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Abstract—The design of a stand-alone renewable energy system using hydrogen (Hy) as the encrgy storage medium
ancd a Tuel cell ws the regeneration technology is reported, The system being ingtulled at the Humboldy State University
Telonicher Marine Luhoralory consists of a 9.2 kW photovoltaic {PV) array coupled to a high pressure, bipalar
alkaline electrolyser, The aeray powers lhe Laboratory's uir compressor system whenever possible; exeess power is
shunted Lo the electrolyser for hydrogen and oxygen (0,) production. When the areay cannol provide sufficient
power, stored hydrogen and oxygen are furnished to a prowon exchange membrane fuel cell which, smoothly and
without interruption. supplies the load. In reporting the design, details of component selection, sizing, and
imtegration, comrol system logic and implementation, and salety considerations are discussed. Plans for o monitoring
network to chromnicle system performance are presented, questions thal will be addressed through the monitoring
program are included, and the present stwtus of the project is reported.

[INTRODUCTION

A stand-alone solar encrgy system must have provision
for energy slorape: one allractive option is use of
hydrogen as the epergy storage medium. Whenever the
sysiem has exeess energy available, it is stored by
production of hydrogen pas via electrolysis, The hydro-
gen can then be used directly as a fuel or electricity can
be regenerated through use of conventional thermal
power cyeles or, in one step, through wse of a fuel cell,

There are several advantages to the use of hydrogen,
Hydrogen has the highesl energy storage per unit mass
ol commaon Tuels, [t is easily transporied via pipeline and
plans are being formulated to transport 1L as a liguid by
ship [1]). Standby energy losses are very low. Finally and
most importantly, hydrogen is an almost ideal fuel in
terms of is effect on the environment, producing almost
no Loxic emissions and contributing no  greenhouse
gasses 1o the atmosphere.

In the discussion which follows a stand-alone power
system which uses hydrogen to store solar energy
15 considered. The design of the system and Lhe
development of the control and monitoring systems is
deseribed.

DESIGN PROCESS

The load lor the PV-Hpfuel cell system is the
Telanicher Marine Laborutory’s air compressor which
supplies pressurized air 1o fish tanks. This is a continu-
utls Toad of 720 W, The salar resource is characterized by
an average daily insolation of 136 M) m~? and is chron-
icled in a SIMP (solar imsolation menitoring praject)
weather file obtained from Pacific Gas & Electric Co.

The file contains hourly data Tor solar msolation and
ambient temperature. The load and solar resource serve
as consirainis on the design.

The basic system configuration is shown in Fig. L. PV
array power is used to run the load whenover possible
and only excess power is direcled w the electrolyser for
H, and Oy production, This requires that the contral
system continuously monitor how much power is being
produced by the array and direct the correct Iractions
to the load and the clectrolyser. Whenever PV power 15
insulficient Lo run the load, the fuel cell is activated and
generates power by drawing wpon stored H, and O
Whencever stored H, and O, are unavailable, the load is
returned Lo utilily power,

A simpler system would be to direct all power to the
electrolyser and run the load only via the fuel cell, This
would, however, reduce sysiem efficieney markedly since
at least S0% of cach kWh of clectrical energy is lost as
il passes through the clectrolysis—{uel cell storage cycle.
It would also be simpler 1o venl the oxygen and use air
as the oxidant source for the fuel cell, This would reduce
{uel cell efficiency significantly (probably by abouwt 25%)
and thus alse reduce overall system efficiency. In an
effort Lo maximize overall efficiency, these simplificalions
have net been made.

The next design step is rough sizing ol the PV array,
Averape daily insolation values for each month were
used to caleulate PV array performance for a range of
arriy areas, making the following assumplions:

o PV efficiency = [0%:;

o clectrolvais efficiency = 70%;
o Tuel cell efficiency = 60%;

& overnight storage of Hy only.
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