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The Schatz Energy Research Center (SERC) in cooperation with the Yurok Tribe has designed,
built, installed and operated a stand-alone power system integrating proton exchange membrane
(PEM) fuel cell and photovoltaic technologies to operate a remote radio-telephone repeater station.
Located within Redwood National Park in northwestern California, the station is the most critical
link in the Tribe’s telecommunications system.

Primary power for the station is provided by a conventional PV system with battery storage, but
the PV system alone cannot carry the load during the winter rainy season. Whenever necessary,
the fuel cell system starts automatically and provides clean, reliable, quiet power that is consistent
with the National Park Service’s (NPS) conservation ethic. The system was activated in early
November 1999 and the fuel cell was taken out of service in June 2000.  It will be reinstalled in
October 2000, in time for the next winter season.

Setting and Problem
The SERC/Yurok power system and the telecommunications repeater it supports are located atop
Schoolhouse Peak (3100 ft, 950m) in Humboldt County, California, in the southeastern corner of
Redwood National Park. The site is accessible year-round by dirt road and is situated some sixty
road miles (95 km) or thirty air miles (50 km) from Eureka, the county seat and location of the
system’s intertie to Pacific Bell’s regional telephone service. The power system and repeater are
housed in an NPS fire lookout tower in direct line of sight to Eureka.

The project originated when the Yurok Tribe set out to provide telephone service to residents of
remote portions of the Yurok Reservation. The reservation consists of a two-mile-wide corridor of
land straddling the lowermost reach of the Klamath River below its confluence with the Trinity
River. In this deep, forested canyon telephone lines are not available and cellular phone service is
out of range. The Tribe’s solution was to create a radio-telephone network to provide phone
service to the tribal health center and offices, with eventual expansion to provide phone service to
two schools and some two hundred residences.

In order to link the reservation to the Pacific Bell network, it was necessary to install four repeater
stations. Tribal technicians identified Schoolhouse Peak as the ideal site for the main repeater.
However, this site’s location inside Redwood National Park meant that the Tribe had to devise a
means of powering the repeater compliant with the NPS’s ban on installing fossil fuel generators.
Photovoltaic power was the obvious solution, given the fire lookout tower’s unobstructed solar
window. However, the site is prone to long periods of winter rain and overcast skies. A large
number of PV modules and batteries would have been required to make a PV-only system work
reliably under these conditions.

System Description
A schematic of the photovoltaic/fuel cell power system is shown Figure 1. The 24 VDC
photovoltaic  system consists of twelve Siemens SP65 12-volt, 65W modules (arrayed as six series
pairs wired in parallel), ten Solar Electric Specialties 12SC225 12-volt, 225 amp-hour deep cycle
batteries (arrayed as five series pairs wired in parallel) and a Solar Electric Specialties PV Series
charge controller/monitor. NPS design guidelines would only permit direct mounting of the panels
on the existing fire lookout tower. The PV modules are flat-mounted on a south-facing wall, which
tilts about 7º from vertical. Long-term plans call for sixteen wall-mounted modules and an
additional four 100W modules mounted on the tower’s railing at an angle of 30°.
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Figure 1.  Schematic of the Schoolhouse Peak fuel cell power system

The fuel cell is a 32-cell PEM stack with 140 cm2, PRIMEA ™ 5510 membrane-electrode
assemblies from W.L. Gore and Associates, Inc. and E-Tek ELAT gas diffusion media. SERC
engineers designed and fabricated the stack in-house. It operates on hydrogen delivered at
approximately 3 psig (120 kPa). A solid-state controller switches the stack subsystems on when
battery voltage falls below 25.2 V and switches them off when voltage rises above 25.8 V. A
second controller allows the fuel cell to deliver power at start-up when stack voltage is above 28.0
V (open circuit) and disconnects the stack at shut-down when voltages fall below 24.0 V (after the
subsystems are turned off). Safety interlocks which sense high stack temperature, the presence of
hydrogen in the fuel cell enclosure, or a fire are included. Both controllers open if any of these
safety interlocks are activated.

Atmospheric air is supplied to the stack with a small centrifugal blower. Cooling is achieved using
ambient air blown onto the stack surface from beneath by a pair of muffin fans. These fans were
determined to be superfluous during the winter season and were temporarily disconnected, leaving
natural convection as the sole cooling mechanism.

The hydrogen supply for the system consists of twelve industrial gas cylinders manifolded
together. Cylinder pressure is initially 2000 psig, resulting in 60,000 standard liters total storage.
Regulators reduce the line pressure to about 100 psig, then to about 3 psig for delivery to the fuel
cell. Replacement cylinders are delivered to the site as needed by a commercial supplier. During
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the winter rainy season, deliveries are required approximately once every two months. In the
summer the PV array is expected to carry the load, thus making hydrogen deliveries unnecessary.

The load is a telecommunications repeater transceiver. Continuous power demand is
approximately 100 watts DC. Parasitic loads include the fuel cell blower, the cooling fans (when
needed), and hydrogen purge and supply solenoids, totaling approximately 24 watts. As data
acquisition is not integral to system operation, it is not considered a parasitic load in calculating
system efficiency.

SERC provided a remote data acquisition and transmission subsystem to monitor fuel cell voltage
and current, ambient and stack temperatures, hydrogen storage pressure, hydrogen concentration
in the fuel cell enclosure, battery voltage, and the voltage and temperature of the data acquisition
subsystem.

System Performance
From November 8, 1999 through  June 23, 2000, the system ran flawlessly for 229 days without a
single unplanned shutdown. During that period, the system provided power for 3239 hours,
completed 177 start-stop cycles, and kept the batteries at an average 74% state-of-charge (SOC).
Maintenance of such a high SOC should result in much greater battery life [1].

Gross stack efficiency for this period (through June 14) was 64% (lower heating value) and net
system efficiency was 48% (LHV). Figure 2 shows fuel cell current and voltage values over a
typical winter operating period. Note that the fuel cell ran during most of this period due to
inclement weather, which prevented the PV array from keeping the batteries charged.

Figure 2.  Typical Daily Fuel Cell Operation during the Winter
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Figure 3 shows trends in the stack voltage at nearly constant current. A slight downward trend can
be observed. Ultimately the stack developed a cross-leak on June 23rd and was taken out of
service. It will be repaired and reinstalled in October for winter service.

Figure 3.  Trends in Fuel Cell Stack Voltage at Nearly Constant Current

Conclusions
1) The fuel cell operated for 3239 hours over 229 days and went through 177 start-stop cycles
without fail. It has successfully played a key role as a clean backup power source for the PV array.
2) Gross stack efficiency averaged 64% (LHV) and net system efficiency averaged 48% (LHV).
3) The stack developed a cross leak on June 23rd.  It will be repaired and reinstalled.
4) Performance data indicate that inclusion of a fuel cell in the system is promoting good battery
health.
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