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AHSTRACT

Search for an efficient and clean fuél, ir the context of rapidly degrading
environment, is cne of the momentous tasks facing mankind. Hydrogen seems to
came out as the most appropriate and a highly potential fuel in this search.
It is the lightest and cleanest amongst all the fuels. It can be produced by
four main methods: direct thermal, thermochemical, electrolysis and’ photo-
lysis. Amongst these, water electrolysis is the best known and the simplest
method for. producing hydrogen, either on a small scale or a large scale.

Envirenmenta!l considerations require that hydvogen is to be produced from
nanfossil energy sources. Solar photovoltaic-electrolyzer system answers
this requirement very gminently, One such rescarch and demonstration system,
which is on a fairly large scale, was established at the Solar Village near
Riyadh, under the German-Saudi technical cooperation program, where the
author worked with the scientific group there. The essential features of the
system and its relevance to developing nations are pqﬁented in the paper.

INTROBUCTION
Environmental Degradation

Ther: are several crucial issues that mankind is currently facing., Three of
them seem te be the most critical to the deve’ oping nations, in particular.
They are population explesion, energy shortage and environmental damage. The
last cne is rtrongly related to the -topic of this paper and hence a brief dis—
cussion is made here.

All conventicnal energy sources generate pollution. Fossil fuel combustion
products enter into atmospheric reactions and ‘produce enormous amounts of
carclnogenic organic compounds, which are highly detrimental to human health.
Follution damage, particularly from automobiles, is high even in developing
nations like Indiz, where automobile population is relatively small. Every day
metor vehicles spew thousands of tonnes of po'lutants into the atmosphere. In
Bombay, for example, a 1991 study showed that motor vehicles account for

about 93 percent of the carbon monoxide, 73 pircent of the nitrogen oxides,

and 99 percent of the hydrocarbon emissidns in the air that the residents
breathe[1]Y Carbon monoxide is fatal in high concentrations. Also, atmospheric
carbun dioxide is getting to be a formidable envircnmental problem due to the
so-called 'green house effect'. Earth's tempe: ature has begun to rise at an
increasing rate with consequent disastrous effects. Acid rain kills fish in the
lakes and ponds and reduces agricultural and timber harvests. Prof.Veziroglu,
Director of the Clean Energy Research Institure at Miami, Florida, says,"



when we consider all the detrimental effects and limitarions of petroleum
ang other fossil fuels, one begins tq think that we are fortunate to be running
out of them. It there were an interminable supply of fossil fuels, we would’

eventuglly turn this pldnet into a desolate graveyard,"[2]

What has been said above emphasizes the fact that mankind badly needs a clean
and efficient fuel. Hydrogen seems co answer this need in an abundant measure.
Also, hydrogen is the moat plentiful element in the upiverse, and has the most
desirable properties of a fuel,

Production of Hydrogen

-

ThQ most abundant feed-stocks for hydrogen production are water, coal, oil and
natural gas. Hydrocarbons can be reformed, cracked, oxidized or gasified to
produce hydrogen. Hydrogen can alsc be produced from biomass. i
Water can be decomposed by thermal and thermochemical methods.

2H20 - 2H2 + U,
Thermal decompositicn is highly energy intensive, and thermochemical method,
wherein the sum of several reaction sequences leads to the decomposition of
water has serious problems concerni g reaction rates, separation of products,
etc. Researchers are of the opinion that thermal and thermochemical approaches
should be discarded and efforts focused on photovoltaic schemes [3). Also,

environmental considerations would weigh very heavily against the use of fossil
fuels for hydrogen production.

Wate:r can be split into its comstituent elements, hydrogen and oxygen, by
phoLulysis or electrolysis. Attempts to produce hydrogen directly by the
pholulysis of water or by the use of chloropbyll in a modified scheme of photo-
synthesis have shown some promise, but these methods are very inefficient and
expensive. Splitting of water electrS!ytically has proven to be the best and
the simplest method for producing hydrogen. But the electrical energy required
to split the water should come from renewable energy sources such as wind, sun,
ocean thermal, etc. Solar energy seems to be the most appropriate amongst all
the renewable energy sources, and photovoltaic-powered electrolysis is
considered to be the best approach to hydrogen production.

