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Renewables Renewed: Refurbishing the 
Schatz Solar Hydrogen Project  Scott Rommel

SERC got its start in 1989 when we designed and built the Schatz Solar Hydrogen Project (SSHP), 
the first solar hydrogen energy system in the U.S.  The system was installed at Humboldt State 
University’s Telonicher Marine Laboratory in Trinidad, CA, 15 miles north of the HSU campus.  
Our installation was completed in 1991.

The purpose of the SSHP is to demonstrate the use of hydrogen to store solar electricity.  The 
system consists of a 7.5 kW photovoltaic (PV) array, a 6 kW alkaline electrolyzer, a 1 kW 120 
VAC inverter, and a 1 kW PEM hydrogen fuel cell.  During the day when the sun is out, the PV 
array powers the load, the marine lab’s 600 Watt aquarium air compressor, while simultaneously 
making hydrogen via electrolysis.  At night or during very cloudy times, the fuel cell draws on 
stored hydrogen to provide power for the load.  The system is stand-alone and runs automatically 
with our custom control software. 

Now, after 15 years of operation we find ourselves in 2006 with the solar hydrogen project 
still running, though not as well.  The PV array that once produced 7.5 kWp is now degraded 
by 16% and produces only 6.3 kWp.  Worse still, the array is providing less than 4.5 kW to the 
electrolyzer due to the fact that the electrolyzer’s operating voltage is far from the array’s 
peak power point.  We’re also in need of a new fuel cell.  Given these factors and how our 
original motivations for doing the project, diminishing oil supplies, strife over energy, and 
global climate change, have only intensified over the last decade and a half, SERC decided to 
completely redesign and rebuild our landmark energy project.  Demonstrating the use of clean 
and renewable energy is more important than ever.

We began by attacking the 
mismatch problem between the PV 
array and the electrolyzer.  In the old 
design, depending on conditions 
some portion of the system’s 12 PV 
sub-arrays were directly connected 
to the electrolyzer.  This caused that 
portion of the array to operate at 
about 22 Volts, while the maximum 
power point of the modules is 
about 28.4 Volts.  At full power 
with a current of 250 Amps, we 
were wasting almost 1500 watts!  
One method would have been to 
simply replace the existing PV array 
with a new one.  But this would 
do nothing to improve system 
efficiency and would be quite 

SERC graduate student research engineers test the performance of 

each PV module before rewiring the array.  Photo by Kellie Brown.
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SERC Delivers Fuel Cell 
Test Station to Auburn 
University  Michael Winkler

SERC engineers Greg Chapman and Michael Winkler recently 
delivered a custom hydrogen fuel cell test station and two proton 
exchange membrane fuel cells to Professor Ben Choi at Auburn 
University in Auburn, Alabama.  Greg and Michael spent one week 
integrating the test station into the university lab where it will 
be housed and training Professor Choi and his team of graduate 
student researchers in the operation and maintenance of the 
station.  SERC will continue to provide consultation to Auburn 
to insure that their equipment functions well. 

This is the third in a series of test stations and fuel cells provided 
by SERC to other universities. This installation differs from those 
previously provided to the University of Michigan and Kettering 
University in that the Auburn test station is equipped with a state-
of-the-art external humidification system for the stack supply air. 
The external humidification system allows precise control and 
measurement of supply air relative humidity prior to entering the 
stack, eliminating the need for an internal humidification section 
within the fuel stack. 

The Auburn team has developed a detailed mathematical model 
of the internal operation of fuel cells and will use the test station’s 
custom features to control relative humidity in  order to validate 
and calibrate their mathematical model.  Professor Choi has had 
a long association with the South Korean automaker, Hyundai, 
and at one time served as the all-time youngest member of the 
Hyundai board of directors.  Alabama has become a major center 
for automobile manufacturing and has plants for both South 
Korean manufacturers, Hyundai and Kia.

SERC is proud to be helping Professor Choi and his research group 
in advancing the state-of-the-art in automotive fuel cells.

SERC engineers Michael Winkler (left) and Greg 

Chapman (right) after installation of Auburn University’s 

custom fuel cell test station.

A Message from  
the Director  Peter Lehman

This issue of our newsletter 
chronicles a milestone event 
for the Schatz Center.  After 
years   of work designing and 
installing hydrogen technology 
for organizations all across the 
U.S., we’re finally getting to 
build a hydrogen station here 
at home.  SERC engineers will 
soon be installing a hydrogen 
energy station on the Humboldt 
State University campus.  The 
first vehicle to gas up at the 
station when it is completed 
this Spring will be a hydrogen-fueled Prius from the California 
Hydrogen Highway Program.  HSU President, Rollin Richmond, 
will use the car to commute to work.  President Richmond has 
been an enthusiastic supporter all along; when first told of this 
project, he said, “This is a fabulous idea!”

And along with the new, we’re fixing up the old.  As Scott 
Rommel explains in his article, our original, flagship project, the 
Schatz Solar Hydrogen Project, is undergoing a major overhaul.  
Once complete, our venerable solar hydrogen energy system, 
the first of its kind in the U.S., should be working better than 
ever.  Michael Winkler reports on the installation of a fuel 
cell test bench at Auburn University, the third time SERC has 
provided a test bench and fuel cell to jump start a university 
into fuel cell research.  Professor Ben Choi and his grad students 
will be using our equipment to develop models for automotive 
fuel cells.  And Richard Engel describes his energy conservation 
work at the Siskiyou Field Institute, another example of SERC 
helping out a local, non-profit agency.

