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BACKGROUND ON THE ASCEND ENERGY/ATREX ENERGY CERAMIC FUEL CELL VEHICLE PROJECT

It is well-established that a fuel cell vehicle can improve the well-to-wheel efficiency of transportation
substantially compared to a conventional vehicle. Most attention on developing fuel cell vehicles has
centered on hydrogen PEM technology. The majority of the hydrogen for such vehicles comes from
reforming natural gas. Losses in this reforming (conversion to hydrogen) process are significant,
sometimes amounting to over 25%, while a PEM fuel cell itself is highly efficient (in the range of 50-
60%), the total well-to-wheel efficiency of such vehicles has been variously estimated at 25-40%. In
contrast, a solid-state ceramic fuel cell (also called a solid oxide fuel cell or SOFC) can utilize natural gas
directly to generate electricity and has been shown to do so with an efficiency exceeding 55%. If such a
fuel cell can be adapted to power an electric vehicle, the improvements in efficiency and the
corresponding reduction in carbon emissions could be very significant. In addition, the expensive new
infrastructure for delivering hydrogen (with the associated efficiency losses) can be completely avoided
and the cost of fuel per gallon equivalent would be dramatically less.

An SOFC has typically been heavy, bulky and sensitive to shock and vibration. Recently, Atrex Energy has
developed a tubular SOFC for the military which is much more compact, durable, and compatible with
multiple on/off cycles. It was realistic to consider putting such a fuel cell on-board an electric vehicle to
make it into a hybrid, a step that was never done before.

Ascend Energy obtained funding from the California Energy Commission to adapt a small electric ATV as
a ceramic fuel cell hybrid EV. Such a vehicle has a significant market in California where its gasoline-
powered cousin already is used in farms, ranches and orchards as a utility vehicle but makes a significant
contribution to poor air quality in the farm regions of the state. Air quality authorities were eager to
replace the gasoline version with an all-electric version, but the ones available has limited range. Users
who tried the battery-only version were disappointed: The gasoline vehicle would run all day and still
have fuel left at the end of the day, while the EV vehicle would not last more than a couple of hours and
then possibly leave the user stranded.

Ascend put together the hybrid vehicle using the 1000 Watt Atrex Energy fuel cell power generator
fueled with compressed natural gas. Ascend worked with Tructronics Inc., idea Solutions Design, and JB
Mechanical to integrate and install the commercial Atrex Energy ceramic fuel cell in an all-electric Polaris
Ranger ATV. That vehicle and Atrex Energy's 1000 Watt fuel cell has been in durability, performance and
emissions testing for months and has exceeded all expected results. With over 100 miles on the vehicle,
the range and durability has been proven. The range increased 300% using a real world 2.3 mile off-road
test loop, fuel consumption was one-third that of the conventional gasoline version under the same
conditions, and the fuel cell vehicle had no detectable nitrogen oxide emissions (a key component of
smog) in contrast to the 100+ parts per million of nitrogen oxides in the exhaust from the gasoline
vehicle. The next step is to test the vehicle using propane, a much more common fuel found on farms,
and see if the results are similar.
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Then instead of adapting the fuel cell at the rear cargo area of the ATV, Ascend and Atrex Energy plan to
propose for additional funding to fully integrate the fuel cell directly into the ATV for further testing,
demonstration and commercialization.

Whether this approach will work for more widely used vehicles is yet to be seen, but this project has
fully demonstrated how dramatically better this kind of fuel cell can be on a vehicle than a conventional
engine.

The fuel cell mounted on the back of the Polaris EV Ranger with the CNG tank mounted above. In the
next phase, the components of the fuel cell will be integrated into the frame of the vehicle, leaving the
cargo area free.

CONTACT: Ken Pearson, CEO
Ascend Energy
916-425-7281, kenepearson@comcast.net

View of complete prototype vehicle with CNG tank installed.
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Standard Polaris EV Ranger

Front View of vehicle
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A better picture from a time when the vehicle was still being built. Note that CNG tank is not installed at
this stage.
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BACKGROUND ON THE ATREX POWER GENERATOR

Atrex Energy is currently selling fuel cell-based power generators commercially in four sizes: 250, 500,
1000 and 1500 watts, and has delivered 340 units to customers throughout North America.

Fuel cells are considered by many experts and government agencies to be an important technology in
meeting the current and future expanded requirement for clean, efficient power. This is because fuel
cells have the potential to provide for conversion of fuel into electricity at much higher efficiencies than
even the most modern conventional power plants, and to do so with almost no emissions of pollutants.
Moreover, not being bound by theoretical limits of Carnot efficiency, fuel cells could achieve over 70%
efficiency. Hence fuel cells have a double benefit as a clean energy technology and an energy efficient
technology.

Fuel cells are a different way of converting the chemical energy in fuels to electric power. A standard
generator burns fuel in an engine to spin a magnet in a wire coil to “push” electrons out. A fuel cell
produces electricity from an electrochemical process like a battery. The battery is continuously
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recharged by using a fuel to run a chemical “pump” that moves electrons from one side of a barrier
(which becomes positively charged) to the other side (which then becomes negatively charged). The
fuel cell then is like a battery which is continuously recharged with fuel in a chemical reaction rather

than electricity.

There are many types of fuel cells. The most commonly known fuel cell under development has an
electrolyte which is a thin polymer membrane and is called a proton exchange membrane (“PEM”) fuel
cell. PEM fuel cells use hydrogen, which is difficult to store and produce, as a fuel and require a catalyst
like platinum to facilitate the electrochemical reaction due to their low temperature of operation. The
platinum catalyst is easily poisoned by by-products of hydrogen production, such as carbon monoxide,
and as a result PEM fuel cells require very pure hydrogen as a fuel. Extracting and purifying hydrogen
from other hydrocarbon fuels such as natural gas adds so much cost and inefficiency that it eliminates
most advantages of the PEM fuel cells.