Future Energy Technology

The role of hydrogen in future energy technology will be of great importance

to mankind. It will be an indispensable alternative to conventional fuels. Its
potential as a clean fuel in road vehicles, its use in rocket engines and jet
engines, its suitability for producing electricity in fuel cells, and in a
variety of other applications is well recognized. The German Aercspace Establi-
shment is pursuing a vigorous and an imaginative approach to use hydrogen in
several applications which include steady and unsteady combustion devices,
storage of hydrogen, production of high temperature steam, fuel cells, etc.
Similar work is in progress in a few other developed countries. In India,

the Department of Non—Conventional Energy Sources has currently 23 projects,
which focus on techniques of hydrogen production, system design and development,
and sterage [4]. These projects are entrusted to a few university laboratories
and Indian Instutes of Technology. One research group is working on the
productinn of hydragen by photeelectrothemical method and its use as a fuel in

a motoreycle. Another research group is focusing its efforts in developing an
energy-efficient hydrogen engine.

‘N

Some Salient Characteristics of Hydrogen

Hydrogen is the lightest of all gases weighing only about one«fourteenth as
much as an equal volume of air. It liquifies at about 20 K and 2 bar. On a
weight basis hydrogen has 2.4 times as much heat of combustion as that of
methane. It can be stored by hydriding metals cor alloys. The metals used in
hydrides are iromn, magnesium, nickel, manganese and titanium. Stoichiometric
composition with air is 29.3 percent by volume, Flammable limit with air
ranges from 4 to 75 percent by volume, Flame temperature in air is 2045 deg.C.
It has a low flame luminocity. It has a much higher normal burning velocity
than that of methane or propane. Analyses of physical and chemical properties

of hydrogen reveal that hydrogen as a fuel is not as hazardous as one would
presume.

ey ™

SOLAR VILLAGE PROJECT
German-5audi Technical Cooperation

An excellent research and development project con solar hydrogen production

and utilization was established at the Solar Village near Riyadh in 1986,

It i$ a cooperative endeavour between the universities and research establi-

shments of Germany and Saudi Arabia, The authér was privileged to work with

the scientific group of the project, and he presents here some of the salient

and unique features of the project, which could serve as a model tc many of

the developing nations, endowed with rich sunshine, technical expertise and Ly
a determined will to combat pollution that is threatening the health of the *
entire population. The author has drawn on published material and it is to

be noted that he cannot provide classifigd information on a new product

developed by a company andon certain matters that concern the bilateral
agrecment between research partners.

The Kingdom of Saudi Arabia, though rich in its oil rescurces, is deeply
aware of the role of hydrogen in the emerging technologies and of its para-
mount importance in protecting our environment. Saudi Arabia is blessed with
abundant sunshine, and plenty of land area. The sclar power collected at conly
10 percent efficiency, on an area of approximately 103,000 square kilometers,
is equal to the power equivalent of Saudi Arabia's petroleum production at

the current rate [5). There are two regions that are potentially large-scale
solar energy production areas: the nprthwestern Arabian desert and the Nedschd
degert. A big highway from Riyadh to Jeddah runs through this region, and the
distance to the Red Sea is only 450 km. The mean daily requirement of water
for a solar hydrogen plant, in terms of land area, is about 60 cubic meters
per square kilometer per day. In some locations such amounts could be drawn
from ground water. It is ro be noted that in the Saudi Arabian capital,Riyadh,
water supply is guaranteed by bringing in desalinated sea water from the
Arabian Gulf through a 466 km long pipeline every day. This shows that enough
water is available for hydrogen production [61].
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Solar-Powered Electrolytic Plant

The plant comprising of a 350 KW photovoltaic power system and an alkaline
electrolyzer is envisioned as a reliable’ astonomous supply source for hydrogen
i remote seitlements. The PV power ‘System wes established in 1981 to supply
electricity te a couple of neighbouring villages. When conventional electricity
was made available to the villages, the PV power system was connected to the
lecal grid. The power system has shown excellent results and an impressive
performance reliability. The PV-array field comprises of 160 arrays {2 axes-
tracked), each array having 64 modules, and each module having 4 cells, The
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solar cells are made of monocrystalline silicon, and are equipped with
fresnel lenses toc cbncentrate solar radiation. The arrays are automatically
tracked, and the total aperture area is 3947.5 m" . Annual data collected for
1985 shows that the captured solar radiation during all the operation hours
of the year was 7229 MWh and the corresponding invertor cutput 588 Mwh
yielding an overall efficiency of 8.1 percent.

