are all of which are all classic warning signs that an eruption is imminent,
yet federal government ignores the issue.

USGS scientists have mapped the Yellowstone Caldera that lies below the surface (upper left)
as well the path of emissions in the U.S. from its past eruptions (upper right).

Whether abrupt climate change is caused by human actions of burning fossil fuels, or non-human acts of physics
like asteroid impacts or volcanic eruptions, the difference between surviving or perishing from such events will
depend on mass-producing “Lifeboat” indoor organic food production systems in each community that will be
powered by electricity and hydrogen generated from the wind, algae and biomass waste products. Even if
governmental officials were aware of the exact time of the eruption, they may well choose not to inform the public
simply because they assume that nothing could be done in any case. However, millions of Americans are now
being paid over $100 billion a year not to work, when they could be hired to build and operate Lifeboats in each
community. At $1 million each, over 100,000 systems could be in place, which averages out to be 2,000 Lifeboat
units per state. It is also worth noting that if the volcano takes its time in erupting, the high-quality organic food
produced in such Lifeboat systems would be vastly superior to that which is now produced in the poison-laced,
highly processed factory food products that are now the only option for the American citizens.
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Lifeboat Food Production Systems
"Lifeboat" food production systems refer to indoor organic hydroponic agricultural and animal farming systems that
are able to produce ultra-high quality food regardless of abrupt climate changes or other adverse weather conditions.
Hydroponic farmers have demonstrated that per-acre yields are 30 times as high as those produced by traditional
farming and using automated nutrient-delivery machinery and 24-hour light exposure will improve on that yield many
times over. Moreover, the rotary systems developed by the Canadian company Omega Garden, which are shown
below, could easily be mass-produced by the millions for homes as well as large-scale industrial applications.

Although organic hydroponics and fish farms produce high yields, they’re also high-maintenance. Soil-free
hydroponic systems require frequent nutrient replenishment and the fish tanks need to be continually flushed of
fouled water. However, in what has been called an “aquaponic” system, the hydroponic and fish are integrated,
which transforms the flaws of the individual systems into virtues. The fish waste becomes plant fertilizer, while the
plants clean the dirty water. In the automated system shown above, conceptualized by OrganiTech, the tank’s slow
current carries floating trays of plants [1] past nutrient dispensers [2] and, by the end of the weeks-long trip, the
plants are ready for harvest. Below them swim high-protein tilapia [3], whose ammonia-laden waste sinks to a
gravel bed [4], where bacteria convert it to nitrogen. The system pumps this nitrogen-rich water to the plants, which
consume the nitrogen and return clean water to the fish. These are the types of organic Lifeboat food production
systems that need to be mass-produced with wartime-speed, while there is hopefully still time to make a difference.
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Economic Considerations
Indoor organic hydroponic agricultural systems, which can be utilized in any enclosed structure with water and
electricity, will produce ultra-high quality, poison-free food, which is a $2 trillion per year market in the U.S. Such
systems can be integrated in homes, offices or entire indoor “Arcology” communities developed by architect Palo
Soleri, which integrate residential and commercial sectors without the need for conventional cars, streets or roads.

Given the State of Emergency that now exists, where an ecological oblivion or technological utopia hangs
in the balance, it is critical for the American people to enact Article V of the U.S. Constitution in order to
pass a Democratic Republic amendment that will allow the majority of citizens to bypass the army of
lobbyists by having the final say on approving national priorities, legislation, and judicial decisions.

The Solar Hydrogen Economy

By Harry Braun

The only energy and environmental option that can realistically
provide sustainable prosperity without toxic pollution
for the USA and the global human community.

This report has documented that scientists first made hydrogen from water with electricity generated
from the wind and other solar technologies in the 1800s, and if such technologies were massproduced, they could rapidly displace the use of all oil, coal, natural gas and other fossil
and nuclear fuels worldwide forever, while creating trillions of dollars of new wealth
every year for the USA. The “trigger mechanism” for this fundamental change
is the Fair Accounting Act amendment, which could only be passed by
an Article V Constitutional Convention that is able to bypass the
Congress and its army of tens of thousands of lobbyists.