Atrex Energy uses a very different technology based on ceramics or solid oxides. This technology has

several key benefits:

1. No hydrogen is required. The technology works by using oxygen ions conducted through a

barrier to move electrons from one side (that becomes electron-deficient and carry a positive
charge) to the other side (where a surplus of electrons develops creating a negative charge). In
the PEM fuel cell, a hydrogen ion (a proton) is the carrier of charge and is essential to the
process. That makes the PEM cell a "hydrogen fuel cell". By the same token, the Atrex Energy
technology is an "oxygen fuel cell", a very important distinction. For the Atrex technology to
work, it needs a substance with which oxygen can combine, a substance which attracts oxygen.
For example, the system runs on pure carbon monoxide. Absolutely no hydrogen is needed.
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consequence is that the Atrex technology will make electricity from both the carbon components
and the hydrogen components in a conventional hydrocarbon fuel. That means the Atrex
technology is inherently more efficient in using a hydrocarbon fuel than a "hydrogen" fuel cell.

2. It uses conventional and renewable fuels. The high operating temperatures (600-800° C) allow

conventional fuels to be used directly. Natural gas, propane, LPG can all be used. With some
additional processing, gasoline, diesel and military fuels work too. The trillions of dollars
expected to be needed to convert to a “Hydrogen Economy” with special pipes, tanks, and
pumps would be completely unnecessary. And Atrex Energy fuel cells would just as easily use
renewable fuels such as alcohols and biogas. This fuel flexibility and the ability to use
conventional fuels is a huge advantage.

3. No expensive catalysts are needed. Any fuel the Atrex system uses must be broken down into

small fragments with which oxygen wants to combine. Heat does some of that breakdown, but
to increase its rate, some type of catalyst is needed. The side of the fuel cell where fuel is
injected is made of nickel oxide, which itself is catalytically active. To that is added some special
copper-based compounds which markedly increase the catalytic reaction. The majority of the
fuel cell itself is made of this nickel oxide. It is the thickest of three basic layers. The other
layers are only a few microns thick. One is mostly zirconium, with a little bit of yttrium. And
the other is manganese oxide with some lanthanum. All of these are relatively inexpensive per
kilogram, and the most exotic ones are used only in tiny quantities. In contrast, a PEM fuel cell
requires platinum to work, and over a thousand dollars of that per kilowatt. The material set
for just the individual fuel cells in the Atrex technology, cost less than $200 per kilowatt.

4. The individual fuel cells are much stronger and last longer than in any other ceramic fuel cell.

Atrex adopted a tube shape for its product. Most others that have used ceramics have used
thin flat sheets. Ceramics are inherently fragile. Shock, vibration, and most importantly
mechanical stress from the expansion and contraction of the material with changes in
temperature, all pose problems for thin sheets. Just as a cardboard paper tube is much
stronger than a single sheet of paper, a ceramic tube is much stronger and resistant to cracking
than a thin ceramic sheet. A few other companies have discovered this and make tubular
ceramics as well, but the Atrex-designed tubes last 5-10 times longer.

5. No external reformer is needed for light hydrocarbon fuels. Because of the special tube design,

all the necessary fuel processing to break down natural gas, propane, or LPG into the fragments
that combine easily with oxygen occurs inside the tube. Currently, if one uses diesel, kerosene,
or jet fuel, an external reformer is necessary to start the break down process. But our research
is showing that even that might be done inside the tube. Other ceramic fuel cells based on the

A

ENERGY

POWERFUL POSSIBILITIES

thin sheets cannot do internal fuel processing. Eliminating the external reforming step



ASCEND

improves efficiency substantially.

6. The units start and stop easily and quickly. Because of the tubular structure, fixed firmly at one
end, the fuel cell stack in an Atrex unit are not placed under mechanical stress as the ceramics
are heated up to operating temperature, or are shutdown and allowed to cool. As a result, the
units start in less than an hour and can be stopped with no particular need to slow the cool-
down process. Competing ceramic fuel cells that use the flat sheets require 24 to 72 hours to
start, and are severely damaged by an emergency stop. In addition, there is so little unreacted
fuel in an Atrex fuel cell on an emergency stop that none of the purging with nitrogen that

other units need is required.

These features open up many markets to Atrex Energy that others find hard to address. The Atrex
Energy fuel cell power generator can be easily used in homes and buildings where loads fluctuate
dramatically, and can easily be adapted to use its exhaust heat to provide hot water and air conditioning

on demand as well as power.
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Since acquiring the technology in 2000, the team at Atrex Energy has made substantial progress in
improving the technology. Output per tube has increased 120-fold, and power density has tripled.
Beginning with a 20 watt prototype unit, the Company has now demonstrated units with peak output
over 10 kilowatts. It has also achieved system lifetimes in excess of 36,000 hours in harsh customer

environments.

The Company began production and sales of a commercial fuel cell in 2011, based on a standard 1 kW
base design the company settled on and began testing in 2008. Using a modular design which involves

A

ATREX
ENERGY

POWERFUL POSSIBILITIES



ASCEND

varying the number of tubes in a stack, the Company created a suite of products able to produce from
250 to 1500 watts of AC or DC electrical power output in robust packages.

CONTACT: Gary Simon, CEO, Atrex Energy, Inc., 530-848-9501, gary.simon@atrexenergy.com.
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