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ABSTRACT. We report preliminary operational rosults for a photovoltaic (PV) ene system
which usos hydrogen ns the sterage medium ond a fuel cell as Lhe ropeneration technology. The
system installed at the Humbeldt State University Telonicher Marine Laboratory consists of 2 9.2 kW
PV orray coupled to o high pressure, bipolor, alkaline clectrolyzer. The array powers the
Laboratory's air compressor system whenever possible; excess power is shunted to the electrolyzer
for hydrogen and oxygen preduction. When the array cannot provide sullicient power, stored
hydrogen and cxygen are furnished to a proton exchange membrane fuel cell which, smeothly and
without interruption, supplics the load. We report measurements of PV module and subarray
performance and eleclrolyzer current-vol behavior and include an analysis of the match
between theso Lwo components. We detail modifications made to the electrolyzer Lo accommedate Og

eollection and describe the monitoring and conlrol systems being developed and tesled.

1. INTRODUCTION

1.1 Deseription of Project

The Schatz Solar Hydrogen Projoct began in
the (ol of 1989, It is a stand-alone phelovoltaic energy
svilem Lthol wees hydrogen as the slorage medium
and o fuel cell as the repeneration technology. I
goul in Lo domenstrate that hydrogen is proctical
storage medium for solar energy and thal solar
hydrogen is o relinble nod abundant energy sourco
for our socioLy.

A schematic for the system is shown in Figuro
1. It is instolled at the Humboldt State University
Telonicher Marine Laboratory and the Lab's air
compreasor system, used to acrale aquada, is the
load. When PV power is available, it is used directly
to supply the lead. Any excess power is supplied Lo
the electrolyzer which stores the clectricily os
hydrogen and oxygen gases. When the array cannot
provide ¢lectricily, the stored hydrogen and oxygen
serve oi fuel and oxidant for the fuel cell which
provides uninterrupted power.
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Figure 1. Schematic of the photoveltaic-hydrogen-
fuel coll energy system at the Schatz Solar Hydrogen
Project

1.2 Objoectives of Project
‘The ebjectives of the Schalz Projecl are:

* to asseus the stwrage efficiency of hydrogen when
used ng n medium to slore solar electricily

* Lo assees the use of a proton exchange membrane
fucl cell ng o menns of repenerating electricity
from slored hydrogen and oxyvgen

* fo domign, teat, and utilize o computer bosed contral
pystem which will allow [or elficient component
intogrotion nnd provide for relinble, unottendoed
oporation

* Lo monitor operating and eavirenmental
porameters to chronicle system performance and
to allow development of a simulation model

1.3 Ceontonts of Paper

The installation of this system is nearing
completion. In thia paper, we report testing of the I'V
modules and subarrays, testing of the electrolyzer,
and discuss the match between the two. Woe alse
digcuss interesting and unusual aspects of the design
ond installation and plans for the monitoring and
control systems.

2, PV ARRAY

2.1 Doscriplion

The PV array consists of 182 Arco M75
modulos configured into 12 independont subarrays,
Each gubarray consists of 18 modules, wired in 8
porivs paivs for 24 VOO oporolion. ‘The subarrays nre
electrically isolated from each ather by 60 amp
Schottly fi;ndnl. The nominnl power rating for tho
array is 9.2 kW,

2.2 Module Testing

In an elforlt to miniouze nusmatch loss in the
array, wo determined the I-V curve for each module
[1]. The modules were tested ouldoors under clear
sky conditions. Insolation was measured with an
Epply PSP pyranomeler and module lemperalure
was measured with a fast response thermeocouple
affixed to the back of the module. A capacilive
charging measurement system was used with data
logged at 100 Hz. Details of the measurement process
are mven aa 1),



Results of the module tesis are given in
Figures 2 and 3 bolow. Experimentally determined
correction factors ware used to adjust the results to
1000 Wisg-m and 47°C. Conditions for insolation and
tempernture were closa to these wvaluce, so the
corrections were geneorally quite small,
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Figure 2. Histogram showing distribution of module
power ¢ulpuls corrected to 1000 W/eq-m and 474C
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Figure 3. Cumulative distribution of module power
outputs corrected to 1000 W/eg-m and 47°C

These M75 modules are rated at 48.0 W at 1000
Wisqg-m and 25°C. When derated (or operation at
470 {using our experimentally measured
correclion), their output should be 44.0 W. As can be
seen from the lgures, the modules produced
gignificontly lower power than their rating indicated.
In fact, 68 of the 192 modules (35.4%) produced loss
than 90% of their rating. The mean power output of
39.87 W is barely over 90% (80.6%) of the raling.
Clenrly, this is o fact any desipner should take into
account in sizing an array.

The modules were assembled into subarrays by
matching their oulput corrents ot 14 VDC at 1000
Wreg-m and 47*C. The voltage was chosen because it
represents o Lypieal operating point for the modules,

2.3 Subarray Testing

We alse determined [V curves lor the
completed subarrays. These were mensured with the
subarrays installed in the array feld, but the
measurement was taken at the power distribution
center. This means that as much as 35 meters of
wire (#2 USE wire) nand various electrical connections
are belween the subarroy snd the measurement.

Those measuroments were aleo token under clear
sky conditions. The Epply PSP pyranometer
moensured insolation; s thermocouple on each of two
modules measured temperature. The temperature
readings weore nveraged.

The -V curves for 4 of the subarrays ranging
from 01 (best) Lo #12 (worst) are shown in Figuro 4.
The curves demonstrate that subarray performance
in foirly constant; the curves differ by less thon 2
amps at any voltage. ‘
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Figure 4. Subarray [-V curves correctod to 1000 Wsg-
m and 47°C

The performance of the subarrays is
approximately 10% loweor than would be predicted
ased on the individual module I-V curves,
Mismnich loss nccounts for less thon 1% of this
dilference [1]. Most of the loss is accounted for by an
ingronse in series resistonce and o decronse in
parallel resistance of the subarray resulting in o
lower [l fuector for the subarray. "The series
resistance is incrensed an aversge of approximately
0.13 ohma, presumably by the wire ond connectlions,
The parallel resistance is reduced te approximately
16% of the value o bo expected rom the individual
modules, from 180 to 26 chms. A more precise
quantitative analysis of this cffeet is in preparation.

3. ELECTROLYZER
3.1 Deseription

The clectrolyzeor iz o Teledyne Energy Altus 20,
o high pressure, bipolar, alkaline electrolyzer. It

.was chosen becouse it is the only commercial

electrolyzer available in the eorrect size (7.2 KW
maximum, 6.0 KW nominal) which supplics gnses
pressurized Lo 750 KPa, thus eliminating the need lor
supplementary comprossion. The oloctrolyzer
module consists of 12 cells in series and operates at o
nominal 24 VDC, The module contnins an electrolyte
of 25% (by weight) potassium hydroxide.

3.2 Electrolyzer Testing

The electrolyzer 1-V curves were oblained by
passing PV generaled current through the module.
The eurrent wos moensured with an Amprobe Hall
Effect ammeter and the electrolyte lemperature wis
measured by o fast response thermocouple allixed to
the exit pipe through which the electrolyte circulates.
The 1V curves aa a lonclion of lempoerature aro
shown in Figure 5 below, The efliciency (based on Lhe
higher heating value of the hydrogen produced)
varies between 70% (125 amps, 20°C) and 91% (50
amps, 100°C). Under nominal conditions (240 amps,
G0*C), the efliciency is T4%.