With the landmark election behind us, we at SERC are looking 
forward to working with the new Congress to pass meaningful 
legislation to promote renewable energy and address climate 
change.  And with the holiday season just beginning, all of 
us here wish all of you a healthy, happy, and energy efficient 
new year.



Humboldt State to Get 
Hydrogen Powered Toyota 
Prius  Jim Zoellick

In the spring of 2007, SERC is scheduled to receive a hydrogen 
powered Toyota Prius for use at Humboldt State University 
(HSU).  The vehicle will be operated for a two-year period as 
part of California’s Hydrogen Highway Program.  HSU President 
Rollin Richmond will be one of the vehicle operators.  According 
to Rollin, “it will please him 
greatly” to drive a hydrogen 
powered vehicle.  He has 
committed a location on 
campus for a hydrogen fueling 
station.  Engineers from SERC 
are designing and will install 
the station, which will include 
an electrolyzer, compressor, 
storage tanks, and a dispenser.  
SERC has secured $350,000 toward equipment and materials for 
the station.  SERC is also seeking additional partners to help fund 
the cost of facility design and installation, as well as education 
and outreach efforts associated with the project.

Through this program SERC will help demonstrate the potential 
benefits associated with hydrogen fueled vehicles and will provide 
a testing ground for learning about the attributes and challenges 
of this new technology.  SERC and HSU will operate, refuel, and 
perform routine maintenance on the vehicle, and will conduct 
education and outreach activities.

The vehicle used in this project will be a standard gasoline-electric 
hybrid Toyota Prius (similar to the one in the picture below) that has 
been converted to run on hydrogen by Quantum Technologies of 
Irvine, CA.  Quantum will remove the gasoline tank and fuel lines 
and replace them with 5000 psi carbon fiber wrapped hydrogen 

cylinders and 
a s s o c i a t e d 
h y d r o g e n 
p l u m b i n g .  
They will also 
add hydrogen 
fuel injectors 
and a turbo 
charger.  The 
ve hic l e  wi l l 
hold 2.4 kg of 
hydrogen fuel, 

the energy equivalent of 2.4 gallons of gasoline.  With an expected 
fuel efficiency of 40 to 50 mpg, the vehicle will have a driving 
range of about 100 miles.

Quantum has already converted more than 30 Toyota Prius vehicles 
to run on hydrogen.  These vehicles are currently operating at 
various locations throughout the world.  So keep an eye out, and 
you just might see President Richmond zipping around Humboldt 
State in his new hydrogen powered Prius.

SERC engineer Richard Engel (right) and students compare thermal 

performance of double and single panel glass.  Photo by Stephen 

Kullmann.

An Energy-Saving Home 
on the Range  Richard Engel

A few months ago, staff of southern Oregon’s Siskiyou Field 
Institute (SFI) asked SERC to help make SFI’s newly acquired 
Deer Creek Center (DCC) a showcase for clean energy.  SFI is 
a non-profit dedicated to increasing scientific understanding 
of the Klamath-Siskiyou bioregion through outdoor education.  
The Institute wanted to put solar energy to work on the DCC’s 
half-century-old, 6,000-square-foot ranch house.  SERC staff 
explained to our counterparts at SFI that they would get more 
bang for their limited bucks by tackling energy efficiency 
first.  So the Institute hired SERC to perform a comprehensive 
energy audit.

SFI, in keeping with their educational mission, also invited 
students from nearby Illinois Valley High School to participate in 
a full day of energy auditor and renewable power training put 
on by SERC’s Richard Engel and Stephen Kullmann.  Stephen, 
a master’s student in international development technologies 
at HSU, is hoping to build his master’s thesis around the 
development of a comprehensive clean energy strategy for 
the whole 870-acre DCC property.  

SERC found many opportunities for energy upgrades, including 
building insulation and appliance replacement.  The high 
school students participated eagerly in the hands-on training, 
carrying out energy experiments and fanning out in teams to 
look for ways to help SFI save energy throughout the house.  
This applied learning experience was another chance for SERC 
to share our sustainable energy know-how for the benefit of 
our bioregion. 



Looking Back
7 years ago SERC delivered a 3 kW fuel cell to 
Sandia National Labs, the first step in completing the 
Rural Alaska Power Project.  Of note, SERC’s fuel cell 
performed the best out of the three that were tested 
as part of the program.  For more information visit:  
www.schatzlab.org/alaska.html
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conditions.  These changes will 
increase system performance 
to make the system run almost 
like new and increase overall 
efficiency in the bargain.  

Our rebuild is currently in 
progress.  The new power 
control devices are installed 
and the PV array has been 
rewired.  Software modifications 
and the new fuel cell will be 
installed and operating by spring 
2007.  We’re going to report on 
these changes at the National 
Hydrogen Association’s annual 
meeting next March, and we’ll 
tell you about the outcome of 
this refurbishment project in a 
future newsletter.  Stay tuned.

The photos at right show the rebuild 

process before (top) and after 

(bottom) the rewire and equipment 

upgrades.  At left, SERC graduate 

student research engineers test PV 

performance using SERC’s “ohm on 

the range.” Photo by Kellie Brown.

expensive.  We decided to regain the power lost due to PV 
degradation by installing state-of-the-art maximum power 
point trackers and DC-to-DC converters. These allow the PV 
array to operate at maximum power while outputting a lower 
voltage and boosting current to the load and the electrolyzer.  
To take full advantage of the current boost capability of the 
converters, we’ve rewired the PV array from 24 Volts nominal 
to 48 Volts nominal, reducing the resistive wire losses by a 
factor of four.  We’ve also installed a separate 6 kW DC-to-DC 
converter to control current to the electrolyzer and facilitate 
maximum hydrogen generation during low and changing sun 
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