Alkaline Water Electrolysis

Electrolytic dissociation of water cam be brought by using alkaline water,
solld polymer electrolyte or steam, The first two have |found practice in the
present commercial technology, and steam electrolysis is yet to achieve its
technical maturity [7}. The technology of alkaline water electrolysis with
advanced electrolytic cells has made significant progress in terms of improve-
ments in the energy efficiency of hydrogen production, |l1ife time, new
diaphragm materials withstanding elevated temperatures; and new electrodes.
Intreasing the working temperature to 100-120 deg.C causes a decrease in
electrode over-voltage and also a decrease in ohmic losses throughout the cell.
Under such,condition commonly used asbestos diaphragm is nolonger stable.
Therefore development of new separater is necessary. It should also allow 'zero

gudp’ construction of electrolytic celi,

A new alkaline bipolar electrolyzer, designed to match
was supplied by a Belgian company (Hydrogen Systems n.
Rijswijckliaan 17, B-2018 Antwerpen, Belgium). The ope
lyzer under varying power inputs is one of the challen
system. After extensive simulation studies, the system
match the characteristics of the PV generator.

The electroiyzer cell block configuration comprises of
asbestos-free diaphragm, high temperature (100 deg.C}

gap arrangement. The system is built on modular conce
losses. Combined action of the system control locps a
sequence _assures automatic and stable operation. Rated
is 70 Nm”/h with an overall efficiency of 7 percent [8

HYDROGEN UTILIZATION PROGRAM

This program is intended to demonstrate that solar hyd
sare, reliable, and environmentally beneficial. A new
copstructed adjacent to the main building which houses
eqpipment that are installed in the laboratory include
spark ignition engine, catalytic heater for hydrogen ¢
hydrogen—gas tamps, hydrogen~fuelled thermcelectric ge
oxygen steam generator. The laboratory. though medes

the 350 kW PV system
./s.a., Jan van
ration of the electro-
ping aspects of the

is carefully rated to

144 cells in sefies,
vperation, and zero-

pt with minimal current
nd computer programmed
production of hydrogen

n.

rogen technologies are

laboratory building was
the electrolyzer. The

a hydrogen-fuelled

ombustion, modified
perator, and a hydrogen
L in its current equip-

ment, is expected to enlarge its scope, and attract industries and manufact—

urérs both in Germany and Saudi Arabis to participate
development program [9].

CONCLUSION

Jule Yerne's prophesy in (847 that water will be emplo
hydrogen will turnish an inexhaustible source of heat
Trae mes s cwiae thar we thought.  Sudkessful applicat
SpArt g1 oegtass, sutomobiles, fuel cells, ete.
inrerost . Sooner or later hydrogen has to be produced
nonfossil energy sources. Production of hydrogen by so

in a more comprehensive

ed as a fuel and that

and light', seems to come

on of hydrogen in

» has revived a great deal of
on a large scale from
lar PV-powered

electrolvsis holds out great promise.

FIGURE 1. CO., Population, and Energy Consumption : The concentrati?n of CO% in
the atmosphe%e, world population, and world energy consumption are increasiiig a:
a phenomenal rate.

nools’v‘crnrncter'lsllcs Electralyzer 7 @144 Cetls?

200 v/u?
1200 {50 oeq C

§4888

200 250 . 3oo 35 440
Voltage (V)

FIGURE 2. Matching of PV and Electrolyzer Systems : The electrolysis system
mist be carefully rated to match the varying current-voltage characteristics
of the PV generator.

FiGLKE 3. DFVLR's Prototype Hydrogen;Oxygen Steam Generator Rated‘thermal
steam power ranges up to 65.MW. Temperiture is controlled by water injectionm.
Thermal efficiency is almost 100 pozcent. '

[Figures through the courtesy of DFVLR]



The 3olar Village project is an excellent example of technical cooperation
between two countries, aimed to demonstrate advanced solar technologies. The
successful integration of two technologies - solar photovoltaic power
generation and advanced alkaline water electrolysis - in the project is a
fore-runner to several new concepts in hydrogen production technology.

In a countyry like India, where bulk of the population lives in villages,
decentralized electrical power stations would be an asset., Hydrogen can be
transported more economically than electricity. It can be used in fuel cells,
where it can be efficiently turned into electricity in decentralized
facilities.

The author left the Solar Village in the early part of 1990 .to continme
teaching at Bradley University in USA, At that time, the electrolyzer supplied
by the Belgian company was about to be commissioned. However, the author is
not aware of further developments at the village site, but wishes the program
great success. .
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