The Solar Hydrogen Economy

By Harry Braun

Harry Braun

Harry Braun and the $150 million San Juan Mesa Wind Project his company developed in New Mexico.
Author and technical analyst Harry Braun is Chairman and Senior Scientist of the Phoenix Project Foundation
(PhoenixProjectFoundation.US), a nonprofit, scientific educational organization that is focused on educating
the general public about the importance of shifting to a Solar Hydrogen Economy with wartime-speed. For the
past 30 years, Braun has been an Advisory Board Member of the International Association for Hydrogen Energy
(IAHE.org), which has several thousand PhD level scientists and engineers as members from over 45 countries.
Braun has also been CEO of Sustainable Partners International (SPI) since 1995, which developed the wind
project shown above, which is now owned and operated primarily the Edison companies. Braun worked with
McDonnell Douglas, Kockums, AlliedSignal, Sandia National Laboratories and the U.S. Department of Energy to
refine and commercialize solar Dish Stirling systems, which have held the world’s efficiency record for solar
thermal electricity production systems since the 1980s.
Braun is the author of numerous technical papers, including his most recent paper published in the international
Chemical Engineering & Chemical Industry journal, which is posted on the Phoenix Project Foundation website.
Braun is also author of The Phoenix Project: Shifting from Oil to Hydrogen, a 360-page book that was first
published in 1990 and updated in 2000, which provides a scientific overview both fossil and nuclear options as
well as a specific plan to implement a Solar Hydrogen Economy with wartime-speed. The book documents how
the microorganisms on the primitive earth were exponentially exhausting the hydrogen they were extracting
from hydrocarbon molecules in the primordial soup. In order to avoid extinction, the microbes figured out how to
extract hydrogen from water with solar energy (i.e., photosynthetic green plants), a process that has been
successfully working on a global scale for over 3 billion years.
The primary emphasis of Braun’s book is to provide a technical and economic analysis of how the U.S. and other
countries can rapidly shift from non-renewable fossil and nuclear fuels to renewable solar hydrogen production
systems, which will resolve many of the most serious economic and environmental problems. The book reviews
both the positive and negative aspects of exponential growth, which explains why humanity is on the threshold of
both a technological “utopia” of molecular medicine as well as an ecological “oblivion” of mass-extinctions, which
are already well underway. It is why we on Spaceship Earth are all like passengers aboard the Titanic, and there
is only a limited amount of time left to “change course.” Although hydrogen is often mentioned as the “Holy
Grail” of sustainability and indeed all energy sources, Braun is still the only technical analyst who has provided a
specific plan for how this “transition of substance” can happen by 2020, by mass-producing wind and other solar
powered hydrogen production systems and modifying every existing vehicle and power plant to use hydrogen.
Braun ran for Congress in 1984 against John McCain in Arizona in order to promote his 5-year plan to shift to a
Solar Hydrogen Economy and sustainable agricultural systems, and in 2005 he founded the Phoenix Project
Political Action Committee (PhoenixProjectPac.US), which is focused on organizing an Article V Constitutional
Convention to pass several Constitutional Amendments, including a Fair Accounting Act, which is the “trigger
mechanism” for implementing a Solar Hydrogen Economy because it would factor in the environmental and
healthcare costs of using fossil and nuclear fuels, thereby providing the financial incentives for oil and other
energy companies to shift trillions of dollars investments from fossil and nuclear fuels to wind and other solar
hydrogen production systems. The other critical amendment is a Democracy Amendment that would shift the
power from lobbyists in the U.S. Congress to the majority of citizens who would be empowered to approve all
legislative and judicial decisions that affect the majority.

The Solar Hydrogen Economy

By Harry Braun

“Real truth and insight is never to be found in bits of
information or scientific facts, but in the order and patters
that one chooses to make with them.”
Professor Henry Chadwich

